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EXECUTIVE SUMMARY  
 
Georgia is a country with a transitional economy which has undergone notable transformation 
since 2003 from “failed state” to the middle-income country, an HDR index of 0.769.   Georgia’s 
economy is reliant on trade and services (17%), industry (11%), transport and communications 
(11%), real estate, renting and business activities (10%) and agriculture (9%). Despite the 
notable economic growth since 2003 poverty levels, particularly in rural areas, and income 
inequality, remains high.   43% of the population lives in rural areas, and 56% of people are 
engaged in mainly subsistence agriculture.    

Georgia is a transcontinental country located along dividing lines of Asia and Europe in the 
South Caucasus region, between the Black sea to the west, the Greater Caucasus mountains 
to the north, and the Lesser Caucasus mountains to the south.  Due to the diverse and 
complex terrain of the Caucasus mountains, its significant influence and the influence of the 
Black Sea and Caspian Sea on the climate and weather of the region, Georgia faces a number 
of climate-induced hazards including floods and flash floods, climate-induced geological 
hazards (including landslides, mudflow, debris flows), droughts, soil erosion, severe winds, 
hailstorms and avalanches.   Georgia ranks 88th out of 191 countries for hazard exposure and 
139th for lack of coping capacity.   

According to Georgia’s 2nd and 3rd National Communications, under climate change the 
frequency, intensity and geographical spread of extreme hydro meteorological hazards will 
increase, and may result in significant impacts on key sectors including agriculture.  Georgia’s 
INDC (Intended Nationally Determined Contribution) to the UNFCCC underlines the problem 
of intensifying climate-induced extreme events and states that the “establishment of Early 
Warning Systems for climate related extreme events is considered as priority measure by the 
Government”.  It also states that without international support the country is unable to deal 
with negative impacts of the climate change.  It estimates economic losses without adaptation 
measures during 2021-2030 at about $US 10-12 Billion USD, while adaptation measures will 
cost $1.5-2 Billion USD. The INDC further states that “establishment of Early warning systems 
for climate related extreme events is considered as a priority measure by the Government of 
Georgia… Georgia needs international support for the development and transfer of 
technologies to increase its adaptive capacity...  The implementation of adaptation actions for 
the period 2021 – 2030 requires the continuous development and strengthening… capacity of 
communities to reduce their vulnerability to adverse impacts of future climate hazards”. 

Over the last 21-year period total damages from hydro meteorological hazards were 2.8 billion 
Georgian Lari (GEL) - ($1.2 Billion USD) at a cost of 152 lives (22 of which occurred in the 
Tbilisi flash flood of 2015). Floods, landslides and mudflows make up 60% of these 
damages/losses and 67% of loss of life.  National disaster statistics indicates that there has 
been a growing trend in cumulative damages and losses of lives from floods, droughts, 
avalanches, wind storms and hails over the last 20 years1. The damages from single extreme 
events range from over 300 Million GEL ($121 Million USD) which was attributed to 2000 
extreme drought, to 700 Million GEL ($283 Million USD) attributed to the 1987 flood. In 
addition, natural hazards have resulted in internally displaced eco-migrants from economically 
disadvantaged areas.   

Economic assessment of the impact of hydro meteorological hazards under climate change 
conditions, shows that 1.7 Million people (40% of the population) including the most vulnerable 
communities in remote rural and densely populated urban areas are at risk from the main 
hazards.  Annual average damages (AAD) to properties from floods are estimated at 116.3 
Million GEL ($51.2 Million USD) without climate change and at 282.7 Million GEL ($124.4 
Million USD) with climate change. The risk to agricultural land from all hazards is between 
251,225 ha and 325,020 ha under baseline and climate change conditions respectively.  

                                                
1 NEA Disaster Database 
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Annual damages to agriculture from flooding alone would be 126.3 Million GEL ($55.6 Million 
USD) and 154.2 Million GEL ($67.8 Million USD) under baseline and climate change 
conditions respectively.   

To date, hydro meteorological hazard risk management has been dealt with in an ad hoc and 
reactive manner, relying on measures such as hard structural protection measures which are 
expensive to build, provide limited standard of protection and have a limited service life; 
emergency response once a disaster unfolds, with limited reliance on forecast of the event or 
satisfactory prior warning of the population, and with limited centralised resources; and post 
event compensation to victims, including medium and long-term relocation out of the 
hazardous areas (so called eco-migration); and post event recovery and disaster risk 
reduction.     

Annually, GoG invests significant amount of state funds in post-disaster recovery and disaster 
risk reduction, funded through the reserve funds of the President and the government 
managed by the Ministry of Finance, budgets of the sectoral ministries and municipal budgets. 
Funds are primarily spent on the rehabilitation of roads and bridges, water supply systems, 
energy infrastructure (transmission lines, sub-stations, pipelines, etc.), various buildings as 
well as on the purchase of houses for ecomigrants and direct compensation of affected 
population.  In accordance with official data, in 2014-2015 68.369 Million GEL was spent from 
the Prime Minister’s reserve funds on Road Department, construction companies, Ajara 
Autonomous Republic, United Water Supply Company of Georgia and local municipalities, of 
which 46.264 Million GEL in 2014 and 22.05 Million GEL in 2015. MRDI through its Road 
Department during the period from 2007 through 2014 spent 46.960 Million GEL on the 
rehabilitation of road infrastructure, including construction of flood defence structures. Average 
annual spending by the Road Department is about 5 Million GEL. The total amount spent on 
recovery and rehabilitation works annually is significant, but still is very small compared to 
annual average losses.   

This reactive approach to disaster risk management is neither efficient not effective and would 
be even less so under the expected increased frequency and increased damages and losses 
that would result from climate change. 

In order to adapt to climate change, Georgia needs to move towards a more proactive 
approach to dealing with climate-induced hazards, based on an integrated approach centred 
around risk reduction, risk prevention, and preparedness through the establishment of a multi-
hazard early warning system and all associated risk management approaches.  However, 
there are a number of barriers to overcome, in order for Georgia to move towards this 
adaptation alternative.  They include: 

Barrier 1. Lack of financial, technical and human capacities within the government to 
establish nation-wide multi-hazard hydro-meteorological risk, monitoring, modelling 
and forecasting.  Georgia has a long history and extensive technical know-how in the 
hydrometeorology and geological monitoring.  However, financial and human resources 
constraints coupled with a severely reduced monitoring network since the end of the Soviet 
era limits its ability to monitor important variables and parameters at the appropriate spatial 
and temporal scales to provide adequate input to effective long-term management of hazards, 
or to support an effective national multi-hazard EWS.  There is no definitive hazard, risk or 
vulnerability mapping for Georgia for any of the hydro meteorological hazards that it faces and 
the technical and financial capacity to undertake such mapping is lacking.  This represents a 
barrier to effective hazard and disaster risk management in Georgia and needs to be 
addressed in order to enable risk-informed development decisions on which the socio-
economic future of Georgia depends, reduce the risk to acceptable levels and to manage any 
residual risks using methods such early warning.   

Barrier 2. Gaps in the legal, institutional and coordination frameworks for the MHEWS 
and enhanced use of climate information.  There are gaps in the existing legal and 
regulatory framework for disaster risk reduction that prevent operationalization of the MHEWS 
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and integration of climate risk information into decision-making across all sectors. There is on-
going work to develop framework legislation on water and flood risk management guided by 
the EU directives which requires technical support to accelerate development of technical 
guidelines and other regulations for these framework laws.  While technical expertise exists in 
various sectors and for specific technical areas, awareness and knowledge of disaster risk 
reduction concepts and practices is an area for improvement. Technical capacities related to 
risk identification and assessment, risk prevention/mitigation, risk reduction, risk transfer, 
preparedness, climate risk management and climate change adaptation are weak across 
institutions and governance levels.  With regard to multi-hazard early warning systems, the 
institutional arrangements for the EWS, lacks clarity with respect to roles and responsibilities.  
There is no national protocol for the MHEWS. Clear communication lines between different 
agencies, Standard Operational Procedures (SOPs), communication protocols and Codes of 
Conduct are lacking within the agencies responsible for the various elements of the MHEWS 
and response. Multi hazard risk assessment and vulnerability assessment mandates and 
methodology are not finalized and not enforced, resulting in duplication and inefficiencies. 
Furthermore, there are profound institutional capacity gaps related to the disaster 
preparedness and response at the local/municipal level. Adequate protocols and SOPs as 
well as organization units directly responsible for disaster prevention, preparedness and 
response are missing in the capital city of Tbilisi (where 30% of the population resides). These 
capacity gaps manifested themselves during the latest devastating disaster that hit Tbilisi in 
2015. DRR and EWS financing is also limited.   They are currently financed through annual 
budgets of main responsible institutions NEA, SCMSC and MIA/EMA.  NEA as a “legal entity 
of public law” is fully self-financed from its own revenue sources which are limited 
(approximately 8 Million for hydro meteorological monitoring).  Other institutions are financed 
through state budget. EMA also a “legal entity of public law”, but it is by large is financed from 
state budget in the amount of 60 Million GEL annually.  SCMSC’s annual budget for 2017 is 
set at 3.8 Million GEL, which is only 73% of 2016 budget and 55% of 2015 budget.  Compared 
to the annual losses that can be uncured from single hydro meteorological events, public 
investments are still insignificant and largely focussed on post-disaster response and 
recovery. 

Barrier 3. Climate information is not effectively delivered and utilized for the national, 
sectoral and local planning and decision-making.   
Climate risk information is not being systematically used to inform national, sectoral and local 
planning, mainly due to the lack of comprehensive and definitive national hazard and risk 
mapping.  Hence activities within key sectors such as water management, energy, transport, 
agriculture, forestry, spatial planning, are not risk-informed and to not take account of climate 
change.  In addition, sectors lack the sector resilience and preparedness plans which would 
enable them to manage hazards and minimise the impacts to people, critical infrastructure, 
and normal economic activity within the sectors.  With regard to the climate risk information 
which will help to prevent or minimise the impact of imminent hazardous events, seasonal 
forecasts are provided for some hydro meteorological hazards (e.g. floods and droughts) in 
the form of bulletins, while geological hazards are forecasted and information disseminated in 
an annual bulletin.  For high-impact imminent hazards, warnings are not tailored to user needs 
and, as forecasts do not always indicate the area at potential risk, the messages are not 
geographically-specific. Moreover, warnings do not contain specific information on the 
potential impacts.  Studies to assess how warnings are accessed and interpreted are lacking 
and are needed. Forecasting and advisory products targeted to key sectors such as agriculture 
(e.g. drought, frost and other weather and climate forecasts, related to planting/crop and 
irrigation calendars, etc.).   At present, planning platforms for multi-hazard risk management, 
including disaster preparedness and response plans do not exist at regional (river basin), 
municipal and community levels, neither do the relevant methodological and knowledge base 
for carrying out planning exercises. 
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Barrier 4. Insufficient adaptive capacities and outdated risk reduction solutions for 
effective community-based disaster risk management (CBDRM), including CBEWS 
In Georgia, flood defence and flood risk management is done in a reactive manner and as 
budgets allow.  The Ministry for Regional Development and Infrastructure (MRDI) uses its 
limited annual budget to address urgent repair to riverbank defences, which does not currently 
take a strategic approach (e.g. river basin approach) and does not take account of climate 
change.  During the Soviet era, there was a significant programme of flood defence 
construction, almost exclusively, as a means of flood risk management, but most have 
exceeded their design life and have not been upgraded, or maintained and are therefore now 
largely ineffective.  In the modern era, flood risk management is now a mixed approach, which 
combines both structural and non-structural measures.  Non-structural measures include, 
early warning systems, agro-forestry, climate proofing, watershed management etc.   

A significant gap to be addressed for an effective MHEWS is related to the “last mile” 
communication and delivery of the warnings to the local communities and an enhanced 
community-based risk reduction. There is no experience in Georgia in community-based 
EWS, although some community-based disaster risk reduction approaches (e.g. agroforestry, 
restoration of floodplain zones, etc.) have been piloted by various international projects. 

This GCF project has been designed to address these main barriers to the establishment of 
an effective and efficient multi-hazard early warning system (MHEWS) and to address all other 
aspects of a priori disaster risk management that should be in practice to support an effective 
MHEWS and reduce the risk and exposure of population and assets to climate-induced 
hazards.       

The project will achieve transformative change in disaster risk reduction and risk management 
in Georgia as follows: 

Hazard and risk knowledge improved  

The GCF project will provide critical climate risk information that would enable the Government 
of Georgia to implement a number of nation-wide transformative policies for reducing exposure 
and vulnerability of the population to climate-induced hazards and will stimulate private sector 
engagement.  

Accurate and representative measurement of hydro meteorological variables is essential to 
strategic management of such hazards including their forecasting, for emergency responders 
and the population at risk, to know when and where hazards will occur and modelling, mapping 
and forecasting are key to providing such information.  The longer the lead times and the more 
accurate the forecasted location and extent of the hazard will result in more effective warnings 
and response.   More accurate forecasts will be achieved by improving the observation density 
of the monitoring over the forecast basins to capture the large spatial and temporal variability 
in hydro meteorological processes that are characteristic of Georgia river basins.   

To this end, the project will rehabilitate the national hydrometric network by purchasing, 
installing and operationalizing the network to systematically collect data on climate induced 
hazards.  The network will be comprised of automatic and telemetered systems which will 
provide data in real-time or as necessary.   While the project will establish and rehabilitate the 
hydrometric network, their long-term maintenance will be assured by the government of 
Georgia and specifically by the NEA that has the dedicated staff and associated budget 
allocations for continued maintenance and operation of monitoring and early warning systems.  
Rehabilitation of the national hydrometric network of Georgia represents a paradigm shift from 
current partial coverage of key variables, to the ability to fully monitor hydro meteorological 
variables at the best possible spatial and temporal scale for use in all hazard and risk 
management in the future.   

Secondly, the project will address current barriers in risk knowledge by introducing 
standardised hazard, and risk assessment, modelling and mapping methods and technologies 
and build long-term institutional capacity for such assessments.  Importantly, it will undertake 
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relevant technical studies to model and map all relevant climate induced natural hazards for 
Georgia to provide a single source of definitive hazard mapping of the appropriate technical 
specification and level of detail for all uses, building upon modern modelling methods and 
software introduced under the Rioni AF project and introducing other modern methods for 
hazard and risk assessment of all climate induced hazards.  This will address the lack of 
definitive and technically appropriate climate-induced hazard maps for Georgia and will 
provide the basis for risk-informed decisions and risk-informed activities such as spatial 
planning, floodplain management policy and emergency response. It will also address the 
limited technical capacity and experience of responsible agencies to produce hazard and risk 
maps for all hydro meteorological hazards and provide the mandate and capability to 
undertake such studies in the long-term.  The project will also support the development of 
platforms for the coordination and dissemination of climate-risk information across all sectors 
through the development of a centralised multi-hazard disaster risk information system.   This 
will enable the systematic use of climate-risk information in decision making and importantly, 
in the management and reduction of climate-induced risks across all sectors.   

Thirdly, the project will address the lack of gender-sensitive socio-economic data and relevant 
capacities for risk, damages, losses, exposure and vulnerability assessments by developing 
and harmonising methodologies and technologies for the systematic collection of socio-
economic information required to assess climate induced hazard damages, losses, exposure 
and vulnerability.  It will address the lack/absence of methods and tools for gender 
disaggregated information particularly at municipal and community levels by introducing and 
standardise methods of gender mainstreaming in DRR.  Such methods and technologies will 
be introduced at all levels: central, municipality and community level and will include 'crowd 
sourcing and public participatory approaches to reporting damages.  The project will build 
upon modern risk and vulnerability methods and bespoke GIS-based modelling tool developed 
under the Rioni project and extend to the rest of Georgia.    

The project will therefore catalyse a paradigm shift towards the systematic monitoring, 
assessment and mapping of hydro meteorological hazards, as well as the use of risk 
information in risk-informed decision making, sectoral planning and activities and in the 
strategic management of climate-induced hazards throughout Georgia.   

National Multi-Hazard Early Warning System developed   
Early warnings and forecasts are key measures within a suite of steps required to reduce the 
social and economic impact of climate-induced hazards. The Government of Georgia has put 
early warning high on the national agenda and is indeed a strategic activity at a time when 
climate change is likely to produce more extreme climate events.  The proposed project is a 
direct response to the critical priorities identified by government and builds upon projects that 
have made some advancements in implementing DRR and EWS in Georgia. Many hydro 
meteorological hazards (such as floods, hail) can be forecasted in real time, while, for many 
other related hazards (flash floods, mudflows, landslides) the risk can be assessed but the 
occurrence time remains unknown). Effective hazard emergency response relies on effective 
forecasting and warning, knowledge of where and when the hazards will occur (high risk areas 
identified by hazard mapping), key players in the response, actions to be taken by each 
individual (or groups of individuals) and a response/evacuation plans.  Forecasting and early 
warning is one of the most important tools for disaster preparedness and emergency response 
if it can provide sufficient time to act to prevent damage or loss of life during an event.  

The project will address all technical, institutional (including legal) and financial barriers to 
implementing a fully integrated multi-hazard EWS system by combining best available science 
and local knowledge for vulnerability assessment, hazard and risk mapping, disaster 
modelling and forecasting.  The project will develop and implement MHEWS covering all 
basins in Georgia, building on the Rioni basin prototype and on the rehabilitated hydrometric 
network and will develop multi-hazard risk management plans for all major river basins and 
municipal response and preparedness plans.   



I Annex II – Feasibility Study  
       
GREEN CLIMATE FUND FUNDING PROPOSAL  

 

11 

 

It will undertake training and capacity building for NEA’s hydro meteorological service on the 
data analysis, forecasting and packaging of the EW products.  The project will clarity 
responsibilities and improve access to risk knowledge/information through better systems and 
data sharing measures, strengthening cross-agency cooperation in all DRR areas including 
DRR financing, thus enabling government to identify optimum/efficient allocation of funds for 
DRR through DRR-financing studies development of DRR financial planning tools and actions 
plans.   

The project will thus catalyse a paradigm shift in the climate-informed national disaster risk 
reduction and early warning approaches.  

Community resilience, awareness and adaptive capacities improved 
The project innovation and transformative change will also include (a) participatory “Last Mile” 
communication solutions tailored to the needs of local communities, including CBEWSs.  
Importantly, the project will enable the involvement of local communities (particularly women 
and vulnerable groups) in climate risk management by implementing national grass-roots 
programmes that promote non-structural measures including watershed restoration and agro-
forestry practices aimed at reducing exposure and increasing effectiveness of the early 
warning.  Extensive community, municipal and national-wide awareness raising and capacity 
building will be undertaken to address the limited community knowledge about risks and 
necessary risk reduction actions that they can take.  This will include, education and capacity 
development activities on multi-hazard risk reduction, including preparedness, response and 
EWSs.   

In addition, the project will address the limited capacity and resources to implement cost-
effective climate-induced strategic hazard risk reduction and adaptation activities by 
strengthening national capacities for developing and implementing MHRM plans, based on 
hazard and risk information and through the detailed design and implementation of priority risk 
reduction structural measures.   Thus, directly increasing resilience in targeted areas.  

The project contributes to the achievement of GCF strategic-level impacts through increased 
resilience and enhanced livelihoods of the most vulnerable people, communities and regions; 
and increased resilience of infrastructure and the built environment to climate change threats. 
The project will contribute to the achievement of GCF indicator of the reduction in the number 
of people affected by climate-related disasters for Georgia’s population overall and with the 
focus on different vulnerable groups (through the application of social vulnerability approach).   

To date Georgia has taken a reactive approach to disasters and, as a result, has experienced 
significant losses in lives and livelihoods of its citizens.  In the baseline scenario, Georgian 
population and economy will be facing increasing pressures from more frequent and severe 
climate induced natural disasters due to climate change. Losses of lives and economic losses 
due to climate-induced disasters and associated impact on GDP and sovereignty credit rating 
will be increasing. Scaling-up of tested EWS will not be possible due to the existing financial 
gap between DRR needs and investments, underdeveloped national capacities for inadequate 
hazard and risk knowledge for all major basins in Georgia, as well as due to a lack of 
monitoring stations on which such risk knowledge relies.  

In the adaptation alternative, this GCF project will support the commitment of the Georgian 
government to avoid losses of lives and to reduce economic and infrastructure losses caused 
by climate-induced hydro meteorological disasters. The project will achieve this by nation-wide 
scaling-up of the Multi-Hazard Early Warning System (MHEWS), developing capacities for 
climate information services, enabling and embedding the use of climate risk information in 
sector planning and decision-making, and reduction of exposure of the most vulnerable 
communities to climate-induced hazards through community-based risk reduction measures. 
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1. PART A – SITUATION ANALYSIS 

1.1 Country context 
 

1.1.1 Study scope 

The climate change impacts that the project is seeking to address are the increased frequency 
and intensity of the following major hazards:  floods and flash floods, climate-induced 
geological hazards (including landslides, mudflow, debris flows), droughts, severe winds, 
hailstorms and avalanches. The impact of hydrometer logical hazards will be reduced across 
the country for population at risk, and for a number of sectors and ecosystems (e.g. water 
resources management, agriculture, health, tourism, critical infrastructure, forest ecosystems, 
glaciers, etc.), which are currently at risk from such hazards.     

1.1.2 Geographic context 
 

Location, topography. Georgia is a transcontinental country located along dividing lines of Asia 
and Europe in the South Caucasus region, between the Black sea to the west, the Greater 
Caucasus mountains to the north, and the Lesser Caucasus mountains to the south.  The 
Likhi range splits the country into two almost equal parts - East and West Georgia.  

Total area occupied by the country is 69,700 km2 and 80% of the territory is mountainous.  
From the north, the country is bordered by Russian Federation, with borderline running along 
the Greater Caucasus mountain range (maximum elevation 5,000m ASL [Above Sea Level]), 
from the east and southeast – by Azerbaijan and, from the south and southwest - by Turkey 
and Armenia, respectively. The west edge of the country is a 310-km long Black Sea coastline. 

Georgia has diverse and 
complex terrain: its northern 
parts are characterized by high 
mountains, and the central and 
southern parts – by middle to 
lower mountains, covered with 
alpine and sub-alpine 
meadows and forests. Western 
Georgia’s landscapes range 
from lowland plains, marsh-
forests, swamps and temperate 
rainforests to eternal snows 
and glaciers, while the eastern 
and south-eastern and 
southern parts of the country 
contain floodplain valleys and 
forests, light (savannah type) 
forests, steppes and semi-
deserts.   

Climate. Georgia’s climate is diverse, pre-conditioned by complex terrain and regional 
circulation of air masses. More specifically, the Greater Caucasus protects the country from 
direct cold air intrusion from the north, while the Lesser Caucasus partially protects the country 
from the influence of dry and hot air masses from the south.  The weather patterns are 
influenced by both dry Caspian air masses from the east and humid Black Sea air masses 
from the west. Circulation of these air masses largely determines the precipitation regime on 
the whole territory. The Likhi Range which runs approximately north to south and connects 

Figure 1.1: Topography of Georgia 
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the Greater and Lesser Caucasus mountains, contributes to the marked difference in climatic 
regimes in Western Georgia compared to eastern Georgia. Much of western Georgia is 
located within the northern periphery of the humid subtropical zone, with annual precipitation   
ranging   from   1,000   to   4,000 mm. In low to middle-mountain regions the climate varies 
from humid sub-tropical to alpine. At some places (high mountains) humid-subtropical climate 
zone abruptly changes to permafrost. Eastern Georgia is characterized by the climate 
transitional between humid subtropical and continental and has considerably lower annual 
precipitation, ranging from 400 to 1,600 mm.  

Water resources. Georgia is known for its abundant fresh water resources, which are 
unequally distributed between western and eastern parts of the country. West Georgia has 
three times more annual river runoff than East Georgia.  The country’s per capita renewable 
water resource (14,406.3 m3) is higher than that of Europe (10,685.7 m3) and the World 
(8,209.9 m3) and, it is the second highest after that of the Russian Federation among CIS 
(Former Soviet Union) states.  There are more than 26 thousand rivers in the country, with 
small rivers making up the majority of total hydrographic network. All rivers in West Georgia 
belong to the Black Sea Basin and those in East Georgia – to the Caspian Sea Basin. 
Information on the major rivers in Georgia is provided below (Please see Annex 1 for the map 
of major catchments and sub-catchments developed by the NEA, 2008). 

 

Table 1-1 Major Rivers of Georgia and their characteristics2 

# River  Basin Length Catchment 
area, m2 

Average 
elevation 

Streamflow
, m3/sec 

Transboundar
y nature: 
yes/on 

Other 
riparian 
countries 

1 Kura  Caspian 
Sea 

480 32,600 0 232 Yes Turkey, 
Azerbaijan 

2 Rioni Black Sea 327 13,400 1,084 424 No  
3 Enguri Black Sea 213 4,094 1,840 165/39.5 No - 
4 Chorokhi Black Sea 31 22,130 1,530 276 Yes Turkey 
5 Adjaristskali 

(tributary of the 
Chorokhi River) 

Black Sea 90 1,540 1,400 51.5 No  

6 Aragvi (Kura 
tributary) 

Caspian 
Sea 

66 2,740 1,600 54.8 No  

7 Alazani (Kura 
tributary) 

Caspian 
Sea 

351 11,800-12,000, 
total; 6,962, 
Georgia 

0  Yes Azerbaijan 

8 Iori (Kura tributary) Caspian 
Sea 

320 4,650 0 15.1 Yes Azerbaijan 

9 Ktsia-Krami (same 
as Khrami-Debed, 
Kura tributary) 

Caspian 
Sea 

201 8,340  2050 65.9 Yes Armenia 

10 Supsa Black Sea 108 1,107 970 46 No  
11 Natanebi Black Sea 60 490 830 33.5 No  
12 Kintrishi Black Sea 45 291 835 17.3 No  
13 Khobi Black Sea 126 1,070 560 60.1 No  

                                                
2 Map of the river basins and sub-catchments, MoENRP. 2008 
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Figure 1-2: Regions and major river basin groups 

Total volume of fresh ground water is estimated at 24 Million cubic meters. Georgia also has 
more than 800 fresh water lakes and substantial mineral water resources, with an estimated 
2,300 springs.  Over 600 glaciers are currently registered on the territory of the country with 
total area of 355.8 km2.  

Both surface and ground waters are used for domestic water supply, while surface waters are 
primarily used for hydropower generation and irrigation and, to a lesser extent, for industrial 
production, fisheries and recreation. At present, hydropower sector is a major non-
consumptive water user. Over 80 per cent of the country’s electricity is produced by 
hydropower. Despite this, currently only 18 per cent of total economically viable potential of 
32 TW/h hydropower production capacity is utilized. Potential per capita production is 7.27 
MW/h, 35 per cent more than the world’s biggest hydropower producer, Norway.  Among 
consumptive water uses, irrigation water use makes up the largest share of total water uses, 
followed by domestic and drinking water uses.  

Forest resources. Forests occupy 2,772,400 ha in Georgia, making up 39.9 per cent of the 
country’s whole territory. Of this, 500,000 ha are primary forests, 2,200,000 ha - naturally 
modified forests and 60,000 ha – wind breaks. Other wooded land makes up another 50,000 
ha and is 100 per cent naturally modified. Mountain forests with protective functions, including 
DRR function make up about 78.4% of total forests, forests with conservation functions, 
including riparian forests – 8.2% and forests for social use (logging for fuel wood production) 
– 13.4%. Of total forest stock, about 68% (1,894,777 ha) is managed by state Forestry Agency, 
16% (452,469 ha) – by the Agency for Protected Areas, 5% (137,688 ha) – by the government 
of the Autonomous republic of Ajara.  The rest of the forests are located in two break-away 
regions of Georgia3.  

Total forest stock is estimated at 451.7 Million m3. Average growing stock per hectare is 167 
m3 significantly higher than the average value of Europe (107 m3) and the world (110 m3). 
Annual increment is 4 Million m3. Regardless of the fact that there are 153 native tree species 
in Georgia’s forests, due to the dominance of three most common species (76.4% of total 
growing stock) and the dominance of ten most common species (98.2% of species 

                                                
3 Republics of Abkhazia and South Ossetia 
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composition), the country’s forests fall under the forest category with low diversity of native 
tree species. Mature and aged trees prevail in the structure of Georgian forests. This is due to 
the low commercial timber production compared to annual increment and inaccessibility of 
forests for timber production.   

Land resources. Georgia has scarce land resources with 65-70% of the country covered with 
soils poor in nutrients necessary for normal growth and productivity of crops. Only 43.5% of 
the total land is occupied by cultivated areas, of which 35% are arable lands and perennial 
plantations and the rest – pastures and hayfields. The majority of pastures are located in high-
mountain, sub-alpine and alpine zones. Over 60% of arable lands are situated at elevations 
greater than 500 m ASL, with some of them located at elevations greater than 1,500 m ASL.  
Quite a large proportion of agricultural land (6.7%, or 205,000 ha) has less productive and 
saline soils, 8% (300,000 ha) is covered by acid soils and 7.3% (210,000 ha) by boggy soils.  

Five climatic and eight soil zones, important for land cultivation can be identified in Georgia. 
There are 49 soil types concentrated on 10 different soil-forming rocks.  In addition to soil 
quality, altitude determines the suitability of lands for agricultural purposes and there are 6 
vertical zones found in Georgia. 

Ecosystems and biodiversity. Georgia is rich in natural ecosystems and species. The following 
inland biomes/landscapes are found in the country: floodplain forests, wetlands, semi-deserts, 
steppes, arid light woodlands and hemixerophyte scrub, low, medium and high mountain 
forests, subalpine ecosystems, alpine ecosystems and sub-nival zone. Due to the complex 
bio-geographical characteristics Georgia has high diversity of flora and fauna. More than 
28,900 species have been recorded, of which 2,745 are algal species, more than 8,000 fungi 
and lichens, 4,100 vascular plants and about 14,100 known animal species.  

About 7.35% (512,123.17 ha) of Georgia’s territory is covered by Protected Areas. Of this, 
75% is forest area. There are 14 nature reserves, 9 national parks, 18 managed resources, 
21 natural monuments, 2 protected landscapes and 1 multiple use areas in Georgia. Since 
the Breakup of the Soviet Union, the total size of PAs has tripled. During the past decade 
Georgia’s biodiversity has significantly decreased, due to anthropogenic and natural factors 
such as loss of habitats, fragmentation and degradation, illegal hunting and fishing, 
introduction of alien species, unsustainable use of biological resources and climate change. 

1.1.3 Development context 
 

Georgia is a country with a transitional economy. Since the 2003 Rose Revolution, it has 
undergone notable transformation from “failed state” to a middle-income country, with high 
HDR index (0.769)4, 16th rank among 190 world economies by “Doing Business” in 20175 and 
44th rank among 127 countries by “Corruption Perception Index”6 in 2016 (as compared to 
127th rank in 20037), best indicator among CIS (Common-wealth of Independent States). All 
these achievements are a result of large-scale socio-economic and governance reforms 
implemented in the country since 2003 Rose Revolution.  Below in table 1-2 are Georgia’s 
major development indicators. 

 

 

 

 

                                                
4 http://hdr.undp.org/sites/default/files/2016_human_development_report.pdf 
5 http://www.doingbusiness.org/data/exploreeconomies/georgia 
6 http://www.transparency.org/news/feature/corruption_perceptions_index_2016 
7 http://www.transparency.org/policy_research/surveys_indices/cpi/2003 
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Table 1-2. Key development indicators for Georgia, 20158 

Economic activities. Major economic 
sectors of Georgia contributing the 
highest share to total GDP are trade and 
services (17%), industry (11%), transport 
and communications (11%), real estate, 
renting and business activities (10%) 
and agriculture (9%).  Despite the fact 
that 43% of the population lives in rural 
areas, agriculture accounts for only 9% 
of GDP, due to the dominance of low-
input and output small farm holdings and 
subsistence type of agriculture across 
the country. It is also a slow growing 
sector, with only 2.9% of real GDP 
growth rate (2015). The majority of 
economic assets and activities are 
concentrated in urban areas 
predominantly, in Tbilisi and few larger 
cities (e.g. Batumi, Kutaisi). Tbilisi’s 
share of total GDP is 48%, followed by 
Imereti (11%), Kvemo Kartli (9%), Ajara 
(8%) and Samegrelo-Zemo Svaneti 
(7%). 

The country imports nearly all of its 
needed supplies of natural gas and oil 
products. It has sizeable hydropower 
capacity that now provides most of its 
electricity needs. There is also a 
significant electricity export potential to 
neighbouring countries and Europe and 
the state has been implementing a 
number of large-scale investment 
projects in this direction. Two 
thermopower plants located in the city of 
Gardabani also produce the power. BTC 
(Baku-Tbilisi-Ceyhan) and Supsa oil and 
gas pipelines pass through the country. 

Agriculture plays an important role in the 
social and economic development of 
Georgia as a dominant source of 
financial and non-financial income for 
rural population. Major activities are 
cultivation of corn, grapes, citrus, stone 
fruits, hazelnuts and, livestock breeding. 
Apiculture is also an important economic 
activity particularly, for rural population 
living in mountain areas. According to 
official statistics, 55.6% of the workforce 

Population, total, million 3.7 
- Urban 2.1 (57%) 
- Rural 1.6 (43%) 
- Male 1.8 (49%) 
- Female 1.9 (51%) 

Natural increase, per 1000 population 2.7 
Life Expectancy at birth, years 73 
Enrollment in general education, thousand people 554 
Enrollment in higher education, thousand people 139 
GDP, current US$ Billion 14 
GDP per capita, current US$ 3,759 
GDP real growth, % 2.8 
Foreign Direct Investment (FDI), $ Million USD 1,565 
GINI index  

- by total income 0.42 
- by total expenditure 0.45 

Share of population under poverty threshold (Registered 
Poverty) (%) 10.1 
Poverty rate ($5/day 2005 PPP terms) 69.3  
Average share of population under 60 percent of the 
median consumption (%) 18 

- Urban 15 
- Rural 20 

Share of population under 60 percent of the median 
consumption (%) 8 

- Urban 5 
- Rural 10 

Active population (labour force), thousand persons 2,021 
- Urban 865 (43%) 
- Rural 1,156 (57%) 
- Male (aged 15 and older) 1,085 (54%) 
- Female (aged 15 and older) 937 (46%) 

Employed active population, thousand persons 1,780 
- Urban 679 (38%) 
- Rural 1,101 (62%) 
- Male 939 (53%) 
- Female 481 (47%) 

Unemployed, thousand persons 242 
- Urban 186 (77%) 
- Rural 56 (23%) 
- Male 146 (60%) 
- Female 96 (40%) 

Unemployment rate, % 12 
- Urban 22 
- Rural 5 
- Male 14 
- Female 10 

Average monthly income, total Million GEL 1,040 
- Urban 581 (56%) 
- Rural 459 (44%) 

Average monthly income per household, GEL 1,023 
- Urban 1,142 
- Rural 902 

Average monthly income per capita, GEL 285 

                                                
8 Source: i) WB. http://www.worldbank.org/en/country/georgia/overview; ii) National Statistics Office of Georgia (Geostat). 
http://www.geostat.ge/index.php?action=page&p_id=152&lang=eng; Demographic Situation in Georgia.  Geostat. 2015. 
http://www.geostat.ge/cms/site_images/_files/georgian/population/Demografiuli%20Vitareba%20SaqartveloSi%20Krebuli%202016.pdf 
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is employed in the agriculture sector out 
of which 83% are self-employed earning 
very low incomes or no incomes at all. 
There are two types of farmers: the small 
scale or subsistence farmers that make 
up the overwhelming majority and 
market oriented investor-driven farming. 

- Urban 325 
- Rural 246 

Subsistence minimum per average household, GEL 270 

 

While large farmers have sufficient resources and expertise and ability to protect themselves 
from the various risks, including climate-induced risks, subsistence farmers, due to limited 
knowledge and abilities, are more vulnerable to natural disasters particularly, those living in 
remote mountainous areas. 

Since 2014, Georgia’s micro-economic indicators have been worsening, due to the large 
external shocks. Lower oil and commodity prices, inflation of the Georgian Lari (GEL) against 
the US$ and the EURO, decrease in remittances and capital inflows, and reduced imports and 
exports, have also contributed to the increased vulnerability of the national economy in 2015. 
However, tourism has retained good economic growth rate. In February 2016, the Prime 
Minister of Georgia introduced a program to address local economic vulnerabilities and 
external shocks, through tax deductions, improved infrastructure, governance reforms, and 
improvement of the education system. Within the frameworks of EU–Georgia Association 
Agreement, the Government plans to reallocate capital and labour to more productive 
industries, including agriculture and tourism, build supporting institutions to comply with the 
harmonized legal and regulatory frameworks, improve trade facilitation, reduce technical 
barriers to trade and ensure fair and competitive market, protect consumers and intellectual 
property rights, and develop the country’s human capital. 

Socio-Economic vulnerability. Despite the notable economic growth since 2003 poverty levels, 
particularly in rural areas, and income inequality, remain high.  In accordance with official 
Geostat data, in 2015 the rate of economic activity (same as labour force participation) was 
67% with over 60% of employment considered as vulnerable. The latter is attributed to the 
fact that the highest level of employment is reported for 40-44 to 55-59 years old age groups. 
Meanwhile, there is still high-level unemployment among 15-19 through to 35-39 years old 
age group population, with an average unemployment rate of 22%, almost twice as high as 
the national average (12%). About 26% average unemployment rate is recorded for 20-24 and 
25-29 years old population.  The self-employed make up over 57% of the total employed 
people. They earn very low or no incomes, which makes them socially and economically 
vulnerable. The majority of self-employed people represent the rural population engaged in 
subsistence agriculture, heavily dependent on local natural resources base. In accordance 
with 2015 Geostat data, the average monthly household income from selling agriculture 
produce is only around 8% (80 Lari) of total monthly cash and non-cash inflows (1,022 Lari) 
per household. Similarly, average monthly income from self-employment is around the same. 
This is much lower than 270 Lari of minimum subsistence allowance per average household.  

It is noteworthy to mention that employment rates and incomes differ significantly between 
male and female members of society. Out of total employed population, 53% of males and 
47% of females are employed. The employment rate among men is 68% and among women 
53%.  

There is also a sizable difference between average household and per capita monthly incomes 
of urban and rural population. More specifically, average rural household monthly income is 
nearly 20% less than average urban household monthly income and average rural per capita 
income is 25% less than average urban per capita income. Concerning the poverty level, the 
share of population under poverty threshold is 10.1%, poverty rate ($5/day 2005 PPP terms) 
is 69%, share of population under 60% of median consumption is 18-20% and under 40% of 
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median consumption is 7-8%. The share of rural population under 60% of median consumption 
is 20% and that of urban population 15%. The share of rural population under 40% of median 
consumption is 15% and that of urban population is 10%. 

Employment, income and poverty indicators discussed above indicate significant rural poverty 
linked with low-input subsistence agriculture, which heavily relies on local natural resource 
base.  The impact of climate-induced hazards on economic sectors, natural resources and 
ecosystems (discussed in Section 1.2.3) and on these already challenging socio-economic 
conditions will exacerbate vulnerability of rural communities in the future, and negatively affect 
agricultural productivity and livelihood opportunities in rural areas. Furthermore, the poor are 
more vulnerable to natural disasters, due to the fact that the poor often have small 
opportunities to choose area of settlement, are more dependent on natural resources (such 
as land or fuel wood), and have fewer coping strategies/capacities and less resilience due to 
inadequate nutrition, education and other resources. 

1.2 Climate change and disaster risk profiles of Georgia 
1.2.1 Disaster risk profile - observed events  

 
1.2.1.1 General overview 

 

Georgia is ranked 84th out of 191 countries on the Index for Risk Management (INFORM-
20179) scale which covers all types of risk (political, natural disaster risk) and coping capacity.  
It ranks 88th for Hazard Exposure and 139th for lack of coping capacity.  With an overall index 
of 3.9 out of 10 (10 being the highest/worst), it is at the global average overall.  However, with 
hazard and exposure index (natural hazards) of 4.5 (floods and droughts have indices of 5.7 
and 5.4 respectively), vulnerability index of 4.6 (vulnerable groups index of 5.9), and 
Institutional coping capacity of 4.6 (DRR index is 4.7 and Governance 4.4) the disaster risk 
profile of Georgia is much worse than the overall figures suggest.    

Due to the complex mountainous terrain and climate, Georgia is subject to both geological 
and hydro-meteorological natural hazards including landslides, mudflows, erosion, 
avalanches, floods and flash floods, drought, and strong winds.  

In accordance with UN CADRI assessment, the total damage during the last 40 years has 
exceeded $14 Billion USD. The damages from single extreme events range from over 300 
Million GEL or $121 Million USD which was attributed to 2000 extreme drought, to 700 Million 
GEL or $283 Million USD attributed to the 1987 flood. 

Figure 1-3 a-b: Contribution of various hydro meteorological and geological natural disasters in total hazardous 
events and damage – a) Percentage share of various hazards in total number of hazardous events, 2008-2014; b) Damage 
distribution among years and various types of hazards in Million GEL10  

 

                                                
9 http://www.inform-index.org/Countries/Country-profiles/iso3/GEO 
10 NEA 
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1.2.1.2 Hydro meteorological hazards 

Floods are very frequent in Georgia with recorded high-water levels during spring and 
summer months, when intensive spring rainfalls coincides with snow melt. Flash floods may 
happen unsystematically depending on many factors, including the intensity and duration of 
heavy spring rains and the rate of the snow melt, autumnal frontal rains and heavy winter rains 
along the sea coast.  

In general, the following river basins and their sub-basins are more susceptible to flood and 
flash flood hazards:    

• Upper and Lower course of the Rioni river basin – Racha-Lechkhumi (flash floods) and 
the area below Kutaisi, including Rioni delta (4 to 5 communities of Khobi municipality); 

• Lower course of the Enguri river basin – Zugdidi municipality; 
• Kura River basin – Gori and Kaspi municipalities and Tbilisi depression.  
• Alazani-Iori river basin – Slopes of Gombori and Caucasus mountain ranges and 

Alazani plain. 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-4: Flood risk in Georgia showing major river basins and insert for Khobi 

 

In accordance with the Third 
National Communication 
(TNC) for Georgia, the number 
of recorded floods during the 
period of 1992-2013 is 
doubled compared to 1960-
1991. Until 1995 floods 
occurred on average 3 to 5 
times per year and varied 
between 2 to 20 times per year 
after 1995. In 2007-2015, it 
increased to between 7 to 20 
occurrences per year.  

 
Figure 1-5: Flood dynamics, 1991-2015 
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Figure 1-6:  Number, damages and loss if life from floods 1995-2015 

The largest flood on record is the 1987 event in the Tbilisi region, which alone affected 36,000 
people and caused an economic loss of $546 Million USD. The same year, extreme south-
west frontal snow fall (resulting in 45 m deep snow cover on the Caucasus southern slope), 
heavy rains and rapid snow melt caused quick increase in water level to 4-5 m in many rivers 
of Rioni and Enguri River Basins. In the Rioni River, the peak discharge exceeded its historic 
maximum (4,850 m3/sec). As a result, on 21 January, 1987 the Rioni river broke the earth 
embankment near the village Sagvichio and caused the death of several people. The flood 
inundation area extended to 200 km. In total, 150 lives were lost, 3,150 houses and 2,150 
objects of local infrastructure, 16 km railway lines, 1,300 km roads and 1,100 km power 
transfer lines were damaged or destroyed, with $700 Million USD total damage. 11 Peak 
discharge also increased rapidly to 2,100 m3/sec on 26-27th October, 2003 as a result of which 
the protective embankment on the left bank of the Rioni River was broken and water flooded 
four settlements in Samegrelo region. Since then, none of the rehabilitation works have been 
carried out there, making these areas highly susceptible to flooding.12  
 
Most recently in June 2015, Tbilisi was hit by several disasters, when particularly intense 
rainfall over the south-eastern part of the Vere River Basin area (a sub-basin of the Kura 
(Mtkvari) River Basin, located in Tbilisi) compounded the continuous and heavy rainfall of the 
previous ten days. Flash flood caused by these events affected 2 central districts - the Vake 
and Saburtalo neighbourhoods of Georgia’s capital, Tbilisi, as well as other areas along the 
right bank of the Kura (Mtkvari) river and various places outside the city. Approximately 100 
mm of rainfall fell over the Vere River drainage basin in only two hours, causing a flood whose 
peak flow has been estimated at ca. 468 cubic meters per second, equating to a flood of 
Annual Exceedance Probability (AEP) of 0.1% or a 1 in 1,000-year return period. Additionally, 
a large landslide of about 1 Million cubic meters which struck near the village of Akhaldaba 
(about 10 km. west of Tbilisi) poured trees, rocks, soil and other debris down a hillside into the 
already overflowing floodwaters of the Vere River, transforming it into a massive torrent of 
mud and debris.  This disaster had devastating socio-economic consequences for the capital: 
19 people killed, 3 people missing, 67 families displaced, and around 700 people directly 
affected overall. Indirectly, the disaster affected virtually the entire urban population of Tbilisi. 
The floods were additionally responsible for the destruction of much of Tbilisi’s zoo (killing 

                                                
11  Source: i) Flood Early Warning System Feasibility Study in Georgia, UNDP Georgia, 2010; ii) Final Report. Part 1. Socio-economic assessment 
of flood risk in Rioni basin, UNDP project Socio-economic assessment of flood risk in Rioni basin; iii) Atlas of natural disasters. 2010. CENN; iv) 
Community based climate change adaptation and disaster risk reduction action plan for the Sagvichio community of Khobi Municipality, Lower Rioni 
Watershed, Republic of Georgia; USAID/GLOWS Integrated Natural Resources Management in Watersheds of Georgia; v) ხობი ინფო; ხობის 
ელექტრონული არქივი; vi) 1987 წლის სტიქია ჭალადიდში - 51 კადრი                                                                                                                              
12 National Environmental Agency 
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most of its animals in the process) and damaged around 40 roads, many homes and several 
urban infrastructure and communications systems. The economic impact was equally high: 
55.2 Million GEL ($24.3 Million USD) in physical damage and 9.62 Million GEL ($4.37 Million 
USD) in financial losses. 
 

Figure 1-6 a-c: Photos of 2015 Tbilisi multi-hazard disaster - a) landslide; b) flash flood in Vere gorge; c) 
destroyed homes 

 
Droughts – In Georgia, Kvemo Kartli, Shida Kartli and southern municipalities of Kakheti 
regions are highly susceptible to droughts. Samtkhe-Javakheti is also prone to milder 
droughts. 

Figure 1-7: Drought hazard zones of Georgia 

The drought cycle for Georgia has changed from 15-20 years to 5 years within the 
period from 1995 to 2015. In recent years (2008-2015) the maximum duration of droughts 
did not exceed 3.6 months. However, the extreme drought of 2000 lasted nearly 6 months. 
Overall, compared to 1995-2007 period, 2008-2015 is characterized by longer droughts (0.17-
month increase).  
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Figure 1-8: Length and damage from droughts 1995-2015 

Droughts inflicted on agriculture a reported economic loss of 400 Million GEL. Severe drought 
in 2000 has reduced the production of cereals close to zero; due to the prolonged drought, 
almost 400,000 hectares of agricultural lands have been damaged. Within the last decade, 
the occurrence of droughts has doubled in Eastern Georgia, with the severe droughts 
accompanied by high temperatures (40-420C) annually. 

Meteorological observations demonstrated that recurrence of droughts during the last 15 
years started to have an annual character and their duration has almost doubled. In addition 
to deterioration of a large part of the irrigation systems and cutting down of windbreaks, the 
effect of intensified droughts on the key sector of the regional economy - agriculture - becomes 
more and more catastrophic. The negative impact of droughts is also increased by continuous 
rise in air temperature. In particular, in 1961-2010, the temperature during the vegetation 
period increased by 0.6-0.80C on the territory of Kakheti, while the number of hot days during 
the year increased by 11. According to the weather predictions, it is expected that this number 
will increase to 40 by 205013. 

 

Hailstorms – hailstorms are observed throughout Georgia.  However, the intensity and 
frequency of the hail is higher in East and South-East Georgia. The most intensive hailstorms 
were observed in 1983, 1987, 1993, and 1997.  

                                                
13 The Third National Communication of Georgia to UNFCCC 
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Figure 1-9 Hail hazard zones of Georgia 

 
 

 

Figure 1-10:  Number, damages and loss of life from hailstorms 1995-2015 

 
Based on incomplete data, damage caused by the hail during the last 25 years is estimated 
at over 290 Million GEL. The most recent high impact hail in combination with windstorm was 
registered in 2012 that swept through regions of Eastern Georgia. This event resulted in a 
disproportionate socio-economic disaster: about 75,000 families were affected and 202 Million 
GEL ($123 Million USD) in economic impact. Losses were three times higher than the damage 
inflicted and the private sector suffered ten times more financial impact than the public sector. 
Overall, 18,500 ha of crops were damaged, mainly high value crops affecting about 20,000 
farmers. In addition, 5,255 houses and residential buildings also received severe damage. 
 
In accordance with NEA data, the frequency of 10-year average annual number of 
hailstorms has increased from 9 events in 1995-2004 by 62% to 15 events in 2005-2014. 
 



I Annex II – Feasibility Study  
       
GREEN CLIMATE FUND FUNDING PROPOSAL  

 

24 

 

Avalanches – over 50% of the national territory is prone to avalanches which includes over 
100 settled areas. Since 1970, the increase in frequency and intensity of avalanches has 
been observed. Large slides were recorded during the winter of 1970-1971, 1975-1976, 
1986-1987, 1991-1992, 1996-1997 and, 2004-2005. The areas of Svaneti, Mountain Adjara, 
Tusheti, Kazbegi, and Dusheti districts were significantly damaged and 176 human causalities 
were recorded. Over the period from 1970 to 1987, more than twenty thousand people were 
left homeless. The year of 2014 was marked with extremely high number of avalanches – 23 
and human casualties – 4. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1-11: Avalanche hazard zones of Georgia 
 
 

 

Figure 1-12:  Number, damages and loss of life from avalanches 1995-2015 

 
Windstorms - Frequent strong winds are observed in the Caucasus ridge zones, Kolkheti  
lowlands, Zemo Imereti, Shida Kartli, Tbilisi, Gare Kakheti, and Samtskhe-Javakheti regions. 
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Figure 1.13: Wind hazard zones of Georgia 
 
 
 

 
Figure 1-14:  Windstorms - number of occurrences, damages and loss of life 1995-2015 

 
In 1995-2006, the recurrence of strong winds varied between 1 to 4 times per year. From 
2007 to 2009, the frequency of strong winds increased to 6-12 times per year. Over this period 
the economic damage caused by strong winds was estimated (based on incomplete data) at 
approximately 12 Million GEL, with nine human casualties. Years of 2013 and 2014 were 
marked with the highest number of windstorms (20 and 35 respectively) and the highest 
economic damages. 
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1.2.1.3 Geological hazards 

In Georgia, due to complex oro-climatic conditions, vast areas of mountainous regions are 
naturally prone to frequent and intensive landslides. These processes are exacerbated by 
climate change and anthropogenic impacts. Large territories in Chiatura, Zestaphoni, 
Kharagauli municipalities of Imereti region, Tsageri, Oni and Ambrolauri municipalities of 
Racha-Lechkhumi and Kvemo Svaneti region, mountainous zones of Ajara, Guria, Abkhazia 
and Mtekheta-Mtianeti regions and part of Akhmeta municipality, Kakheti region are highly 
susceptible to landslides.    
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-15: Susceptibility and hazard map for landslide-gravitation processes14 

 
There are around 53,000 landslide bodies and sites of their possible formation. In general, 
around 70% of the country’s territory, 3,000 settlements (62%) and 400,000 households are 
under the risk of geological disasters, 14.2% of agricultural lands were seriously damaged by 
geological processes and require conducting of cardinal protective measures; and 13.1% of 
agricultural lands are located within the high-risk area. In accordance with NEA records, in 
recent decades, landslide processes have accelerated significantly, due to increased 
precipitation and humidity and have increasingly deviated from multi-year average values. In 
the year of 2014, over 2.3 times more annual landslide occurrences were recorded as 
compared to 2008 data.   

                                                
14 Source: NEA 
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Figure 1-16 a-b: Landslides dynamics – a) Number of landslide-gravitational bodies, 1942-2013; b) Number of 

landslide occurrences, 2008-201415 
 
 
Mudflows are mostly characteristic to the southern slopes of the Greater Caucasus particularly 
to the east and south-east parts of the Alazani River basin, including its mountainous 
tributaries, Central Caucasus and Gombori Range including Akhmeta, Telavi, Sagarejo, 
Gurjaani, Kvareli, Sagarejo, Lagodekhi, Khvareli, Signagi municipalities in Kakheti region, 
Kazbegi, Dusheti and Mtskhetamunicipalities in Mtskheta-Mtianeti region, Mestia municipality 
of the Samegrelo Zemo Svaneti region and at Lentekhi municipality of Racha-Lechkhumi and 
Kvemo Svaneti region.  
 
 
 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 1-17: Mudflow susceptibility and hazard map for landslide-gravitation processes16 

                                                
15 Source: i) TNC; ii) NEA 
16 Source: NEA 
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Until 1980s, landslide and mudflow processes were characterized by cyclic occurrences, with 
on average 3-5 to 8-11-year recurrence time. Since the 90s, geodynamic processes have 
intensified as compared to multi-year average values. More than that, extreme/catastrophic 
landslides and mudflows have become more frequent.  2003-2005, 2008-2011 and 2012-
2014 were marked with extreme landslides and mudflows and the situation aggravated in 
Svaneti, Racha-Lechkhumi, Mtskheta-Mtaianeti and mountainous Ajara and Kakheti. The 
areas of Shida and Kvemo Kartli faced medium risk of geological hazards.  

Figure 1-18 a-b: Mudflow dynamics – a) number of mudflow transforming river gorges; b) number of annual 
occurrences of mudflows 17 

 
Climate vulnerability studies conducted under the Second and Third National Communication 
(Ajara Autonomous Republic, Lower and Upper Svaneti and Kakheti) show that extreme 
geological events and damage caused from past and potential risks have high impacts on 
local population, leading sectors of the economy, public infrastructure and natural ecosystems 
in Ajara and Upper Svaneti.  The statistical analysis for the period of 1967-2009 demonstrated 
that in comparison with the period until 1987, Ajara was characterised by 63% increase in 
landslides, and by 162% increase in mudflows. Until 1989, the total length of washed out river 
embankments was 60 km, while this number increased to 196 km in 2009. The connection of 
these catastrophic events to abundant precipitation was proved through analysis of 
meteorological data for the period of 1986-2010 in comparison with the previous 25-year 
period. By taking into account the predicted climate change data, the possibility of further 
activation of landslides and floods are expected for the period until 2100. 
 
Similar to Ajara, among extreme geological events, the statistics of landslides, mudflows, rock 
fall and snow avalanches for the period of 1960-2013 were reviewed on the territory of Upper 
Svaneti under the Third National Communication. It was concluded that in comparison to the 
period of 1960-1991, in 1992-2013, the total number of landslides in the region increased 
by 4.1, while the number of registered floods increased by 1.9. Because of limited data 
on snow avalanches, the similar assessment could not be conducted. It is only known that 
95% of the territory of Upper Svaneti is exposed to avalanche hazard risk, from which almost 
35% is of extreme level. 
 

                                                
17 Source: i) TNC; ii) NEA 
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Figure 1-19 Landslides and mudflow bodies in Upper Rioni watershed area18 

1.2.2 Climate Change profile: SNC and TNC findings  
 

1.2.2.1 Observed and projected changes in average annual temperature and 
precipitation  

 

Temperature. Climate change assessments conducted in Georgia under the Third National 
Communication (TNC) to UNFCCC covering the period of 2009-2011, revealed that during the 
last 50 years average annual temperature demonstrated an increasing trend. Between the 
periods 1961-1985 and 1986-2010, the largest increase in average annual temperature is in 
Dedoplistskaro (0.70C), Kakheti region. Between the same periods the maximum increase in 
West Georgia was observed in Poti (0.60C). A relatively small, but important trend of warming 
was revealed in Mtskheta-Mtianeti and various parts of Kakheti Regions.  According to 
predictions, by 2050, as compared to 1986- 2010, warming will mostly occur in coastal zone 
and mountainous regions of West Georgia, particularly, in Ajara. According to forecasts, 
Sachkhere, Imereti region will have the largest annual average temperature increase (2.10C), 
followed by Ajara coastal zone and the Goderdzi Pass (Mountainous Ajara and Samtskhe-
Javakheti). The lowest increase (0.90C) is expected in Poti, Samegrelo-Zemo Svanekti and 
Pasanauri, Mtskheta-Mtianeti. The biggest increase in temperature by 2071-2100 is expected 
in Batumi – up to 4.20C. In Sachkhere, Imereti, Ambrolauri, Racha-Lechkumi region and 
Mestia, Upper Svaneti region temperature will rise by 3.70C. Other territories will face lower 
increase but still by more than 30C. In this regard, Poti is an exception, where the temperature 
is expected to rise by 2.90C. 

                                                
18 Geological Report envisaged by the Project on “Development of climate resilient flood and flash flood and geological disaster management 
practices for Rioni river basin”.  UNDP/AF project: Climate Resilient Flood and Flash Flood Management. 
http://www.ge.undp.org/content/dam/georgia/docs/publications/UNDP_GE_EE_Geological_Report.pdf 
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Figure 1-20 a-c: Change of average annual temperature: a) Increment between the periods of 1961-1985 and 
1986-2010; b) Increment between the periods of 1986-2010 and 2021-2050; c) Increment between the periods of 

1986-2010 and 2071-2050 

Although between two observation periods warming is more intensive in East Georgia, 
average annual temperature is warmer in West Georgia. This picture will be maintained in the 
future as well, since in the current century intensive increase will move to the West. With an 
average annual temperature of 14.90C, the hottest station on the whole territory was and still 
is Kutaisi, which by 2100 will be substituted by Batumi – with an average annual temperature 
19.40C. While the coolest is Goderdzi Pass, with the average annual temperature of 2.60C, 
this will be maintained in the future, but average annual temperature will increase to 7.5 0C 
(Figure 1-21: a-b). 

 

 

 

 

 

 

 

Figure 1-21: a-b: average annual temperature: a) 1986-2010; b) 2071-2100 
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Annual Sums of Precipitation. In general, between two observation periods (1961-1985 and 
1986-2010) precipitation has increased in most regions of West Georgia, except for Goderdzi 
pass and decreased in East and South Georgia by 6-8%, except for Pasanauri, where the 
opposite trend was observed. According to the predictions, until 2050 a steady increase in 
annual sums of precipitation is anticipated in West Georgia, while between 2050 and 2100, 
10-20% decline of this value is expected across the country, particularly in Samegrelo, Kvemo 
Kartli and Kakheti (22%). The central part of Likhi range will be an exemption, where 93% 
increase in annual amount of precipitation is projected.  The highest amount of precipitation 
(2300 mm and more) will be observed in Ajara coastal zone. In the eastern parts of the country, 
the mount Sabue (1,101 mm) in Kvareli municipality will remain the most humid area. Overall, 
Kvareli, Lagodekhi and Pasanauri areas will continue to stay relatively humid as compared to 
other areas of East Georgia and, Kvemo Kartli -  the driest area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1-22 a-c: Maps of total annual precipitation change between the periods of: a) 1961-1985 and 1986-2010; 

b) 1986-2010 and 2021-2050; c) 1986-2010 and 2071-2100. TNC, 2016. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1-23 a-b: average value of sums of annual precipitation – a) 1961-1985; b) 1986-2010 

 
1.2.2.2 Seasonal Changes 
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In winter, a warming trend has been revealed for 1986-2010 observation period in East 
Georgia. At 10 stations of West Georgia a cooling trend has been observed. For most of the 
country winter precipitation has increased by 10%. In future, all trends of cooling will be 
changed to warming, including in Gali and Lentekhi, where decreasing trends were revealed 
before. Warming of winter is projected to be more intensive in West Georgia, which may have 
an impact on the pace of the snow melt and ultimately on floods and flash floods. By the end 
of the century winter will be 0.40C warmer in West Georgia. The whole territory of the country 
will be warmer by 1.30C on average and sums of winter precipitation will continue to increase 
by 2050. By 2100 the rise in temperature will be 3.20C and the rising trend for precipitation will 
reverse. Only five stations in Dedoplistskaro, Akhaltsikhe, Tsalka, Sokhumi and Lentekhi 
provide data that winter precipitation will continue to increase by the end of the century. At 
other stations the change varies between different periods. 

In spring, there is a trend of warming, which is more intensive in East Georgia than in the 
West. The biggest increment by 2050 will be 2.60C, while by 2100 it will reach 40C. There is a 
sustainable trend of increasing spring precipitation by 5-28% in West Georgia. In future, 
increasing trend will be reversed. The trend will be maintained only on Goderdzi Pass.   

In 1961-2010 almost all territory of the country experienced stable warming of summers. At 
23 stations of East and West Georgia the temperature increased up to 10C during the past 50 
years. As for precipitation, sustainable decreasing trend was observed only on three stations 
(Bolnisi, Goderdzi Pass and Mta – Sabueti). In future, the rise of summer temperature will 
persist everywhere and reach the highest value – 4.70C, while in the middle of the century 
total precipitation will increase on the largest part of the country, including the stations 
demonstrating decreasing trends before. After 2050s until the end of the century increase of 
summer precipitation will gradually decline and on the majority of stations will demonstrate 
values below existing in the observation period. 

In autumn, temperature and precipitation have been increasing and will continue to increase 
on the whole territory of Georgia. In terms of precipitation some stations demonstrate 
exceptions (Gori, Tskhinvali, Tsalka, Mta–Sabueti, Pskhu and Goderdzi Pass). In the period 
of 2021-2050 the warming will still continue, and precipitation will increase together with 
temperature, that will be altered by intensive warming and decrease of autumn precipitation 
by 2100. 
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Figure 1-24 a-h: change in seasonal temperature and precipitation between two observation periods of 1961-
1985 and 1986-2010 – a) and b) winter values; c) and d) spring values; e) and f) – summer values; g) and h) 

autumn values 

 

1.2.2.3 Change in extreme climate parameters 

Based on the analysis of two observation periods of 1961-1985 and 1986-2010, reduction of 
the number of frosty days (IDO) took place on the whole territory of the country in the second 
period of observation. However, the trends are not sustainable. In future, the number of frosty 
days will decrease along with the increase in the average temperature. However, the risk of 
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frosty days will still exist in lowlands of Georgia by 2050’s in winter and especially in spring. 
By the end of this century, frosty days will be characteristic mainly for highland areas. 

 

 

 

 

 

 

 

Figure 1-25 a-b: Current change of frosty days ID0 (a) and frosty nights FD0 (b) between the periods of 1961-
1985 and 1986-2010 – a_ 1961-1985 values; b) 1986-2010 values 

The number of frosty nights have been decreasing more rapidly than that of frosty days. By 
2050s this event will become slightly more frequent in transition seasons on lowland stations 
in both East and West Georgia. By the end of the century the risk of such cases will be reduced 
in half of the highland areas of East and West Georgia, while in lowland of West Georgia it will 
be reduced by 70%. 

The number of hot days (SU25) increased on the territory of Georgia. The increase is more 
evident at lowland stations, where the number of hot days increased by 15%. In autumn, the 
increase is more intensive than in spring. By 2021-2050 the increase in the number of hot 
days will be less intensive on lowland stations than in observation period. On the majority of 
stations of Kakheti, Kvemo Kartli and lowlands of West Georgia (except Batumi and Chakvi) 
this number will decrease, mainly in summer. On mountain stations this value in some cases 
will increase by 100% (Tsalka, Pasanauri, Ambrolauri, Goderdzi Pass). By the end of the 
century, average annual number of hot days will increase by 50 days on all stations. The 
exception is Ambrolauri, where this value is projected to increase by 110 days in the period of 
2071-2100. 

TR20 (tropical nights) index is increased across the whole territory of Georgia. This change is 
especially significant (≈1.5-times) for lowland stations. On transitional seasons this parameter 
is observed only at lowland stations and is more intensive in autumn. In 2071-2100 TR20 
index will increase across the whole territory of Georgia by three times, compared to 2050s. 
This parameter is observed in all seasons except for winter, but not on highland stations. 
Together with the increase of TR20 index and decrease of FD0, rising of minimal temperatures 
on the whole territory of the country are also observed and predicted.  

 

 

 

 

 

 

 

Figure 1-26 a-b:  Current change in the number of hot days SU25 (a) and tropical nights TR20 (b) between the 
periods of 1961-1985 and 1986-2010  
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At present, as compared to 1961-1985, the maximum amount of precipitation falling 
continuously during one and five days reduced on the half of the stations in East Georgia, with 
the exception of Telavi and Sagarejo where these parameters increased. In West Georgia 
observed and predicted changes of one and five-day precipitation have contradictory nature. 
The trend for Sokhumi and Ambrolauri shows increase in both parameters. By the period of 
2021-2050 the amount of maximum precipitation in one day precipitation will increase on the 
whole sea costal area (except Poti), in Ajara and Samegrelo, while increase in the amount of 
maximal precipitation in five-day precipitation is expected in Zugdidi (Samegrelo) and 
surroundings of Gali (Abkhazia). In these regions increase in flash flood/flood risk is expected. 
In 2071-2100 both these parameters will be reduced on most of the territory of the country 
however, they will be increased in Kvareli and Lagodekhi (Kakheti region), as well as in 
highland areas of Georgia, where the risk of flash floods and floods is high. In West Georgia 
– Samegrelo the risks associated with maxima of one day precipitation are still maintained.  

 

Figure 1-27 Change in the amount of continuous precipitation in one day Rx1 (a) and in five days Rx5 (b) between 
the periods 

According to the observed data, the number of days with extremely abundant precipitation is 
slightly reduced in East Georgia, proved by the trend in Tskhinvali and Mta – Sabueti. In 
lowlands of West Georgia these parameters mostly increased. Rising trends of R50 (50 mm 
and more) are observed in Poti, Keda and Ambrolauri. The number of days with more than 50 
mm rainfall will reduce across almost entire East Georgia by 2050 and will be maintained 
invariable by the end of the century. In West Georgia, the reduction is expected for mountain 
territory, while in the coastal area the number of such days will increase. Increase in the 
number of days with more than 90 mm precipitation is expected by 2050 and then it will 
decrease slightly, however will be still more than during observation period.  

 

 

 

 

 

 

Figure 1-28: Change in the number of days with more than 50mm precipitation R (50) (a) and 90mm precipitation 
R (90), between the periods of 1961-1985 and 1986-2010 
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1.2.2.4 Change of maximum duration of the period without precipitation (CDD) and 
with precipitation (CWD) 

 

The observed and predicted trends of the change in maximum duration of the period without 
precipitation (CDD) and with precipitation (CWD) indicate that risks caused by such events 
will be increasing.  In particular, increase of CDD will make water demand (especially for crop 
and irrigation) even more acute in down streams of Alazani-Iori river basin of the Kakheti 
region and Shida Kartli. However, due to the increase in the duration of periods with 
precipitation, the water deficit will be somewhat compensated this way. In West Georgia, the 
increase of this latter index means intensification of the risk of floods, flash floods, mudflows 
and landslides. In future, maximal duration of dry and wet periods will increase on almost 
entire territory of the country by 2050 and therefore, natural disaster risks will increase. In 
addition, with some exceptions, on the entire territory of the Shida Kartli increase in CDD and 
decrease in CWD, will go in parallel and develop the threat of water deficit. By the end of the 
century, the trend of prolonged dry periods and shortened rainy and snowy periods will be 
common for the whole Georgia.   

 

Figure 1-29 a-b: Change of maximum duration of continuous dry (CDD) and wet (CWD) periods between 1961-
1985 and 1986-2010 

1.2.3 Climate Change impacts on naturals hazards, various economic sectors, 
natural resources and ecosystems 

 
1.2.3.1 Current and future climate change impacts on natural hazards 

The observed (1985-2010) trend of increasing average temperate for all seasons, increasing 
precipitation for all seasons except for summer and increasing duration of wet periods will 
continue to 2050 and may increase risks of seasonal floods and to a lesser extent, flash floods. 
By 2050, an increasing trend of short-duration, high-intensity rainfall will increase the risk of 
flash floods and related landslides and mudflows in West Georgia, particularly, Samegrelo - 
Zugdidi and Ajara up to the end of the century.  This increasing trend will additionally be 
observed in Kvareli and Lagodekhi municipalities, Kakheti region, and highlands of the country 
making these areas more susceptible to flash floods, landslides and mudflows.  Rising trends 
of R50 and R90 (rainfall in excess of 50 mm and 90mm) observed in Poti (coast), Keda 
(mountainous Ajara) and Ambrolauri (Upper Rioni watershed, Racha-Lechkumi and Kvemo 
Svaneti region) put these areas under higher risks of rainstorms, snowstorms, floods and flash 
floods and, landslides and snow avalanches in highland areas.     

The trend of increasing average temperate for all seasons, decreasing precipitation and longer 
duration of dry periods, which will persist until 2050 in already dry areas will further increase 
the risk of droughts.  Currently, the number of days with precipitation more than 50 mm and 
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90 mm rainfall will be reduced in almost entire East Georgia by 2050.  In lower courses of 
Alazani and Iori River Basins, located in south and south-east municipalities of Kakheti region, 
crop and irrigation water demand will increase due to prolonged warmer, drier periods, but will 
be offset to some extent by greater duration of wet periods.  By the end of the century, the 
trend will be more towards prolonged droughts rather than towards wet periods therefore, dry 
areas of the country already affected by climate change will become more vulnerable. More 
specifically, Kvemo Kartli will stay the driest region as it is now. South and southeast 
municipalities (Sagarejo, Dedoplistskagro, etc.) of Kakheti region and Shida Kartli which are 
also prone to droughts will continue to be susceptible to this phenomenon.  

More detailed micro-scale assessments of various regions including Kakheti, Upper and 
Lower Svaneti and Ajara under SNC and TNC indicate 63% and 162% increase in landslides 
and mudflows in Ajara respectively over 1987-2009 as compared to 1961-1986. Until 1989, 
the total length of washed out river embankments was 60 km, while this number increased to 
196 km in 2009. 82% of Ajara’s territory is covered with avalanche hazards. The connection 
of these catastrophic events with abundant precipitation was established. Recurrence of these 
events according to meteorological data is increased by 32% for the period of 1986-2010 in 
comparison with previous 25-year period. By taking into account climate change projections, 
further activation of landslides and floods is highly likely during the period until 2100 
particularly in mountainous Ajara (Keda, Khulo).  
 
In Upper Svaneti the total number of landslides in comparison with 1961-1991 has increased 
by 4.1 in 1992-2013, while the number of registered floods has increased by 1.9. Because of 
the absence of data on snow avalanches, similar assessment could not be conducted. It is 
only known that 95% of the territory of Upper Svaneti is under avalanche hazard, from which 
almost 35% is characterized by extreme avalanche danger. The direct connection of the 
above-mentioned extreme events to the cases of abundant precipitation and the increase in 
the volume of annual precipitation was established. In particular, the volume of annual 
precipitation in 1987, which was very extensive in terms of occurrence of natural geological 
events, exceeded the climate norm by 43%. Based on the climate-meteorological 
characteristics and forecasts (at least 10% precipitation increase), vulnerability of geological 
environment, trends of geodynamic processes, anthropogenic and other factors it can be 
assumed that in Upper Svaneti geological processes will be escalated until 2050.  
 
As per SNC, during the period 1990-2005, the frequency of disastrous events – floods/flash 
floods, landslides and mudflows caused by heavy precipitation (daily sums exceeding 30 mm) 
has increased in Lower Svaneti. The analyses of 2000-2005 data on precipitation at the 
Lentekhi station shows that the proportion of heavy showers in monthly sums of precipitations 
is 60% on average. The sum of precipitation in the months with heavy showers (exceeding 
the year average values) has increased by about 12% in 1990-2005 as compared to 1955-
1970, though the number of months with heavy showers remained virtually unchanged, about 
5 months per annum. The increase of precipitation in the warm period of the year (April-
September) reached 19%.  In 1990-2005 the recurrence of floods in Lower Svaneti has more 
than doubled and the maximum discharge has increased by 9%. At the same time the duration 
of floods has decreased by 25%, which could explain the growth in intensity and severity of 
floods. Up to 1980, 82 rainfall-induced landslide bodies were registered in the Lentekhi region, 
with frequent landslide events occurring there. Since then until 2000, the number of landslide 
bodies has increased by 43% and reached 117. The number of landslides has dramatically 
increased since the catastrophic snowfall in the winter of 1986-1987. In the period of 1980-
1998, 50 rainfall-induced mudflow transformation gorges with 145 mudflow events were 
registered. On average, 5-10 mud streams take place annually in the region. However, after 
the anomalous snowfalls of 1986-1987, in the winter of 1988, over 45 cases of mud streams 
were registered. Over the period1921-2005, an increase in the frequency of this event has 
been evident since 1965. Apart from the above hazards, winters with abundant snowfall are 
characterized by avalanches. For example, during the snowy 1987-1988 winters, about 10 
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villages of Kvemo Svaneti were endangered by avalanches. Hundreds of families had to be 
evacuated and many sections of the motorway were blocked up. Moreover, snow avalanches 
often damage the forest cover that itself increases the risk of landslides. 
 
The scale of geological events in Kakheti Region are more modest than in Ajara and Upper 
and Lower Svaneti (Mestia), but still important. Mudflows are characteristic to Sagarejo, Telavi, 
Kvareli, and Akhmeta; landslides are characteristic to Sagarejo and Telavi; flood/flash floods 
are characteristic to Lagodekhi;  and riverbank erosion and washouts are characteristics to 
Akhmeta and Dedoplistakro. These natural disasters mainly impact agriculture and agricultural 
lands, but in Telavi and Kvareli municipalities mudflow forming gorges pose threat to the cities 
of Telavi, Akhmeta and Kvareli. In Kakheti, these natural disasters mainly impact local 
infrastructure and agriculture. 
 
Thus, based on the climate-meteorological characteristics and climate change predictions 
made under the Second and Third National Communications, it was concluded that heavy 
rainstorms, snowstorms as well as hot days with temperatures exceeding average and 
maximum values would be more frequent and lengthy. This will accelerate climate induced 
disasters such as floods, flashloods, landslide-mudflow processes and droughts in many 
municipalities of the country as well as avalanches in mountainous Ajara, Upper and Lower 
Svaneti and river bed and banks erosion in Kakheti and costal Ajara. Other studies conducted 
with a support of various donors for a number of municipalities concur with TNC and SNC 
findings. 19 
 

1.2.3.2 Climate change impacts on natural resources and ecosystems 
 
CC impacts on water resources (river runoff, water deficit). There are several national and 
regional-wide studies assessing current and future CC impacts on water resources (river 
runoff and water deficit), including SNC and the regional Climate Change Study for the South 
Caucasus. 
 
SNC contains the study of the runoff of the of the Alazani and Iori Rivers in downstream areas 
(Dedoplistskaro municipality), using WEAP (Water Resources Assessment Programme) 
model, which demonstrated high probability of an 8% decrease in the annual runoff of the 
Alazani River in the period 2071-2100. The modelling of water deficit in the irrigation systems 
showed that in case of a 50% decrease in the river runoff, and the increase in water 
consumption by the same percentage, the demand would be met in all months except for 
August, which is irrigation season and there will be an irrigation water deficit for this month. 
The same methodology was applied to the Iori River. Modelling results revealed an anticipated 
11% decrease in river runoff and the impossibility of meeting a future water demand, even 
with its increase by 10%. The computer model CropWat was applied to assess the influence 
of climate change on water deficit for some crops and pastures. The shortage of water for 
winter wheat, sunflower and pastures was revealed in the past (1960-2005) and projected for 
the period 2021-2100.  

Under the study ‘Regional Climate Change Impacts for the South Caucasus Region’ funded 
through ENVSEC (Environmental Security) initiative and commissioned by UNDP, the change 
in river run-off was assessed for transboundary Alazani and Khrami-Debed Rivers. Modelling 
showed 26 - 35% river runoff declines for the entire Alazani River and 45 – 65% river runoff 
                                                
19 Climate change vulnerability studies conducted under the EU/Red Cross Climate East Forum II, USAID/CENN CCADM and USAID/GLOWS 
INRMW projects19 have also analyzed current and projected future climate change trends for 2020-2050 and 2070-2100 as well as their potential 
impacts on climate induced natural hazards for Akhmeta, Telavi, Dedoplistskaro, Sagarejo, Gardabani, Kareli, Akhaltsikhe, Borjomi, Oni, Ambrolauri, 
Senaki, Khobi Khelvachauri and Keda municipalities. Each study indicates on the increase in annual average and maximum temperature and changes 
in seasonal and extreme values of precipitation. More specifically, increase in RX5 and continuous rainy days is predicted by each study that will 
contribute to the acceleration of the frequency and intensity of flashfloods, landslides and mudflows and, the formation of new landslide and mudflow 
sources.  For almost all target areas and particularly, for arid and semi-arid areas increase in dry periods and days with lower than 10-20 mm daily 
rainfall is expected together with increase in the number of hot days and days with temperatures exceeding absolute maximums. This will cause the 
reduction of annual and seasonal humidity index and thus, increase in the frequency of droughts accompanied with dry winds. 
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decline for the Khrami-Debed River. Additionally, crop water demand was assessed for 
Dedoplistskaro municipality by 2100, indicating a 114%, 82%, and 50% increase (worst, 
moderate and best scenarios) in water requirement compared to observed data for 1991 – 
2005 period. 

USAID/GLOWS project: Integrated Natural Resources Management in Watersheds of Georgia 
(INRMW) also assessed the impacts of climate change on river runoff of the upper and lower 
watersheds of Rioni and Alazani-Iori river basins within the boundaries of Georgia. For the 
upper course of the Alazani River up to 12% reduction of the annual river runoff is expected by 
2070-2100. Moreover, the change in seasonal distribution is expected to increase the 
frequency and intensity of floods, flashfloods, landslides and mudflows during rainy and high-
water seasons as well as increase water stress during droughty periods. In lower courses of 
Alazani-Iori River basin, 5-9% decrease in river runoff for the Iori River and 9-14% decrease in 
river runoff of the Alazani river is expected, which will increase the crop and irrigation water 
demand and water stress. Moreover, significant change in seasonal variation of the runoff is 
expected, with river runoff decrease by 23-26% in August-September, which is an irrigation 
season and may have a serious impact on agriculture. Regarding the Rioni River assessments, 
from river source to the town of Ambrolauri (upper Rioni watershed) 26-30% increase in annual 
river runoff is expected which will increase the risk of seasonal floods and flash floods.  
 
The World Bank study: ‘Reducing the Vulnerability of Georgia’s Agricultural Systems to 
Climate Change’ used climate model CLIMTUN and WEAP model to assess change in river 
runoff. Low, medium and high impact scenarios were run and results showed that irrigation 
water shortage for the Alazani river basin may range within 14.8%-61.2% for low to high impact 
scenarios by 2040.  
 
Thus, all above studies indicate that in the future climate change will have a significant impact 
of annual and seasonal runoff of the Alazani, Iori, Khrami-Debed and Rioni Rivers that may 
translate in increased irrigation and crop water demand, increased water stress/deficit as well 
as in more frequent occurrences of floods, flash floods and related landslides. 
 
CC impacts on glaciers of Upper Svaneti.  According to the latest data, there are 269 recorded 
glaciers in Upper Svaneti with total area of 223.4 km2, which makes up 63% of the area covered 
by glaciers in Georgia. Since glacier is one of the most sensitive indicator of climate change, 
the analysis of the expected glacier dynamics due to projected climate conditions in the Enguri 
River and possible impact of these processes on the Enguri basin runoff is included in the TNC.  
 
According to measurements, in 1890-1965 Enguri basin area occupied by glaciers has 
declined by 13%, and in Upper Svaneti in the same period the average annual temperature 
has increased by 0.30C. Based on these data, the linear extrapolation of the mentioned 
processes to a first approximation showed that if by the end of 21st century Upper Svaneti air 
temperature will increase by 40C compared with 1960s data, glaciers area in the Enguri River 
Basin will decrease down to 100 km2, while their complete melting should be expected in 2170-
2180. In addition, by 2100 the Enguri River runoff will be reduced by 13% and will amount to 
average annual 3.0 km3. 
 
Climate Change impacts on forest ecosystems. The Third National Communication assessed 
the current and anticipated impacts of climate change on forest ecosystems on the example 
of Ajara, Upper Svaneti and Borjomi-Bakuriani forests. 
 
The climate change parameters which significantly impact on the forest ecosystems of Ajara 
(which cover 66% of the region’s territory), are the increase in temperature and precipitation, 
which in the last few decades led to the annual increase in the prevalence of pests and 
diseases as well as in forest fires as observed in Borjomi-Kharagauli. In Upper Svaneti boreal 
forest species (pine and birch) gradually occupy the areas vacated by glacier retreat.  
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Although the TNC did not focus on the direct impact of climate-induced natural hazards on 
forest ecosystems, it can be assumed that trees infested because of pest outbreak will die and 
fell. Thus, forests groves infested with pests will lose their density as well as the ability to 
stabilize soil and reduce various natural disasters. Ultimately, they will degrade and the areas 
occupied by them will be deforested.  This will increase the risk of landslides and avalanches 
in such areas particularly, in areas with slopes 300 and more to have an impact on downstream 
watersheds and communities in terms of stream and lake siltation and destruction of 
agricultural land and amenities. On the other hand, intensified landslides and mudflows that 
are frequent and predicted to intensity in the future in Upper and Lower Svaneti, mountainous 
Ajara and other highland areas will directly affect forests and may cause the destruction of 
large massifs of high ecological value forests as a result of loss of significant land areas within 
and outside protected areas.  
 
These impacts on forest ecosystems will have adverse impacts on rural communities in terms 
of increased disaster risk and reduced coping capacities and livelihoods, since they are usually 
highly dependent on local timber for firewood.20 This will ultimately contribute to the 
aggravation of rural poverty, which is already high in the country. 
 

1.2.3.3 Climate Change impacts on the agricultural sector of Georgia   
 
More than 54% of the labour force of Georgia is engaged in the agricultural sector which is 
one of the most sensitive sectors to climate change.  TNC studied the impact of climate change 
on the agricultural sector in two regions – Ajara Autonomous Republic and Kakheti. 
 
In Ajara, citrus production is a leading sector.  During the period 1991-2010 production was 
7.7 t/ha compared to 14.8 t/ha during the previous period 1981-1990.  While the main factors 
influencing citrus production are both climate and agro-technical measures, a major problem 
for the leading sector of agriculture in Ajara – citrus growing – is climate related.  The TNC 
found that both temperature (insufficient heat and increases in diseases) and erosion are the 
main reasons for the decline in observed citrus production.  In addition, intensified and more 
frequent precipitation exacerbates erosion and landslides on mountain slopes. Coupled with 
overgrazing of grass cover, these processes result in dramatic decrease of productivity of hay 
lands and pastures and erosion of pastures that in turn, has negative impact on the 
development of animal husbandry.  
 
As for agriculture in Kakheti, current climate change manifested itself in more frequent 
droughts, increased number of extreme hot days, and intensification of hails. The latter 
particularly damages perennial plantations in the region, where vine growing and fruit growing 
are the leading sectors. At the same time, for some municipalities (Akhmeta, Lagodekhi, 
Dedoplistskaro, Signagi) soil degradation, caused by wind erosion and soil salinization have 
become serious problems. Droughts, occurring more frequently, pasture erosion and 
reduction of productivity hampers the development of livestock farming in the region. Future 
climate change impacts will exacerbate aridification processes in Kakheti as well as in the 
other agriculture-based regions of Kvemo and Shida Kartli and will have an impact on the 
country’s agriculture, given the scale of agriculture activities of these areas. Moreover, it is 
expected that river runoff will be reduced in downstream areas of Alazani and Iori that will 
increase crop and irrigation water demand and impose higher pressures on water resources.  
 
The Ministry of Agriculture of Georgia considered agricultural sector and lands of three 
municipalities of Kakheti region - Sagarejo, Signaghi and Dedoplistskaro as the most 
                                                
20 2014 household surveys conducted by young economists show that 97% rural population and 27% urban population uses wood for cooking and 
heating.  WHITEPAPER ENERGY STRATEGY OF GEORGIA (2015-2030) 3 YEAR ACTION PLAN (2015-2018) Initial Draft. HYDRO POWER 
AND ENERGY PLANNING PROJECT (HPEP). (HPEP) CONTRACT NUMBER: AID-OAA-I-13-00018/AID-114-TO-13-00006 DELOITTE 
CONSULTING LLP USAID/CAUCASUS OFFICE OF ECONOMY, ENERGY AND ENVIRONMENT JULY, 2014. 
http://pdf.usaid.gov/pdf_docs/PA00K12R.pdf 
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vulnerable in terms of irrigation water shortage, due to the scarcity of water resources, caused 
by natural conditions and on-going climate change and, cost-ineffectiveness of setting up the 
irrigation systems in the area (requiring electricity for pumping). This leaves the agriculture 
sector of above three municipalities extremely vulnerable to the droughts and temperature 
increases particularly, that of Dedolistskaro Municipality.21 The analysis of climate change 
trends for the municipality revealed that between the periods of 1961-1985 and 1986-2010 
average air temperature increased by 0.70C and annual precipitation has significantly 
decreased during the same period. Agricultural (1-3 months), moderate, severe and extreme 
droughts became more frequent. Climate in the town of Sagarejo is temperate subtropical with 
cold winters and hot summers. The analyses of the changes of climate elements between the 
periods 1961-1985 and 1986-2010 demonstrated that average annual temperature in 
Sagarejo municipality has increased by +0.50C, and compared with the period of 1923-1960, 
by +1.70C. Between all periods all types of droughts became more frequent, especially in 
summer. In particular, the recurrence of one-month extreme (agricultural) droughts has 
increased by two times or more. Sighnaghi municipality covers a fairly extensive area, from 
the Iori River to the Alazani River and includes 4 climate zones. According to the analysis of 
climate variables, temperature between the periods of 1961-1985 and 1986-2010 in the lower 
zone of Sighnaghi municipality, increased by 0.50C and in comparison, with the period from 
1950 to 1960 by 0.80C. The total annual precipitation decreased insignificantly between the 
two periods (5 mm, -1%) and in comparison, to the period from 1950 to 1960, increased by 27 
mm (+5%). As for the maximum daily precipitation, its absolute values decreased by 9-11 mm 
in winter and spring and increased by 4-9 mm in summer and autumn. The number of extreme 
droughts of the similar durations increased22.  
 
Based on NEA’s records, significant agricultural areas are damaged or lost as a result of 
landslides and mudflows annually. For instance, during the period of 2008-2014 total of 14,095 
ha agricultural land was damaged due to geological hazards. The graph below shows the area 
of agricultural lands and the number of buildings damaged by landslide-mudflows during that 
period. The largest damage occurred in 2009 when the total area of degraded/lost agriculture 
lands made up over 8,000 ha. 
 

 

 

 

 

 
 
 
 
 
 
 
 

Figure 1-30: agriculture lands and buildings damaged from landslides/mudflows23 
 

                                                
21 EU/RECC study indicates that Gardabani municipality in Kvemo Kartli and Shida Kartli, with large areas of agricultural lands have been undergoing the most 
severe aridification process due to various factors, including observed CC. Under CC scenario this process will be accelerated making agriculture sector of 
these regions together with several municipalities of Kakheti region (Sagarejo, Signagi and Dedoplistskaro) extremely vulnerable to CC in the future 
22 Climate Change and Agriculture in Kakheti Region, UNDP, 2013 Tbilisi, Georgia 
23 Source: NEA 
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In the framework of the Baseline Assessment of Climate Change Adaptation and Mitigation 
Practices on Local Level in Georgia24, the agricultural sector climate vulnerability map was 
prepared. The five-point scale used to indicate overall index of municipality in terms of 
agricultural issues. The rating was based on fertile agricultural land loss, overexploitation, 
salination, desertification and other quantitative parameters. The qualitative indicators were 
also considered, because in some cases the loss of agricultural land is not indicated, however, 
productivity loss is reported.  
 
 
 
 
 
 
 

 

 

 

 

 

Figure 1-31:  Climate Change Sensitivity of Agricultural Sector (Source:  National Association of Local Authorities 
of Georgia (NALAG)) 

The map indicates that problems are increasing in the central part of the country and towards 
the East. In highland municipalities, the factor of intensive agriculture is very low. The land 
resources are available, accordingly, agricultural sector in those municipalities are less 
sensitive to climate change than lowland municipalities like Dedoplistskaro.  
 
In addition, climate change may have a negative impact on pest outbreak, since their life-cycle 
depends on agrometeorological conditions. Grasshoppers are a significant threat to such 
crops as cereals and corns in Georgia and under dry conditions pose a risk to the country’s 
food security.  
 

1.2.3.4 Climate Change impacts on critical infrastructure - transport networks, 
buildings, roads, water supply, energy installations  

 
The TNC did not specifically examine the impact of climate change on critical infrastructure in 
Georgia, but recent evidence from the Rioni project and the Tbilisi PDNA report shows that 
the national stock of infrastructure, which is deteriorating due to aging, lack of investment and 
maintenance since the collapse of the Soviet Union, and lack of climate resilient design, is at 
risk from hydro meteorological and climate induced geological disasters which has been 
increasing and continue to increase as a result of climate change.  
 
Historically, flooding in Georgia has impacted critical infrastructure in the floodplain resulting 
in significant losses and damages.  The recent flooding in Tbilisi (June 2015) resulted in $24.3 
Million USD damage and 4.37 Million losses to critical infrastructures (PDNA)25, and it was the 
lack of sufficient conveyance capacity of a critical tunnel in the floodplain which led 
to/contributed to the scale of the flooding.  The transportation sector sustained 60% of the 
damages and 69% of losses while housing sustained 29% of damages and 18% of losses.   
 

                                                
24 Baseline Assessment of Climate Change Adaptation and Mitigation Practices on Local Level in Georgia, NALAG, USAID, Tbilisi 2013 
25 file:///C:/Users/Margaretta/Downloads/UNDP_GE_EE_Tbilisi_DNA_2015_ENG_part_1.pdf 
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In the Rioni basin, it was found that the highest concentration of damages to infrastructure 
would be incurred by schools, utilities (water and sanitation), roads, hospitals, fire station, all 
of which have a ‘people’ metric, which can increase the impact significantly.  Below is a map 
of the critical infrastructure currently at risk from fluvial flooding in the Rioni basin, which shows 
the flood score for main roads at risk in the Rioni basin.   
 
The Civil Protection legislation currently in place provides for the protection and security of 
critical national infrastructure against national security threats in Georgia, but currently has not 
systematically identified or assessed the risk from natural hazards. This is largely because, 
detailed risk knowledge is not currently available on actual risks arising from hydro 
meteorological threats and other related natural hazards, nor the increasing severity of those 
threats due to climate change.   Hence until now, there has been limited (or no) understanding 
of the scale of vulnerability of critical infrastructure in each sector, nor the shared vulnerability 
across sectors to natural hazards. 

Figure 1-32: Flood risk score for buildings and roads 
 
As for impacts of geological hazards on critical infrastructure, in accordance with NEA disaster 
database, on average 900-1000 buildings are damaged annually from landslides and 
mudflows. In 2009 this figure was highest and amounted to 2,669 buildings. This was 
attributed to 323 landslides and 193 mudflows. 4 people died and total economic damage 
incurred - around 80 Million GEL. 

 
Flooding of water supply and sewerage infrastructure can cause major disruption to usage 
and hence to normal daily activities. In particular, flooding of sanitation facilities will not only 
result in a break in services, but could have attendant health risks if water systems become 
contaminated.  For example, during the Tbilisi floods, the wastewater collection system was 
substantially affected all along the flooded area. Tens of manholes were flooded and covered 
with silt. Georgian water utility company GWP (Georgian Water and Power) actively worked 
on restoring the manholes and installed biofilters to damaged pipes leaking wastewater 
directly into the Vere River. Total damage reported to sewage infrastructures and pipes 
amounted to 2.2 Million GEL. 
 
Potential indirect effects of climate change on the water supply and sanitation situation include 
the impacts of energy interruptions, increasing the unreliability of piped water and sewerage 
services for pumped systems.   
 
Another risk that was identified during water safety assessments of a number of small towns’ 
centralized water supply systems under the USAID INRWM project is the contamination of 
source water if not properly protected during floods and mudflows. Representatives of service 
centres of these towns observed that during floods and flash floods water quality deteriorates 
at headworks since the turbidity and other types of contamination increases. Presumably, this 



I Annex II – Feasibility Study  
       
GREEN CLIMATE FUND FUNDING PROPOSAL  

 

44 

 

situation should be a widespread phenomenon for small-scale water supply infrastructure 
across the country. 
 
Asset owners in the water sector need information about risk and resilience for their sites 
(based on detailed risk assessments) and need to include budget provisions for maintaining 
resilience, associated with a longer-term programme of resilience building across the sector.  
Water supply and sanitation infrastructure needs to be made resilient to a very high standard 
of protection given the likely impact to disruption of services and impacts on health that can 
result from flooding of such infrastructure.   
 

The Energy sector in Georgia is made up of the upstream oil and gas, downstream oil and 
gas, electricity generation and electricity networks sub-sectors.  The infrastructure within this 
sector is extensive and varied and includes pipelines (some at river crossings), dams (for 
hydroelectric power which themselves pose flood risks if not properly operated and 
maintained), storage and transmission lines. Major risks to the energy sector from flooding 
and other natural hazards requires resilience building which should include:  

• Hazard and risk assessment 
• Service provision standards linked to built-in and demonstrable resilience measures 
• Given the size and complexity of energy networks, cooperation between the various 

infrastructure owners in order to build resilience in this sector 
• Redundancy and contingency planning  

1.2.4 Summary of climate vulnerability drivers and underlying climate risks   
 
Climate change trends are expected to have negative impacts on various sectors, including 
agriculture, health, tourism, the environment, natural resources and ecosystems. Major parts 
of Georgia, households and livelihoods, lands, public infrastructure and mountainous tourism 
sites regularly suffer from disasters, particularly floods, flash floods, mudflows and landslides.  
 
Climate change predictions developed under the Georgia’s Second and Third National 
Communications to UNFCCC as well as other studies available, highlight the possibility for 
further occurrence of weather-related disasters. Available studies provide evidence of the 
direct connection between increased frequency of key climate change parameters and 
increasing trends in land erosion, snow avalanches, landslides, floods, flash floods, and 
mudflows.  These studies show that the frequency, intensity and geographical spread of 
extreme hydro meteorological hazards will increase with climate change.  The next section 
examines the socio-economic impact of all hazards as a result of the expected climate 
changes discussed above.  
 
 

1.3 Socio-economic Impact of all hazards under current and climate 
change conditions 
 

This section details the socio-economic impact of all major climate induced hazards under the 
current and climate change conditions, based on existing indicative hazard mapping, socio-
economics dataset available for all of Georgia, and by scaling up the GIS-based socio-
economic risk model that was developed for the Rioni basin to the rest of Georgia.  Section 
3.1 provides a brief description of the approach, datasets used and the quality of data (DQS 
rating) on a scale of 1-4 (from highest quality to lowest quality).   

1.3.1 Observed damages and loss of life between 1995-2015 years in Georgia 
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A summary of actual loss of life and damages from historical events, based on NEA’s disaster 
record are enumerated in Annex 226. The veracity of the data is unknown and could not be 
verified as comprehensive Loss and Damage accounting (except for more recent PDNA’s after 
major events) is not currently undertaken for Georgia and represents a need. 

Where data is available and assuming reasonable accuracy then over the 21-year period total 
damages were 2.8 billion GEL ($1.2 Billion USD) at a cost of 152 lives (22 of which occurred 
in the Tbilisi flash flood of 2015). Floods, landslides and mudflows make up 60% of these 
damages/losses and 67% of loss of life. 
 

 

 

 

 

 
 
 
 
 
 
 

Figure 1-33 a-b:  Damage statistics: a) Percept damages for all hazards from 1995 to 2015; b) life loss for all 
hazards 1995-2015 

 

These losses equate to approximately 1% of GDP based on Georgia’s GDP for 2015 
(Geostat)27, which is average for a middle-income country such as Georgia.  However, 1% 
losses of GDP for a country in the early stages of economic development and with relatively 
fragile economic growth and development indices, or when losses are concentrated in a single 
area, as is the nature of the impact of some types of hazards, could be devastating to local 
economy and could have ripple effect on the national economy as well.     

                                                
26 From NEA analysis 
27 Lower middle-income countries suffered damages equivalent to 1.87% GDP while Upper middle countries between 1996 and 2011 while the 
figure was 0.38% GDP for Upper Middle-Income countries.  (Disaster Risk Assessment and Risk Financing - A G20 / OECD METHODOLOGICAL 
FRAMEWORK, pg. 14) 
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Figure 1-33 compares the damage/loss per event and per year.  Thus, whilst landslides and 
mudflows are numerous each year, event damage is small compared with the other hazards. 

 

Figure 1-34 a-b: damage statistics: a) mean annual damage per event; b) annual number of events per hazard  
 

1.3.2 Enumeration and quantification of impacts 

Digitised data on people, property and agricultural land enabled the enumeration and, in some 
cases, the quantification of the impact of 7 hydro-meteorological hazards. The analysis 
considered the Base Line scenario and a Climate Change projection based on a qualitative 
assessment of the future under aggravated conditions e.g. more frequent flooding, more 
extensive drought etc. 

The following impact profiles are considered: 

Floods 

• population (male and female) at risk by municipality and region 
• property at risk by municipality and region  
• annual average damage by municipality and region  
• annual average agricultural losses by municipality and region  

Drought 

• area of agricultural land by crop type exposed to the severest drought 
conditions by region. 

• value (producer price) of crops within areas exposed to severe drought 
conditions by region (not included) 

• properties exposed to severe drought conditions by municipality and region 

 
Hail 

• area of agricultural land exposed to the severest hail conditions by region 
• value (producer price) of crops within areas exposed to severe hail conditions 

by municipality and region (not included) 
• properties exposed to severe hail conditions by municipality and region 
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Wind 

• area of agricultural land exposed to the severest wind conditions by region 
• value (producer price) of crops within areas exposed to severe wind conditions 

by region (not included) 
• properties exposed to severe wind conditions by municipality and region 

Avalanches 

• properties exposed to strong and very strong avalanches by municipality and 
region 

Landslides and Mudflows  

• locations exposed to severe landslides, mudflows and avalanches by 
municipality and region 

1.3.3.1 Floods: Broad scale analysis 
 

1.3.3.1.1 Property 

Figure 1-35 displays the relative flood risk to properties by Municipality for the Base Line 
Scenario, figure 1-36 for - Climate Change scenarios and Figures 1-37 and 1-38 - for Regions. 
All maps utilise a traffic light colour coding with the highest impact in red and lowest in green 
in each case.  The Rioni results from the AF project are not presented separately as it is 
important to present ‘like for like’ comparisons and not bias the results in favour of Rioni which 
used high quality hydro-dynamic modelling. 

Figure 1-35: Comparative municipality flood risk (Base Line) 

 

Figure 1-37: Comparative regional flood risk (Base Line) Figure 1-38: Comparative regional flood risk (Climate Change) 

Figure 1-36: Comparative municipality flood risk (Climate Change) 
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Table 1-3: Population flooded by regions 

 

Table 1-4: Properties flooded and WAAD by regions 

 

In Summary, 5.4% of properties and people in Georgia are subject to flood risk with estimated 
annual average damages (AAD) ranging between 116 Million GEL (Base case) and 282 Million 
GEL (CC) assuming frequency of flooding will increase over time with the effects of climate 
change. Male versus Female populations are exposed to similar flood risk. Under CC scenario, 
nearly 60% of the collective risk is within Samegrelo-Zemo Svaneti, Imereti and Ajara 
in the west of Georgia, with a further 11.4 % in the Tbilisi region. 
Assuming, from professional judgement and experience that 90% of the flood risk can be 
avoided by various strategic mitigation initiatives, both structural (embankments and flood 
balancing) and non-structural measures (flood warning, land use zoning, property resilience 
measures, agro-forestry and watershed restoration, etc.) then a maximum funding of 
between 2.5 billion GEL and 6 billion GEL (or about 7 to 18% of GDP) is required over 
50 years: 

Baseline 
     

GEL 104,689,819 Avoid 90% annual damages 
  

GEL 104,689,819 Benefits (GEL) or 0.33% GDP 
  

50 Life of Mitigation Measures 
  

GEL 2,453,352,846 Maximum Funding required for Benefits to meet Costs 

      

Region Population
Population 

Flooded

% 
Population 

Flooded
Male 

Population

Male 
Population 

Flooded

% Male 
Population 

Flooded
Female 

Population

Female 
Population 

Flooded

% Female 
Population 

Flooded
Samegrelo-Zemo Svaneti 330,896 47,368 14.3 159,139 23,130 14.5 171,757 24,240 14.1
Imereti 533,701 28,485 5.3 258,496 13,386 5.2 275,206 15,098 5.5
Achara 333,831 65,063 19.5 162,864 31,071 19.1 170,965 33,993 19.9
Tbilisi 1,108,499 14,406 1.3 502,787 6,450 1.3 605,713 7,956 1.3
Kvemo Kartli 424,051 13,455 3.2 208,559 6,674 3.2 215,494 6,782 3.1
Samtskhe-Javakheti 160,499 8,331 5.2 78,519 4,012 5.1 81,980 4,322 5.3
Shida Kartli 263,296 12,041 4.6 128,240 5,853 4.6 135,056 6,188 4.6
Guria 113,150 4,314 3.8 54,555 2,095 3.8 58,595 2,219 3.8
Racha-Lechkhum-Kvemo Svaneti 32,089 2,420 7.5 15,584 1,122 7.2 16,505 1,296 7.9
Mtskheta-Mtianeti 94,727 2,697 2.8 47,703 1,334 2.8 47,024 1,362 2.9
Kakheti 318,455 2,205 0.7 156,095 1,109 0.7 162,360 1,095 0.7
GEORGIA 3,713,194 200,785 5.4 1,772,541 96,236 5.4 1,940,655 104,551 5.4

Region Properties
Properties 
Flooded

% 
Properties 
Flooded

Weighted 
AAD (GEL) 
Baseline

Weighted 
AAD (GEL) 

Climate 
Change

% of 
WAAD

Samegrelo-Zemo Svaneti 192,589 27,491 14.3 28,278,128 79,417,750 28.1
Imereti 267,825 12,340 4.6 21,072,899 45,606,541 16.1
Achara 88,088 11,188 12.7 14,746,992 39,998,739 14.1
Tbilisi 137,515 2,790 2.0 14,496,168 32,294,764 11.4
Kvemo Kartli 180,007 8,473 4.7 11,304,215 26,699,917 9.4
Samtskhe-Javakheti 85,869 2,923 3.4 10,514,203 22,277,534 7.9
Shida Kartli 133,298 5,881 4.4 6,600,409 14,905,700 5.3
Guria 73,819 2,759 3.7 3,537,143 8,996,358 3.2
Racha-Lechkhum-Kvemo Svaneti 40,138 1,789 4.5 2,743,541 5,403,653 1.9
Mtskheta-Mtianeti 70,903 1,905 2.7 1,771,542 4,017,930 1.4
Kakheti 196,800 1,560 0.8 1,256,781 3,070,939 1.1
GEORGIA 1,466,851 79,099 5.4 116,322,021 282,689,825
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Climate Change 

     
GEL 254,420,843 Avoid 90% annual damages 

  
GEL 254,420,843 Benefits (GEL) or 0.8% GDP 

  
50 Life of Mitigation Measures 

  
GEL 5,962,223,496 Maximum Funding required for Benefits to meet Costs 

Annual Benefits are between 0.33 and 0.8% of GDP 

Not all schemes will be cost beneficial and some, where benefits are high will create 
efficiencies in the cost estimates. The GCF project will help prioritise strategic flood risk where 
benefits are greatest.  The GCF project will also provide the tools for government to better 
identify cost-beneficial risk reduction projects for the long-term management of hazards, and 
will help develop risk financing models and approaches to ensure that they are consistently 
and comprehensively addressed in the long-term.   

Looking at municipality flood risk (Table 1-5), 3 municipalities (C. Tbilisi, Khobi and C. Batumi) 
represent a third of all annual average flood damages, with almost 90% of damages within the 
just 22 Municipalities which each contribute more than 1% to total. In Tbilisi however only, 2% 
of properties are subject to flood risk whilst in Khobi over half are within flood risk zones. C. 
Batumi (42.6%), Samtredia (29.2), C. Poti (28.6) and Abasha (23.7%) have significant 
numbers of their total population at flood risk. 



I Annex II – Feasibility Study        

                GREEN CLIMATE FUND FUNDING PROPOSAL 
 

50 

 

 

Table 1-5: Annual flood risk by region and municipality (with greater than 1% population flooded) 

 
 

Region Municipality Population
Population 

Flooded
% Population 

Flooded Male Population
Male Population 

Flooded

% Male 
Population 

Flooded
Female 

Population

Female 
Population 

Flooded

% Female 
Population 

Flooded
C. Tbilisi Tbilisi 1,108,499 14,406 1 502,787 6,450 1.3 605,713 7,956 1.3
Khobi Samegrelo-Zemo Svaneti 30,561 16,593 54 15,015 8,145 54.2 15,547 8,448 54.3
C. Batumi Achara 152,840 57,669 38 72,757 27,459 37.7 80,082 30,211 37.7
Samtredia Imereti 47,961 16,491 34 22,790 7,700 33.8 25,172 8,791 34.9
Gardabani Kvemo Kartli 82,583 5,176 6 40,492 2,497 6.2 42,091 2,680 6.4
Borjomi Samtskhe-Javakheti 25,209 2,674 11 12,028 1,256 10.4 13,181 1,418 10.8
C. Poti Samegrelo-Zemo Svaneti 41,465 11,838 29 19,549 5,644 28.9 21,916 6,194 28.3
Zestaponi Imereti 57,139 3,823 7 27,831 1,805 6.5 29,308 2,019 6.9
Abasha Samegrelo-Zemo Svaneti 22,471 5,721 25 10,777 2,809 26.1 11,694 2,912 24.9
Lanchkhuti Guria 32,141 3,576 11 15,566 1,728 11.1 16,575 1,847 11.1
Zugdidi Samegrelo-Zemo Svaneti 61,795 9,153 15 30,201 4,515 14.9 31,594 4,638 14.7
Chiatura Imereti 40,369 2,344 6 19,645 1,064 5.4 20,724 1,280 6.2
Marneuli Kvemo Kartli 102,263 6,481 6 51,407 3,226 6.3 50,856 3,255 6.4
Oni Racha-Lechkhum-Kvemo Svaneti 6,130 1,260 21 2,894 573 19.8 3,236 687 21.2
Kareli Shida Kartli 41,332 4,028 10 20,418 1,962 9.6 20,914 2,067 9.9
Senaki Samegrelo-Zemo Svaneti 39,750 2,573 6 18,754 1,287 6.9 20,996 1,287 6.1
Gori Shida Kartli 78,452 3,260 4 39,049 1,594 4.1 39,403 1,665 4.2
C. Gori Shida Kartli 47,152 2,445 5 21,652 1,131 5.2 25,500 1,314 5.2
C. Akhaltsikhe Samtskhe-Javakheti 17,857 3,177 18 8,477 1,525 18.0 9,381 1,652 17.6
Keda Achara 16,708 1,074 6 8,384 526 6.3 8,324 549 6.6
Sachkhere Imereti 37,288 1,198 3 18,574 578 3.1 18,714 620 3.3
C. Kutaisi Imereti 147,588 1,914 1 69,173 871 1.3 78,415 1,044 1.3
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Table 1-6: Flood damages by region and municipality 

 

Municipality Region Properties
Properties 
Flooded

% Properties 
Flooded

Weighted 
AAD (GEL) 
Baseline

Weighted 
AAD (GEL) 

Climate 
Change

% of 
WAAD

C. Tbilisi Tbilisi 137,515 2,790 2.0 14,496,168 32,294,764 12.5
Khobi Samegrelo-Zemo Svaneti 21,706 11,550 53.2 12,202,022 30,696,223 10.5
C. Batumi Achara 21,519 9,176 42.6 11,951,756 34,225,986 10.3
Samtredia Imereti 27,237 7,942 29.2 7,720,276 17,581,749 6.6
Gardabani Kvemo Kartli 50,359 4,614 9.2 7,107,341 17,102,394 6.1
Borjomi Samtskhe-Javakheti 13,206 768 5.8 7,094,235 13,867,658 6.1
C. Poti Samegrelo-Zemo Svaneti 10,876 3,114 28.6 6,479,991 22,891,697 5.6
Zestaponi Imereti 30,630 1,419 4.6 6,263,860 13,554,467 5.4
Abasha Samegrelo-Zemo Svaneti 18,301 4,335 23.7 3,761,936 9,530,433 3.2
Lanchkhuti Guria 21,759 2,259 10.4 3,225,593 8,221,221 2.8
Zugdidi Samegrelo-Zemo Svaneti 35,695 5,270 14.8 3,160,729 9,787,431 2.7
Chiatura Imereti 27,856 321 1.2 2,815,979 5,358,861 2.4
Marneuli Kvemo Kartli 43,924 2,625 6.0 2,748,753 6,291,813 2.4
Oni Racha-Lechkhum-Kvemo Svaneti 9,612 1,080 11.2 2,054,213 3,987,535 1.8
Kareli Shida Kartli 25,126 1,994 7.9 2,022,788 4,638,540 1.7
Senaki Samegrelo-Zemo Svaneti 25,383 2,206 8.7 1,820,749 4,361,634 1.6
Gori Shida Kartli 43,164 1,706 4.0 1,756,734 3,870,272 1.5
C. Gori Shida Kartli 8,632 578 6.7 1,747,075 3,721,083 1.5
C. Akhaltsikhe Samtskhe-Javakheti 5,327 803 15.1 1,327,887 3,686,057 1.1
Keda Achara 5,795 205 3.5 1,244,882 2,344,946 1.1
Sachkhere Imereti 22,920 473 2.1 1,114,772 2,295,739 1.0
C. Kutaisi Imereti 26,526 519 2.0 1,107,432 2,260,767 1.0
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Regional flood risk profiles (Table 1-7) indicate that flood plains in Racha-Lechkhumi-Kvemo 
Svaneti and Samegrelo-Zemo Svaneti in Western Georgia have almost 50% of their flood 
plain population at High risk whilst 68% of the flood plain population in Ajara and 47% in Guria 
are at Low risk. Risk for the other regions is largely balanced across the three zones. Under 
Climate Change scenarios those at medium risk will tend towards High Risk over time 
especially in Western Georgia when it is conjectured that, with the exception of Ajara, around 
two thirds of flood plain population (sum of high and medium risk columns), especially in 
Western Georgia, will become subjected to higher risk. 

Table 1-7:  Regional flood risk profiles 

Region 
% Population at 

High Risk 

% Population 
at Medium 

Risk 
% Population at 

Low Risk 
Ajhara 7.3 24.7 68.0 
Guria 22.8 30.2 47.0 
Imereti 35.1 27.8 37.1 
Kakheti 30.4 32.2 37.4 
Mtskheta-Mtianeti 36.7 27.0 36.3 
Kvemo Kartli 30.7 31.5 37.8 
Racha-Lechkhum-Kvemo Svaneti 48.9 21.7 29.4 
Samtskhe-Javakheti 48.7 23.5 27.8 
Samegrelo-Zemo Svaneti 20.9 49.5 29.7 
Shida Kartli 29.7 31.3 39.0 
Tbilisi 35.4 28.2 36.4 

 

 

Figure 1-39:  Regional Flood Risk Profiles 

1.3.3.1.2 Agriculture 

Agriculture represents some 9% of Georgian GDP and 56% of the population is engaged in 
agriculture. Losses from flooding are estimated to be less than 1% of GDP, based on actual 
data collected (unreliable in places) but when allowing for the probability of flooding losses are 
estimated at 126 Million GEL, rising to 154 Million GEL if flooding becomes more frequent as 
a result of climate change.  
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Figure 1-40:  Agriculture in Georgian flood plains 

The percentage split of sown and perennial crops by region is presented below and these 
percentages were applied to all agricultural land in each Region.  
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Table 1-8:  Percentage crop production by region (Source: Geostat.ge) 

 

Table 1-9:  Agricultural flood losses for the high, medium and low risk zones 

  

Region

Area (Ha) of 
Flood plain 
agricultural 

land

Total flood loss 
not adjusted for 

flood 
probability 

(GEL)

Area (Ha) of 
Flood plain 
agricultural 

land

Total flood loss 
not adjusted for 

flood 
probability 

(GEL)

Area (Ha) of 
Flood plain 
agricultural 

land

Total flood 
loss not 

adjusted for 
flood 

probability 

% 
agricultural 

land in Flood 
plains (all 

risks)
Achara 1,487 8,009,651 3,211 17,296,282 5,085 27,387,038 3.9
Guria 6,153 26,632,007 13,401 57,998,841 19,635 84,981,266 14.9
Imereti 3,477 12,113,741 6,375 22,208,662 9,667 33,678,628 7.3
Kakheti 3,877 22,437,716 6,721 38,892,848 10,110 58,505,507 7.7
Mtskheta-Mtianeti 667 2,200,697 1,120 3,694,832 1,556 5,134,332 1.2
Kvemo Kartli 4,088 10,347,601 6,945 17,580,399 10,008 25,334,116 7.6
Racha-Lechkhum-Kvemo Svaneti 722 3,966,514 989 5,430,416 1,272 6,984,921 1.0
Samtskhe-Javakheti 1,433 4,401,369 2,038 6,259,990 2,521 7,743,706 1.9
Samegrelo-Zemo Svaneti 20,858 63,224,753 45,175 136,934,404 61,932 187,727,211 46.9
Shida Kartli 4,259 18,279,045 7,310 31,370,501 10,144 43,531,252 7.7
Georgia 47,022 171,613,094 93,284 337,667,174 131,929 481,007,976

High Risk High and Medium Risk High,  Mediium and Low Risk

Percentage production by region Wheat Barley Maize
Haricot 
Beans Potatoes Vegetables Melons

Annual 
Grasses

Perennial 
Grasses

Soft fruit, 
nuts 

berries Grapes Citrus Tea
Georgia 6.6       3.6      17.6   0.9       3.2          2.6                0.4        0.3        1.6            18.5             33.7    10.8   0.3 
Shida Kartli 9.1       15.1    -     5.5       -          7.9                -        -        4.3            33.5             24.5    -     - 
Kakheti 12.4    2.9      7.9      0.4       -          1.3                0.9        -        -            4.0               69.1    1.2      - 
Kvemo Kartli 18.4    8.8      15.1   2.5       16.1        9.1                0.3        1.5        14.6          4.3               -      9.3      - 
Samtskhe-Javakheti -      28.8    -     1.7       51.3        3.8                -        4.7        2.1            7.6               -      -     - 
Imereti -      -      45.0   -       -          3.5                0.6        -        -            18.3             29.0    3.7      - 
Samegrelo and Zemo Svaneti -      -      48.2   -       -          1.9                -        -        -            35.9             -      13.1   0.9 
Guria -      -      24.1   -       -          -                -        -        -            29.1             -      45.8   1.0 
Mtskheta-Mtianeti -      -      -     50.0     -          -                -        -        -            50.0             -      -     - 
Adjara -      -      -     -       1.9          -                -        -        -            4.8               -      92.2   1.2 
Racha-Lechkhumi and Kvemo Svaneti -      -      -     -       -          -                -        -        -            100.0           -      -     - 
The remaining regions 4.6       0.5      18.4   0.2       7.9          2.0                -        0.8        5.0            25.5             33.8    1.4      - 
Data GEOSTAT.GE
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Table 1-10:  Annual Average flood damages to agriculture for baseline and climate change conditions 

Region 

Annual 
Average 
Damage 
Baseline 

% Baseline 
Annual 

Average 
Damage 

Annual Average 
Damage 

Climate Change 

% Climate 
Change 
Annual 

Average 
Damage 

% change in 
damages 
between 

baseline and 
Climate 
change 

Ajara 6,296,840 5.0 8,040,805 5.2 27.7 
Guria 21,026,304 16.6 26,277,737 17.0 25.0 
Imereti 8,516,813 6.7 10,457,653 6.8 22.8 
Kakheti 15,206,327 12.0 18,452,428 12.0 21.3 
Mtshketa-Mtianeti 1,459,073 1.2 1,723,100 1.1 18.1 
Kvemo Kartli 6,917,293 5.5 8,266,079 5.4 19.5 
Racha-Lechkhum-Kvemo 
Svaneti 2,317,340 1.8 2,588,996 1.7 11.7 
Samtskhe-Zemo Svaneti 2,628,745 2.1 2,929,555 1.9 11.4 
Samegrelo-Zemo Svaneti 49,661,506 39.3 60,866,727 39.5 22.6 
Shida Kartli 12,290,400 9.7 14,563,099 9.4 18.5 
Georgia 126,320,641 100.0 154,166,179 100 19.9 

 
Some 47% of flood plain agricultural land in Samagrelo-Zemo Svaneti is currently at risk from 
all categories of flooding, and 39.3% and 39.5% of damages would be expected in Samagrelo-
Zemo Svaneti under baseline and climate change conditions respectively. Some 15% of 
floodplain agricultural land in Guria is currently at risk from all categories of flooding and 16.6% 
and 17.0% of damages are expected in Guria under baseline and climate change conditions 
respectively. Kakheti has 12% of flood damages. Under climate change, damages associated 
with increased flooding can be expected to rise on average by 20% nationally, with Ajara and 
Guria having the biggest % increases.  

 
 
 

  

Figure 1-41:  Annual average baseline losses by region Figure 1-42: Annual average climate change losses 
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1.3.3.2 Other hydro-meteorological hazards 

 

The analysis of risk from other hydro-meteorological hazard is restricted to numbers of 
property exposed to severe risk for each of hail, wind and avalanche hazards within Georgia. 
For drought, population is used as the numeraire. Estimates of populations at risk are too 
volatile using the population spreading model where population density is low. For hail, wind 
and drought, the value of agricultural production (producer prices) in areas at extreme risk are 
quantified. 

For landslides and mudflows only spot data was analysed using data from USAID.28 

Hazard maps data on each for drought, hail, wind and avalanche hazard were digitised and 
the baseline analysed for properties, and where appropriate, agriculture within the areas at 
extreme risk: 

• Drought areas considered “droughty” 
• Wind  areas with wind speeds of 56 to 60 meters/second 
• Hail  areas defined as “powerful” with greater than 18 days’ hail per 

year 
• Avalanche areas where the potential for avalanches is “very strong” 

The climate change severe zones were expanded to include the zones with characteristics as 
follows: 

• Drought areas considered “dry” 
• Wind  areas with wind speeds of 51 to 55 meters/second 
• Hail  areas defined as “moderate” with 14 to 18 days’ hail per year 

Avalanche areas where the potential for avalanches is “strong” 

1.3.3.2.1 Drought 
 

                                                
28  USAID 2012 report for the National Association of Local Authorities in Georgia “Institutionalization of Climate 
Change and Mitigation in Georgian Regions” 

 

Figure 1-43:  Comparison of severe municipal drought (baseline) Figure 1-44:  Comparison of severe municipal drought (climate 
change) 
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Table 1-11:  Population at risk with the dry zone and severe drought zone 

 
Some 269,377 (22.8%) people live in Droughty or Dry zones in Georgia with 7.3% in the extreme droughty zone. Kvemo 

Kartli  

Table 1-(Table 1-12) has over 58% of its population in the droughty zone and this rises to 
almost three quarters when adding the dry zone (i.e. under climate change). Tbilisi region has 
less than 2% of its population in the droughty zone but almost 50% when adding the dry zone.  
With the exception of Kakheti with less than half a per cent in the droughty and dry zones no 
other region presents as being at risk from drought both currently and into the future. 

Breaking the Municipalities down into those most susceptible to severe drought indicates that 
C. Rustavi is 100% in the droughty (most severe) zone, with four other Kvemo Kartli 
municipalities more than 50% in the Droughty and Dry zones.   Municipalities in the Kahheti 
region (on which the sensitivity of agriculture to drought TNC study was based), account for 
69% of grape cultivation, 12.4% of wheat and 8% of maize cultivation in Georgia.  Hence, 
despite the seemingly low risk to drought compared to other municipalities, these 
municipalities will have high agricultural losses to high income crops and require specific 
adaptation strategies.  The high drought risk in other municipalities will require strategies to 
protect the subsistence agricultural base, as well as water supply impacts that are inevitable.     

 
Table 1-12:  Population in severe drought, dry and severe dry zones 

  

Region Population

Population 
in severe 
drought 

zone

% 
Population 
in Severe 
Drought 

Zone

Population 
in Dry Zone

% Population 
in Dry Zone

Total 
Population in 

Severe and 
Dry Zones

% Total 
Population 
in Severe 
and Dry 
Zones

Tbilisi 1,108,499 21,443 1.9 516,986 46.6 538,429 48.6
Kvemo Kartli 424,051 247,686 58.4 59,671 14.1 307,357 72.5
Kakheti 318,455 248 0.1 1,092 0.3 1,340 0.4
Achara 333,831 0 0.0 0 0.0 0 0.0
Guria 113,150 0 0.0 0 0.0 0 0.0
Imereti 533,701 0 0.0 0 0.0 0 0.0
Mtskheta-Mtianeti 94,727 0 0.0 0 0.0 0 0.0
Racha-Lechkhum-Kvemo Svaneti 32,689 0 0.0 0 0.0 0 0.0
Samtskhe-Javakheti 160,499 0 0.0 0 0.0 0 0.0
Samegrelo-Zemo Svaneti 330,896 0 0.0 0 0.0 0 0.0
Shida Kartli 263,296 0 0.0 0 0.0 0 0.0
Georgia 3,713,794 269,377 7.3 577,749 15.6 847,126 22.8

Municipality Region Population
Population in 

severe 
drought zone

% 
Population 
in Severe 
Drought 

Zone

Population 
in Dry Zone

% 
Populatio

n in Dry 
Zone

Total 
Population 
in Severe 
and Dry 
Zones

% Total 
Population in 

Severe and 
Dry Zones

C. Rustavi Kvemo Kartli        125,026 125026 100.0 0.0 125026 100.0
Marneuli Kvemo Kartli        102,263 66934 65.5 17605 17.2 84539 82.7
Gardabani Kvemo Kartli          82,583 46960 56.9 11019 13.3 57979 70.2
Tetritskaro Kvemo Kartli          21,124 808 3.8 11461 54.3 12269 58.1
Bolnisi Kvemo Kartli          55,066 7958 14.5 19586 35.6 27544 50.0
C. Tbilisi Tbilisi    1,108,499 21443 1.9 516986 46.6 538429 48.6
Dedoplistskaro Kakheti          21,424 135 0.6 378 1.8 513 2.4
Sagarejo Kakheti          51,652 4 0.0 550 1.1 554 1.1
Sighnaghi Kakheti          30,984 109 0.4 164 0.5 273 0.9
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1.3.3.2.7 Agricultural areas exposed to severe droughts  
 

Severe drought, will affect agricultural areas. Areas affected in Ha are enumerated for both 
the base line and assumed climate change scenarios: 
 

 

 

Table 1-13:  Agricultural land affected by severe drought under baseline and climate change conditions 

 
 

Some 83,633 Ha of agricultural land is currently affected by severe drought conditions with a 
potential to rise to 149,302 Ha. Almost 100% currently is in Kvemo Kartli Region though in the 
future some 14,016 Ha could be affected in Kakheti, (primarily a wine producing Region), an 
18-fold rise on present day. 

Region
Severe 
Drought 

Base 
Line (ha) % 

Severe 
Draught 
Climate 
Change 

(Ha) % 

Increassed 
Area BL to 

CC
Achara 0 0.0 0 0.0 0.0
Guria 0 0.0 0 0.0 0.0
Imereti 0 0.0 0 0.0 0.0
Kakheti 761 0.9 14,016 9.4 18.4
Mtskheta-Mtianeti 0 0.0 0 0.0 0.0
Kvemo Kartli 82,872 99.1 135,286 90.6 1.6
Racha-Lechkhum-Kvemo Svaneti 0 0.0 0 0.0 0.0
Samtskhe-Javakheti 0 0.0 0 0.0 0.0
Samegrelo-Zemo Svaneti 0 0.0 0 0.0 0.0
Shida Kartli 0 0.0 0 0.0 0.0
Tbilisi 0 0.0 0 0.0 0.0
Georgia 83,633 149,302 1.8

Figure 1-45: Area of agricultural land exposed to severest 
drought conditions: baseline 

Figure 1-46: Area of agricultural land exposed to severest drought 
conditions: Climate Change 
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1.3.3.2.2 Hail 

 
Table 1-14:  Properties in severe hail zones 

 

 

 

 

 
 

 

 

 

 

 

 

Some 79,903 (5.4%) properties are exposed to powerful (> 14 to 18 days per year) and 
moderate (14 to 18 days per year) hail risk in Georgia, with 1.3% exposed to powerful risk.  

Less than 10% of properties in Samtskhe-Javakheti, Kvemo Kartli and Racha Lechkum-kvemo 
Svaneti are exposed to extreme hail events though this increases to over 50% in Samtskhe-
Javakheti when the 14-18 days per year events are included. The incidence of extreme hail 
events is minor or negligible in all other regions. 

Breaking the Municipalities down into those most susceptible to severe Hail indicates that 
properties in Ninotsminda and Akhalkalaki though not affected significantly by the extreme hail 
zone are 100% affected in the 14 to 18-day zone, as is Dmanis. Tsalka and Aspindsa are 
significantly affected by the extreme hail event and almost 100% of properties are within the 
14 to 18-day zone.  It is noted that 50% of potatoes and 28% of barley is grown in Samtskhe-
Javakheti region where municipalities are up to 100% affected by hail.  Kvemo Kartli region 
where municipalities have up to 88.4 and 99.2% houses affected by hail, produces 18% of 
wheat, 15% of maize and16% of potatoes in Georgia.  These largely subsistence crops will 
incur significant impact from increased hail storms under climate change. 

 

Region Properties

Properties 
in Severe 
Hail Zone 
with > 18 
days per 

year

% 
Properties 
in Severe 
Hail Zone 
with > 18 
days per 

year

Properties 
in Severe 
Hail Zone 
with > 14-

18 days per 
year

% 
Properties 
in Severe 
Hail Zone 
with > 14-

18 days per 
year

Total 
Properties 

in both 
Severe Hail 

Zones

% Total 
Properties 

in both 
Severe 

Hail Zones

Samtskhe-Javakheti 85,869 4,638 5.4 39,210 45.7 43,848 51.1
Kvemo Kartli 180,007 11,378 6.3 17,794 9.9 29,172 16.2
Racha-Lechkhum-Kvemo Svaneti 40,138 1,662 4.1 3,249 8.1 4,911 12.2
Mtskheta-Mtianeti 70,903 1,279 1.8 0 0.0 1,279 1.8
Kakheti 196,800 109 0.1 584 0.3 693 0.4
Achara 88,088 0 0.0 0 0.0 0 0.0
Guria 73,819 0 0.0 0 0.0 0 0.0
Imereti 267,825 0 0.0 0 0.0 0 0.0
Samegrelo-Zemo Svaneti 192,589 0 0.0 0 0.0 0 0.0
Shida Kartli 133,298 0 0.0 0 0.0 0 0.0
Tbilisi 137,515 0 0.0 0 0.0 0 0.0
Georgia 1,466,851 19,066 1.3 60,837 4.1 79,903 5.4

Figure 1-47: Comparison of Extreme Municipal Hailstorms (baseline) Figure 1-48: Comparison of Extreme Municipal Hailstorms (Climate 
Change) 
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Table 1-15:  Susceptibility to severe hail based on percentage of properties affected 

 
1.3.3.2.9 Agricultural land affected by severe hail 
 

 

Table 1-16: Agricultural land affected by severe wind under baseline and climate change conditions 

 
 

Municipality Region Properties

Properties in 
Severe Hail 
Zone with > 
18 days per 

year

% Properties 
in Severe Hail 
Zone with > 18 
days per year

Properties in 
Severe Hail 

Zone with > 14-
18 days per 

year

% Properties 
in Severe Hail 
Zone with > 14-

18 days per 
year

Total Properties 
in both Severe 

Hail Zones

% Total 
Properties in 

both Severe Hail 
Zones

Ninotsminda Samtskhe-Javakheti               13,413 0 0.0                  13,413 100.0 13,413                  100.0
Akhalkalaki Samtskhe-Javakheti               24,378 2142 8.8                  22,236 91.2 24,378                  100.0
Tsalka Kvemo Kartli               16,461 11378 69.1                    4,950 30.1 16,328                  99.2
Aspindza Samtskhe-Javakheti                 5,538 2496 45.1                    2,938 53.1 5,434                    98.1
Dmanisi Kvemo Kartli               14,519 0 0.0                  12,839 88.4 12,839                  88.4
Oni Racha-Lechkhum-Kvemo                 9,612 1662 17.3                    3,249 33.8 4,911                    51.1
Kazbegi Mtskheta-Mtianeti                 4,413 1279 29.0 0 0.0 1,279                    29.0
Borjomi Samtskhe-Javakheti               13,206 0 0.0                        622 4.7 622                        4.7
Akhmeta Kakheti               22,396 109 0.5                        584 2.6 693                        3.1

Figure 1-49: Area of agricultural land exposed to severest hail 
conditions: baseline 

Figure 1-50: Area of agricultural land exposed to severest hail 
conditions: Climate Change 

Region Severe Hail
Severe Hail 
Base Line 

(ha) % 

Severe Hail 
Climate 

Change (Ha) % 

Increassed 
Area BL to 

CC
Achara 0 0.0 0 0.0 0.0
Guria 0 0.0 0 0.0 0.0
Imereti 0 0.0 0 0.0 0.0
Kakheti 0 0.0 235 0.3 0.0
Mtskheta-Mtianeti 0 0.0 0 0.0 0.0
Kvemo Kartli 24,104 90.9 44,963 51.3 1.9
Racha-Lechkhum-Kvemo Svaneti 0 0.0 2,898 3.3 0.0
Samtskhe-Javakheti 2,415 9.1 39,587 45.1 16.4
Samegrelo-Zemo Svaneti 0 0.0 0 0.0 0.0
Shida Kartli 0 0.0 0 0.0 0.0
Tbilisi 0 0.0 0 0.0 0.0
Georgia 26,519 87,683 3.3
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Some 90% of agricultural land affected by severe hailstorms is currently in Kvemo Kartli 
though future climate change will potentially increase land affected by over threefold with 
Kvemo Kartli joined by Samgerelo-Zemo Svaneti as the most severely affected Regions. 
 
1.3.3.2.3 Wind 
 

 

                                                                            Table 1-17: 
Properties in Severe wind zones 

 
Some 95,376 (6.5%) of properties in Georgia are within the two severe wind zones with 1.1% 
in the most severe zone. 

Over 12% of properties in Racha-Lechkumi-kvemo Svaneti are in the 56-60 m/sec wind zone, 
rising to over a third of properties when including both severe wind zones. Imereti properties 
are not within the extreme wind zone but nearly 30% are included in the 51-55 m/sec zone.  

Breaking the Municipalities down into those most susceptible to severe wind indicates that C. 
Kutaisi, though not affected by the 51-55 m/sec wind strength is 100% affected by the 51-55 
m/sec zone. Most or all of Kazbegi properties are affected by the strongest wind zones. Mestia, 
Lentekhi and Oni are significantly or wholly affected by the two wind strength zones 
respectively with Tskaltubo, Sachkere and Tkibuli properties affected significantly by the 
lesser wind strength zone. 

Region Properties

Properties in 
Severe Wind 

Zone 56-
60m/sec

% Properties 
in Severe 

Wind Zone 
56-60m/sec

Properties in 
Severe Wind 

Zone 51-
55m/sec

% Properties 
in Severe 

Wind Zone 
51-55m/sec

Total 
Properties in 
Both Severe 
Wind Zones

% Total 
Properties 

in Both 
Severe 

Wind Zones

Racha-Lechkhum-Kvemo Svaneti            40,138                   5,092 12.7                   9,653 24.0 14,745            36.7
Imereti          267,825 0 0.0                 63,988 23.9 63,988            23.9
Mtskheta-Mtianeti            70,903                   4,463 6.3                   1,445 2.0 5,908              8.3
Samegrelo-Zemo Svaneti          192,589                   6,794 3.5 952 0.5 7,746              4.0
Kvemo Kartli          180,007 0 0.0                   2,432 1.4 2,432              1.4
Kakheti          196,800                         15 0.0                       538 0.3 553                  0.3
Shida Kartli          133,298 0 0.0                            4 0.0 4                       0.0
Achara            88,088 0 0.0 0 0.0 0 0.0
Guria            73,819 0 0.0 0 0.0 0 0.0
Samtskhe-Javakheti            85,869 0 0.0 0 0.0 0 0.0
Tbilisi          137,515 0 0.0 0 0.0 0 0.0
Georgia 1,466,851                    16,364 1.1 79,012               5.4 95,376            6.5

Figure 1-51:  Comparison of severe municipal wind conditions (baseline) Figure 1-52:  Comparison of severe municipal wind conditions (Climate 
Change) 
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Table 1-18:  Susceptibility to severe high winds 

 
1.3.3.2.8 Agricultural land affected by severe wind 
 

Municipality Region Properties

Properties 
in Severe 

Wind Zone 
56-60m/sec

 % 
Properties 
in Severe 

Wind Zone 
56-60m/sec 

Properties in 
Severe Wind 

Zone 51-
55m/sec

% 
Properties 
in Severe 

Wind Zone 
51-55m/sec

Total 
Properties 

in Both 
Severe 

Wind Zones

% Total 
Properties 

in Both 
Severe 

Wind Zones

C. Kutaisi Imereti            26,526 -                             26,526 100.0           26,526         100.0            
Kazbegi Mtskheta-Mtianeti              4,413              4,141 93.8                                 272 6.2                4,413            100.0            
Mestia Samegrelo-Zemo Svaneti              7,755              6,794 87.6                                 952 12.3             7,746            99.9              
Lentekhi Racha-Lechkhum-Kvemo              4,384              2,190 50.0                             2,171 49.5             4,361            99.5              
Oni Racha-Lechkhum-Kvemo              9,612              2,898 30.1                             6,544 68.1             9,442            98.2              
Tskaltubo Imereti            30,001 -                             17,559 58.5             17,559         58.5              
Sachkhere Imereti            22,920 -                               7,633 33.3             7,633            33.3              
Tkibuli Imereti            11,476 -                               3,243 28.3             3,243            28.3              
Terjola Imereti            25,120 -                               4,213 16.8             4,213            16.8              
Samtredia Imereti            27,237 -                               3,450 12.7             3,450            12.7              
Dusheti Mtskheta-Mtianeti            21,665 322 1.5                               1,173 5.4                1,495            6.9                
Khoni Imereti            18,740 -                               1,263 6.7                1,263            6.7                
Ambrolauri Racha-Lechkhum-Kvemo            14,278 4 0.0                                   861 6.0                865               6.1                
C. Rustavi Kvemo Kartli              8,665 -                                   382 4.4                382               4.4                
Gardabani Kvemo Kartli            50,359 -                               2,050 4.1                2,050            4.1                
Akhmeta Kakheti            22,396 15 0.1                                   538 2.4                553               2.5                
Tsageri Racha-Lechkhum-Kvemo            10,919 -                                     77 0.7                77                  0.7                
Baghdati Imereti            14,866 -                                   101 0.7                101               0.7                
Khashuri Shida Kartli            26,481 -                                        4 0.0                4                    0.0                

Figure 1-53: Area of agricultural land exposed to severest wind 
conditions: baseline 

Figure 1-54: Area of Agricultural land exposed to severest wind 
conditions: Climate Change 
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Table 1-19: Agricultural land affected by severe wind under baseline and climate change conditions 

 
 

Currently 7,131 Ha of agricultural land is at the severest risk conditions roughly split between 
Racha-Lechkum-Kvemo Svaneti and Shida Kartli. However, in the future almost 60% of risk 
from severe wind will be within Imereti where risk now is negligible.  

 
1.3.3.2.4 Avalanche 

   

 

 

Region Severe Wind Severe 
Wind Base 
Line (ha) % 

Severe 
Wind 

Climate 
Change (Ha) % 

Increassed 
Area BL to 

CC
Achara 0 0.0 0 0.0 0.0
Guria 0 0.0 0 0.0 0.0
Imereti 0 0.0 52,598 59.7 0.0
Kakheti 0 0.0 150 0.2
Mtskheta-Mtianeti 0 0.0 1,299 1.5 0.0
Kvemo Kartli 0 0.0 4,841 5.5
Racha-Lechkhum-Kvemo Svaneti 3,461 48.5 14,934 17.0 0.0
Samtskhe-Javakheti 0 0.0 0 0.0 0.0
Samegrelo-Zemo Svaneti 0 0.0 0 0.0 0.0
Shida Kartli 3,670 51.5 14,213 16.1 0.0
Tbilisi 0 0.0 0 0.0 0.0
Georgia 7,131 88,035 12.3

Figure 1-55: Comparison of severe municipal avalanches (baseline) Figure 1-56: Comparison of severe municipal avalanches (Climate 
Change) 
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Table 1-20: Properties in strong and very strong avalanche zones 

Some 29 properties in Georgia are situated in very strong avalanche zones largely in 
Mtskheta-Mtianeti. This rises to 3,288 (0.22%) properties if strong avalanche zones are 
included with 1,602 in Mtskheta-Mtianeti. Achara has 862 properties exposed to strong or very 
strong avalanches with 284 in Samagrelu-Zemo-Svaneti and 237 in Samtskhe-Javakheti. 

Breaking the municipalities down into those most susceptible to severe avalanches indicates 
that 542 (14.6%) of properties are susceptible to strong avalanches in Kazbegi though none 
are susceptible to very strong avalanches. Dusheti, Mestia, Khulo, Shuakevi, Adigeni and 
Chokhatauri all have in excess of 100 properties susceptible to strong avalanches. Dusheti 
has 25 properties susceptible to very strong avalanches. 

Table 1-21: Susceptibility to very strong and strong avalanches by municipality 

 

 

 

 

 
1.3.3.2.5 Landslides 
 

Municipality Region Properties

Properties 
in very 
strong 

avalanche 
Zone 

% 
Properties 

in very 
strong 

avalanche 
Zone 

Properties in 
strong 

avalanche 
Zone 

% 
Properties 
in strong 

avalanche 
Zone 

Total 
Properties in 

Both 
Avalanche 

Zones

% Total 
Properties in 

Both 
Avalanche 

Zones

Kazbegi Mtskheta-Mtianeti             3,703 0.00 542 14.64 542 14.64
Dusheti Mtskheta-Mtianeti           25,678 25 0.10 1035 4.03 1060 4.13
Mestia Samegrelo-Zemo Svaneti             9,316 1 0.01 267 2.87 268 2.88
Khulo Achara           23,318 0.00 585 2.51 585 2.51
Shuakhevi Achara           15,049 0.00 262 1.74 262 1.74
Lentekhi Racha-Lechkhum-Kvemo             4,395 3 0.07 70 1.59 73 1.66
Oni Racha-Lechkhum-Kvemo             6,130 0 96 1.57 96 1.57
Adigeni Samtskhe-Javakheti           16,408 0 237 1.44 237 1.44
Chokhatauri Guria           18,859 0 104 0.55 104 0.55
Ozurgeti Guria           47,365 0 29 0.06 29 0.06
Martvili Samegrelo-Zemo Svaneti           33,077 0 16 0.05 16 0.05
Kobuleti Achara           74,674 0 15 0.02 15 0.02
Ambrolauri Racha-Lechkhum-Kvemo             9,278 0 1 0.01 1 0.01

Region Properties

Properties 
in very 
strong 

avalanche 
Zone 

% Properties 
in very 
strong 

avalanche 
Zone 

Properties 
in strong 

avalanche 
Zone 

% 
Properties 
in strong 

avalanche 
Zone 

Total 
Properties 

in Both 
Avalanche 

Zones

% Total 
Properties 

in Both 
Avalanche 

Zones

Mtskheta-Mtianeti            70,903 25 0.035               1,577 2.22           1,602 2.26
Achara            88,088 0 0.000                  862 0.98               862 0.98
Racha-Lechkhum-Kvemo Svaneti            40,138 3 0.007 167 0.42 170 0.42
Samtskhe-Javakheti            85,869 0 0.000                  237 0.28               237 0.28
Guria            73,819 0 0.000                  133 0.18               133 0.18
Samegrelo-Zemo Svaneti         192,589 1 0.001                  283 0.15               284 0.15
Imereti         267,825 0 0.000 0 0.00 0 0.00
Kakheti         196,800 0 0.000 0 0.00 0 0.00
Kvemo Kartli         180,007 0 0.000 0 0.00 0 0.00
Shida Kartli         133,298 0 0.000 0 0.00 0 0.00
Tbilisi         137,515 0 0.000 0 0.00 0 0.00
Georgia 1,466,851   29 0.002 3,259            0.22           3,288 0.22
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Figure 1-57 illustrates the distribution of landslides by municipality 

This data was derived from USAID 2012 report29  
Table 1-22: Number and % share of landslides by regions 

 

 

 

 

 

 

 

The largest number of recorded landslides is in Imereti (28.6%) followed by Ajara, Mtskheta-
Mtianeti, Racha-Lechum-Kvemo Svaneti, each with a little over 10% of Georgia’s total. 

 
Table 1-23: Landslide counts greater than 50 by regions 

 

 
 

 

 
 
 

 

                                                
29 Report for the National Association of Local Authorities in Georgia “Institutionalization of Climate Change and Mitigation in Georgian 
Regions” 

Municipality Region

Landslide 
Counts 
greater 
than 50

Dusheti Mtskheta-Mtianeti 116
Kharagauli Imereti 73
Tsageri Racha-Lechkhum-Kvemo Svaneti 54
Chiatura Imereti 53
Mestia Samegrelo-Zemo Svaneti 53
Khulo Achara 50

Region
Number of 
Landslides

% of 
Landslides

Achara 185 12.7
Guria 101 7.0
Imereti 415 28.6
Kakheti 43 3.0
Mtskheta-Mtianeti 156 10.7
Kvemo Kartli 73 5.0
Racha-Lechkhum-Kvemo Svaneti 152 10.5
Samtskhe-Javakheti 100 6.9
Samegrelo-Zemo Svaneti 163 11.2
Shida Kartli 64 4.4
Tbilisi 0 0.0
Georgia 1452
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1.3.3.2.6 Mudflows 
 

This data was derived from USAID 2012 report for the National Association of Local Authorities 
in Georgia “Institutionalization of Climate Change and Mitigation in Georgian Regions”. A 
sensitivity map of mudflows has been produced at the level of municipality. The most sensitive 
regions are Northern Kakheti and Northern Mtskheta-Mtianeti. 

 
Figure 1-58: Sensitivity of municipalities to mudflows 

 1.3.3 Summary 
 

The regions at greatest exposure to each hazard both now and potentially into the future are 
highlighted in the table below.  

 
Table 1-24: Summary results of hazard risk assessment 

 
• Currently Racha-Lechkhumi-Kvemo-Svaneti is the region with the greatest population 

at high flood risk but Samegrelo-Zemo Svaneti will overtake under climate change 
with over 10% of the region’s population in high risk flood zones. 

SUMMARY FOR HIGHEST RISK 
ZONES

Region

Base line
Climate 
Change Base line

Climate 
Change Base line

Climate 
Change Base line

Climate 
Change Base line

Climate 
Change Base line

Climate 
Change Base line

Climate 
Change

Achara 1.4 6.2 0.0 0.0 0.00 0.0 0.0 0.0 0.000 0.98 12.7
Guria 0.9 2.0 0.0 0.0 0.00 0.0 0.0 0.0 0.000 0.18 7.0
Imereti 1.9 3.4 0.0 0.0 0.00 0.0 0.0 23.9 0.000 0.00 28.6
Kakheti 0.2 0.4 0.1 0.4 0.06 0.4 0.0 0.3 0.000 0.00 3.0
Mtskheta-Mtianeti 1.0 1.8 0.0 0.0 1.80 0.0 6.3 8.3 0.035 2.26 10.7
Kvemo Kartli 1.0 2.0 58.4 72.5 6.32 16.2 0.0 1.4 0.000 0.00 5.0
Racha-Lechkhum-Kvemo Svaneti 3.7 5.3 0.0 0.0 4.14 12.2 12.7 36.7 0.007 0.42 10.5
Samtskhe-Javakheti 2.5 3.7 0.0 0.0 0.00 51.1 0.0 0.0 0.000 0.28 6.9
Samegrelo-Zemo Svaneti 3.0 10.1 0.0 0.0 0.00 0.0 3.5 4.0 0.001 0.15 11.2
Shida Kartli 1.4 2.8 0.0 0.0 0.00 0.0 0.0 0.0 0.000 0.00 4.4
Tbilisi 0.5 0.8 1.9 48.6 0.00 0.0 0.0 0.0 0.000 0.00 0.0
GEORGIA 1.2 3.0 7.3 22.8 1.30 5.4 1.1 6.5 0.002 0.22

Mudflow

Percent Population 
affected
Floods Drought Hail Wind Avalanche Landslide

Percentage properties Affected
Percentage in 

Georgia
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•  
 

• Kvemo Kartli is overwhelmingly the region most exposed to drought both now and 
into the future with 58% of properties potentially exposed. 

• Kvemo Kartli has over 6% of its population exposed to risk from extreme hail events 
at present. Though this is expected to increase into the future some 51% of 
properties in Samtskhe-Javakheti may become exposed to extreme hail risk.  

• Racha-Lechkhumi-Kvemo-Svaneti has the highest exposure of property to strong 
winds and the number of properties exposed may treble in the future. 

• More properties in Mtskheta-Mtianeti are exposed to avalanches than any other 
region.  

• The highest number of landslides are in Imereti. 
• Northern Kakheti and Mtskheta-Mtianeti are most sensitive to mudflows. 

The above analysis shows that hydro-meteorological hazards are intensifying over time, and 
increasing in spatial distribution.  These spatio-temporal changes in hazards will together 
negatively impact communities in Georgia including socio-economic impacts. The increase in 
numbers and severity of observed hazards as recorded in the hazards database, and the 
increase in spatial distribution of each hazard as demonstrated in this section, demonstrates 
the intensification of hydro-meteorological hazards in time and space. The predicted higher 
precipitation in Western Georgia will impact on soil erosion leading to aggravation of mudflows 
and landslides, with a deleterious effect on farming and the abandonment of settlements and 
infrastructure, and increased economic losses due to flooding. Whilst in Eastern Georgia 
increased temperatures and stronger winds will lead to an increase in droughts, severe hail 
storms and soil degradation which in turn will significantly affect the yields of the important 
crops.  

Crop yields are already reduced post the Soviet era through the fracturing of central land 
management policies and insufficient application of fertilizer through the lack of will or 
finances. Increases in precipitation and temperature will lead to further reductions 
compounded by lack of disease resistance, endemic to some crops, especially vines which 
are old and less resilient to a changing climate. 

This socio-economic analysis is a broad scale catalogue of how properties, people and 
agricultural land are impacted upon by severe weather and how this might increase into an 
uncertain climatic future according to Georgia’s Third National Communication to the 
UNFCCC Tbilisi, 2015. This analysis attempts to indicate priority areas where risk from the 
seven hydro-meteorological hazards is greatest and where further mitigation investment 
should be made. 
 

1.4 Legal framework, Institutional and Beneficiaries’ situation analysis 

1.4.1 Enabling policy and legal environment 
 
1.4.1.1 Climate adaptation  

 

1.4.1.1.1 Legal framework 
 

International commitments. Georgia ratified the United Nations Framework Convention on 
Climate Change (UNFCCC) in 1994, acceded to the Kyoto Protocol in 1999 and associated 
to the Copenhagen Accord on 31 January 2010. The latest step of the country towards 
meeting its commitment under UNFCCC was the signature of the Paris Agreement on 22 April 
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2016, following the submission of the Intended Nationally Determined Contribution (INDC) to 
the convention’s secretariat. 

As part of its commitments to the UNFCCC Georgia, as a non-annex I country, regularly 
submits its national communications (NCs) to the Convention’s Secretariat through GEF 
funded enabling activities and projects implemented by UNDP, outlining local climate change 
trends and developments. To this end, it has prepared and submitted 3 NCs, with the latest 
one developed in 2012-2015 and submitted to the UNFCCC in 2016. In addition to 
preparations and submissions of NCs, as part of its non-Annex I country obligation determined 
by Decision 2/CP.17 of the Addendum to the Conference of the Parties on its Seventeenth 
Session (FCCC/CP/2011/9/Add.1), Georgia has recently finished its First Biennial Update 
Report (BUR) submitted to the UNFCCC in June, 2016. Furthermore, in an agreement with 
the MoENRP, UNDP assisted in preparation of a joint Second BUR and fourth NC PIF and 
project document, submitted to GEF secretariat and received an endorsement on it. The 
project that will be implemented during the period of 2017-2020, will focus on eradication of 
capacity and information gaps for UNFCCC reporting and improving enabling environment for 
climate adaptation. 

National legislation. The Law on Environmental Protection (1996) defines key environmental 
competencies   and   areas   of action, includes a section on climate change.  It is a framework 
law mainly focused on mitigation actions, but also defines the responsibilities of the Ministry 
of Environment Protection and Agriculture (MoEPA)30, and states that it is responsible “for 
organizing measures on climate adaptation and mitigation”.  

The Law of Atmospheric Air Protection (1999) mandates the MoEPA to coordinate 
development and implementation of the national climate change programme and action plan 
as well as tasks the National Environmental Agency to conduct regular climate change 
observations, analysis, prognosis and scientific researches.31 

1.4.1.1.2 Policy Framework 

In April 2015, the government outlined its vision and a plan in its Intended Nationally 
Determined Contributions (INDC) statement, which covered adaptation measures using an 
ecosystems approach. The INDC states that the natural ecosystems approach is pivotal for 
its adaptation strategy and actions/contributions and a basis for development of the National 
Adaptation Plan.  

The main objective of the Government of Georgia as stated in the INDC is to improve the 
country’s preparedness and adaptive capacity by developing climate resilient practices that 
reduce vulnerability of highly exposed communities32. In this regard, Georgia takes steps to 
integrate climate risk and resilience into core development planning and implementation. 

Georgia’s agricultural sector plays a key role in the country’s economy and is important to fulfil 
the fundamental needs of society: a safe, secure, and affordable food supply, thus underlining 
the importance of the relationship between climate change impacts on agriculture and food 
security.  For the adaptation of agricultural sector to the expected climate change, a wide 
range of measures is planned. Those include, but are not limited to the following: (a) research 
and development of emergency response plans for agriculture dealing with droughts, floods, 
etc;(b) Introduction of innovative irrigation management and water application techniques; (c) 
implementation of various site specific anti-erosion measures; (d) establishment of information 
centres for farmers that provides guidance on adaptive management of agriculture; etc. 

                                                
30 Until January 2017, the Ministry of Environment and Natural Resource Protection (MoENRP). In January 
2017, MoENRP was merged with the MoA.  
31 Source: https://matsne.gov.ge/ka/document/view/16210 
32 GEORGIA’S INTENDED NATIONALLY DETERMINED CONTRIBUTION SUBMISSION TO THE UNFCCC 
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Establishment of early warning systems for climate related extreme events is also considered 
as a priority measure by the Government of Georgia. The INDC refers specifically to all of the 
hazards identified within the context of extreme natural events aggravated by climate change, 
and identifies agriculture, coastal zones, tourism sector development, forestry and the health 
sector as at-risk sectors. The document also identifies key actions and institutional measures 
for climate change adaptation in the abovementioned sectors (MoENR 2015b). According to 
the Georgia INDC, estimated economic losses without adaptation measures during 2021-2030 
will be about $10-12 Billion USD, while adaptation measures will cost within $1.5-2 Billion 
USD. As stated in the INDC, Georgia needs international support for the development and 
transfer of technologies to increase its adaptive capacity. The implementation of adaptation 
actions for the period 2021 – 2030 requires the continuous development and strengthening of 
Georgia’s capacities, in particular: (a) national capacity to develop adaptation strategies; (b) 
policy makers capacity for climate change adaptation planning; (c) capacity of communities to 
reduce their vulnerability to adverse impacts of future climate hazards; (d) capacity of national 
health system institutions, to respond to and manage long-term climate change-sensitive 
health risks. 

It is fundamental to incorporate a gender- and human rights-sensitive approach in adaptation 
planning capacity building, prioritizing the most vulnerable sectors and regions in order to 
reduce social inequality and the gap between the rights of women and men. 

Georgia has also committed to developing a NAP when it signed its Association Agreement 
with the EU (EU 2014b). A draft of the NAP roadmap is currently under development. NAPs 
for Economic Sectors and Ecosystems will be elaborated (Government of Georgia 2015), 
which will be partially addressed by the UNDP/GEF SBUR&FNC project to be implemented in 
2017-2020. At present, the NAP for the agriculture sector is being developed under the 
coordination by the Center for Environmental Information and Education. 

Currently, the Third National Communications to the UNFCCC remains the most up-to-date 
and comprehensive climate change policy document for Georgia, although it is not formally 
reflected in national legally binding commitment, but remains a standalone document used by 
non-governmental stakeholders when elaborating or implementing their actions, but which the 
authorities at national, regional or municipal levels rarely consult in their activity planning. The 
Fourth National Communications, whose PIF has been recently approved will focus on 
removing legal-policy and institutional barriers towards better integration of climate change 
adaptation into development and sectoral policies and programmes.  

1.4.1.1.3 Institutional framework 

The Government Commission on Climate Change was established in 1996 (President of 
Georgia 1996). The Chair of the Commission was the Minister of Environment and Natural 
Resources Protection. Under the same decree, the National Climate Change Programme and 
composition of the Commission were approved. However, the decree was repealed, and the 
programme closed in 2005.  Currently there is no formal inter-agency national coordination 
mechanism on climate adaptation, although the Ministry of Environment Protection and 
Agriculture remains a responsible body for climate adaptation action planning and 
coordination at national level. It has a special climate change unit – Climate Change Division 
under the Integrated Management Department whose head is also a focal point to the 
UNFCCC. The unit coordinates development of climate-related strategies and national reports 
required by UNFCCC. Moreover, the MoEPA is an NDA for Green Climate Fund.  

National Environment Agency, a legal entity of public law under the MoEPA is responsible for 
hydro meteorological and geological monitoring, including monitoring of climate induced 
natural hazards, forecasting, research and analysis.  
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For the purpose of providing input to the National Communications, there are national working 
groups, representing all related ministries and state agencies, the academic and private sector 
and NGOs. Currently, there is no formal requirement for NEA to be institutionally responsible 
for climate vulnerability studies, but in the future under the Fourth National Communications it  
is intended to strengthen its role as a whole institution in developing CC scenarios and carrying 
out CC vulnerability studies.   
Environmental Information and Education Center (EIEC), a legal entity of public law under the 
MoEPA is responsible for collection, storage of environmental information and its 
dissemination, training and re-training of MoEPA staff and staff of other state institutions in 
various environmental related topics, including climate change and the most importantly, in 
environmental education and general public awareness raising. Under the FBUR project, 
EIEC as an institution was involved in implementing certain components of the BUR. This 
practice will be continued under the Second BUR and Fourth National Communications 
project.  

1.4.1.2 Disaster Risk Management  
 

1.4.1.2.1 Legal framework 
 
Disaster Risk Management (DRM) in Georgia is governed by following by two laws and a 
number of regulations, which are listed in table 1-29 below. 

 
Table 1-25: enumerated list of DRM laws and by-laws 

# Name Status of Leal act 
1 Law on Protecting the Population and Territory from Natural and Man-made Emergency 

Situations 
Law. Replaced by Civil 
Safety Law in 2014 

2 Law on Civil Safety Law. 2014 
3 Presidential Decree on Approval of the National Response Plan to Natural and Man-made 

Emergencies 
 

Presidential decree. 
Regulation 

4 Decree of the Prime Minister on Establishment of State Security and Crisis Management Council Government decree 

5 The Resolution of the Government of Georgia #68 of 21 March 2008 “On Approving the 
Rules for Classification of Emergency Situations” (regulates identification and codification 
of rules of emergency situations with the purpose of their prevention) 

Government resolution 

6 The Resolution of the Government of Georgia #69 of 21 March 2008 “On the Approval of 
the statute of the State Emergency Management Commission' 

Government resolution 

7 The Resolution of the Government of Georgia #153 of 4 June 2010, "On the Approval of 
the charter of the Emergency Response Forces" 

Government resolution 

8 The Decree of the President of Georgia #707 of 2 September 2010 “On the Approval of 
the Threat Assessment Documents for Georgia for the Period of 2010-2013" (determines 
possible emergency situations in Georgia with the purpose of their prevention) 

Presidential decree 

9 The Decree of the Minister of Internal Affairs of Georgia #449 of 27 March 2007 "On the 
Approval of the Fire Safety Rules Operating in Georgia" (regulates prevention of potential 
fires in Georgia) 

Ministerial decree 

10 The decree of the Minister of Education and Science of Georgia #28/N of 20 April 2010 
“On the Approval of the Instruction of Safety Measures to be Implemented at educational 
Institutions" (regulates prevention and preparedness in the educational institutions) 

Ministerial decree 

11 The Resolution of the Government of Georgia #154 of 4 June 2010 "On the Approval of 
the Instruction for Submitting the Safety Declaration" (regulates prevention and 
preparedness of high-risk industrial facilities) 

Government resolution 

12 The Resolution of the Government of Georgia #51 of 14 January 2014 on the approval of 
technical regulations – “structural-technical measures for civil safety”. They regulate 
preventive activities for the emergency situations in the field of construction design 

 

Government resolution 

13 The Resolution of the Government of Georgia #164 of 14 February 2014 "On the Approval 
of the National Strategy for the Reduction of Chemical, Biological, Radiological and 
Nuclear Threats" (the National Strategy for the Reduction of Chemical, Biological, 
Radiological and Nuclear Threat. it also regulates preventive measures in the field) 

Government resolution 

14 The Resolution of the Government of Georgia #38 of 6 January 2014 “On the Approval 
of the State Security and Crisis Management Council" (the Council replaced “the 
Governmental Commission of the Emergency Management" established in 2008.) It is an 

Government resolution 
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advisory body to the Prime Minister at the highest political level on the management of 
emergency situations 

15 Statutes of the Emergency Management Department; National Environmental Agency Ministerial decree 
16 The Resolution of the Government of Georgia #68 on the classification of emergencies Government resolution 
17 The Resolution of the Government of Georgia #69 on the adoption of a governmental 

commission on emergency management 
Government resolution 

 

In addition to above, the Organic Law on Self-Governing Bodies lists responsibilities of local 
authorities with regard to emergency situations, emergency preparedness and response, etc. 

The Civil Safety Law (2014) is an umbrella legal act for regulating disaster management in 
Georgia. It governs civil protection issues, defining the functions and competencies of various 
state entities at the stages of preparedness, response, prevention of emergency situations 
and early recovery action as part of the immediate response.  It introduces a common system 
of emergency management and centralised control of command at all levels (central/national, 
regional, municipal, and Autonomous Republic of Adjara). The law contains provisions for 
upgrading the current Department (EMD) to Agency (EMA). The law also mentions the State 
Security and Crisis Management Council under the PM’s office as the main responsible body 
for managing crises on a senior political level and advising the PM accordingly, as well as 
activating and managing the Crisis Operations Centre as needed.  

In accordance with the law, the EMA should coordinate emergency response at national level 
(Article 13). Furthermore, the EMA should ensure emergency prevention, the preparedness 
of the unified system, the organisation of emergency response and recovery activities and the 
implementation of the Civilian Safety National Plan for solving issues related to civilian safety 
(Paragraph 8, Article 5). 

The new law creates a legal basis on more effective management of emergency preparedness 
and response and ensures the safety of the civil population. However, it does not cover natural 
hazard mitigation, risk assessment, and the integration of risk reduction in sectorial 
development plans and programmes. 

The most recent legal act clarifying the roles and responsibilities of the state and non-state 
actors engaged in disaster management was the Presidential Decree #15, 2008, “National 
Response Plan for Natural and Manmade   Emergency Situations (NERP)”.   The   Decree   
defines   17   areas   of   disaster   response management and coordination.  

Currently, with assistance of the EU (PPRD project) a separate Flood management legal act, 
based on EU Flood Directive is being developed with coordination of the Water Resources 
Management Division of the Integrated Management Department of the MoEPA and the State 
Security and Crisis Management Council. It is envisaged to be finalized and adopted by the 
end of 2017. 
1.4.1.2.2 Policy and planning framework 

The National Response Plan for Natural and Manmade   Emergency Situations (NERP) was 
adopted in 2008 to ensure a coordinated and effective response by government agencies to 
natural or technological disasters that may occur. However, the plan did not include any risk 
reduction or mitigation measures, nor did it ensure that there are adaptation activities for 
responding to climate change risks.   

Natural disasters are named as one of the key risks affecting different economic sectors of the 
country in different policy documents, including the INDC (MoNRP 2015).  The impact of 
natural disasters, especially those triggered by climate change, on economic sectors and 
ecosystems has not been fully assessed nor have appropriate adaptation measures been 
developed to integrate into sectoral policy documents. 
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In 2015, National Strategy on DRR was adopted under the leadership of the State Security 
Council functioning within the auspices of the Prime Minister’s Office. The document focuses 
on reducing risks of climate-induced hydro meteorological and geological hazards. In this 
regard, it targets five strategic areas:  

1) Ensure that disaster risk reduction is a national and a local priority with a strong 
institutional basis for implementation. More specifically,  

2) Identify, assess and monitor disaster risk and enhance early warning. 
3) Use knowledge, innovation and education to build a culture of safety and resilience 

at all levels.  
4) Reduce the underlying risk factors.  
5) Strengthen disaster preparedness for effective response at all levels. 

Capacity development activities under the monitoring and early warning pillar, target the 
development of:  

1) Unified methodology and tools for multi-hazard risk assessment, mapping and 
monitoring; 

2) Centralized multi-hazard disaster risk information and knowledge system, 
consisting of national e-Library, databases, information systems and knowledge 
portal; 

3) Local-level detailed hazard mapping and risk assessment; and 
4) Early Warning Systems, national and local, by hazard and sectors; and end-to-end 

multi-hazard nation-wide integrated early warning system. 

Recently, a National Action Plan on Disaster Risk Reduction (DRR NAP) for 2016-2020 
stipulating the national DRR strategy, was finalized. In the area of risk reduction of climate 
induced natural hazards, it includes both actions, those which are already being implemented 
and which, are planned during next 4-year period. Major on-going actions are as follows: 
establishment of EWS on Devdorak-Amalac glacial gorge, integration of radar meteorological 
data located at Tbilisi Airport into weather forecasting system, procurement, installation and 
operationalization of the regional radar (to be installed in Kutaisi airport). Planned actions 
target areas with highest risk of floods, flash floods, mudflows, landslides, avalanches, 
hailstorms and droughts, including: i) landslide-mudflow transformation and/or flashflood 
prone river gorges in Kakheti (Duruji, Kisiskhevi, Telaviskhevi, Tsinandaliskhevi, 
Cheremiskhevi, Turdo, Gomborula, Chailuriskhevi, rivers), Samtskhe-Javakheti (Otskheli 
River), Mtskheta-Mtianeti (Gveltakhevi River), Racha-Leckhumi and Kvemo Svaneti region 
(Lajanuri, Khrikhula watersheds, upper Rioni watershed), Samegrelo-Zemo Svaneti (lower 
courses/Rioni delta near Kvemo Chaladidi); ii)  The Rioni River downstream of Kutaisi with 
high river bed and bank erosion (Samtredia, Khobi, c. Poti, etc.); iii) extreme downstream of 
the Alazani river (meanders near the border); iv) several landslide bodies near Tbilisi and other 
areas; v) mountainous areas with high risk of avalanches (Bakhmaro, Kazbegi, Upper Svaneti, 
etc.); vi) areas with high risk of hailstorms (Kakheti); vi) areas with high risk of droughts 
(Kakheti, Shida Kartli, Kvemo Kartli).  

The actions planned comprise both soft and hard measures, including improvement of risk 
knowledge, preparedness, resilience, implementation of preventive/protective structural 
measures, public awareness and education, planning and implementation.33  

However, financing of the majority of measures of the National Plan is unidentified and is not 
indicated in the plan, while others are mostly to be covered by donor financing.  

EU-Georgia Association Agreement signed in 2013 and effective since 2015 specifies actions 
regarding cooperation in disaster risk management. It envisages an exchange and regular 
update of contact details in order to ensure the continuity of dialogue, a 24-hour availability, 

                                                
33 Source: draft National Action Plan for DRR, 2016-2020. 
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and the facilitation of mutual assistance in case of major emergencies. The agreement also 
includes provisions for the exchange of early warning and updated information on large scale 
emergencies on a 24-hour basis; the exchange of information on providing assistance to third  
party countries in emergencies where the EU Civil Protection Mechanism is activated; inviting 
experts to specific technical workshops and symposia on civil protection; inviting on a case by  
case basis, observers to specific exercises and trainings organised by the EU and/or Georgia; 
and strengthening cooperation on the most effective use of available civil protection 
capabilities. 
The most recent development in the area of DRR/EWS is the process of preparation of 
National EWS concept paper under the coordination of the Ministry of Internal Affairs. It 
consists of five components/outputs. The first component aims at elaboration of relevant legal-
regulatory basis for EWS (e.g. sub-laws on unified disaster response and early warning 
systems, the rule on collection, processing and storage of disaster related information, sub-
law on measures related to setting and functioning telecommunications systems and warning 
mechanisms, etc.). The second component aims at systematic data collection on hazards and 
risks from various sources (e.g. hydromet service, 112 services, local divisions of EMA, etc.) 
and setting common rules and means for communications. The third component serves to 
develop a system for regular data collection, processing, analysis and risk assessments as 
well as creating effective information dissemination and communications channels.  More 
specifically, the output includes development and application of various modelling software for 
hazard, vulnerability and risk assessments, development of national and regional risk atlas, 
setting and strengthening inter-agency emergency management centre (situation room), 
identification of information receivers and, information dissemination and communication 
means (e.g. TV/radio signals, stationary and mobile sirens, electronic signs, low frequency 
radio means/walky-talkies, GSM (CBS) mobile operators, digital TV, mobile phones, internet, 
VOIP and satellite phones, short SMS, etc.) and establishment of message filtering and re-
addressing system for 112 service. The fourth component aims to strengthen national and 
local response capacities through public awareness campaigns, development of disaster 
response plans and response capacity building of population and private sector. The fifth 
component aims to develop human resources, including elaboration and introduction of 
education and training programmes at various levels of education and implementation of such 
programmes.  
1.4.1.2.3 Institutional framework, policies and current efforts for DRR and EWS 
 
Overall institutional arrangement for DRR is scattered among various state agencies and 
requires improvement for efficient sectorial coordination. Several state institutions are 
mandated to deal with risk reduction issues through their respective programmes and within 
their specific sector. The key actors of the DRR system in Georgia are as follows: 
 
State Security and Crisis Management Council established in 2014 is the highest political 
decision making and consultative body to the Prime Minister to ensure state security and crisis 
management of all types. The Council is mandated to elaborate proposals on preventive and 
response measures to political, social economic and environmental threats of national 
importance. The Council also manages National Crisis Management Center that is activated 
by the Prime Minister and provides overall coordination during national-wide emergencies. 
The Council also develops national threat assessment documents that include natural disaster 
risks as well as coordinates development and implementation of relevant strategies and plans. 
As mentioned above, it has already developed the National Strategy of DRR and has finalized 
the Action Plan for its implementation. The SSCMC is also assigned to carry out social-
economic vulnerability assessments and develop risk maps and databases, including e-
library. However, at present it lacks necessary resources and capacity to perform such tasks.  
 
The Natural and Man-made Disaster Risk Management Service of the MoEPA established in 
2013, until recently, was also responsible for coordination of development and implementation 
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of DRR/DRM related strategies, development of relevant laws and regulations, coordination 
of risk knowledge and preventive measures to be implemented by NEA, facilitation of the 
establishment and maintaining of national DRR Platform, and international cooperation under 
Sendai framework, thus duplicating many functions of the SSCMC. As a result of January 
2017 restructuring process of the MoENRP, that service was  
abolished within the Ministry. Instead, man-made disaster risk management unit was created 
at Environmental Monitoring Department of the NEA. 
 
At the operational level, crisis management is ensured by the Ministry of Internal Affairs (MIA) 
through the Emergency Management Agency. The main functions of the EMA include: inter-
agency coordination of emergency management activities; development of Civil Protection 
plan at national level; implementation of civil safety activities. Recently, the virtual data server 
for the DRR GIS-compatible computer programme Geonode -2.4-b22 was installed at EMA 
with technical assistance of French Attaché under the EU Twinning programme and with 
financial support of the State Security Service of Georgia. All the units and agencies connected 
to MIA’s intranet may have access to the system either via ema.map.mia.gove.ge web-
address or via direct IP address: 10.31.0.127. This geoinformation portal allows the user to 
create thematic maps by developing various GIS layers and upload and download spatial data 
to the portal. It is further planned to integrate digital hazard maps, developed by NEA, GIS 
land inventory data contained at Web Map Service (WMS) of the National Agency of Public 
Registry and other spatial data stored with various national agencies and institutions at 
"Geonode2.4-b22". 
 
There are two structural units at EMA, engaged in analytical work, including preparedness and 
development of preventive measures. The first structure is Disaster Prevention unit under the 
Civic Safety Division of EMA. It consists of 5 staff and aims at analysis and prognosis of 
disaster risks and based on this information, developing recommendations for preventive 
measures. The second unit is Operational Control/Management Center composed of 57 staff. 
In terms of EWS, the center is responsible for setting and operating information and 
telecommunications systems. The geoportal mentioned above is located at this center.  During 
national-wide disasters, the Center sets-up field operational centers. In terms of emergency 
management, the center ensures receipt, processing and response to emergency signals 
transmitted through 112 Service.  All this information is logged on common information and 
analysis system.  The center receives and processes this information and immediately sends 
warnings to relevant authorities either through e-mail or SMS. 
     
The Joint Operational Centre is established within the Emergency Management Agency 
(EMA) and is fully equipped to receive monitored and forecasted data and issue warnings.  In 
October of 2016, the MIA opened a new Joint Operations Center (a central hub uniting all sub-
units of the Ministry, with a 24/7 control room/command centre linked to 112 service.  The 
centre includes a video surveillance system with national coverage, which is used in the 
monitoring of hazards and dissemination of warnings.   
 
The Centre is well positioned to obtain and process information from NEA, and communicate 
warning appropriately to the recipients (government agencies, municipalities, public). 
Currently, MIA through a national regulatory agency has been working with all mobile 
operators for transmission of emergency information SMS to the population at no charge. The 
French Police Attaché will assist in strengthening its emergency alarm system (mainly the 
automated network of road cameras/visual sensors).  
 
The National Environmental Agency (NEA) under the Ministry of Environment Protection 
and Agriculture is mandated to monitor on-going hydro-meteorological, geo-dynamic and 
geological processes and make short, medium and long-term weather and climate-induced 
hazard forecasts. 



I Annex II – Feasibility Study  

GREEN CLIMATE FUND FUNDING PROPOSAL 
 

75 
 

 
Monitoring of climate change risks lies within the mandate of Climate Change Division of the 
MoEPA. The unit provides assessment of climate change impacts on sectors of economy, 
ecosystems and prepares relevant predictions, develops national plans for adaptation to 
climate change; coordinates development of UNFCC climate change communications for 
Georgia. 
 
The Roads Department under the Ministry of Regional Development and Infrastructure 
contains different units among them Riverbank Protection Division, that is mandated to 
provide riverbank rehabilitation and fortification works. In 2014 a separate Unit of Natural 
Disaster Prevention and Rapid Response was established at MRDI as well. The Unit is 
mandated to ensure disaster prevention, early warning, response and post-disaster recovery 
of public infrastructure.  
 
Disaster-induced resettlement issues fall under the Ministry of IDPS from Occupied Territories 
of Georgia, Refugees and Accommodation. The Department of Migration, Repatriation and 
Refugees Issues is mandated by the Ministry to develop system for management of migration 
caused by disasters. 
 
Functions for developing laws, regulations and policies and operating climate-induced natural 
hazards Early Warning system in Georgia are scattered among several entities and the 
institutional set-up is as follows: 

• The National Environmental Agency (NEA) under the MoEPA is the main responsible 
agency for hydro-meteorological and geological hazards assessment (except 
earthquakes) (detailed organogram of the NEA is contained in section 1.4.1.2.4 below) 

• The Environmental Information and Education Centre under the MoEPA is responsible 
to collect and share environmental related information. 

• The Emergency Management Agency (EMA) is the agency responsible for emergency 
prevention, preparedness, response and early recovery/reconstruction; 

• The State Security and Crisis Management Council (SSCM) under the Prime Minister’s 
office has been established to adopt political decisions of the highest level to ensure 
state security and crisis management. The National Centre for Crisis Management was 
created within the Office of the Council. Upon occurrence of a crisis, the National Crisis 
Management Centre is subordinated directly to the Prime Minister. 

• The Natural Disaster Prevention and Rapid Response Unit established in 2014 under 
Ministry of Regional Development and Infrastructure (MRDI) is mandated to integrate 
disaster prevention, early warning, response and post-disaster recovery in 
infrastructure planning and development. The unit is also in charge of the effective use 
of early warning systems for infrastructure. 

• Local Governments are responsible for (Civil Safety Law, 2014): 
- Design and implementation of disaster prevention measures; 
- Development and approval of disaster risk management plans together with 

EMA; 
- Evacuation and shelter of affected people; 
- Distribution of humanitarian aid; 
- Emergency response and recovery activities; 
- Awareness raising and trainings. 

 
• The Georgia Red Cross Society (GRCS) is a member of the International Red Cross 

Movement and it acts as a voluntary, humanitarian, non-governmental and 
independent organization with an auxiliary role to public authorities in humanitarian 
work, and with a mandate to coordinate the NGO response in emergency situations. 
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According to the Civil Safety Law, which is the regulatory framework for disaster response and 
preparedness, the Emergency Management Agency (EMA) under Georgia’s Ministry of 
Internal Affairs is responsible for disseminating warnings in case of disaster. The EMA 
receives information from the NEA and the Seismic Monitoring Centre and distributes it to 
heads of regional emergency management units and teams via SMS. In addition, governors, 
mayors and the emergency services of potentially at-risk areas are also informed so that they 
may begin to mobilize all relevant units and teams. The timeliness and accuracy of the 
information it receives from the NEA and the Seismic Monitoring Centre is key for the EMA to 
begin operations. 
 
1.4.1.2.4 Early warning and climate advisory systems – the role of met services  
 

The institutional arrangement, capacity and current practice for early warning systems in 
Georgia have been recently assessed under two different UNDP projects – Strengthening 
National Disaster Risk Reduction Capacities in Georgia from which the report  ‘Towards 
a Multi-Hazard Early Warning System for Georgia’ was produced, and the “Developing 
Climate Resilient Flood and Flash Flood Management Practices to Protect Vulnerable 
Communities of Georgia” project (the Rioni AF project under which a fully-integrated 
FFEWS system was developed and implemented and reports on the institutional 
arrangements for long-term support for the FFEWS system).  The discussion within this 
section is based on the findings of these two reports.  

The discussion is organised into the four components of any Early Warning System 
(FFEWS),34  namely Risk Knowledge, Monitoring, Forecasting and Warning, 
Dissemination and Communication and Response.  
Risk Knowledge.  Risk knowledge is comprised of information about the hazard (severity, 
extent and probability of occurrence) as well as information about the receptors on which the 
hazard can impact (people, property, infrastructure, economic activity, environment). The 
National Environmental Agency (NEA) is responsible for identification and assessment of 
hydro-meteorological and geological hazards (except earthquakes). The National Statistics 
Office of Georgia (Geostat) provides information on receptors at risk including demography, 
level of education, health conditions, and level of employment, environmental factors and 
cultural aspects gathered from relevant government institutions. The information regarding 
disasters is provided to Geostat by Emergency Management Agency (EMA) of the Ministry of 
Internal Affairs (MIA) (Civil Safety Law, 2014). 

Currently, a unified hazard mapping and risk assessment guideline regulated through a 
dedicated legal framework is lacking. As a consequence, hazard and risk assessments are 
being conducted in a sectorial or project-based manner (UN, 2014). 

National level hazard maps (Atlas of Natural Hazards and Disaster Risks of Georgia) were 
developed as part of the project “Institutional building for natural disaster risk reduction in 
Georgia” implemented by the Faculty of Geo Information Science and Earth Observation, the 
University of Twente (ITC) and Caucasus Environmental NGO Network (CENN), NEA, EMA 
and IliaUni. The Risk Atlas provides information on 9 types of hazards and various elements 
at risk (i.e. population, buildings, GDP, etc.) at different levels (Regional, District, Commune) 
(van Westen, 2012) and is available online on the Web-based Risk Atlas (portal). Through the 
portal, users can combine different types of information, and display this information in a 
variety of ways, for example: different types of hazard maps, information on elements at risk, 
exposure maps, vulnerability maps and maps of individual, specific risk types. The portal gives 
an opportunity for public/users to report the disaster events and thus update the historical 
disaster record. However, it has to be noted that assessments given in the Risk Atlas were 
hardly used for decision making (possible reasons include: Risk Atlas portal not available 
                                                
34 ISDSR, 1999, Natural Disaster Management – Good Practices 
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through the state agency webpage, non-acceptance of these broad-brushed national scale 
maps as sufficiently detailed, lack of consensus on the technical robustness of the methods 
used to produce the maps) and were not updated since its development in 2012. 

Hydro-meteorological hazard maps (flood/flash flood, mudflow, landslides) are also developed 
by NEA, based on field observation and assessment data, and kept as catalogues on climate-
induced natural hazards. The latter are stored as hard copies and contain data on natural 
hazards from early 40s of the 19th century when the first field observations started up to now. 
These are data on the dates, locations, intensity, human losses, damaged areas related to 
each recorded hazard. The NEA on an annual basis issues geological bulletins on new and 
old geological hazards and their causes. 1:500,000, 1: 200,000, 1: 50,000 and 1: 25,000 
landslide and mudflow hazard zone maps are available at NEA in both electronic and hard 
copies. Recently, over 730 landslide and mudflow processes and bodies were inventoried by 
the agency. Under the UNDP Rioni project geological survey of all municipalities of the Racha-
Lechkumi and Kvemo Svaneti region and Samtredia and Tskaltubo municipalities have been 
carried out and 1:100,000 map on geological hazards has been developed. 1:10,000 maps 
are developed for over 50% of the country’s territory, while 1: 2,000 maps are available for 
over 100 concrete areas. 1:50,000 hydro-meteorological hazard maps are available for Upper 
and Lower Svaneti, Mtskheta-Mtianeti and the part of the Ajara region.  

As mentioned above, under the Matra project, NEA in cooperation with CENN and Twente 
University has developed flood hazard based on ASTER Digital Elevation Model (DEM). 
However, the map is general and requires update and detalization. Under the UNDP flood 
management project NEA in cooperation with high-calibre international experts has elaborated 
1:5,000 flood hazard and risk maps for upper watershed of the Rioni River as well as 1: 10,000 
floodplain inundation maps. As part of this project, hydro meteorological timeseries35 data for 
1936-2000 were digitized.  

The majority of hazards maps developed by NEA are largely based on the expert judgment 
as currently the law does not indicate a specific methodology/guideline to be followed.  The 
national hazard maps completed in 2012 are broad-brushed and not based on international 
best practice in hazard modelling for most of the hazards. It has therefore never been accepted 
as the definitive hazards maps nor have the methods used been accepted as the national 
standard for any of the hazards due to the use of none-best practice methods.  

Hazard risk and vulnerability assessments have been performed at local and national level as 
part of various projects with partnership of state agencies (i.e. EMA)36 but, with a lack of a 
standardized methodology, results cannot be compared neither integrated nor used for local 
level risk assessments. Georgia Red Cross Society has implemented several community 
based vulnerability assessment projects across Georgia. For example, the GRCS Climate 
Forum East, an EU funded project, aims to build the capacity of civil society in the Eastern 
Partnership region. As part of the DRR project, a national climate vulnerability assessment 
was developed (UN, 2014). USAID has supported integrated watershed management project 
in upper and lower watershed areas of Rioni and Alazani-Iori River Basins, which included 
climate induced multi-hazard risk and vulnerability assessment and development of adaptation 
measures at the level of each community of above areas. Under the same project, part of the 
adaptation measures, including small-scale riverbank protection and watershed restoration 
measures have been implemented through small grants’ scheme.    

In addition, a multi-hazard risk assessment (which included earthquakes, landslides, snow 
avalanches, flash floods, mudflows, drought, hurricanes, frost, hail) was developed in 2006-
2009 (but results were made available in 2013) by the Institute of Geophysics of Tbilisi State 
University under the Georgia National Science Foundation (GNSF) project “Reducing natural 
disasters multiple risk: a positive factor for Georgia development” and two international 
                                                
35 Precipitation, humidity, temperature, water level, annual rating curves, for 29 stations 
36 (Varazanashvili, 2012; Van Westen, 2012; Oxfam, 2011)  
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projects: NATO SFP 983038 “Seismic hazard and Risk assessment for Southern Caucasus-
eastern Turkey Energy Corridors” and EMME “Earthquake Model for Middle East Region”. 

The electronic cadastre system of the National Public Registry of the Ministry of Justice 
compiles information of land plots per region and ownership type. However, there is no 
information of types of soil, elevation, and exposed hazards. At the same time, the Ministry of 
Justice is actively working on the development of the National Spatial Data Information System 
(NSDI) under the EU Georgia Association Agreement. The INSPIRE Directive calls for 
harmonization of the geo-information system, legislative base and administrative matters with 
the European Standards. The NSDI provides opportunity for effective usage and sharing of 
the geospatial information and will provide the basis for data on the physical and socio-
economic assets at risk from natural disasters.  It will also provide a platform for the sharing 
and dissemination of single-source, definitive spatial data and information and will contribute 
to a more effective regulation of the activities that impact disaster management. 

The assessment for the MHEWS found that efforts to identify activities that increase risks are 
insufficient. It was also found that local risk assessments are lacking but there is an increased 
government awareness of its importance for the development of risk-informed local risk 
management planning. For example, the analysis found that the current Master plan/Land use 
plan of Tbilisi is not risk informed and the building codes are not based on a multi-hazard risk 
assessment. Nevertheless, the ongoing revisions of the building codes and Tbilisi Master/land 
use plan allow for this change in overall approach and provide a huge opportunity to prevent 
the creation of new risk (WB and UNDP, 2015). 

For flood forecasting and early warning systems (FFEWS) The National Environmental 
Agency (NEA) in Georgia plays a major role in risk assessment, and development of risk 
knowledge. The State Security and Crisis Management Council and the Emergency 
Management Department play a role in the Communication and Dissemination component 
and are in charge of the Response. Therefore, NEA is a major stakeholder within the FFEWS 
in Georgia. Considering the institutional arrangement of FFEWSs from an international point 
of view, the position of NEA is unique. In most countries, the hydrological and meteorological 
responsibilities are usually separated in different organisations, creating in some cases issues 
regarding institutional responsibilities for flood warnings, something that it is avoided in this 
case.  

It should be noted that NEA’s FFEWS capabilities have been recently expanded within the 
framework of the “Developing Climate Resilient Flood and Flash Flood Management Practices 
to Protect Vulnerable Communities of Georgia” project (the Rioni project). Prior to that project 
the FFEWS in Georgia was very limited, with no formal flood risk assessment, very limited 
monitoring and associated warning, with no flood modelling skills involved in either the risk 
knowledge or the monitoring or warning components and institutional issues regarding the 
communication and response components.  

It can be concluded that there is no definitive hazard, risk or vulnerability mapping for Georgia 
for any of the hydro meteorological hazards that it faces and that the technical and financial 
capacity to undertake such mapping is lacking.  This is a key barrier to effective hazard and 
disaster risk management in Georgia and needs to be addressed in order to enable risk-
informed development decisions on which the socio-economic future of Georgia depends, 
reduce the risk to acceptable levels and to manage any residual risks using methods such as 
early warning. 

Monitoring. Hydro meteorological and Geological Departments of the NEA are directly 
responsible for monitoring of hydro meteorological and geological hazards.  
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Figure 1-59: NEA’s Organogram 
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NEA’s Hydro-meteorological Department is tasked to collect, process, store and report data 
on hydro-meteorological parameters as well as to make short to medium-term weather 
forecasts, predict seasonal floods and calculate related discharges. It consists of several 
thematic divisions at the central level and 4 territorial units, composed of observation networks, 
including: 1) Ajara Regional Hydro-meteorological Observatory; 2) Kolkheti Regional 
Hydrometeorological Observatory; 3) Samtskhe-Javakheti Regional Hydrometeorological 
Observatory and; 4) Kartli and Kakheti Regional Hydrometeorological Observatory. 
 
Georgia has a long history of hydro-meteorological monitoring activities. In the 1980’s hydro-
meteorological service of Georgia possessed a large network of the hydro-meteorological 
stations on the territory of Georgia. In that period, the meteorological observing network 
covered almost all residential areas and places with different microclimate conditions, 
including hilly and mountainous regions, while the hydrological observations covered almost 
all large and medium-sized rivers. In addition, radar, aero logical, actinometrical, ozonometric, 
agrometeorological and other types of specialized observations were conducted.  

After Georgia became independent, the hydro-meteorological service funding was drastically 
reduced, which led to a dramatic decrease of the observation network. At first, the number of 
standard hydro-meteorological parameters observation has reduced three to five times and 
then the above listed specialized observations completely stopped. Since 2000, a number of 
projects aimed at strengthening the hydro-meteorological service have been implemented and 
are still carried out by the World Meteorological Organization, other international organizations 
and donor countries. Within the framework of these projects, dozens of meteorological and 
hydrological stations have been purchased and installed. The evolution of the number of 
hydro-meteorological monitoring stations over time and the map of the current active hydro-
meteorological stations in Georgia are given on figures 1-60 and 1-61 below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1-60: Number of hydrometric gauges in Georgia each year since 1900 
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Figure 1-61:  Distribution of hydrometric gauges in Georgia37 
 

At present, hydro-meteorological monitoring by NEA is carried out at around 30 meteorological 
stations, 50 meteorological posts, 45 hydrological gauges and 4 agro-meteorological stations. 
Meteorological stations measure atmospheric temperature, humidity, pressure, precipitation, 
wind direction and speed, meteorological posts – temperature, humidity and precipitation, 
hydrological posts – water level and precipitation.  
 
NEA has 4 agrometeorological stations, which are currently not functional. However, the 
National Food Agency has 24 web-based agrometeorological stations, all installed in Kakheti 
region. They are mostly designed for forecasting and warning of pest outbreaks. These 
stations can measure: meteorological parameters, soil temerature, humidity and phenological 
parameters. Out of this 24 stations, 10 agrometeorological web-based monitoring stations, 
were recently installed at 10 locations of Kakheti with the FAO assistance, with two stations in 
Dedoplistskaro municipality (one in Dedoplistskaro town and another in village Zemo Kedi). 
All above 10 new stations will be operated by the National Food Agency which has regional 
and municipal phyto-sanitary service centers. Climate information generated is processed by 
the server located in Austria, Imeteos, a provider of the agrometeorological stations, and sent 
to NFA central office and through it to local service centers.  
 
One radar is installed at Tbilisi International Airport. It is owned and operated by the National 
Aviation Service. Another radar will be procured soon and will be installed at Kutaisi 
                                                
37 In legend, red triangle symbolizes hydrological post, green triangle – meteorological post and a half-black circle – meteorological station 



I Annex II – Feasibility Study  

GREEN CLIMATE FUND FUNDING PROPOSAL 
 

82 
 

International Airport. At present, meteorological data generated by Tbilisi radar is not 
integrated into NEA’s weather forecast system, but will be done in the near future as a priority 
measure outlined in the draft National DRR Action Plan.   
 
The Department of Geology twice a year conducts the monitoring of geological hazardous 
processes including landslides, rock-fall, and mudflows throughout Georgia (except Tbilisi 
municipality since 2000). A significant reduction of staff and equipment has taken place over 
the years. Currently about 20 people are responsible for geological monitoring, making it 
difficult to carry out large scale studies. There is a huge data archive available (geological 
maps), but the majority of the maps are in paper format. The lack of adequate equipment, 
human resources and finances are obstacles to the provision of reliable and timely warnings. 
The assessment of the geological hazards is made based on the visual monitoring of the sites 
and based on the inventory performed in the ‘70s and ‘80s (geological maps). It should be 
noted that, in August 2015, the National Environment Agency initiated the project to digitize 
the geological information kept in archives in paper format. The project will be carried out by 
the Georgian National Archive within a 3-year period. In addition, under the Rioni AF project 
several inclinometers were purchased and installed at few points of Ambrolauri, Tsageri and 
Tskaltubo municipalities. Moreover, a multi-hazard EWS is being implemented in the 
Devdorak-Amlak glacial gorge, which is still in the testing phase.  
 
NEA also conducts surveys of snow cover during February-March of each year through 
field expeditions and studies around 20 avalanche conditions.  
 
Thus, in terms of hydro-meteorological and geological monitoring, it can be concluded that 
Georgia has a long history and extensive technical know-how.  However, financial and 
human resources coupled with a severely reduced monitoring network limits its ability to 
monitor important variables and parameters at the appropriate spatial and temporal scales 
to provide adequate input to effective long-term management of hazards, or to support an 
effective national multi-hazard EWS.  This is a key barrier which will need to be addressed 
in order to implement an effective multi-hazard EWS.  
 
Forecasting. NEA is responsible for preparing and distributing short (3 days beforehand) and 
medium-term (10 days beforehand) weather and hydrological forecasts daily. 

For the preparation of the short and medium-term weather forecasts the American and 
German models are commonly used.  
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Figure 1-62: Telecommunication system of the NEA38 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1-63: Hydro meteorological data circulation of the NEA 

 

                                                
38 NEA. file:///C:/Users/Use/Downloads/10_EU%20Environment%20Agency%20-%20CHITANAVA.pdf 



I Annex II – Feasibility Study  

GREEN CLIMATE FUND FUNDING PROPOSAL 
 

84 
 

Due to the lack of the high-resolution models as well as radar and areological observation 
data, the spatial and temporal resolution of forecasts is low. The short-term forecasts are only 
6-hour be forehead and without indication of possible locations. This makes it difficult, in some 
cases even impossible, for decision-makers to use these forecasts to avoid or mitigate the 
effects associated with the disaster. For example, on 12 June 2015, the day before the floods 
that affected Tbilisi, NEA sent a warning informing of the potential risk of heavy rainfall, floods-
flash floods and mudflow processes in Georgia, but the warning didn’t include information on 
the possible locations and expected time.  

Concerning floods and flashfloods, in the past NEA did not use hydrological and hydraulic 
models. Only forecast of spring floods based on snow melt and temperature regime was made. 
Under the Rioni AF project, a hydrological model was developed and calibrated based on 
historic data. For this, Hec-HMS computer model was applied for the rainfall-runoff component 
of the risk assessments and flood forecasts. For hydrodynamic modeling MIKE FLOOD 
(1D+2D) model was applied which is tailor made for hydraulic modeling of surface water 
bodies modified by hydrotechnical structures, for the risk assessment of flood water levels and 
flows. When integrated into the forecasting platform (Delt-FFEWS) only the 1D element of the 
FLOOD model MIKE  11 was used.  The Rioni FFEWS provides forecasts of flooding in the 
Rioni basin with up to 72 hours advanced warning, and expected water level at key locations 
within the basin.  In addition, the Rioni flood hazard maps provide the expected flood extent 
of floods of various return periods which can be used in combination with the forecasted flood 
levels to identify areas at risk from impending floods.  This represents a step-chance in NEAs 
capability to forecast flooding in Rioni.   

Apart from above, NEA participates in the regional system of the Middle East and Black Sea 
Reion countries for flashflood foreasting (BSME-FFG). This a WMO developed global 
forecasting system applied for rough forecasts of the flashfloods in smaller watersheds. Turkey 
represents a regional hub for participant countries. The system, including super computer is 
operated by the national met service.  Georgia can not use this tool presently since it does not 
have sufficient number of rain gauges and weather radar data. Apart from this, the resolution 
of the model is not adequate for describing the country’s topography. Therefore, for Georgia 
the model is verified annually based on the seasonal forecasts.  
 

NEA cooperates and exchanges the information with Georgian Civil Aviation Agency (GCAA) 
responsible for aviation meteorology and Georgian State Hydrographic Service. One of the 
objectives of Georgian State Hydrographic Service is marine navigation equipment monitoring 
and modernizing in line with international hydrographic services IHO and IALA standards, as 
well as according to UN Convention SOLAS requirements. Its network consists of 48 ground-
based and 34 sea units. 

NEA’s Department of Geology provides an annual geo-hazards bulletin which is sent to 
municipalities, EMA, the Ministry of Regional Development and Infrastructure of Georgia, and 
other interested parties along with an outlook for the year to come. Since 2000, NEA had not 
conducted longer-term forecasts of geological hazards. Beforehand, it had been making 20-
year prognosis.  

In terms of data management, NEA uses WinZPV soft, which hosts and stores hydrological 
data. Meteo data is entered and stored in CLIDATA. For archiving purposes Oracle 
programme is used. It should be noted that there is no adequate information system for storing 
model and satellite images and data, which can be stored only up to 1-year period.  

Under Rioni project Delft-FEWS was established, which is a platform for integrating all sources 
of meteorological forecast data with observed data from automatic weather and hydrological 
stations, and managing the process of running hydrological and hydraulic models to produce 
water level forecasts at key locations. It is based on GIS system and may generate alert and 
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warning messages. Under the same project, two archives for meteo and hydrological data 
have been merged and stored in the Clidata system.  

In addition, a warning system is being developed in the mountainous area (Devdoraki –Amali 
gorge) in the northern part of Georgia. The area suffered from two major landslides last year 
in 2014: the Dariali landslide and a landslide from Mount Kazbeg, which claimed the lives of 
seven people and caused damage to a transit gas pipeline that transported natural gas from 
Russia to Armenia through Georgia.  The early warning system which is being developed by 
Swiss experts (GEOTEST) is based on monitoring devices and will provide warning to the 
communities. It will allow the National Environment Agency to respond to the natural 
processes a few minutes in advance, not only giving time for people to evacuate the danger 
area, but also ensuring safe travel along Georgia’s Military Road, a major route through the 
Caucasus from Georgia to Russia39. 

Thus, it can be concluded that in terms of forecasting NEA has good experience of producing 
meteorological forecasts based on internationally available models and forecasts combined 
with sparse locally monitored data to produce hydrological forecasts of impending hazards.  
On a more strategic and seasonal basis, forecasting is well established as is evidenced by the 
daily and monthly bulletins that are produced.   However, only recently, with the development 
of the Rioni flood forecasting system under the UNDP/AF project has NEA been provided with 
the capacity to undertake fully-integrated flood forecasting and early warning which integrates 
all meteorological data from international and local sources, with automatically monitored data 
within a flood forecasting model which predicts water level at key locations.  This system and 
the capacity building that it included, represents a step-change in the NEA capacity in Flood 
forecasting and early warning.  A key barrier to comprehensive forecasting and early warning 
is the lack of forecasting models for all basins, lack of adequate real time automatic 
observations (due to inadequate hydrometric network) and lack of human and financial 
resources to implement and maintain a national system for all appropriate hydro 
meteorological hazards.  In addition, while there have been great strides made in the 
institutional arrangements around issuing warnings, there is still a lack of clarity with respect 
to roles and responsibilities in this regard as discussed below.  

Warning, dissemination, communications. In case of necessity, NEA prepares and delivers 
timely warnings of impending natural hydro meteorological events to decision-makers (heavy 
precipitation, floods, hail storms, snow avalanches, strong winds, droughts). The spring flood 
and weather long-term forecasts (monthly and seasonal) are also regularly produced and 
delivered to the interested customers. More specifically, for floods, NEA is responsible for the 
first stages of the dissemination of flood warnings. It publishes a water level bulletin on a daily 
basis detailing information about all the operating stations. This bulletin is sent to President’s 
Administration, the State Security and Crisis Management Council (SSCMC), Ministries 
(including the Emergency Management Agency of the Ministry of Interior), operators of 
Hydropower Plants and other users upon request. In case of extreme events, this information 
is also sent to regional authorities. Information is also available through NEA website, where 
all the information from the different automatic weather stations, hydrological stations and 
meteorological forecast information can be accessed by any interested user.   

The communication and dissemination arrangement has been altered in the past year. In the 
new arrangement, the SSCMC receives information from NEA about any impending flood 
event and depending on the scale of the event it is then decided if the SSCMC itself (major 
event) will coordinate the communication and response or if EMA (minor event) will take that 
role. The distinction between minor and major event is not clear at this stage. 
 

 

                                                
39 http://agenda.ge/news/32866/eng 
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1-64: Current institutional arrangement for warnings, dissemination and communication of emergencies 
 

EMA uses eFlow system and SMS to inform the heads of regional emergency management 
units and teams and, Regional Governors, mayors and emergency services of the potentially 
affected areas are informed by the latter as well. The main channels used for disseminating 
warnings to communities are: the media, the national radio communication network and 
loudspeakers installed on cars. NEA provides information to the potentially affected 
municipalities by using several channels (SMS, cell phones, etc). The advantage of using 
media is that TV and cell phones have a very good coverage in the country. However, it should 
be noted that media lacks skills and knowledge for proper risk information dissemination. In 
addition, EMA is actively using the patrol cars with voice speakers (patrol offices are available 
everywhere within the country). However, there is no consistency across warning 
dissemination and communication systems used for the different hazards. In case of need, 
EMA can mobilize private sector resources. 

According to the regulation on Unified System of Emergency Situation Management, the 
warning/risk information communication/exchange with other states and international 
organizations are made according to the international agreements. The State Security and 
Crisis Management Council is in the process of developing a database of assets (available 
heavy machinery per administrative units, etc.) for contingency planning. In addition, the 
project “National Emergency Management Information System (NEMIS)” funded by UNDP 
and implemented by the RDFG Disaster Risk Reduction (DRR) Centre intends to assist EMA 
to enable prompt data collection, handling and dissemination using modern technologies. 
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NEMIS is a user-friendly information management software platform for emergency situations. 
This solution provides situational awareness for emergency management institution’s 
activities, logistics, development, and gap analysis to generate real-time reporting and 
seamless information sharing. 

Recently, MIA has opened the Joint Operation Centre which will carry out real-time 
surveillance of security situation nation-wide. In case of natural disasters, it may use this 
operational data for generating and sending SMS to relevant decision-makers in the field as 
well as to the population. Currently, it is in the process of negotiation with the National 
Communications Commission to oblige all mobile operators to send SMS to the population for 
free in case of emergencies, including natural disasters.  
Thus, warnings are not tailored to user needs and, as forecasts do not always indicate the 
area at potential risk, the messages are not geographically-specific. Moreover, warnings do 
not contain specific information on the potential impacts. Studies to assess how warnings are 
accessed and interpreted are lacking and are needed.  

Response. Warnings are generally generated and distributed to those at risk by credible 
sources. However, there is a lack of trust in warnings as forecasts are often not reliable, as 
indicated by several respondents to a questionnaire on effectiveness of flood warnings (e.g. 
due to the lack of monitoring network for weather forecasting). International sources of weather 
forecast are often consulted instead of the national ones as they are considered to be more 
reliable. 

The Civil Safety Law (2014) regulates the disaster risk management system in Georgia and 
defines the following emergency response levels (WB and UNDP, 201540): 

• National level – in case of national scale crisis; 
• Autonomous level – in case of a crisis within the boundaries of autonomous 

republic; 
• Regional level – in case of a crisis within the boundaries of a region; 
• Local level – in case of a crisis within the boundaries of a municipality; 
• Unit level – in case of a crisis within territories of a structural unit. 

 

The new National Plan (that was adopted in September 2015) defines the roles of the central 
and municipal authorities, and provides for the cooperation among relevant national 
institutions in its implementation. 

Response plans exist at municipal level, but the plans should be updated according to the 
newly adopted National Plan. Currently simulation exercises are not carried out systematically 
in all locations of Georgia. Moreover, as there is no definitive hazard mapping and risk 
assessments, the existing plans are not risk informed. The civil safety law mandates that 
Emergency Management and Emergency Situation Risk Management plans at municipal level 
were to be updated/developed within 2015-2016. 

Previous disaster events and responses are not systematically analysed and reported by the 
state agencies except the recently prepared Post Disaster Needs Assessment reports (WB 
and UNDP, 2012 and 2015). 

Concerning community response capacity, several projects have been implemented by GRCS 
and Oxfam for example to undertake contingency planning activities and simulation exercises. 
But the efforts remain constrained to the project level and are not systematized. Thorough 
assessments of community ability to respond to disasters are not performed. 

                                                
40 WB and UNDP (2015). Tbilisi Disaster Needs Assessment 2015 
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The details regarding the trainings and awareness raising on disaster prevention, 
preparedness and response are presented and regulated based on the Civil Security National 
Plan. 

EMA website provides guidelines on how to respond to different types of hazards, as well as 
several games and educational materials for children. Hazards, vulnerability and risk 
information at different administrative levels (i.e. Risk Atlas) are not available at state agencies 
(i.e., EMA or NEA) websites. 

Several DRR education activities in schools and preschool institutions are being implemented 
by a number of stakeholders (i.e. training of teachers and students). In 2013 an interagency 
working group on DRR education was set up by the Ministry of Education and Science of 
Georgia (MES), with the support of UNICEF (UN, 2014). 

Together with EMA and within the framework of the first phase of the UNICEF-DIPECHO 
programme focused on mainstreaming Disaster Risk Reduction in Education, DRR curriculum 
was developed and incorporated in the primary and secondary education within the subjects 
of ‘Civil Protection and Safety’ for grades IV and VIII and the mandatory ‘Head Teacher’ 
program for grades V-IX (UN, 2014). However, as a monitoring school program does not exist, 
the assessment performed in 2014 (UN) found that DRR is taught in schools on a rather 
sporadic basis. A new strategy for the Georgian education system for 2014-2024 puts safe 
schools as one of the priorities and includes a systemic approach to DRR issues. In addition, 
EMA has trained about 3000 teachers throughout Georgia. As part of the UNICEF-DIPECHO 
programme, in 2013 the National Centre for Teachers’ Professional Development 
implemented a project aimed at supporting effective teaching of the new DRR curriculum at 
schools. Several universities offer courses related to DRR. 

The Environmental Information and Education Centre under the MoEPA implements 
UNDP/GEF project that at large aims at establishing a knowledge management portal for three 
Rio conventions, including UNFCCC under which climate adaptation and its links with other 
two conventions - CBD and CCD will be taken into consideration. Furthermore, under Rioni 
AF project the same centre developed a curriculum/training module for DRR and CCA and 
carried out trainings of target communities in Rioni basin. 

DRR public awareness is scattered and linked with external sources of funding. A weekly TV 
programme on basic risks and safe behaviour existed but was abolished because considered 
ineffective even though no assessment was made. 
1.4.1.2.5 Financing DRR in Georgia 
 

According to the Governmental Resolution #19 (26.1.2006), all ministries are required to 
prepare and annually update a four-year Mid-Term Expenditure Framework (MTEF) 
identifying priority directions, measures and budget indications for different sectors. Disaster 
Prevention is stated as one of the priorities of the MTEF for 2013-2016 in the Environment 
Sector. It is also a part for MTEF for 2017-2020. National Environmental Action Plan-2 
provides financial estimates for the implementation of necessary disaster reduction measures 
(partially from state budget and partially from donors).  

Real allocation of state funds to various Ministries and regional authorities are defined by 
annual state budgets, including SSCMC, EMA, MRDI.  

At the operational level, recovery and rehabilitation operations as well as some preventive 
measures are funded through the reserve funds of the President and the government 
managed by the Ministry of Finance, budgets of the sectoral ministries and municipal budgets. 
Funds are primarily spent on the rehabilitation of roads and bridges, water supply systems, 
energy infrastructure (transmission lines, sub-stations, pipelines, etc.), various buildings as 
well as on the purchase of houses for ecomigrants and direct compensation of affected 
population.  
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In accordance with official data, in 2014-2015 68,368,811 GEL was spent from the Prime 
Minister’s reserve funds on Road Department, construction companies, Ajara Autonomous 
Republic, Unitied Water Supply Company of Georgia and local municipalities. Of this 
46,264,035 GEL in 2014 and 22,104,776 GEL in 2015.    
 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 1-65: 2014-2015 spending from government’s reserve fund of recovery and rehabilitation of infrastructure 
damage from climate-induced natural hazards, GEL 

Apart from above, in 2015 200,000 GEL was spent from the President’s reserve fund for 
recovery and rehabilitation of infrastructure damaged from 2015 June Tbilisi disaster. MRDI 
through its Road Department during the period from 2007 to 2014 spent 46.96 Million GEL on 
the rehabilitation of road infrastructure, including construction of flood defence structures of 
which 13,700,700 was spent for rehabilitation works in Mtskheta-Mtianeti, followed by Imereti 
(23%) and Racha-Lechkhumi and Kvemo Svaneti (21%). 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1-66: Annual spending of the road department on rehabilitation of roads and other infrastructure, (in 

1000’s of GEL) 
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Average annual spending by the Road Department on rehabilitation of roads, including 
construction/reconstruction of flood defence systems is about 5 Million GEL. 

As for the operational budgets of important agencies, in accordance with 2017 the SSCMC’s 
annual budget is defined at 3.8 Million GEL, which is only 73% of 2016 budget and 55% of 
2015 budget.  

The average annual budget of NEA between 2006 and 2015 was approximately 3.74 Million 
GEL with approximately 70% of total annual budget allocated to hydro-meteorological and 
geological monitoring, including communications, during that period. The annual budget varied 
annually, totalling 8.8 Million GEL in 2007 and 13.4 Million GEL in 2009 which is 2.3-3.6 times 
the average value.  It was then equal to or less than the annual average up to 2013.  From 
2014, when NEA became a fully self-financed agency, the annual budget increased to 2.3-2.6 
times the annual average values and totalled 8.6 Million GEL in 2014 and approximately 10 
Million in 2015.  

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1-67: NEA’s annual financing 

With regard to DRR financing, it should be noted that there is government willingness to make 
financial resources available for sectors that contribute to risk reduction (such as 
environmental sustainability, climate change adaptation, etc.). However, the state budget has 
no specific DRR annual allocation. Moreover, in the light of recent economic fall, the 2017 
state budget is significantly cut for almost all budget categories, as recommended by IMF and 
other international finance organizations and if the situation is not improved, further reduction 
of the state budget is expected for 2018 and beyond. Resources allocated throughout different 
sectors are not coordinated, prioritised, systematised or regularised. Similarly, there is no 
specific annual recovery allocation in the state budget. Disaster response allocations are made 
through specific requests to the Ministry of Finance based on damage and loss assessments 
and calculations of costs, which are not made based on international standards.  According to 
the Ministry of Finance, the allocation of extra funds has to be approved by the Parliament. 
The Ministry of Finance also possesses the Reserve Fund for Regional Development, 
covering three areas, one of which is disaster response and humanitarian aid. It should also 
be noted that, although self-financing has enabled the NEA to increase its budget since 2014, 
it has reduced the stability and predictability of cash flows for the agency which would 
compound shortfalls in DRR financing. At least, some minimum guaranteed state funding 
should be provided to NEA in order to protect it from various financial risks related to self-
financing. 
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1.4.1.3 Development and sectoral strategies  
 
At present, disaster risk reduction is not explicitly integrated or referenced in sectoral policy 
frameworks, and only a number of localized and disparate projects specifically target disaster 
risk reduction activities. Inter-sectorial coordination among various institutions and 
stakeholders engaged in programmes that contribute to risk reduction is not always effective, 
and properly defined institutional and individual mandates, responsibilities and commitments 
are lacking.  In addition, there is no centralised monitoring or accounting of DRR activities 
being carried out nationally. Hence, there is a risk of duplication and contradiction among 
various policies, programmes and projects of different ministries, technical agencies, and 
other national stakeholders. (Please refer to Annex 4 for detailed analysis of sectoral 
strategies).  
 

1.4.2 SWOT analysis 
 

Since the flood forecasting and early warning system is the main and most developed early 
warning system for Georgia (in terms of hazards for which a formal EWS can be used), a 
strengths, weaknesses, opportunities, and threats (SWOT) analysis for the existing system 
has been carried out for each component of the FFEWS – Risk knowledge; Monitoring and 
warning; Communication and dissemination; Response. Many of the findings of the analysis 
would apply to all other hydro meteorological hazards. Concerning climate-induced geological 
hazards there is practically no EWS established nationally.  

 
1.4.2.1 Strengths 

 

The FFEWS for Georgia before the implementation of the Rioni Project was rather weak. No 
formal FFEWS existed, with no formal flood risk knowledge and no formal monitoring and 
warning implemented. The issuance of early warnings was based on the meteorologist 
judgement and warnings from meteorological stations/post and hydrological stations were 
standard for the whole Georgia. During this implementation, the FFEWS has been enhanced 
and also the capabilities and institutional set up has been improved.  

Risk Knowledge.  The main strength to highlight would be the incipient risk and hazard 
assessment capacity in NEA and other organisations and the wealth of historical monitored 
data of key climate-induced hydro meteorological variables. 

Monitoring and warning.  The main strength within the FFEWS in Georgia would be, as 
previously noted, the fact that both the meteorological and the hydrological monitoring and 
modelling reside within the same institution NEA. Also, within NEA there is some expertise 
regarding both monitoring and modelling. These expertise, however, should be expanded and 
developed further.  

Communication and dissemination and Response. The main strength to note would be the 
recent creation of the State Security and Crisis Management Council (SSCMC) to handle 
communication and response. This indicates an understanding of the constraints that Georgia 
faces regarding disaster management and the fact that a new body to directly handle disasters 
under the Prime Minister office should be considered as a strength.  

 
1.4.2.2 Weaknesses 

 

There are several weaknesses to consider within the FFEWS in Georgia. From a general point 
of view, the lack of clarification regarding responsibilities for the different FFEWS components 
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is a major weakness. In addition, the fact that FFEWSs are not prioritised within government 
plans, programmes and budget should be noted. Weaknesses have been identified for each 
of the FFEWS components and are as follows:  

• Risk knowledge. There is a lack of a formal flood hazard and risk assessment procedure 
following international best practices.  During the implementation of the Rioni Project, 
detailed hazard modelling, mapping and risk knowledge assessment has been undertaken 
following international best practices, and methodological guidance documents 
developed, but these methods and procedures have not been formally standardized within 
Georgian responsible organizations. While capacity building and the development of 
guidance documents on new approaches has been useful, adoption of new methods would 
require legislative change (for example, flood defense structure design is still based on 
outdated Soviet methods and manuals enshrined in the law, which do not take account of 
climate change).  In addition, projects implemented by different donor organizations has 
resulted in risk assessments being done to different methods and standards. 

• Monitoring and warning.  The coverage of the existing hydrometric network is limited in 
most basins, except where project-based network rehabilitation has been achieved. In 
most basins, the coverage of the meteorological stations / posts and hydrological stations 
is inadequate for the purposes of flood forecasting and early warning.  The existing warning 
capacities within NEA are limited too. As previously noted, the meteorological forecasting 
capacities within NEA are of a reasonable standard. However, hydrological and hydraulic 
modelling capacities, on which flood forecasting and early warning is based, are limited 
within NEA, especially from a system conceptualization point of view. Within the framework 
of the Rioni Project, several training sessions in hydrological and hydraulic modelling as 
well as flood forecasting and early warning were undertaken. Therefore, while basic 
capacities to undertake such modelling exists, the capacity to conceptualize a modelling 
study, such as the modelling approach to follow, data requirements or model validation 
approach, are limited. Also, capacities to combine all the different information in a 
forecasting platform are very limited within NEA.  

• Communication and dissemination. The main weakness resides in the lack of clarification 
regarding responsibilities within the main organizations and the lack of clarification 
regarding organizational responsibility depending on the severity of events. It should be 
noted, however, that the FFEWS institutional arrangement in Georgia is changing very 
fast, and considering the institutional recommendations outlined in the Rioni Project, it is 
believed that the FFEWS institutional set up, and more specifically, the communication 
and dissemination arrangement, will improve in the near future.  At the moment, all the 
early warning communication goes from NEA to the State Security and Crisis Management 
Council (SSCMC) under the Prime Minister Office. Depending on the severity of the event, 
the communication to other administration will be undertaken by this Council or by the Civil 
Protection (Emergency Management Department). The distinction between major or minor 
events is not clear, and this is a significant weakness in the FFEWS system. One of the 
major weaknesses is related to the virtually absent practice of the “last mile” 
communication to the local communities. The communication chain between NEA and the 
affected communities seems impractical at the moment in all aspects including: length of 
communication chain, lack of details on the nature and likely impact of the hazard (e.g. 
depth of flooding, areas likely to be affected, at sub-community level and, timing of the 
arrival of the flood, etc.). 

• Response.  The weakness within the response component are related to the 
communication and dissemination functions, because the organizational responsibility for 
the response will vary depending on the severity of the event too. Therefore, a lack of 
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clarification regarding responsibilities and especially regarding the distinction of events do 
exist.  

This is a very concise summary of some of the main weaknesses within the present FFEWS, 
noting that other weaknesses arise as a result of the above due to the complex and 
interconnected nature of FFEWS systems.  

 
1.4.2.3 Opportunities 

 

There are several opportunities to consider within the existing FFEWS. One of the main 
opportunities of the existing FFEWS is the fact that the formal system, as implemented within 
the Rioni Project, is very recent, and is based on international best practices in line with all of 
the current and future obligations that Georgia will have in the area of FFEWS (e.g. EU). The 
recent implementation has drawn upon lessons learned in the implementation and operation 
of FFEWSs worldwide over a number of years.  Also, there is a significant willingness from 
responsible institutions to implement and improve the existing system, and this should be 
considered as a significant opportunity.   

 
1. 4.2.4 Threats 

 

There are significant threats to the existing FFEWS, most of them related to the present 
capacity of NEA and other relevant organisations. From a general point of view, the lack of 
capacity, in this case within NEA, creates a threat to the sustainability of the system. This is 
especially significant for the monitoring and warning component, as it will be detailed below. 
This is associated with a lack of qualified staff, especially within NEA. The proposed expansion 
of the existing FFEWS to cover the whole Georgian territory would require the employment 
and dedication of more qualified staff and long-term government budgetary commitment to 
ensure sustainability of the system. Also, the current lack of sufficient budget allocated to 
relevant activities within the FFEWS should be noted as a significant threat for all the different 
components. The fact that NEA is self-financed may be perceived as a threat to the 
sustainability of the system as its annual budget is less predictable and stable.   It should be 
noted, however that it is a strong vision of the government to make agencies self-financing 
bodies.  For NEA, self-financing gives opportunities, in terms of generating additional 
hydromet data for various sectors, donors and investors, for instance for HPP 
owners/operators, road constructing companies and others, as well as various 
weather/climate products and advisories which can be sold to customers in different sectors.  
Furthermore, NEA commits itself to provide O/M to new expanded hydrometric network which 
will mitigate the existing risk for system financial and institutional sustainability. With recent 
restructuring, NEA has established a separate EWS unit with 7 employees which shows its 
commitment to developing EWS services.   

Risk Knowledge.  The main threat is the lack of capacities and the lack of qualified staff to 
undertake risk knowledge assessment following international procedures. Also, there are no 
mechanisms to ensure the required systematic review of the existing risk knowledge, posing 
a threat to this component. Within this component, the lack of collaboration among national 
institutions and with international organisations should be noted too as a significant threat.  

Monitoring and warning.  The main threat is the lack of capacity for both ensuring a sufficient 
maintenance for the hydrological and meteorological stations, and especially a lack of capacity 
to ensure a proper maintenance of the flood forecasting platform, including the hydrological 
and hydraulic models within that platform. A lack of sufficient staff would be a threat to consider 
too, especially as an expansion of the existing FFEWS is proposed. The lack of sufficient 
budget allocated to the FFEWS should be considered as a threat related to the latter.  
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Communication and Dissemination.  The lack of collaboration between different organisations 
should be considered as a significant threat for the existing FFEWS. Also, the existing 
institutional arrangement poses a threat to the existing system.  

Response.  The lack of an adequate institutional arrangement and the lack of adequate 
resources for the response particularly, at the level of local communities and municipalities 
poses a threat to the FFEWS. Also, the existing gap between emergency relief and long-term 
development should be noted.  

 
Table 1-26 – summary of the swot analysis 

TYPE HELPFUL HARMFUL 
INTERNAL ORIGIN STRENGHTS 

• New Capacities developed 
• Same institution for Meteorology and 

Hydrology  
• Creation of new institutions 

WEAKNESSES 
• Clarification of responsibilities 
• Current institutional arrangement  
• Lack of formal procedures 
• Insufficient network coverage 
• Technical capacities 
• Warning levels definition 

EXTERNAL 
ORIGIN 

OPPORTUNITIES 
• New system 
• Willingness to improve system 

THREATS 
• Low capacities 
• Insufficient staff 
• Insufficient budget 
• Institutional arrangement 
• Lack of collaboration 

 

1.5. Completed and on-going baseline projects and programmes 
 

1.5.1 National baseline programmes and plans 

The key national programmes and plans that the proposed GCF project will build upon and 
contribute to are the National Plan of Action for Capacity Development in DRR (2015-2019) 
and National DRR Strategy and Action Plan (2016-2020).  
 

In 2015 the Government of Georgia developed the National Plan of Action for Capacity 
Development for Disaster Risk Reduction on the basis of the Disaster Risk Reduction 
Capacity Assessment supported by UNDP in 2014. The Plan clearly reflects climate 
vulnerability and climate change as underlying risk factors and the need for climate change 
adaptation actions. The proposed GCF project directly supports prioritized national actions 
under two of the five result areas of the national plan targeting improved information and 
knowledge on climate related disaster risks, enhanced early warning and innovation. As 
envisaged in the National Plan, capacity development activities under the monitoring and early 
warning pillar target development of:  

1) Unified methodology and tools for multi-hazard risk assessment, mapping and 
monitoring; 

2) Centralized multi-hazard disaster risk information and knowledge system, consisting 
of national e-Library, databases, information systems and knowledge portal; 

3) Local-level detailed hazard mapping and risk assessment; and 
4) Early Warning Systems, national and local, by hazard and sectors; and end-to-end 

multi-hazard nation-wide integrated early warning system. 

The Proposal is also in line with the National DRR Strategy and the draft DRR Action Plan for 
2016-2020 which focuses on climate induced hazard risk reduction in priority geographic areas 
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of the country and offers a mixture of soft and hard assistance, the majority of which are 
addressed in the GCF proposal, including improvement of hydro-meteorological monitoring, 
multi-hazard risk assessment and mapping, implementation of preventive/protective structural 
measures, establishment of unified multi-hazard database, capacity building and awareness 
on DRR (other details of the strategy and action plan are described in sub-section1.4.1.2.3 
Institutional framework, policies and current efforts for DRR and EWS). 

1.5.2 Key baseline projects to be scaled up 

The GCF proposal will scale-up pilot activities and achievements of the UNDP project 
“Developing Climate Resilient Flood and Flash Flood Management Practices to Protect 
Vulnerable Communities of Georgia” (Rioni project) financed by the Adaptation Fund (2012-
2017) as well as another UNDP project “Strengthening National Disaster Risk Reduction 
System in Georgia”. In addition, the GCF project will implement recommendations arising from 
the 2015 Tbilisi Disaster Needs Assessment Report prepared by the World Bank, UNDP and 
USAID experts and 2015 Tbilisi Disaster Recovery Vulnerability Reduction Plan supported by 
UNDP, in particular, its soft components related to EWSs - risk knowledge, monitoring, 
warning and dissemination and response.  

 
Rioni Project  

The main project being scaled up is the Rioni project or the project “Developing Climate 
Resilient Flood and Flash Flood Management Practices to Protect Vulnerable 
Communities of Georgia” (Rioni Project, 2012-2016, $ 5 Million USD) which was funded 
through the Adaptation Fund and implemented by UNDP.  The project supported the 
government and municipalities in the Rioni basin with total population of around 200,000 direct 
beneficiaries and approximately 500,000 total beneficiaries to assess and address risks from 
the main climate-induced hazards affecting Rioni basin – floods and flash floods, landslides, 
river bed and bank erosion. The project included direct interventions in 6 pilot municipalities -  
four upstream municipalities (Tsaeri, Lentekhi, Oni and Ambrolauri) and 2 downstream 
municipalities (Samtredia and Tskaltubo).  The Rioni project piloted an integrated approach to 
hazard management which included: 

i) Introduction of international best-practice approaches to flood and landslide 
hazard and risk assessment, modelling and mapping methodologies and the 
production of detailed flood and landslide hazard and risk maps for the basin 

ii) Enhancement of the flood risk management legislative and policy framework 
throughout the development and introduction of floodplain zoning policy, 
development and introduction of a weather index-based flood insurance 
scheme, and introduction of climate resilience considerations into building 
codes and dam safety 

iii) Rehabilitation of the Rioni basin hydrometric network through the upgrade of 5 
meteorological stations, 20 meteorological posts and 10 hydrological posts as 
well as installing several landslide monitoring equipment (inclinometers) in 
upper and lower watersheds of the basin.  The project also included the 
digitization of historic data and creating a unified archive for both 
meteorological and hydrological data   

iv) Establishment of fully-integrated FEWS - establishing and running of Delft-
FEWS platform for the Rioni River Basin 

v) Capacity building and training of the NEA’s staff in modeling, running FFEWS 
and operating and maintaining new equipment  

vi) Stabilization and restoration of riverbanks and shores according to the best 
international practices in 12 high risk areas, using bioengineering (agroforestry, 
floodplain restoration) and hard structures such as rip-rap boulders and 
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gabions, introducing community-based adaptation measures and mobilizing 
local communities in their implementation.   

 

The project components are summarised in the diagram below.   

 
Figure 1-68:  Rioni AF Project component and main project outputs 

Under Component 1 the project achieved the following: 

 

Flood and landslide hazard mapping 

Based on detailed topographic, soil, land use, geology and 75 years of hydrometric data (75 
years of rainfall, flow and temperature data for 28 stations digitised by the project) a detailed 
rainfall-runoff model was developed using Hec-HMS for 92 sub-catchments of the Rioni basin.  
The Hec-HMS model was linked to a 1D-2D hydraulic model of the Rioni main river and major 
tributaries which was developed in Mike FLOOD software (acquired by the project) using 
channel survey (more than 300 cross-sections) and floodplain topographic data (undertaken 
and acquired by the project).  The resulting linked hydrological-hydraulic model formed the 
basis of all flood mapping for the basin and was used to generate flood depth and hazard 
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maps for a number of flood events of different return periods (2-year to 1,000-year flood) and 
for modelling the effects of climate change.    

Similarly, landslide hazard maps have been produced based on detailed field work (over the 
period of 1 year).  With the project funds, NEA geologists undertook their most comprehensive 
geotechnical assessment of the Rioni basin by characterizing previous landslides, and 

identifying potential future landslides, thus creating zones of high, medium and low risk for 
areas prone to landslides.  The project mapped and categorised 492 historical landslides, 
collected, reviewed and catalogued reports of landslides from National Library (149 pieces of 
information) and catalogued by admin boundaries, name of natural hazards, location, time of 
occurrence, incurred damage, to produce landslide hazard maps.  In addition, the study 
identified areas where landslides will potentially develop in the future and communities at risk 
from landslides. 

Figure 1-69:  Rioni basin flood extent and depth map 
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Figure 1-70:  Landslide hazard map for Rioni basin 

GIS-based socio-economic risk and weather index insurance models developed 

Using GIS to integrate flood hazard maps with physical and socio-economic data on all 
receptors of flooding, a flood risk model was developed and further extended to include a 
weather index insurance model.  Based on the flood risk being a function of probability of 
flooding (return period) and impact (depth, velocity, receptor characteristics) the model 
calculates a flood risk score for people, infrastructure, roads, agriculture and the built and 
natural environment.  It then calculates damage as a function of property value, depth and 
velocity of flooding for properties of different types (small Houses; Large Houses; Apartments; 
Commercial buildings) based on this risk score.  Agricultural Flood Risk is converted to 
weighted crop loss per hectare according to seasonality of flooding and yield loss through 
growing period (January to December).  Damages and Loss within each of 5 Flood Risk Zones 
(2 to 1,000-year flood zones) are weighted by modelled flood levels to give an Annual Average 
Damage/Loss for each which can be calculated down to the level of each property and 
agricultural plot of land, and results can be aggregated up to the community and/or municipal 
or regional level.  The GIS model calculates all flood risk scores and damages/losses to 
property and agriculture, and therefore has enabled the estimation of potential flood losses.   
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Figure 1-71:  Municipal level Flood risk score map for people 

  

 
Figure 1-72: Municipal level flood damages map for property 

Weather Index Insurance Scheme developed 

The risk model described above was extended to include a weather index flood insurance 
(WII) model as the basis for a WII scheme.  The WII - financial instrument was developed to 
mitigate losses and replace the need for Government or Donor intervention after flood events.  
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It works by equating premiums to risk exposure and comparing annual average anticipated 
losses (calculated by socio-economic model) with annual premiums.  Any imbalance is 
corrected in the form of a risk premium.  The scheme was developed to be easily implemented 
and to rely on the use of improved and accurate river gauging (implemented by the project) to 
confirm flood levels rather than the use of costly loss adjustment approach.   Hence, river 
gauging confirms flood levels and will trigger a pay-out.   The main advantages of the scheme 
are that the process of premium setting and payment will be simple and transparent, and the 
WII will work in tandem with non-structural measures such as flood zoning and FFEWS and 
structural measures for flood alleviation.  In addition, as standards of flood protection improve 
with time, then residual flood risk will reduce and this will be reflected in lower flood premiums.   
The scheme is fully developed and is awaiting government implementation.   

Building Codes and dam safety practice and policy reviewed and revised 

The project reviewed existing, and proposed new building codes which will include flood 
resilient construction requirements for buildings in the flood zones.  This includes guidance on 
floor levels above the critical flood level, types of foundations, placement of sockets, materials 
for construction etc.  The proposed new building codes are designed to work in tandem with 
flood zoning policy based on permitted construction in each flood zone, as well as flood 
insurance, all geared to ensure risk and vulnerability, including increased risks due to climate 
change, are taken account in placing people and economic assets and activities in the 
floodplain.   

The project also investigated land use and dam safety policies which are exacerbating erosion 
landslide and flooding risks.   A dam safety review was undertaken for the major hydropower 
dams in the catchment and new dam safety policy proposed.   Policy measures to address 
adverse land use practices that impact slope stabilisation and sedimentation of dams were 
proposed.  In addition, a specific proposed policy was developed for the management of dams, 
which will address sedimentation in the long-term, and increase the safety and maintenance 
of dams.   

Draft floodplain zoning policy developed 

The focus of Component 1 of the project, was on the promotion of floodplain zoning as a 
means of natural flood management, in order to retain the natural functions of the floodplain, 
minimise loss of life and property damage due to flooding, and maximise the goods and 
services that can be derived from harmonious existence on the floodplains.   

The flood hazard and vulnerability maps developed for the Rioni basin have been used to 
develop flood zones for utilization in floodplain management activities such as floodplain 
zoning through development planning, and emergency planning.  

The Floodplain Zoning Policy Framework integrates the results of all project activities under 
component 1 and provides the framework for managing flood risk.  The aim of the Floodplain 
Zoning Policy Framework is to integrate flood risk management into the land use planning 
process in Georgia.  To this end the policy framework has been developed to: 

• Embed climate resilient flood risk management into existing planning policies and 
plans by focusing on managing floodplain development and, by extension impacting 
the management of development away from the floodplain.  

• Outline the policy based on detailed risk knowledge based on floodplain hazard and 
risk mapping. 

• Provide policy guidance for flood risk management in the form of guidance 
documents (e.g. risk assessment, minimum design standards for buildings in different 
zones, retrofitting buildings, ensuring flood resilient critical infrastructure, insurance 
zoning, integration of flood zones with Flood Forecasting and Early Warning System 
(FFEWS)).   
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• Ensure the designated flood zones are considered an integral aspect of determining 
and specifying appropriate land uses (through restricting and permitting) 

• Provide sound practice examples for managing existing risks (i.e. managing risks to 
buildings already in high hazard areas), and managing residual risks.   

The Policy clearly outlines 6 flood zones, and 5 vulnerability classes and defines the zones 
within which each vulnerability class can be placed to minimise risks to users for both existing 
and new development.   This is graphically demonstrated in the following figures: 

 
Figure 1-73:  Diagrammatic representation of the flood zones from the river (Zone 1) to the climate change zone (Zone 6) 

 
Figure 1-74: Proposed planning/permitting consideration for existing development within the 6 zones and taking account of 

the 5 vulnerability classes 
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Figure 1-75:  Proposed planning/permitting considerations for new development within the 6 zones and taking account of 

the 5 vulnerability classes 

The floodplain policy framework is awaiting implementation by government.   

 

Under Component 2 the project achieved the following: 

 

Design and construction of 12 flood defences 

The project prioritised 12 locations for structural intervention and undertook option appraisal 
and feasibility studies followed by detailed design and construction.  The methods used were 
a combination of traditional hard measures using locally sourced boulders to create 
embankments.  In the upper reaches of the Rioni which are high energy environments they 
are the only approaches that work and are sustainable. In soviet times, some concrete walls 
were built and were not found to be sustainable.   The project used AF funds to ensure 
international best practice in design methods and enabled NEA hydraulic structure design staff 
to work closely with experienced international consultants.  In addition, methods for 
incorporating climate change considerations into structure designs, were introduced.  
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Figure 1-76:  One of the flood defence structures on the Rioni River 
 

Design and implementation of agro-forestry schemes  

In addition to the use of hard structural measures for river bank erosion and flood protection, 
the project used agro-forestry measures to reduce slope instability and soil erosion on steep 
slopes which currently leads to landslides and debris flow during flood events.  Floodplain and 
hillslope agroforestry systems were designed for the Rioni basin, taking into consideration, all 
of the possible alternatives of maintaining productive agriculture while increasing 
environmental stability.  The project focused on community-based initiatives to ensure multiple 
and seasonal floodplain use approaches to enhance the social and ecological resilience of the 
floodplain. Through Elkana Consultants, municipalities mobilized local communities to channel 
necessary resources, including the equipment for plantation works for windbreaks and bank 
stabilization functions. Municipalities have established community-based monitoring and 
maintenance protocols for the agro-forestry plots. 

Figure 1-77: agroforestry works in Rioni River Basin 

 

Under Component 3 the following was achieved: 

Rehabilitation of the hydrometric network 

Under the project the hydrometric monitoring network of Rioni basin was rehabilitated from 4 
functioning stations to the original 35 stations that were there in Soviet times.  Rehabilitated 
hydrometric monitoring network included automatic rainfall and stream flow gauges (5 Met 
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stations, 20 meteorological posts, 10 hydrological posts), landslide monitoring equipment 
(inclinometers), hardware and software for forecasting model, telemetry equipment and a 
hydrometric database.  Under the project, NEA staff were trained in the installation and 
maintenance of the equipment by the service provider.   

 

 

 

 

 

   

 

 

 

 

 

 
Figure 1-80: Rehabilitated Kutaisi meteorological station which now includes fully automatic equipment (2015) 

Flood forecasting system being developed using Delft-FEWS  

Under the project a fully integrated flood forecasting and early warning system was developed 
which is described in detail earlier in this document.  The system uses the linked hydrological-
hydraulic model developed under Component 1 and adjusted for flood forecasting purposes, 
as the basis for integrating various sources of forecasted rainfall data with real-time data from 
the automatic gauges.  It provides water level predictions with advanced warning times ranging 
from 2 to 78 hours.  This represents a step change in the capacity of NEA to predict and 

Figure 1-78:  Old but function meteorological station 
at Kutaisi airport in 2011 (one of the 4 functioning 

stations) 

Figure 1-79:  Old Chart recorder data used at 
Kutaisi airport Meteorological station 
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manage flooding in the Rioni basin.  NEA staff have undergone extensive training in the 
development and use of the FFEWS model and while there is need to further extensive 
capacity development, there is a minimum capacity already achieved.   

In addition, the institutional arrangements and institutional capacity for FFEWS were assessed 
and recommendations made for the required institutional arrangements to enable the full and 
effective functions of the FFEWS.   

Based on the damage and loss assessment undertaken under this project, approximately 
290,000 (30%) of the population of the Rioni basin (one of 11 major river basins in Georgia) 
is at risk from flooding from the extreme flood event (equivalent of the 1 in 100-year flood with 
climate change considerations), which would result in $21 Million USD in agricultural damages 
and $100 Million USD in property damages.   The analysis showed that property damages 
due to flooding from the 1 in 100-year flood will double under climate change, while agricultural 
damages due to flooding from the 1 in 100-year flood will increase by 25% under climate 
change in the Rioni basin.  The project has made great strides in addressing these risks 
through its activities and has identified long-term strategic options for flood risk management, 
but there will be need for longer-term intervention in the Rioni to reduce these risks further.  It 
is clear that the results achieved to date provide a good foundation on risk reduction within the 
Rioni River Basin as well as for all other high-risk areas of Georgia through scaling up.  

It should be noted that the Rioni project was specifically designed with upscaling in mind 
hence, many project activities and outputs have been undertaken at the local/regional level 
with the expectation that they will be implemented nationally or at least replicated in other 
high-risk River Basins.  

The GCF project will scale up the prototypes piloted by the Rioni project (including the hazard 
mapping, floodplain modelling, floodplain zoning and EWS) to include the other river basins 
and regions of Georgia and to encompass a broader range of key climate-induced hazards.  
For more detailed information please refer to project output related to EWS.  More specifically 
the following key elements of the Rioni project are being scaled up with in the GCF project: 

1) Hazard and risk assessment, modelling and mapping – Rioni project is the main project 
that has introduced comprehensive international best practice in this area and provides 
the basis for standardizing the methodologies and approaches across Georgia. It also 
already uses EU Flood Directive methodologies which will be a requirement for 
Georgia under the Association agreement.   In addition, some capacity for hazard and 
risk assessment, modelling and mapping has already been built under the AF project.  

2) Hydrometric network rehabilitation for the main purpose of FFEWS and strategic 
hazard management – Rioni project has done this for a whole basin and has linked to 
the rehabilitated hydrometric network to a FFEWS system.  In addition, capacity has 
been built in the installation and maintenance of hydrometric networks.   

3) Institutional capacity development in DRR and CCA – The Rioni AF project has 
assessed this specifically with respect to flood and landslide hazards and have 
developed short and long-term capacity development plans (see Annex 5) 

4) Development and installation of an early warning system – Rioni AF project has been 
the first project to develop a comprehensive forecasting and early warning system for 
one of the most important hazards facing Georgia.  The platform was designed to be 
extended geographically to cover the rest of Georgia and to include a number of other 
hazards.  The AF project also comprehensively addressed institutional arrangements, 
communications and dissemination and response for EWS, and made detailed 
recommendations of appropriate arrangements that will need to be implemented for 
the national EWS. 
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5) Interventions – structural measures – Rioni AF project has introduced climate-informed 
design and construction approaches and piloted a number of different types of 
structures such as boulder embankment gabion baskets which can be implemented 
elsewhere based on the Rioni experience.  It has also implemented innovative agro-
forestry measures as standalone ‘non-structural measures’ as well as in combination 
with structural measures. It has developed municipality-based employee guarantee 
schemes for engaging local populations in the implementation and maintenance of risk 
reduction measures.   

Strengthening National Disaster Risk Reduction System in Georgia 

UNDP Project “Strengthening National Disaster Risk Reduction capacities in Georgia” 
was aimed at increasing national capacities for DRR to enhance the resilience of the 
population through mainstreaming DRR in development and sectoral policies and plans and 
building national preparedness capacities for effective response at all levels. The project 
assessed the situation concerning the MHEWS and based on its findings made concrete 
recommendations. Furthermore, the project developed an outline for Multi-Hazard Risk 
Assessment Methodology which will need further elaboration and relevant capacity building. 
In addition, the report identified institutional and staff-level capacity gaps and barriers including 
lack of legal and institutional framework for well-coordinated EWS, duplication of roles and 
responsibilities between key agencies, weak capacities and infrastructure for systematic data 
collection, analysis and forecast, low public awareness.  The report suggested implementation 
of such measures as: i) multi-hazard risk assessment (based on agreed methodology and 
standards); ii) improvement of communication/cooperation and strengthening data exchange 
mechanisms between scientific institutions and government agencies; iii) storing and updating 
DRR data and information in one central repository  national disaster data base and 
introducing procedures and regulations ensuring open access and data sharing from all 
relevant stakeholders at all levels; iv) integration of risks assessment into local risk 
management plans and warning messages and development planning; v) upgrading hydromet 
network, vi) enhancing NEA’s forecasting and modelling capacities, vii) clarification of roles 
between various agencies in terms of warnings and communications and development of 
relevant SOPs; viii) enhancing disaster preparedness and response capacities at all levels 
and developing/updating municipal response plans.   

2015 Tbilisi Disasters Needs Assessment 

Following the Tbilisi floods of June 2015, the Georgian government and Tbilisi’s City Hall 
rapidly mobilized various units which immediately undertook rescue and relief operations to 
help those most urgently in need, in the most badly affected areas.  In response to a request 
from the GoG to UNDP and World Bank to undertake a rapid needs assessment, a team of 
national and international consultants from UNDP, the World Bank, the Global Facility for 
Disaster Reduction and Recovery (GFDRR) and the United States Department of Agriculture 
(USDA) joined Georgian government and Tbilisi City Hall experts to conduct the Tbilisi 
Disaster Needs Assessment. The assessment was led by the Georgian Ministry of Finance 
and was co-ordinated by Tbilisi’s City Hall. The government identified the following sectors as 
a priority for the assessment: housing, transportation, water management, the zoo, and 
Disaster Risk Reduction (DRR) as a cross-cutting sector. 
 
Initial findings on damage, losses and needs along with a series of recommendations for 
immediate, medium and long-term recovery were presented to the Minister of Finance, other 
government agencies and Tbilisi City Hall on the 15th of July.  The key medium and long-term 
recommendations were as follows: 
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Medium-term priorities: 
• Conduct a feasibility study and comprehensive and multidisciplinary safety, hydrological and 
environmental impact studies;  
• Carry out hydrological and geological studies from the source of the river to the end point;  
• Create a master action plan for the affected area;  
• Draft a plan for road infrastructure repair, identifying which sections of road should be 
removed, maintained or changed; 
• Reinforce riverbanks with an emphasis on prevention;  
• Carry out work to monitor and examine the main tunnel;  
• Relocate and repopulate Tbilisi Zoo; and  
• Implement proper public transportation. 
 
Long-term priorities: 
• Repair damaged infrastructure and damaged roads;  
• Elaborate a master plan for long-term city planning and engineering projects;  
• Plan two new recreational areas along the banks of the Vere River; and  
• Install water filtration systems.  
 
In addition, an intergovernmental commission was established for disaster mitigation, for the 
study of the Vere ravine and its adjacent territories, and for the organization of repair works 
(now successfully completed). More specifically, the commission’s main goals are: 
 

1) to organize a study of the Vere River and its adjacent territories;  
2) to co-ordinate a Multi-Hazard Early Warning System survey and ensure its 

introduction;  
3) to ensure the safety of the population;  
4) to promote a more resilient rebuilding of roads; and  
5) to develop the Vere ravine as an integral space of the city. 

 
The 2015 Tbilisi Disasters Needs Assessment medium and long-term recommendations 
therefore highlight the need to ensure a detailed understanding of the hazard and risks posed 
by the combination of hydro meteorological hazards that can affect Tbilisi – multi hazards risk 
assessment, the need to develop and implement a detailed master plan, based on the detailed 
hazards assessment, of the structural and non-structural measures, the need to reconsider 
floodplain development and relocation of at-risk infrastructure such as the zoo and to build a 
more resilient public transport system and public spaces – i.e. adopt a floodplain zoning policy 
that includes building flood resilience and resistance into the planning and building of critical 
infrastructure; and the need to adopt a comprehensive multi-hazard early warning system as 
one action in protecting the public and minimising the loss of life, infrastructure and assets.   
 
The recommendations of the PDNA are therefore fully aligned with the approaches to 
managing flood risk that have been developed and introduced by the Rioni AF project, and 
which the GCF project is seeking to scale up.  Given the density of the population of Tbilisi, 
the density and criticality of the urban infrastructure at risk flood flooding, specific activities will 
be implemented under the GCF project to address the medium and long-term 
recommendations of PDNA, and to address barriers specific to Tbilisi which currently limits is 
ability to cope with major hazards such as the 2015 event.   
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Other relevant baseline projects and initiatives for cooperation  

The GCF project will cooperate with and build upon the outcomes of 2016-2018 EU project 
Prevention, Preparedness and Response to Natural and Man-made Disasters in the EaP 
countries – PPRD East 2 and EU Water Initiative Plus for the Eastern Partnership (EUWI+4 
EaP) on strengthening national capacities of EaP countries for implementation of Water 
Framework Directive to be implemented in 2017-2020 in aspects of river basin management 
planning. Furthermore, it will build upon FAO’s technical support provided to the MoA in 
climate-smart agriculture and establishing of EWSs for droughts.  Lessons learned and best 
practices of other completed or on-going projects addressing climate and/or disaster risks are 
also taken into consideration, in particular, community-based initiatives that focus on 
community-based resilience projects in the areas of watershed/floodplain restoration and 
agroforestry through small grants-making. These projects are USAID/GLOWS INRMW 
project, UNDP/GEF Small Grants Programme, USAID/CENN climate adaptation project.  

EU project Prevention, Preparedness and Response to Natural and Man-made Disasters 
in the EaP countries – PPRD East 2 started in 2016 and will last until the end of 2018. It has 
several participant countries. In Georgia, it focuses on the development of the draft by-law on 
flood risk management including flood risk assessment in line with EUFD. The following 
activities are proposed:  

i) Provide legal assistance to the inter-ministerial working group for drafting a by-
law on the management of Flood Risk to comply with the AA Annex requirements 
from EU Floods Directive; 

ii) the development of a regulation for the River Basin Councils and the 
subordinated structures of MENPR; 

iii) Clarifying the role and responsibilities of different stakeholders in Preliminary Risk 
Assessment,  

iv) Hazard and Risk Mapping and Flood Risk Management Planning 
v) Provide advice and guidance to the State Security and Crisis Management 

Council (SSCMC), in consultation with line-ministries, on ways to harmonize the 
legislation under development and analyse the relevant legislation and sub 
legislation in light of the EU DRA Guidelines and PPRD East 1 Guidelines.  

vi) Advise EMA on how to develop a proposal of institutional subdivisions of roles 
and responsibilities reflecting the current practice of producing risk related 
information.  

FAO under its technical assistance to the Ministry of Agriculture has been supporting the latter 
in improving climate advisories through establishing modern agro-meteorological 
network within the National Food Agency, which through its regional phyto-sanitary service 
centres, will disseminate climate related information to the farmers.  

The 23.4 Million EUR EUWI+4 EaP project funded through EU Water Initiative and Eastern 
Partnership Programme (2017-2020) will assist EaP countries including Georgia, in aligning 
national laws and policies with EU WFD, strengthening national capacities in monitoring water 
quality and quantity (hydro morphological quality elements) and in developing and 
implementing River Basin Management Plans.  The project will be implemented jointly by 
UNECE, OECD and a consortium of Austrian, French and Croatian Agencies and 
organizations.  In terms of river basin planning, it will focus on Khrami-Debed, Alazani-Iori and 
Kura transboundary river basins. There is a window of opportunity to conduct climate proofing 
of these plans and integrate climate change and DRR in them.  #24 WFD CIS (Common 
Implementation Strategy) Guidance Document on river basin planning under the changing 
climate may be adapted to the local situation and adopted as a technical 
regulation/methodological guidance for the country. The GCF project will cooperate with this 
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project in climate proofing and adopting technical guidance documents on integration of 
climate change into river basin planning.   

USAID/GLOWS INRMW project (Integrated Natural Resources Management in 
Watersheds of Georgia) was implemented in 2011-2014 in upper and lower watershed areas 
of Rioni and Alazani River Basins covering four upstream (Telavi, Akhmeta, Oni and 
Ambrolauri) and three (Dedolistskaro, Khobi and Senaki) downstream municipalities. It has 
introduced an innovative participatory integrated natural resources management approach 
and practices in a watershed context and worked at the community and municipal level to 
develop watershed management plans and build local implementation capacities through the 
use of small-grants. Climate change and disaster vulnerability and risk assessment and 
development of adaptation measures were integral parts of the watershed management. 
Under this component, hazard, vulnerability and risk assessments were carried out at each 
community level through participatory approach. Moreover, both watershed and CC 
adaptation measures were planned used participatory approaches and worked closely with 
60 pilot communities to build their knowledge and capacities in integrated natural resource 
management through: i) mobilizing and training them in various aspects of watershed 
management, including climate and disaster risk reduction and adaptation; ii) engaging them 
in identification of priority issues and interventions; iii) helping them establish legally-registered 
community based organization; and iv) issuing up to 40 small-grants for implementation of 
priority structural and non-structural community watershed management interventions, 
including construction of gabions and re-vegetation/restoration of floodplains, cleaning and 
rehabilitation of storm water and agricultural drainage systems, introduction of drip irrigation, 
establishment of nurseries and plantations for drought resistant trees, protection of drinking 
water sources from floods, etc. In addition, the project has created informal environmental 
clubs at schools of pilot communities and engaged schoolchildren in watershed management 
activities. Watershed-based DDR/CCA management, planning and implementation 
experience and capacities built (generalized in community DRR/CCA and watershed 
management guidelines developed under the project), at community level in 60 target 
communities in Kakheti, Racha and Samegrelo regions can be scaled up to other regions by 
the GCF project.  

Climate Change Adaptation and Disaster Mitigation (CCADM) funded by USAID and 
implemented by CENN in 2009-2013 aimed at developing flexible and resilient societies and 
economies in rural areas of Georgia capable of coping with the impacts of current climate 
variability and future climate change. A specific objective of the project was to reduce the 
susceptibility of local communities in the pilot rural areas of Georgia (Samtskhe-Javakheti, 
Ajara and Kakheti regions) to negative climate impacts through post-conflict environmental 
rehabilitation, natural disaster risk reduction (DRR) and climate change adaptation (CCA). The 
project applied bioengineering and agroforestry measures for stabilization of slopes by using 
specially selected plant species in mountainous Ajara. In Kakheti, efficient irrigation 
technologies such as drip irrigation, were introduced. In addition, a number of guidebooks on 
community resilience and community-based methods for applying bioengineering and 
agroforestry methods, were produced and published. They may also serve as a good guiding 
document for target communities of the GCF project. 

UNDP/GEF Small Grants Programme has been operational in Georgia since 2012. It 
focuses on CSO and community initiatives that address issues under major UN environmental 
conventions, including international waters, land degradation and climate change. Under the 
project a number of CBO projects have been implemented for protection of local communities 
from droughts and floods. These projects have been co-funded by USAID/GLOWS INRMW 
project. 
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2. PART B – LOGIC OF THE INTERVENTION 

2.1 Description of the barriers to be removed for effective hydro met 
service delivery/EWS and enhanced use of climate information  

 
A number of key barriers/gaps which impede the implementation of a fully integrated MHEWS, 
effective use of climate information, and climate resilience of communities in Georgia were 
identified as follows.  
 
Barrier 1. Lack of financial, technical and human capacities within the government to 
establish nation-wide multi-hazard hydro-meteorological risk, monitoring, modelling 
and forecasting  

A key barrier to comprehensive forecasting and early warning is the lack of adequate hydro-
meteorological monitoring networks, forecasting models and resources for all basins.  This 
includes a lack of adequate real time automatic observations (due to inadequate hydrometric 
network) and a lack of human and financial resources to implement and maintain a national 
system for all appropriate hydro meteorological hazards.  Georgia has a long history and 
extensive technical know-how in the hydrometeorology and geological monitoring.  However, 
financial and human resources constraints coupled with a severely reduced monitoring 
network limits its ability to monitor important variables and parameters at the appropriate 
spatial and temporal scales to provide adequate input to effective long-term management of 
hazards, or to support an effective national multi-hazard EWS.  This is a key barrier, which will 
need to be addressed in order to implement an effective multi-hazard EWS. There is no 
definitive hazard, risk or vulnerability mapping for Georgia for any of the hydro meteorological 
hazards that it faces and the technical and financial capacity to undertake such mapping is 
lacking.  This represents a barrier to effective hazard and disaster risk management in Georgia 
and needs to be addressed in order to enable risk-informed development decisions on which 
the socio-economic future of Georgia depends, reduce the risk to acceptable levels and to 
manage any residual risks using methods such early warning. NEA capacities for flood and 
landslide hazard and risk assessment and forecasting have been significantly strengthened 
through the Rioni project but needs to be further supported as the system will be expanded 
nation-wide and will integrate the new data sources. At the same time, there is limited 
experience in the use of new forecasting modelling technologies of the other climate-induced 
hazards that will be covered by the MHEWS.  

 
Barrier 2. Gaps in the legal, institutional and coordination frameworks for the MHEWS 
and enhanced use of climate information 
 
While there have been great strides made in improving the institutional arrangements for the 
EWS, there is still a lack of clarity with respect to roles and responsibilities in this regard. As 
the institutional reform continues, there is no national protocol for the MHEWS. Various 
components of the system are not integrated/harmonized. The new Joint Operations Center 
established under the MIA in 2016 to conduct real-time observation of all emergency situations 
including natural disasters, and to communicate warning to relevant agencies, is not fully 
operational or resourced as yet. Its role and capacities in this regard are still unclear. Clear 
communication lines between different agencies, Standard Operational Procedures (SOPs), 
communication protocols and Codes of Conduct are lacking within the agencies responsible 
for the various elements of the MHEWS and response. Multi hazard risk assessment and 
vulnerability assessment mandates and methodology are not finalized and not enforced, 
resulting in duplication and inefficiencies. Furthermore, there are profound institutional 
capacity gaps related to the disaster preparedness and response at the local/municipal level. 
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Adequate protocols and SOPs as well as organization units directly responsible for disaster 
prevention, preparedness and response are missing in the capital city of Tbilisi. These 
capacity gaps manifested themselves during the latest devastating disaster that hit Tbilisi in 
2015.  

 
Similarly, there are gaps in the existing legal and regulatory framework for water management 
and disaster risk reduction that would prevent operationalization of the MHEWS and 
integration of climate risk information in decision-making. There is an on-going work 
coordinated by the MoENPR in Georgia to develop framework legislation on water and flood 
risk management guided by the EU directives. Technical support is required to accelerate 
development of technical guidelines and other regulations for these framework laws.  
 
While technical expertise exists in various sectors and for specific technical areas, awareness 
and knowledge of disaster risk reduction concepts and practices is an area for improvement. 
Technical capacities related to risk identification and assessment, risk prevention/mitigation, 
risk reduction, risk transfer, preparedness, climate risk management and climate change 
adaptation are rather weak across institutions and governance levels. As part of the AF Rioni 
and DRR projects, an assessment was made of the existing gaps in institutional capacity for 
all aspects of flood and landslide hazard and risk management in Georgia. (Please see Annex 
5 for detailed capacity assessment).  

 
Barrier 3. Climate information is not effectively delivered and utilized for the national, 
sectoral and local planning and decision-making  
 
Climate risk information is not being systematically used to inform national, sectoral and local 
planning, mainly due to the lack of comprehensive and definitive national hazard and risk 
mapping.  Hence activities within key sectors such as water management, energy, transport, 
agriculture, forestry, spatial planning, are not risk-informed and to not take account of climate 
change.  In addition, sectors lack the sector resilience and preparedness plans which would 
enable them to manage hazards and minimise the impacts to people, critical infrastructure, 
and normal economic activity within the sectors.  With regard to the climate risk information 
which will help to prevent or minimise the impact of imminent hazardous events, seasonal 
forecasts are provided for some hydro meteorological hazards (e.g. floods and droughts) in 
the form of bulletins, while geological hazards are forecasted and information disseminated in 
an annual bulletin.  For high-impact imminent hazards, the initial responsibility for warnings 
lies with NEA who has limited capacity to issue specific and targeted warnings to enable 
effective response.   Warnings are not tailored to user needs and, as forecasts do not always 
indicate the area at potential risk, the messages are not geographically-specific. Moreover, 
warnings do not contain specific information on the potential impacts.  Studies to assess how 
warnings are accessed and interpreted are lacking and are needed.  

Agrometeorological monitoring is limited to 24 micro-scale automated agrometeorological 
stations operated by the NFA and 4 outdated stations operated by NEA. Current functioning 
network is designed to automatically forecast pest outbreak that is then used for advising 
farmers on pest control measures. Other forecasting and advisory products are not developed 
at all, including drought and frost forecast, short, medium and long-term weather and climate 
forecasts and related planting/crop and irrigation calendars, etc. While MoA held new 
agrometeorological data generated at 24 stations, it was lacking relevant hydro-meteorological 
and agrometeorological expertise. Meanwhile, NEA has such expertise, but lacks necessary 
infrastructure and recent agrometeorological data as well direct communication lines with 
farmers, as end-users of warnings on unfavourable agrometeorological conditions and 
relevant advisories. Cooperation between NFA  and NEA is currently absent. 
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At present, planning platforms for multi-hazard risk management, including disaster 
preparedness and response plans do not exist at regional (river basin), municipal and 
community levels, nor do the relevant methodological and knowledge base for carrying out 
planning exercises. 

 

Barrier 4. Insufficient adaptive capacities and outdated risk reduction solutions for 
effective community-based disaster risk management (CBDRM), including CBEWS 
 
In Georgia, flood defence and flood risk management is done in a reactive manner and as 
budgets allow.  The Ministry for Regional Development and Infrastructure (MRDI) uses its 
limited annual budget to address urgent repair to riverbank defences, which does not currently 
take a strategic approach (e.g. river basin approach) and does not take account of climate 
change.  During the Soviet era, there was a significant programme of flood defence 
construction, almost exclusively, as a means of flood risk management. It is not known 
whether such schemes were designed to provide internationally accepted standards of 
protection at the time, and in any case, most have exceeded their design life and have not 
been upgraded, or maintained and are therefore now largely ineffective.  They are unlikely to 
have taken account of increasing flood risk due to climate change. Furthermore, in the modern 
era, flood risk management is now a mixed approach, which combines both structural and 
non-structural measures (as done under the UNDP project for the Rioni basin).  In terms of 
design standards for flood defences, levels are normally defined as the 1% (or 1 in 100 year) 
event for rivers and 0.5% for coastal defences, subject to the proposed scheme being cost 
beneficial and environmentally sustainable. It also depends on what is being protected behind 
the defence (1% Annual Exceedances Probability (AEP) being the minimum standard for 
populated areas).  In addition, allowances need to be made for climate change and other 
future scenarios, which should be reviewed and updated frequently as further research is 
undertaken and knowledge is improved.    
 
A significant gap to be addressed for an effective MHEWS is related to the “last mile” 
communication and delivery of the warnings to the local communities and an enhanced 
community-based risk reduction. There is no experience in Georgia in community-based 
EWS. Clear communication protocols and SOPs are required at all levels. Community based 
organizations are neither informed about risks nor empowered for action. Some community-
based disaster risk reduction approaches (e.g. agroforestry, restoration of floodplain zones, 
etc.) have been piloted by various international projects, including the Rioni project, but have 
not been scaled-up.  
 
In addition to the above description of barriers to ensuring climate resilience of vulnerable 
communities, the table 2-1 below describes specific technical, financial, and institutional 
barriers that need to be addressed for the establishment of the MHEWS. These gaps are 
grouped according to the UNISDR EWS pillars and components as well as per 
capacities/elements necessary for national MHEWS. Together with barriers, barrier type, 
barrier categories (financial, legal, institutional and technical), major groups impacted/bearing 
the risk (public/communities, government entities/policy-makers, private enterprises and 
supply chains), colour-coded risk ranking (red-highest risk, orange – high risk, yellow-medium 
risk and green – low risk) and necessary risk mitigation measures are also outlined.  
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Table 2-1:   EWS Gaps/barriers, impact on key groups: public/communities (pub/comm); government/policy makers (gov/pm), private enterprises (pe) and supply chain (sc); Barrier type; risk category and risk mitigation approach 

Knowledge and Capacities 
elements necessary to 
operate fully interacted 
MHEWS  
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Risk mitigation/approach 

ISDR EWS Pillar/element 1 and 2 - Risk Knowledge, monitoring  

1.1. Systematically collect data  

1.1.1) Since the breakup of Soviet Union, deterioration of hydro-meteorological monitoring 
stations (due to financial and technical constraints) has resulted in severely reduced 
hydrometric monitoring network which is outdated (in terms of equipment and technology) 
and inadequate (in terms of spatial and temporal coverage), for the purposes of providing 
comprehensive risk knowledge for hydro-meteorological hazards, including rainstorms, hails, 
windstorms, avalanches, floods  and to carry out  strategic risk management, and hazard 
forecasting and early warning functions.    Lack of resources means that tributaries which 
also are high flood or other risk areas (and which contribute to flooding on the main river) are 
not gauged; Climate induced geodynamic processes are monitored at very limited scale and 
there is no landslide observation system across the country; agro-meteor local network is 
very sparse comprising of only a few stations operated by NEA and National Food Agency 

Financial      

1.1.1a) Undertake an assessment of the monitoring network requirements for effective monitoring of climate-
induced natural hazards, design the programme, purchase install and operationalize necessary monitoring 
equipment to systematically collect data on climate induced hazards, including automatic level measuring system; 
mobile discharge meters; automatic meteo-stations; meteo-posts (rain gauges); upper air sounding equipment; 
snow measurement equipment; inclinators; agrometeorological stations, super computer for strengthening early 
warning system; telecommunication system equipment 

1.2: Conduct hazard/ 
assessments of climate 
induced natural hazards  

1.2.1) Lack of definitive and technically appropriate climate-induced hazard maps on which 
to base risk-informed decisions and undertake risk-informed activities such as spatial 
planning, floodplain management policy and emergency response  

Technical       1.2.1a) Undertake relevant technical studies to model and map all relevant climate induced natural hazards for 
Georgia to provide a single source of definitive hazard mapping of the appropriate technical specification and level 
of detail for all uses 

1.2.2) Limited technical capacity and experience of responsible agency to produce hazard 
and risk maps for all hydro meteorological hazards; Limited knowledge and implementation 
of modern hazard modelling tools; limited knowledge and capacity to produced hazard 
maps.  

Technical       1.2.2a) Build upon modern modelling methods and software introduced under the Rioni project and introduce 
other modern methods for hazard and risk assessment of all climate induced hazards.  

        1.2.2b) Undertake further capacity building to address capacity gaps and embed these modern risk modelling and 
assessment methods into the relevant government agencies 

1.2.3) Lack of key data sets for development of flood hazard models, due to cost (e.g. Digital 
Elevation Models of the floodplain; and due to lack of systematic data collection capabilities 
within relevant government agencies 

Technical/financial      1.2.3a) Purchase and collection of relevant datasets for whole of Georgian territory and development of systematic 
data collection storage systems 

1.2.4) Lack of clear definition of responsibilities for risk information, i.e. NEA is responsible 
for hazard risk information meanwhile there is no clear definition of mandate for risk and 
vulnerability knowledge and limited cooperation between risk information related government 
agencies and scientific sector. Also, relevant to 1.3 

Institutional       
 1.2.4 a) Clearly delineate risk information responsibilities between NEA and other organizations, including 
SSCMC, NFA, etc. NEA should focus on hazard-related risk assessments and mapping, MoEPA through its 
consultancy centres and NFA should work on agrometeorological/climate advisories and SSCMS should focus 
more socio-economic dimension of the hazards (e.g. vulnerability and final risk assessments). Also, relevant to 1.3 

1.3: Gender-sensitive socio-
economic vulnerability 
assessment for decision 
making for prioritisation of 
resilience investments  

1.2.5) Lack of socio-economic data and relevant capacities for risk, damages, losses, 
exposure and vulnerability assessments; The socio-economic information required to assess 
climate induced hazard damages, losses, exposure and vulnerability is not currently 
available and is not collected systematically. Existing procedures for collection of damages 
and losses, information currently carried out by the municipalities and or joint state 
commissions, varies in approach and quality of data from one municipality to the next 

Technical      1.3.1a) Introduction of methods and tools for systematically collecting damages and losses data at all levels: 
central, municipality and community level to include 'crowd sourcing and public participatory approaches to 
reporting damages.   

       1.3.1b) Build upon modern risk and vulnerability methods and bespoke GIS-based modelling tool developed under 
the Rioni project and extend to the rest of Georgia 

       1.3.1c) Capacity building in new methods and tools for vulnerability data collection and reporting 

1.3.2) Lack/absence of methods and tools for gender disaggregation with respect to flood 
damages, losses and vulnerability information particularly at municipal and community levels Technical       1.3.2a) The project will introduce and standardise methods of gender mainstreaming in DRR (e.g. within the 

municipal and/or community-based DRM process being introduced). This is also relevant to the ISDR component 
3 

       1.3.2b) Awareness raising at all levels of the importance of gender mainstreaming in DRR and CCA. This is also 
relevant to the ISDR component 3 

1.3.3) Lack of methods and tools for systematic collection of gender disaggregated data Technical      1.3.3a) Development of tools for the systematic gender-sensitive socio-economic vulnerability assessment for 
decision making for prioritisation of resilience investments 
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1.4: A centralized multi-hazard 
disaster risk information and 
knowledge system basis  

1.4.1) Whatever hazard and vulnerability data is available is only available to limited 
government agencies, the public and international communities mainly because of lack of 
access to the data or lack of knowledge of its existence 

Institutional       
1.4.1a) Establishment of centralised database based on NSDI being developed based on the output of DRR 
project MHRA methodology.  It will consist of national e-Library, databases, information systems and knowledge 
web portal to increase awareness, provide interactive hazard maps, with integration with social media and 
possible mobile app to increase community engagement and allow two-way flow of information 

1.4.2) Lack of centralised platform for data sharing Technical/institutional      1.4.2a) Data sharing protocols set up to enable inter-departmental working and single point of all climate hazard 
and risk information 

1.4.3) Lack of capacity on the use of such systems Technical      1.4.3a) Capacity building across all government departments on data sharing platform 

1.4.4) Lack of formalised or harmonised data sharing practices among government and 
other stakeholders involved in DRR and CCA  Technical/institutional       1.4.4 a) Develop formalised and harmonized data sharing protocols, SOPs for relevant authorities and other 

stakeholders involved in DRR and CCA 

ISDR EWS pillar/element 3 – Dissemination and Communication 

2.1:  Institutional and legal 
frameworks, public-private 
partnerships and associated 
institutional capacity building for 
the MHEWS and for the 
enhanced use of climate 
information by the public and 
private sector. Improved 
coordination and 
communication protocols for 
early warning. 

2.1.1) Responsibilities for some of the key aspects of Climate Risk Management  are not 
defined by law, but by sub-laws/statutes of various agencies (e.g. NEA - monitoring, risk 
assessment, intervention/mitigation; MRDI - Flood defence design and construction (with 
some reliance on NEA for data and design); e.g. spatial planning currently has no input to 
FRM and does not significantly benefit from the risk knowledge of NEA and MRDI e.g. flood 
risk is not taking into account in spatial planning; MIA and the MCM under the OPM is 
responsible for all emergency response and utilise risk knowledge information provided by 
NEA.   

Institutional/Legal      
2.1.1a) Clarity responsibilities and improve access to risk knowledge/information through better systems and data 
sharing measures.  None of the sectors impacted by climate induced hazard risk or that have an impact on risk, 
are included in the process FRM.  The project will build upon previous project which detailed the optimal 
institutional arrangement for DRR, CCA and EWS (Rioni/AF project and DRR project) 

2.1.2) Lack of financial resources for development of monitoring, forecasting, data sharing 
systems is a significant limitation for the institutions involved in climate risk and hazard 
management and EWS 

Financial, institutional      2.1.2 a) Strengthening cross-agency cooperation in all DRR areas including DRR financing 

       2.1.2 b) Enable government to identify optimum/efficient allocation of funds for DRR through DRR-financing 
studies development of DRR financial planning tools and actions plans 

       2.1.2 c) Improve the donor coordination in the area of DRR 

       2.1.2 d) Strengthen the government capacity to mobilize resources from other sources 

2.1.3) Institutional responsibilities not properly defined within Georgian law, hence both NEA 
and the Ministry of Interior are developing risk maps for the whole Georgian territory Institutional       Will be address by risk mitigation approach 2.1.1 a) 

2.1.4) Current institutional arrangements do not allow for efficient or effective cooperation on 
hazard management e.g. between NEA, MDI, MiI etc. There is requirement for extensive 
changes to institutional arrangements to enable information sharing and better cooperation 
for effective hazard and risk management 

Institutional       Will be addressed by risk mitigation approaches 2.1.1 a) and 2.1.2 a) 

2.2: Fully integrated MHEWS 2.2.1) No systematic risk assessment and no dedicated budgets for it.  Unclear definition of 
who is responsible for risk assessment for some hazards  Institutional      Will be addressed by risk mitigation approaches 1,1,1 a); 2.1.2 a) through d) 

 
2.2.2) Due to insufficient data and staff, the reliability of forecasts is not sufficient for early 
warning. In addition, NEA forecasts often lack details on the geographic areas potentially 
affected. 

Technical      Will be addressed by risk mitigation measures 1.2.1-1.2.4  

 2.2.3) Insufficient capacities and technical expertise for meteorological modelling and 
forecasting; Technical      

2.2.3a) Development and implementation of the MHEWS covering all basins in Georgia, building on the Rioni 
basin prototype and on the rehabilitated hydrometric network to be achieved through activity 1.2. This activity 
includes development of the telecommunications system to support the new EWS, and integration of telemetry 
system for near real-time dissemination and use 

        2.2.3 b) Capacity development plan and implementation 

 2.2.4) Limited use of satellite information into forecasting and early warning Technical/Financial      2.2.4a) Provide the financial and technical means of include the use of additional satellite imagery packages in 
forecasting and early warning.  This includes the development of appropriate data use agreements, data sharing 
protocols and adequate storage of these images. 

2.3:  Adequate capacity and 
quality of hydro meteorological 
service on the data analysis, 
forecasting and packaging of 
the EW products 

2.3.1) Limited human, financial and technical capacities for all aspects of hazard and risk 
management Human/Financial/Technical       2.3.1 a) Training and capacity building for NEA’s hydro meteorological service on the data analysis, forecasting 

and packaging of the EW products 

2.4   Sector-tailored 
weather/climate based 
advisories for the main hydro 
meteorological hazards and 
dissemination through 
ICT/mobile, print, and radio 
channels. Private sector 
partnerships  

2.4.1) Limited involvement of private sector in weather information services Institutional      2.4.1 a) Private sector assessment to identify entry points, services to be provided etc. 

2.4.2) Lack of incentives for stimulating private-sector involvement in weather advisory 
services Institutional      2.4.2 a) Assessment of legislative restrictions to involvement of private sector in weather advisory services and 

work with government to remove barriers through the development of appropriate policies, legislation etc. 
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2.5 Climate-informed planning 
platforms 

2.5.1) Absence of multi-hazard planning platforms at municipal, sector and river basin levels Institutional      2.5.1 a): Develop basin-level multi-hazard risk management plans;   

       2.5.1b) Develop municipal-level multi-hazard response and preparedness plans; 

        

ISDR EWS pillar/element 4: Response capability (municipality and community level) 

3.1: Community-based early 
warning schemes (CBEWS) 
where appropriate 
(complementary to the fully 
integrated national EWS) to 
effectively response to climate 
induced disasters 

3.1.1) No formalised community-based EWS and limited capacity (technical, financial) of 
NEA to implement  Technical/financial      3.1.1a) Develop and implement CB-EWS in rural communities and smaller towns with less than 7,000 inhabitants 

and with high overall hazard and risk rank as identified through desk vulnerability study 

       3.1.1.b) provide training and long-term strategy  

3.2: Community-based disaster 
risk management (CBDRM) 
processes  

3.2.1) Limited/no involvement of local communities (particularly women and vulnerable 
groups) in DRR.  Limited community knowledge and national grass-roots programmes that 
promote non-structural measures including watershed restoration and agro-forestry practices 

Institutional      3.2.1a) Introduction of gender mainstreaming in CBDRM processes 

       3.2.1b) Implement grassroots programmes on communities’ resilience that will focus on non-structural measures 
of watershed restoration, agroforestry, participatory community managed floodplain zones, etc through community 
small grants making  

3.3:  Adequate knowledge and 
capacities to effectively deliver 
climate risk information and 
training to communities and 
local first-responders  

3.2.2) Large knowledge and capacity gaps at all levels on climate and disaster risk 
management Institutional      3.2.2a) Awareness raising and capacity building of target communities in CBDRM and CBEWS 

       3.2.2b) Capacity building of municipal and central authorities in DRM and MHEWS, both prevention and response 

       3.2.2 c) Develop and implement pre-school and school formal and/or informal education on climate induced 
disaster risks 

       3.2.3 d) Carry out national-wide public information campaign on climate induced natural hazard risk reduction and 
MHEWSs 

3.4:  Adequate implementation 
capacities for cost-effective 
multi-hazard disaster risk 
reduction 

3.4.1) Limited capacity and resources to implement cost-effective climate-induced hazard 
risk reduction and adaptation activities, which at present are ad hoc, under-funded and not 
supported by strategic plan   

Institutional/Technical      3.4.2a) Strengthen national capacities for implementation of cost-effective priority measures of MHRM plans 
through demonstration and, pre-investment and investment studies and detailed project design of priority 
measures  
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2.2. Theory of Change and Logical Framework 
 

To date, hydro meteorological hazard risk management has been dealt with in an ad hoc and 
reactive manner, relying on measures such as hard structural protection measures which are 
expensive to build, provide limited standard of protection and have a limited service life; 
emergency response once a disaster unfolds, with limited reliance on forecast of the event or 
satisfactory prior warning of the population, and with limited centralised resources; and post 
event compensation to victims, including medium and long-term relocation out of the 
hazardous areas (so called eco-migration); and post event recovery and disaster risk 
reduction.     

The GCF project has been developed to address the barriers to establishing and implementing 
a fully integrated Multi-Hazard Early Warning System and to implement the mitigation 
measures outlined in the table above.  The GCF project is aimed at supporting the commitment 
of the Georgian government to avoid losses of lives and to reduce economic and infrastructure 
losses caused by climate-induced natural disasters.  

In the baseline scenario, without the GCF project, the lack of technical, institutional and 
financial capacities to implement and maintain a fully integrated and functioning MHEWS, as 
well as the lack of clear institutional arrangements and responsibilities for key elements of the 
NHEWS will continue to result in warnings not reaching the communities who are most 
affected by hydro meteorological hazards, in a timely manner.  The absence of comprehensive 
and definitive climate risk information and legislative and policy framework will continue to 
result in an exacerbate weak land use, spatial planning and climate risk management, leading 
to increased exposure of communities to damages, losses and loss of lives.  In addition, lack 
of institutional and financial capacities and lack of modern methodologies and technologies 
will prevent the design of climate risk informed mitigation measures. The large proportions of 
the population at risk from hydro meteorological hazards (1.7 Million, 47% of the population) 
currently lack the coping capacities and adaptation strategies at community and individual 
level to adapt to climate change and to manage and minimise their exposure and resilience to 
hydro meteorological hazards.   Low public awareness of climate hazards and risks combined 
with weak local authority and community capacities and lack of community-based structural 
measures will continue to impact lives, livelihoods of the most vulnerable people. 

Hence, in the baseline scenario without GCF investment, Georgian population and economy 
will be facing increasing pressures from more frequent and severe climate induced natural 
disasters due to climate change. Losses of lives and economic losses due to climate-induced 
disasters and associated impact on GDP and sovereignty credit rating will increase. Scaling-
up of tested EWS will not be possible due to the existing financial gap between DRR needs 
and investments, underdeveloped national capacities for inadequate hazard and risk 
knowledge for all major basins in Georgia, as well as due to a lack of monitoring stations on 
which such risk knowledge relies.  

In the adaptation alternative, this GCF project will support the commitment of the Georgian 
government to avoid losses of lives and to reduce economic and infrastructure losses caused 
by climate-induced hydro meteorological disasters. The project will achieve this by nation-wide 
scaling-up of the Multi-Hazard Early Warning System (MHEWS), developing capacities for 
climate information services, enabling and embedding the use of climate risk information in 
sector planning and decision-making, and reduction of exposure of the most vulnerable 
communities to climate-induced hazards through community-based risk reduction measures. 
Comparable efforts (EWs, climate information, and community-based DRM) have shown 
effective impact related to saving of lives, assets, and livelihoods. In Nepal, the community 
based EWS directly benefit over 80,000 people in communities around river basin systems41.  
                                                
41 https://practicalaction.org/docs/region_nepal/early-warning-saving-lives.pdf 
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Advanced EWS systems are estimated to be 100% effective in reducing loss of life by 
cyclones, 60% effective for floods, and 20% effective in case of drought. (Teisberg and Weiher 
(2009)). In Bhutan, EWS project has enhanced capacities of district and local level authorities 
and communities in disaster risk and climate risk management42. The proposed project builds 
upon lessons learned and success of the past and on-going interventions, existing 
data/information, institutional and management frameworks and capacities and, 
communications and coordination mechanisms operational currently in Georgia in CC and 
DRR areas. Moreover, it will scale-up the outcomes of the prototype Rioni Flood project as 
well as other baseline projects. Therefore, expanding the scope of already attested and 
verified interventions with close participation of national-wide and local stakeholders is more 
cost-effective than the implementation of a completely new initiative.   

The project objective is to reduce exposure of Georgia’s communities, livelihoods and 
infrastructure to climate-induced natural hazards through a well-functioning nation-wide multi-
hazard early warning system and risk-informed local action.    

The project will achieve transformative change in disaster risk reduction and risk management 
in Georgia as follows: 

 

1) Hazard and risk knowledge improved  

The GCF project will provide critical climate risk information that would enable the Government 
of Georgia to implement a number of nation-wide transformative policies for reducing exposure 
and vulnerability of the population to climate-induced hazards and will stimulate private sector 
engagement.  

Accurate and representative measurement of hydro meteorological variables is essential to 
strategic management of such hazards including their forecasting, for emergency responders 
and the population at risk, to know when and where hazards will occur and modelling, mapping 
and forecasting are key to providing such information.  The longer the lead times and the more 
accurate the forecasted location and extent of the hazard will result in more effective warnings 
and response.   More accurate forecasts will be achieved by improving the observation density 
of the monitoring over the forecast basins to capture the large spatial and temporal variability 
in hydro meteorological processes that are characteristic of Georgia river basins.   

To this end, the project will rehabilitate the national hydrometric network by purchasing, 
installing and operationalizing the network to systematically collect data on climate induced 
hazards.  The network will be comprised of automatic and telemetered systems which will 
provide data in real-time or as necessary.   While the project will establish and rehabilitate the 
hydrometric network, their long-term maintenance will be assured by the government of 
Georgia and specifically by the NEA that has the dedicated staff and associated budget 
allocations for continued maintenance and operation of monitoring and early warning systems.  
Rehabilitation of the national hydrometric network of Georgia represents a paradigm shift from 
current partial coverage of key variables, to the ability to fully monitor hydro meteorological 
variables at the best possible spatial and temporal scale for use in all hazard and risk 
management in the future.   

Secondly, the project will address current barriers in risk knowledge by introducing 
standardised hazard, and risk assessment, modelling and mapping methods and technologies 
and build long-term institutional capacity for such assessments.  Importantly, it will undertake 
relevant technical studies to model and map all relevant climate induced natural hazards for 
Georgia to provide a single source of definitive hazard mapping of the appropriate technical 
specification and level of detail for all uses, building upon modern modelling methods and 

                                                
42]http://cfapp2.undp.org/gef/documents/1/g3722/g2_16676/Final%20Technical%20Review%20and%20Social%20IMpact%20Assessmen
t%2EGLOF%20FSP%2Epdf). 
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software introduced under the Rioni AF project and introducing other modern methods for 
hazard and risk assessment of all climate induced hazards.  This will address the lack of 
definitive and technically appropriate climate-induced hazard maps for Georgia and will 
provide the basis for risk-informed decisions and risk-informed activities such as spatial 
planning, floodplain management policy and emergency response. It will also address the 
limited technical capacity and experience of responsible agencies to produce hazard and risk 
maps for all hydro meteorological hazards and provide the mandate and capability to 
undertake such studies in the long-term.  The project will also support the development of 
platforms for the coordination and dissemination of climate-risk information across all sectors 
through the development of a centralised multi-hazard disaster risk information system.   This 
will enable the systematic use of climate-risk information in decision making and importantly, 
in the management and reduction of climate-induced risks across all sectors.   

Thirdly, the project will address the lack of gender-sensitive socio-economic data and relevant 
capacities for risk, damages, losses, exposure and vulnerability assessments by developing 
and harmonising methodologies and technologies for the systematic collection of socio-
economic information required to assess climate induced hazard damages, losses, exposure 
and vulnerability.  It will address the lack/absence of methods and tools for gender 
disaggregated information particularly at municipal and community levels by introducing and 
standardise methods of gender mainstreaming in DRR.  Such methods and technologies will 
be introduced at all levels: central, municipality and community level and will include 'crowd 
sourcing and public participatory approaches to reporting damages.  The project will build 
upon modern risk and vulnerability methods and bespoke GIS-based modelling tool developed 
under the Rioni project and extend to the rest of Georgia.    

The project will therefore catalyse a paradigm shift towards the systematic monitoring, 
assessment and mapping of hydro meteorological hazards, as well as the use of risk 
information in risk-informed decision making, sectoral planning and activities and in the 
strategic management of climate-induced hazards throughout Georgia.     

 

2) National Multi-Hazard Early Warning System developed   

Early warnings and forecasts are key measures within a suite of steps required to reduce the 
social and economic impact of climate-induced hazards. The Government of Georgia has put 
early warning high on the national agenda and is indeed a strategic activity at a time when 
climate change is likely to produce more extreme climate events.  The proposed project is a 
direct response to the critical priorities identified by government and builds upon projects that 
have made some advancements in implementing DRR and EWS in Georgia. Many hydro 
meteorological hazards (such as floods, hail) can be forecasted in real time, while, for many 
other related hazards (flash floods, mudflows, landslides) the risk can be assessed but the 
occurrence time remains unknown). Effective hazard emergency response relies on effective 
forecasting and warning, knowledge of where and when the hazards will occur (high risk areas 
identified by hazard mapping), key players in the response, actions to be taken by each 
individual (or groups of individuals) and a response/evacuation plans.  Forecasting and early 
warning is one of the most important tools for disaster preparedness and emergency response 
if it can provide sufficient time to act to prevent damage or loss of life during an event.  

The project will address all technical, institutional (including legal) and financial barriers to 
implementing a fully integrated multi-hazard EWS system by combining best available science 
and local knowledge for vulnerability assessment, hazard and risk mapping, disaster 
modelling and forecasting.  The project will develop and implement MHEWS covering all 
basins in Georgia, building on the Rioni basin prototype and on the rehabilitated hydrometric 
network and will develop multi-hazard risk management plan for all major river basing in 
Georgia and municipal multi-hazard response and preparedness plans.   
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It will undertake training and capacity building for NEA’s hydro meteorological service on the 
data analysis, forecasting and packaging of the EW products.  The project will clarity 
responsibilities and improve access to risk knowledge/information through better systems and 
data sharing measures, strengthening cross-agency cooperation in all climate and disaster 
risk reduction areas including financing, thus enabling government to identify optimum/efficient 
allocation of funds for CRM/DRR through development of financial planning tools and actions 
plans.   

The project will thus catalyse a paradigm shift in the climate-informed national climate and 
disaster risk reduction and early warning approaches.   

 

3) Community resilience, awareness and adaptive capacities improved 

In addition, the project will address the limited capacity and resources to implement cost-
effective climate-induced strategic hazard risk reduction and adaptation activities by 
strengthening national capacities for developing and implementing MHRM plans, based on 
hazard and risk information and through the detailed design and implementation of priority risk 
reduction structural measures.   Thus, directly increasing resilience in targeted areas.  

The project contributes to the achievement of GCF strategic-level impacts through increased 
resilience of the most vulnerable people, communities and regions; and increased resilience 
of infrastructure and the built environment to climate change threats. The project will contribute 
to the achievement of GCF indicator of the reduction in the number of people affected by 
climate-related disasters for Georgia’s population overall and with the focus on different 
vulnerable groups (through the application of social vulnerability approach).   

Project Benefits 

The project will deliver sustainable development benefits through: 

1. Improving resilience of about 258,841 households, 1.71 Million people (0.89 Million 
women, 0.82 Million men) (47% of the population) who are at risk from all climate-induced 
hazards on an annual basis, including in the most vulnerable communities in mountainous 
rural areas as well as densely populated urban areas exposed. 
Table 2-2:  Summary of the number of properties and people affected by climate induced natural hazards in Georgia 

Hazard Properties Affected Population Affected Women Men 
Flooding 79,099 237297 123394.44 113902.6 
Drought   847,126 440505.52 406620.5 
Hail 79,903 279660.5 145423.46 134237 
Severe Wind 95,376 333816 173584.32 160231.7 
Avalanche 3,288 11508 5984.16 5523.84 
Landslide 1,17543    
Total  258,841 1,709,408 888,892 820,516 

 
2. Reducing annual economic damages to property and agricultural land through structural 
measures, functional MHEWS and mainstreaming climate risk management in agricultural 
sector.  
 

Direct Impacts 

Direct impacts of the project on increased resilience and reduced vulnerability as quantified 
through the economic analysis include:  

                                                
43 taken from NEA’s official data for 2008-2014 
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• Present Value of savings of economic assets from expedient use and application of 
EWS of $39 Million USD over 20 years. 

• Reduced losses of lives: the CBA assumes the MHEWS could help reduce loss of life 
by half the current long-term average of 6.25 per year resulting in 62 lives saved and 
the PVB of $22.3 Million USD over 20 years. 

• 3,500 properties and 6,500 people protected through 13 structural measures for the 
total value of US$ 13 Million. 

• Protection of over 3,000 ha of agricultural land through 13 structural flood protection 
measures for the total value of $6.4 Million USD.  

Additional indirect impact of the project to be achieved through enhanced climate information 
and advisories for agricultural sector, improved legal framework and floodplain development 
zoning, and enhanced adaptation planning. These project deliverables will reduce the risk 
from all hazards on 325,020 ha of agricultural land currently at risk and reduce the annual 
agricultural losses from flooding currently assessed at $ 67.8 Million USD, as well as reduce 
annual damages from the extreme flood events currently assessed at $ 189.9 Million USD. 

Table 2-3: Summary of damages from flooding only  

Hazard Average Annual Damages (GEL) to 
agricultural land 

Damages (GEL) to properties 

Flooding 154,166,180 282,689, 825 
 
Table 2-4: Summary of Area of agricultural land affected by all hazards 

Hazard Agric Land (Ha)- CC 
Flooding  
Drought 149,302 
Severe Wind 88,035 
Severe Hail 87,683 
Landslide44 - 

Total 325,020 
 

3. Safeguarding development investments in the poorest mountainous regions of Georgia 
through enhanced risk mapping and risk management planning (Activity 2.4). 
 
The project directly contributes to three Sustainable Development Goals (SDGs) and provide 
indirect contribution to another four SDGs. 
 

In summary, to date Georgia has taken a reactive approach to disaster risk management and, 
as a result, has experienced significant losses in lives and livelihoods of its citizens.  In the 
baseline scenario, Georgian population and economy will be facing increasing pressures from 
more frequent and severe climate induced natural disasters due to climate change. Losses of 
lives and economic losses due to climate-induced disasters and associated impact on GDP 
and sovereignty credit rating will be increasing. Scaling-up of tested EWS will not be possible 
due to the existing financial gap between DRR needs and investments, underdeveloped 
national capacities for inadequate hazard and risk knowledge for all major basins in Georgia, 
as well as due to a lack of monitoring stations on which such risk knowledge relies.  

In the adaptation alternative, this GCF project will support the commitment of the Georgian 
government to avoid losses of lives and to reduce economic and infrastructure losses caused 
by climate-induced hydro meteorological disasters. The project will achieve this by nation-wide 
                                                
44 Taken from NEA’s official data of 2,013 ha annual average for 2008-2014 
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scaling-up of the Multi-Hazard Early Warning System (MHEWS), developing capacities for 
climate information services, enabling and embedding the use of climate risk information in 
sector planning and decision-making, and reduction of exposure of the most vulnerable 
communities to climate-induced hazards through community-based risk reduction measures. 

Early Warning Systems (EWS) are well recognized as a critical life-saving tool for floods, 
droughts, storms, and other hazards and have globally resulted in a decrease in lives lost by 
a factor of 10, despite the economic losses linked to life loss from extreme hydro 
meteorological events increasing by a factor of 50 in the last 5 decades.   Thus, saving millions 
of lives over this period. This has been attributed to better monitoring and forecasting of hydro-
meteorological hazards and more effective emergency preparedness. 

The GCF project has been developed to ensure a paradigm shift in disaster risk management 
from emergency response to a comprehensive approach which includes preparedness and 
preventive strategies to reduce risk. 

The project is introducing a number of EWS good practices based on the principle that an 
effective early warning system is built upon four components of: (i) risk assessment and 
incorporation of risk information in emergency planning and warnings as well as in strategic 
DRM planning; (ii) hazard detection, monitoring and forecasting; (iii) disseminating timely 
warnings; and (iv) planning and preparedness at all levels, including community level. 

The project is ensuring that all EWS stakeholders are identified and their roles and 
responsibilities and coordination mechanisms clearly defined and documented within national 
to local plans and legislation. 

The project is ensuring that EWS capacities are supported by adequate resources (e.g., 
human, financial, equipment, etc.) across national to local levels, that the system is designed 
and for long-term sustainability, that hazard, exposure and vulnerability information are used 
to carry-out risk assessments at different levels, as critical input into emergency planning and 
development of warning messages, and that warning dissemination mechanisms are able to 
reach the authorities, other EWS stake-holders and the population at risk in a timely and 
reliable fashion. 

Emergency response plans are developed with consideration for hazard/risk levels, 
characteristics of the exposed communities, as will strategic preventative measures.   

The project is building capacity within the key organisations involved in EWS and ensuring 
that training on hazard/risk/emergency preparedness awareness integrated in various formal 
and informal educational programmes with regular drills to ensure operational readiness. 

Theory of change for this project is presented in the fig. 2-1 below. The logical framework is 
presented in the table 2-6 outlining the GCF fund-level impact results, project outcomes and 
activities and relevant indicators. 
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Table 2.6: Logical framework: 
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H.1.1. Paradigm Shift Objectives and Impacts at the Fund level45 

Paradigm shift objectives 

Increased climate-resilient 
sustainable development 

The project objective is to reduce exposure of Georgia’s communities, livelihoods and infrastructure to climate-induced natural hazards through a well-functioning nation-wide multi-
hazard early warning system and risk-informed local action. The GCF project will provide critical climate risk information that would enable the Government of Georgia to implement 
a number of nation-wide transformative policies and actions for reducing exposure and vulnerability of the population to climate-induced hazards. The project will thus catalyze a 
paradigm shift in the national climate risk management, climate-proofed disaster risk reduction and early warning approaches. The project innovation and transformative change 
will also include (a) participatory “Last Mile” communication solutions tailored to the needs of local communities, including CBEWSs; (b) increasing implementation capacities for 
carrying out cost-effective risk reduction and community resilience measures through such innovative approaches as watershed/floodplain restoration, agroforestry, etc., and 
combination of structural and non-structural protection measures aimed at reducing exposure and increasing effectiveness of the early warning; (c) combining best available science 
and local knowledge for vulnerability assessment, hazard and risk mapping, disaster modelling and forecasting; (d) (e) carrying out a comprehensive community, municipal and 
national-wide awareness raising, education and capacity development activities on multi-hazard risk reduction, including preparedness, response and EWSs.     

Expected Result Indicator Means of 
Verification (MoV) Baseline 

Target 

Assumptions Mid-term  

(if 
applicable) 

Final 

Fund-level impacts 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Census data 

 

 

Baseline and 
periodic vulnerability 
assessments and 
surveys  

 

 

 

 

MIA data 

 

 

 

 

 

 

 

 

 

 

 

 

Institutional, 
legal and 
policy 
frameworks 
and 
technical 
monitoring 
capacities in 
place in 
readiness 
for the 
implementat
ion of the 
MHEWS. 

 

Direct beneficiaries: 
1,7 million people (47% of 
population, 0.89 Million 
women and 0.82 Million 
men) in the vulnerable/high-
risk communities, and 
regions become more 
resilient through the access 
to early warnings/ MHEWS 
and other risk reduction 
measures 
 
 
Indirect  
beneficiaries (including 
direct): 
3.6 Million people (all 
Georgian population; incl. 
1.88 Million women and 1.72 

Capacities created at relevant agencies 
through the project are maintained and 
periodically renewed and catalyse improved 
natural hazard and risk management 

 

Spatial planning will lead to the desired 
changes in land use and behavioural control 
of the population to minimise exposure 

 

 

 

 

Political will to implement relevant legal-
regulatory reform for effective and efficient 

                                                
45 Information on the Fund’s expected results and indicators can be found in its Performance Measurement Frameworks available at the following link (Please note that some indicators are 
under refinement): http://www.g cfund.org/fileadmin/00_customer/documents/Operations/5.3_Initial_PMF.pdf 
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GCF core indicator 

 
 
 
 
 
 
 
 
Total number of direct and indirect 
beneficiaries (% of whom is female) 
 

 

SSCMC data 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Impact evaluation 
programme 

 

 

 

 

 

No project 
beneficiaries 
as yet 

Million men) benefit from the 
enhanced nation-wide EWS 
and climate-informed 
planning and risk 
management through 
reduced damages to 
infrastructure, reduced loss 
of livelihoods and disruption 
to economic activity, 
reduced impact on GDP and 
reduced recovery costs 

MHRM/MHEWS 

Government engages in development of the 
plans, endorses and commits to implement it 
through resource mobilization 

 

 

Strong political will for MHRM planning 
platform and active participation of all 
relevant sectors 

 

 

 

 

 

 

 

 

 

All supporting structures/services for 
implementation of advisory services are 
available and trained (e.g. agricultural 
extension services, NGO, CBO 
communities) 

MHEWS results in effective awareness 
raising, early warnings and response 
actions of communities at risk that will a) 
minimise life loss; b) catalyse changes in 
agricultural practices and spatial planning 
decisions that will reduce agricultural 
losses; 

 

1.0 Increased resilience and 
enhanced livelihoods of the 

1.1 Change in expected losses of lives and 
economic assets (US$) due to the impact of 
extreme climate-related disasters 

MIA data 

SSCMC data 

0 Protection 
of over  
1,500 ha of 
agricultural 

Protection of over  3,000 ha 
of agricultural land and 
3,500 properties for the total 
of $19.4 million through 13 

 

 Structural and non-structural measures 



I Annex II – Feasibility Study 
 
            
   GREEN CLIMATE FUND FUNDING PROPOSAL 
 
 

127 
 

most vulnerable people, 
communities and regions 

Project reports  

District government 
data 

 

land and 
1,750 
properties 
through 6 
structural 
flood 
protection 
measures 
directly 
benefiting 
3,250 
people 

structural flood protection 
measures directly benefiting 
6,500 people 

meet their design standards in reducing the 
risks to populations and reduction in 
agricultural land loses 

H.1.2. Outcomes, Outputs, Activities and Inputs at Project/Programme level 

Expected Result Indicator Means of 
Verification (MoV) Baseline 

Target 

Assumptions Mid-term 

 (if appli-cable)  
Final 

Project Outcomes Outcomes that contribute to Fund-level impacts 
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5.0 Strengthened institutional 
and regulatory systems access 
climate finance from the GCF 
and other funds’ 

6.0 Increased generation and use 
of climate information in decision-
making are also proposed 

 

 

 

 

 

7.0. Strengthened adaptation 
capacity and reduced exposure 
to risk 

5.2 Number and level of effective 
coordination mechanisms  

 

6.0 Use of climate information 
products/services in decision-
making in climate-sensitive 
sectors 

 

 

 

 

7.1 Use by vulnerable 
households, communities, 
businesses and public-sector 
services of Fund-supported tools, 
instruments, strategies and 
activities to respond to climate 
change and variability  

 

 

 

 

 

 

 

 

 

 

7.2. Total geographic coverage 
of climate related early warning 
systems and other risk reduction 
measures established/ 
strengthened 

 

 

 

National climate change 
and DRM/DRR policies, 
plans and reporting at the 
national, district, and 
community levels; MIA 
data on the performance 
of the MHEWS; Project 
reports: annual reports; 
mid-term and final 
evaluations, site visits. 

 

0 

 

 

 

 

 

 

 

 

 

 

Absence of 
MHEWS across 
the country at all 
levels 

Fully functional 
FFEWS exists 
only for Rioni 

Low public 
awareness of 
MHEWSs, risk 
reduction and 
resilience 
measures 

Absence of 
knowledge and 
standardized 
methodologies on 
hazard, 
vulnerability and 
risk assessments. 

1 

 

 

 

 

 

 

 

 

 

 

50% of Climate-informed 
multi-hazard risk reduction 
and management planning 
frameworks and 
implementation capacities 
are in place  

50% of Households, 
business and public sector 
services  in Georgia with 
access to EWS services 
and relevant climate risk 
information 

 

 

 

 

 

 

 

3 

 

 

Climate-informed multi-hazard 
risk reduction and 
management planning 
frameworks and 
implementation capacities are 
in place  

 

 

 

 

100% of Households, 
business and public sector 
services  in Georgia with 
access to EWS services and 
relevant climate risk 
information    

 

 

 

 

 

 

 

 

 

 

 

By the end of the project, 
MHEWS established in all 
major 11 river basins – the 

Government has a 
political will, 
institutional capacity 
and necessary 
resources to support 
proper O/M of MHEWS 

 

 

 

 

 

 

 

No staff and budget 
cuts occur at NEA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Target communities 
understand shorter- to 
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Agricultural risk information 
products developed.
  

National MHEWS Protocol 
and CBEWS designed 

By the mid-term project, 
MHEWS established in 4 
major  river basins –- and 
necessary 
institutional/regulatory 
framework for its smooth 
and effective operations 
set; CBEWSs are 
established in 30  high-risk 
settlements 

entire territory of the country - 
and necessary 
institutional/regulatory 
framework for its smooth and 
effective operations set; 
CBEWSs are established in 
100 high-risk settlements 

 

 

longer-term benefits of 
MHEWSs and risk reduction 
interventions and engage on 
a voluntary basis in 
operations and maintenance 
of such systems 

Project/programme outputs Outputs that contribute to outcomes 

1.  Expanded hydro-
meteorological observation 
network and modelling capacities 
secure reliable information on 
climate-induced hazards, 
vulnerability and risks 

1.1. Number of new hydro-
meteorological monitoring 
equipment purchased, installed 
and operational 

 

 

 

 

 

 

 

Project reports, 
evaluation reports, site 
observations, databases, 
web-sites, monitoring 
and risk assessment 
products 

 

 

 

 

 

 

Hydrometric 
monitoring network 
outdated and 
inadequate  

 

 

 

 

 

 

 

1.1. Hydro-meteorological 
observation network 
expanded with: 12 
meteostations, 73 
meteoposts, 44 
hydrological posts, 13 
snow measurement 
stations, 20 inclinometers, 
8 mobile discharge meters; 
3 radars; 2 drones; upper 
air sounding equipment 
(x2); 15 web-based  
agrometeorological 
stations, 1 super computer 
for EWS operation; 
telecommunication system 
equipment.  Community 

1.1. Hydro-meteorological 
observation network 
expanded with: 12 
meteostations, 73 
meteoposts, 44 hydrological 
posts, 13 snow measurement 
stations, 20 inclinometers, 8 
mobile discharge meters; 3 
radars; 2 drones; upper air 
sounding equipment (x2); 15 
web-based  
agrometeorological stations, 1 
super computer for EWS 
operation; telecommunication 
system equipment. 
Community members (both 
men and women) raise no 

Government commitments to 
secure adequate O/M of 
monitoring equipment, 
relevant software and 
databases are fulfilled on a 
continuous basis both during 
the project implementation 
and afterwards 
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1.2 Number of river basins for 
which hazard and risk maps 
(covering landslides, mudflows, 
avalanches, hailstorms and 
droughts), flood plain zoning and 
multi-hazard vulnerability and 
risk assessments 

 

 

1.3:   Introduction and 
implementation of methods and 
tools for the systematic gender-
sensitive socio-economic 
vulnerability assessment for 
decision making for prioritisation 
of resilience investments.  

 

 

 

 

 

 

 

1.4 A centralized multi-hazard 
disaster risk information and 
knowledge system 

 

 

 

 

 

 

 

Knowledge system:  e-
library, created 
databases, information 
systems, knowledge 
portal 

 

 

 

 

 

 

 

Lack of key data 
sets for 
development of 
hazard and risk 
models  

 

 

 

 

 

 

 

Lack of socio-
economic data for 
risk, damages, 
losses, exposure 
and vulnerability 
assessments 
(beyond Rioni 
River Basin).  

 

Flood plain zoning, 
flood risk maps 
and vulnerability 
assessment 
available only for 
Rioni Basin 

members (both men and 
women) raise no concerns 
neither complains due to 
installation of observation 
equipment. Verified 
through the independent 
evaluations. 

 

 

1.2. For 7 major river basin 
in Georgia hazard and risk 
maps, flood plain zoning 
and multi-hazard 
vulnerability and risk 
assessments are in place 
(covering landslides, 
mudflows, avalanches, 
hailstorms and droughts) 

 

1.3   (a) Socio-economic 
data collection tool 
developed and embedded 
at local and central 
institutionsl to 
systematically collect 
damages and losses data 
at all levels: central, 
municipality and 
community level.  Bespoke 
GIS-based socio-econpmic 
modelling tool develeped 
and embedded into central 
and local institutiuons.  

1.3 (b) Baseline and 
progress report on social 
and gender vulnerability.  
At least 30% participants of 
consultations are women 

1.4 A multi-hazard 
information system/central 

concerns neither complains 
due to installation of 
observation equipment. 
Verified through the 
independent evaluations. 

 

 

 

1.2. For all 11 major river 
basin in Georgia hazard and 
risk maps, flood plain zoning 
and multi-hazard vulnerability 
and risk assessments are in 
place (covering landslides, 
mudflows, avalanches, 
hailstorms and droughts) 

 

 

1.3 (a)  Socio-economic data 
collection tool developed and 
embedded at local and central 
institutionsl to systematically 
collect damages and losses 
data at all levels: central, 
municipality and community 
level.  Bespoke GIS-based 
socio-econpmic modelling tool 
develeped and embedded into 
central and local institutiuons.   

 

 

1.3 (b) Baseline, progress and 
final report on social and 
gender vulnerability.  At least 
30% participants of 
consultations are women 

1.4 A multi-hazard information 
system/central data 

 

 

 

 

 

 

 

Capacities built across 
relevant agencies through the 
project are maintained and 
periodically updated 

 

 

 

 

Relevant government 
agencies cooperate on the 
implementation of the 
MHEWS and data 
management (MoEPA/NEA, 
MIA, SSCMC).  

 

 

 

 

 

 

 

 

Spatial planning will lead to 
the desired changes in land 
use and behavioural control 
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data depository and 
knowledge portal designed  

depository and knowledge 
portal fully implemented  

Availability of alternative land 
to house people or 
compensate for lost 
farming/economic 
opportunities 

2. Multi-hazard early warning 
system and new climate 
information products supported 
with effective national 
regulations, coordination 
mechanism and institutional 
capacities. 

2.1 Status of the nation-wide 
MHEWS covering landslides, 
floods, mudflows, avalanches, 
hailstorms and droughts in place  

 

 

 

 

 

 

 

 

 

 

 

 

2.2  Level of institutional capacity 
for implementation of MHEWS 
and delivery of climate 
information among key 
government agencies 
(MoEPA/NEA, NFA, MIA, EMA) – 
measured through institutional 
capacity assessment scorecard  

 

2.3 Number of farmers with 
access to medium and short 
range weather forecasts and 
longer term predictions for 

Regulatory framework 
for MHEWS, SOPs, 
communication 
protocols, institutional 
EWS implementation 
plans. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Institutional capacity 
assessment scorecard 
for MoEPA and MIA 
(before the project, mid-
term and final) 

 

 

 

 

MHEWS does not 
exist: institutional 
responsibilities 
and 
communication 
protocols for EWS, 
climate and 
disaster risk 
management are 
not properly 
defined. FFEWS is 
available only for 
the Rioni river 
basin. 

 

 

 

 

 

 

 

 

 

 

Institutional and 
technical 
capacities for the 
imple-mentation 
and maintenance 
of the nation-wide 
MHEWS a multi-
hazard early 
warning system 

2.1 Operational MHEWS 
for floods, landslides, 
mudflows, avalanches, 
hailstorms and droughts in 
place covering 4 river 
basins, including: multi-
hazard forecasting 
platform, national warning 
communication protocols, 
telecommunication 
systems, warning 
dissemination systems. 
Warnings are tailored to 
the needs of vulnerable 
groups; Information on 
hazards delivered through 
multiple methods. 
Information is clear and not 
complex. Information is 
issued in understandable 
for the population 
languages.   

 

2.2. At least 25% increase 
over baseline in 
institutional capacity within 
MoEPA/NEA, NFA, MIA, 
EMA to provide early 
warning and climate 
advisories in 11 river 
basins.  Gender 
considerations are 
reflected in policy 
documents and technical 
guidance (review by 
gender advisor) 

 

2.1 Operational MHEWS for 
floods, landslides, mudflows, 
avalanches, hailstorms and 
droughts in place covering all 
major 11 river basins, 
including: multi-hazard 
forecasting platform, national 
warning communication 
protocols, telecommunication 
systems, warning 
dissemination systems.  
Warnings are tailored to the 
needs of vulnerable groups; 
Information on hazards 
delivered through multiple 
methods. Information is clear 
and not complex. Information 
is issued in understandable for 
the population languages.   

 

 

 

2.2. At least 50% increase 
over baseline in institutional 
capacity within MoEPA/NEA, 
NFA, MIA, EMA to provide 
early warning and climate 
advisories in 11 river basins.  
Gender considerations are 
reflected in policy documents 
and technical guidance 
(review by gender advisor) 

 

 

 

Government has political will 
to implement relevant legal-
regulatory reform for effective 
and efficient MHRM/MHEWS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CMC and other relevant 
government units are willing 
to cooperate and conduct 
regulatory and institutional 
reform 
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agriculture (seasonal, decadal 
etc.). 

 

 

2.4:  Climate-informed planning 
platforms: - number of multi 
hazard basin risk management 
plans; - number of Municipal-
level climate-induced multi-
hazard response and 
preparedness plans; Number of 
women in planning teams and 
consultation groups 

 

 

 

Review of the river basin 
MHRM plans, feedback 
from the MoEPA on the 
introduction of the 
MHRM plans into 
national river basing 
management plans.  

 

 

Status of the   municipal 
multi-hazard response 
plans; surveys of 
targeted municipalities 
on the utilization of the 
plans. Project reviews, 
progress reports, 
independent evaluation 
report, peer reviews. 

 

are either absent 
or very limited 

 

 

 

 

 

Absence of 
climate-proof basin 
level MHRM plans 
and municipal level 
multi-hazard 
response and 
preparedness 
plans 

 

 

2.3 Weather/climate 
advisories integrating the 
needs of men and women, 
and tailored delivery and 
communication methods 
designed. 

 

 

 

 

 

2.4. Five (5) Municipal 
multi-hazard risk 
management response 
and preparedness plans  

Women constitute at least 
30% in in planning teams 
and consultation groups.  
Gender considerations are 
reflected in planning 
(review by gender advisor) 

 

 

 

 

 

 

 

 

 

 

 

2.3.700,000 farmers with 
access to medium and short 
range weather forecasts and 
longer term predictions for 
agriculture (seasonal, decadal 
etc.) 

 

 

 

 

2.4.Eleven (11) Multi hazard 
River Basin Risk Management 
Plans;  

Ten (10)  Municipal multi-
hazard risk management 
response and preparedness 
plans  

Decision makers and 
practitioners are trained on 
gender  

Women constitute at least 
30% in in planning teams and 
consultation groups.  Gender 
considerations are reflected in 
planning (review by gender 
advisor  

 

 

 

 

 

 

 

 

 

Capacities created as a result 
of project are maintained and 
periodically upgraded; 
Women involvement is 
encouraged  

 

 

 

 

 

 

Various Sectoral Ministries, 
particularly MoEPA and its 
specialized agencies are 
willing to engage in the 
programme and transfer 
received know-how to 
farmers; farmers understand 
the benefits of climate 
advisories and engage in the 
programme eagerly; private 
sector is interested in 
developing and providing or 
receiving climate advisories  

Government engages in each 
step of the development of the 
plans, endorses it officially 
and takes a commitment to 
implement it through 
allocation of relevant funds for 
implementation of priority 
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measures and/or resource 
mobilization 

Local governments engage in 
each step of the development 
of the plans, endorse it 
officially and takes a 
commitment to implement it 
through allocation of relevant 
funds for implementation of 
priority measures and/or 
resource mobilization 

3. Improved community resilience 
through the implementation of the 
MHEWS and priority risk 
reduction measures  

3.1 (a) Number of high-risk 
communities covered with 
CBEWS and community-based 
climate risk management 
(CBCRM) action.  

 

 

 

 

(b) women participation in 
CBCRM action 

 

 

 

3.2. (a) Number of communities 
trained and empowered to 
implement CBEWS and CBCRM 
action.  

 

 

 

 

Project reports, site 
visits/inspections, final 
evaluation 

 

Community climate 
resilience plans  

 

Community impact 
evaluation programme 

 

CRM and CBEWS 
guidelines; information 
materials; training 
reports; media coverage 

 

Structural measures 
completion reports and 
hand over notes; 
engineering inspection 
reports, environment 
compliance reports 

Community based 
EWS and “last 
mile” 
communication of 
warnings are not 
practiced in 
Georgia 

 

Absence of 
systematic 
community-based 
gender   sensitive 
CBCRM  

 

Low knowledge 
and awareness of 
MHRM and EWSs 
at municipal and 
community levels; 
absence of media 
and information 
campaigns on the 
topic 

 

Climate risk 
knowledge is not 
adequately 
integrated into the 
design of 
structural 

3.1 (a) 30  high-risk 
communities are covered 
with the CBEWS and  
adopt  gender   sensitive 
CBCRM action. 
Institutional, legal and 
policy frameworks and 
technical capacities in 
place in readiness for the 
implementation of the 
CBEWS. 

(b) Community 
consultation groups with at 
least 30% representation 
of women; Ratio of women 
employed in CBDRM 
employment guarantee 
schemes at least 30%.   

3.2.(a) 5 people in each of 
the 30 CBEWS 
communities trained to 
operate and maintain 
CBEWS and issue 
warnings; Emergency 
plans for educational 
institutions, Staff informed 
on nature and effects of 
hazards. Record of 
emergency drills practiced. 
Number of staff with the 
knowledge of first aid. 

3.1 (a) 100  high-risk 
communities are covered with 
the CBEWS and  adopt  
gender   sensitive CBCRM 
action;  

(b) Community consultation 
groups with at least 30% 
representation of women; 
Ratio of women employed in 
CBDRM employment 
guarantee schemes at least 
30%.  

 

 

 

 

3.2.(a) 5 people in each of the 
100 CBEWS communities 
trained to operate and 
maintain CBEWS and issue 
warnings; Emergency plans 
for educational institutions, 
Staff informed on nature and 
effects of hazards. Record of 
emergency drills practiced. 
Number of staff with the 
knowledge of first aid.  

 

Communities actively 
participate in setting and O/M 
of CBEWS and developing 
and implementing multi-
hazard risk reduction 
measures 

 

 

 

 

 

 

 

 

 

 

 

 

Local governments are 
capable and willing to support 
implementation of community 
resilience measures and to 
meet their commitments for 
O&M 
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(b) Numbre of women among 
tranees and beneficiaries of the 
CBCRM schemes. 

 

 

3.3 Number of people (% of 
whom are female)  directly 
benefitting from improved flood 
protection through structural 
flood protection measures  

 

 

3.4. Increase in crop yields and in 
household income in target 
communities  due to reduced 
losses and damages from 
hazards  

 

protection 
measures 

(b) Women comprise 30% 
of trainees. Information 
tailored to the needs of 
men, women, boys and 
girls 

 

3.3. 3,250 people from 5 
municipalities benefit from 
improved flood protection 
through 6 structural flood 
protection measures; 

 

 

3.4. Impact monitoring 
programme designed and 
launched. Ratio of women 
in stakeholder 
consultations reflects 
adequate representation of 
women. 

(b) Women comprise 30% of 
trainees. Information tailored 
to the needs of men, women, 
boys and girls  

 

 

3.3 6,500 people from 11 
municipalities benefit from 
improved flood protection 
through 13 structural flood 
protection measures 

 

 

3.4.  10% increase in crop 
yields and 5% increase in 
household income in target 
communities due to reduced 
losses and damages from 
hazards. Ratio of women in 
stakeholder consultations 
reflects adequate 
representation of women. 

 

 

 

 

Women engagement is 
encouraged by community 
members and local authorities 

 

 

 

 

 

 

The CEIE has relevant 
capacity and dedication to 
carry out education and 
outreach activities at all levels 

The CEIE cooperates 
productively with EMA, 
Ministry of education and 
science, CMC and other 
agencies and NGOs in 
capacity building, outreach 
and education activities 

MRDI fully meets its 
commitment towards 
implementation of structural 
flood protection measures 

Activities Description Inputs Description 

1.1. Expansion of the 
hydrometric network  

The project will contribute significantly to the expansion and 
upgrade of the national observation network covering 
multiple climate-induced hazards, including hydro 
meteorological and agrometeorological network. The 
observation network of all hydrological, meteorological and 
agrometeorological variables will be established to provide 
an appropriate level of spatial resolution of these variables.  

- Equipment specifications; 

- Bills of quantities; 

- Tender dossier; 

- Procurement of equipment; 

The following new equipment is included in the design of the 
up-graded observation and monitoring network (GCF-funded 
and co-financed): 12 meteorological stations, 73 
meteorological posts, 44 hydrological posts, 10 snow 
measurement stations, 20 inclinometers; 3 radars;2 drones 
and additional corpus; matrices 600 pro for flight control and 
thermal camera; visual computing appliance (VCA) for 
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While this project will establish and rehabilitate these 
monitoring stations, their long-term maintenance will be 
assured by the government of Georgia and specifically by the 
NEA and MoEPA that has the dedicated staff and associated 
budget allocations for continued maintenance and operation 
of monitoring and early warning systems (corresponding letter 
of co-financing for the operations and maintenance costs is 
attached to the proposal). Under the project, the training of 
staff will ensure that the capability and competences are 
established (see Activity 2.1) and as part of the institutional 
strengthening, the project will identify mechanisms for 
guaranteeing government budget commitment for long-term 
maintenance of the national hydrometric network. 

- Network installation, calibration and 
operationalization; 

- Supervision of works 

-Technical expertise, local and international; 

- Supervision of installation works; 

- Project management;  

- Labor 

processing areal photos; geopositioning equipment; upper air 
sounding equipment (x2); 15 agrometeorological stations, 8 
mobile discharge meters, 1 super computer for strengthening 
early warning system; telecommunication system equipment. 
Detailed justification and description of the expanded network 
is provided in the Feasibility Study document, section 3.2.  
 

1.2. Floodplain zoning based on 
hazard and risk maps for all major 
basins 

Floodplain zoning and hazard and risk maps for all major 
basins in Georgia for key climate-induced hazards (floods, 
landslides, mudflows, avalanches, hailstorms and droughts) 
will be based on the most appropriate modern technologies 
and methods and aligned with international and regional 
standards.  

Hazard maps are essential for the assessment of current and 
future hazard scenarios and the design of hazard 
management solutions that fully accounts for climate change 
considerations. This will include zoning of development 
activity away from high hazard areas to avoid damages to 
people, property and economic activity. In addition, the hazard 
maps will be used as the basis of the MHEWS. There is 
currently no definitive or accurate hazard mapping for 
Georgia. The strategic assessment of risk to population, to 
economic activity and to future development under conditions 
of climate change is a government priority in order to support 
and guide local municipalities to wisely and rationally manage 
risk exposure to acceptable levels. GCF resources will be 
used to develop hazard maps under current and climate 
change conditions for the entire project area (all of Georgia) 
and for all relevant natural hazards.  

- Assessment team; 

- Field visits; 

- Vehicles; 

- Fuel; 

- Accommodation; 

- Per diem; 

- International supervisor(s)/advisor(s); 

- Data inputs; 

- Printing and production. 

 

Input will include cost of local and international experts, travel-
related costs, cost of international experts, various data inputs, 
GIS work, printing and production of reports and maps; project 
management  

Flood hazard and risk maps will be developed in line with EU 
Floods and Water Directives requirements. Landslide and 
mudflow hazard and risk maps will build on the approach used 
for the Rioni AF basin.  

Accurate digital elevation models (DEM) such as from LiDAR 
sources for all floodplains of Georgia for hazard modelling and 
mapping will be utilized. A comprehensive topographic survey 
of rivers through high risk areas will be undertaken. Historical 
hydro-meteorological and geological data for all Georgia 
required for all hazard and risk assessments will be digitized and 
systematized. 

1.3 Introduction and 
implementation of methods and 
tools for the systematic gender-
sensitive socio-economic 

The tool will integrate various spatial socio-economic data 
with the hazard maps, and produce risk maps, which will 
include economic losses and damages and loss of life 
estimates. 

- Formalized methodology; 

- International expert; 

- Local experts; 

Inputs will include development of standardized methodology, 
cost of international expert and local consultants, input data, 
field visits and printing and production of vulnerability reports. 

This activity will build on the bespoke GIS-based socio-
economic risk model46 developed for Rioni AF basin. The 

                                                
46 Developing climate resilient flood and flash flood management practices to protect vulnerable communities of Georgia; Socio-economic assessment of flood risk in Rioni basin. UNDP/AF 
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vulnerability assessment for 
decision making  

Hazard maps and underlying information will be used in 
combination with infrastructure (bridges, roads and buildings, 
hospitals, schools, power plants, critical infrastructure), land 
use (settlements, agriculture, grazing lands, and conservation 
areas), property and socio-economics data, to assess the 
socio-economic impacts of each hazard and produce 
economic vulnerability maps for the river basins. This risk 
map, based on the accurate hazard mapping of the current 
situation will form the baseline. Gender considerations will be 
mainstreamed in the analysis. It will be important to assess 
the macro-economic effects of hazards on the Nation’s 
economy, its balance of payments and import/export parity.  

This activity will be implemented in close cooperation with 
SSCMC, which by mandate is tasked to carry out vulnerability 
studies and identify and prioritize risks. Other stakeholders 
and beneficiaries will include NEA, MIA, Ministry of Economy 
(for the evaluation of the micro- and macro-economic impacts 
of hazards and cost-benefit mitigation measures); Ministry of 
Finance (for budget allocations for DRR and CCA activities to 
address hazard management); MoEPA (assessment of loss 
and damages to agriculture and the assessment of likely 
mitigation measures), and potentially the insurance industry in 
their assessment of premiums that should be associated with 
losses and damages of insurable assets. 

- Hazard maps, social-economic variables; 

- Field visits; 

- Production of vulnerability reports 

developed model will be enhanced with improved datasets to be 
acquired/established by the project. 

Agricultural damage per unit of area will be calculated based on 
land use, typical crop yields and current market values. The 
impact on livestock will be evaluated and valued at their local 
market value and their density across each region. The loss of 
dwellings will be valued based on the type of structure. The 
probability of the loss of life and injury will be valued based on 
the density of population and a hazard index (for instance for 
the flood hazard, this index will be calculated depending on the 
average flood depth and velocity). Costs for the rebuild of 
damaged major infrastructure will be included, as well as the 
costs for post-event aid relief, based on the historic records for 
previous events. 

1.4 A centralized multi-hazard 
disaster risk information and 
knowledge system 

The national multi-hazard information system to be developed 
under the GCF project will consist of a national e-Library, 
databases (including the GIS database previously noted), 
information systems and knowledge portal (web knowledge 
portal to increase awareness, provide interactive hazard 
maps, with integration with social media and possible mobile 
application to increase community engagement and allow 
two-way flow of information.  It will be an integral part of the 
NSDI currently being developed for Georgia and provide the 
information access and sharing platform for geospatial 
information on hazards.  

 

- Data inputs; 

- Maps; 

- Literature; 

- IT/DB software; 

- IT specialist; 

- International advisor(s); 

- Computer and communications technologies 

 

Inputs will include data and studies from previous activities and 
related literature, IT/DB software/programme, IT specialist(s), IT 
and communications technology, international expert(s). 

The hazard-related part of the meta-database will be hosted and 
maintained by NEA. The metadata base with socio-economic 
parameters, including vulnerability and risk assessments will be 
hosted by MIA with the SSCMC having access to relevant data 
on disaster statistics, losses and damages and socio-economic 
vulnerability. Both met databases will be interconnected and 
integrated into existing EMA’s GEOdata portal. Data access 
protocols for various concerned government agencies will be 
developed. 

The system will represent a major shift in how government 
departments currently work and will need to be supported by the 
introduction of appropriate data sharing protocols and 
importantly by extensive training and capacity building to ensure 
sustainability.    
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2.1:  Institutional and legal 
frameworks and institutional 
capacity building for the MHEWS 
and for the enhanced use of 
climate information. Improved 
coordination and communication 
protocols for early warning  

2.1.1. The project will strengthen policy, regulatory framework 
and technical guidance for MHEWS and climate risk 
management. In particular, the project will support 
development of framework legislation on floods management, 
corresponding by-laws and technical guidance informed by 
the EU Floods Directive.  Similarly, technical guidance related 
to other types of hydro meteorological hazards will be 
developed. Technical regulations and guidance on EWS will 
be developed and supported. MHRA mandates and 
methodology will be finalized. Vulnerability assessment and 
CBA methods tested under the UNDP/AF Rioni project will be 
standardized and institutionalized. Nation-wide floodplain 
zoning policy based on risk and hazard maps (produced under 
activity 1.2) will be operationalized through relevant national 
regulations and guidance documents.  

2.1.2. Institutional strengthening, coordination, 
communication and enhanced use of climate information: the 
project will help the government to clearly define major and 
minor hazards and set proper criteria for their distinction. 
Criteria for the definition of the different warning levels will be 
established. Clear communication lines between different 
agencies will be established, any duplication and 
inefficiencies will be eliminated. SOPs, Communication 
Protocols and Codes of Conduct will be developed for each of 
the agencies responsible for the various elements of the 
MHEWS and response. Roles of regional and local authorities 
will be clarified and detailed. National operational 
maintenance procedures for hydrometric network will be 
established (NEA). 

 
2.1.3. Training and capacity building of relevant stakeholders 
at all levels. The project will develop and implement training 
plans for each technical area of expertise related to climate-
induced hazard risk assessment and management, including 
in the area of: 

• multi-hazard assessment, hydrometry, forecasting and 
modelling, EWSs; 

• agrometeorological monitoring; 
• vulnerability and risk assessments;  
• multi-hazard risk management (MHRM) and the use of 

climate information. 

- International and local expertise; 

- Consultations; 

- Workshops 

 

Inputs will include international and local expertise, relevant 
literature, consultations and workshops and related costs, 
printing and production costs. 
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2.2 Development and 
implementation of the MHEWS 
covering all basins in Georgia, 
building on the Rioni basin 
prototype and on the expanded 
hydrometric network to be 
achieved through activity 1.2.  

In order to upscale the existing Rioni forecasting system 
towards a nation-wide MHEWS the following actions will be 
covered with the GCF financing:  

2.2.1 Upgrade of flood forecasting - expanding meteorological 
and hydrological forecasting capacities.  

2.2.2 Integration of the new sources of data/types of data into 
the forecasting platform. 

2.2.3 Expanding the hydrological and hydraulic models within 
the forecasting platform to cover the whole territory of 
Georgia.  

2.2.4 Development of drought forecasting.  

2.2.5 Development of landslide forecasting.  

2.2.6 Development of avalanches forecasting 

2.2.7 Development of wind forecasting  

2.2.8 Development of hailstorm forecasting  

2.2.9 Development of general forecasting capabilities and 
MHEWS 

2.2.10 Design and implementation of the “Last-Mile” warning 
dissemination and communication system.  

2.2.11. Design and implementation of the National MHEWS 
Protocol  

2.2.12. Monitoring and evaluation of the designed MHEWS 
and development of recommendations for the system 
enhancements, expansion and further development (in the 
last year of the GCF project implementation).  

- Equipment and software specification; 
-Tender; 
- Procurement; 
- Installation; 
- International and local expertise; 
-Technicians for installation; 
- Supervision of works 

Inputs will include development of specs, tender dossier, 
procurement, installation, assistance from international and 
local experts, supervision of works  

The expanded hydrological and hydraulic models for enhanced 
nation-wide flood forecasting will require the following inputs:  

(i) A high resolution Digital Elevation Model (DEM)   
(ii) Provision of the access to the European Centre for 

Medium-Range Weather Forecasts data.   
(iii) A new integrated data management system  
(iv) Expanded input data sources 
(v) Forecasting Data Management System 
(vi) Forecast Verification System 
 

Development of drought, landslide, avalanches, wind and 
hailstorm forecasting will require the following elements: 

(i) Design of the forecasting system 
(ii) Historical information  
(iii) Product development 
(iv) Development of warning criteria 

In order to ensure that the whole MHEWS is implemented 
successfully, the following additional system capacities will be 
secured: additional hydraulic modelling software, additional 
servers and storage capacity, additional internet capacity, 
additional redundant back up system 

 

2.3. Enhancing access and the 
use of weather and climate 
information and 
agrometeorological information 
services by farmers and 
agricultural enterprises 

This activity will build upon the enhanced equipment and 
capacities of the agrometeorological observation network to 
be achieved through the Output 1. The project will support 
capacities of the national agricultural agencies and extension 
services to generate and deliver tailored climate and weather 
information and advice to the farmers.  
 
The project will bring ICT-based innovations into the 
communication of forecasts and advisories; improve the use 
of historical data and derivations; improve medium and short-
range weather forecasts and longer-term predictions for 
agriculture (seasonal, decadal etc.). This will also include 
partnerships with the private sector through the partnerships 

- Assessment and development of products; 

- Printing and production 

- International and national expertise; 

- Consultations, meetings 

 

Inputs will include costs of international and national expertise, 
assessment, printing and production, consultations, meetings. 

Specific actions will include: 

2.3.1. Capacity building and training for the MoEPA. 
2.3.2. Integrating climate risk and adaptation priorities into the 
agriculture sector plans, investments and budget frameworks. 
2.3.3. Development of guidance documents, methodologies and 
technical regulations for the agricultural sector on climate risk 
assessment and management and the use of climate 
information. 
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with the internet providers or mobile companies that are willing 
to design such new products in collaboration with NFA, 
agribusinesses, farmers’ groups and other clients to deliver 
timely forecasts and advisories to the 700,000 farmers.  

2.3.4. Development of new climate information products for the 
agricultural sector (agri-climate maps, calendars, advisories, 
etc.) and delivery of these products to the farmers.  
2.3.5. Supporting improvement of agrometeorological advisory 
services through the NFA, its regional service centers, the 
Scientific-Research Center of the MoEPA and its information-
consultation centers. 

2.4 MHRM planning platforms: 
Basin-level multi-hazard risk 
management plans; Municipal-
level multi-hazard response and 
preparedness plans 

2.4.1. Multi-hazard Basin Risk Management Plans for all 11-
major river basin in Georgia. These plans will take a bottom-
up, multi-stakeholder approach. The MHRM plans will be 
integrated into the broader river basin management plans 
developed by the MoEPA. Based on the risk management 
plans, the project will finance feasibility studies/design for the 
priority risk reduction options in order to inform and accelerate 
risk reduction investments. Up-to five priority structural 
projects will be supported with the feasibility/design work, 
including at least one flood defense project for the Tbilisi 
Municipality defined under the 2015 Tbilisi PDNA.  

2.4.2. Municipal-level multi-hazard response and 
preparedness plans will be developed for 11 high-risk 
municipalities, including the Tbilisi Municipality. The work in 
Tbilisi will be integrated into the resilience planning under the 
100 Resilient Cities initiative. Tbilisi is the capital city with high 
concentration of the population (around 1.3 Million people), 
assets and infrastructure. The low adaptive capacities and 
high vulnerability of the city were demonstrated during the 
2015 multi-hazard event that resulted in human losses, 
significant damages and destruction of critical infrastructure. 
Through the enhanced planning and capacity building for the 
City of Tbilisi the GCF project will outreach and enhance 
resilience of one third of the Georgian population.     

- Local expert’s teams/companies; 

- International experts; 

- Travel; 

- Data inputs; 

- Stakeholder consultation; 

- Assessments; 

- Printing and production. 

Inputs will include assessments by local and international 
experts, travels to the fields, input data, stakeholder 
consultations, printing and production costs. 

The design of the river basin multi-hazard risk management 
plans will include broadly:  

• Hazard and risk profiles 
• Socio-economic vulnerability 
• A costed and prioritized list of options and activities based 

on the CBA 
• An action programme based on packaging of the options 
• An Action Plan risk log   
• Preliminary design and a detailed description of each option 

including the assumptions used in deriving costs  

 

3.1 Implementation of 
community-based early warning 
schemes and community-based 
climate risk management 
(CBCRM). 

Community-based EWS and CBCRM schemes will be 
implemented in 100 high risk communities across Georgia 
based on full community engagement and participation.  

3.1.1. Implementation of CBEWS to complement the fully 
integrated national EWS. Communities will be chosen based 
on relatively high risk, short lead time of the extreme events, 
potential technical constraints for the central system to 
effectively service the community (e.g. due to remote location 
or connection problems). For this activity, the project will work 
with smaller high-risk communities/settlements with the 
population of up to 7000 people.   For mountainous 
communities, upstream that are affected by short lead time 
events (up-to 100 communities) the project will provide at 

- Detailed specs for equipment, tender dossier, 
procurement; 

- Water level gauges, sirens, loud speakers; 

- Other IT and telecommunications equipment; 

- Installation; 

- Field visits and oversights of installation works; 

- Stakeholder consultations; 

- International expert; 

- Local expertise/companies 

Inputs for the CB EWS will include development of detailed 
specifications for equipment, tender dossier, announcement 
and procurement and installation, supervision of installation 
costs, travel, international and local experts work. The following 
specific equipment inputs will be delivered:  

• Monitoring devices: water level monitoring sensors (100); 
staff gauges (200) 

• Communication tools: GSM/GPRS modem device (2); 
dedicated web-site; generators (200); sirens (200); remote 
siren system (1); boards (200) 

• Response tools: Evacuation routes signaling (200); fitting of 
the local evacuation centers (70). 
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least one telemetered rain gauge in the headwaters to provide 
backup and additional information at a national and district 
level (unless there are opportunities to share gauges between 
schemes) and with communication equipment. The 
downstream communities may not require additional local 
monitoring equipment (as the national EWS will be capable of 
providing timely warnings) but will be equipped with the 
warning communication tools (up-to 200 communities).  

 
3.1.2. Implementation of Community-based Climate Risk 
Management: local communities will be trained to plan, 
implement and maintain non-structural intervention 
measures necessary to reduce various climate-induced 
risks. Participatory community-based adaptation 
interventions will be planned and implemented in priority risk 
areas e.g. establishing locally controlled and managed flood 
zones; erection of visual flood zone demarcation posts at 
strategic locations; watershed rehabilitation works such as 
construction of natural small-scale defenses with community 
involvement.  
 
The project will build implementation capacities of local 
communities and support implementation of the prioritized 
measures based on communities’ ownership and co-
financing. Gender mainstreaming will be a key aspect of the 
CBCRM process. This set of actions will be implemented in 
partnership with local NGOs and COBs with strong grass-
roots experience. 

- GIS mapping; 

- Printing and production.  

 

The following specific actions will be supported:  
• Consultations with local authorities and community leaders  
• Refinement of estimates for the numbers and locations of 

households at risk 
• Identifying vulnerable groups 
• Develop warning and evacuation maps 
• Placement of markers and signs linked to alert levels  
• Advice on procurement and installation of telemetered 

radar level gauges and rain gauges  
• Developing warning thresholds appropriate to each 

community (or group of communities) 
• Ensuring that central observations and forecasts are 

available at district and community level and that training 
is provided on how to interpret the information 

• Establishing procedures for monitoring and evaluation  
• Developing a community-specific engagement programme  
• Development of simple forecasting tools for use at district 

and community level 
• Designing a standard set of warning messages, codes, 

icons  
• Preparing a guidance note on the level of technical support 

to be provided at government level  
• Developing mechanisms for local staff to communicate 

information on rainfall and river levels and flood conditions 
to national and district level  

• Establishing a volunteer observer or ‘spotter’ training and 
recruitment programme 
 

Inputs for the CBCRM work will include assessments, 
stakeholder mobilization and engagement by local expert’s 
teams, travel and related costs, input data, GIS mapping, 
printing and production. The CBCRM work will involve:  

• identification and mobilization of various interest groups in 
target communities;  

• participatory risk assessment;  
• design of community risk reduction interventions 

measures, including monitoring and evaluation 
framework;  

• development of community resilience plans; 
• support to implementation.  
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3.2 Public awareness and 
capacity building programme at 
all levels to effectively deliver 
climate risk information and 
training to communities and local 
first-responders 

The GCF project will assist the government of Georgia in 
shifting from ad-hoc project based awareness and education 
efforts to a planned, consistent and sustainable national-led 
information and communication system for enhanced climate 
and disaster risk management. The following indicative 
actions will be carried: 
 
3.2.1. Capacity building to the EIEC  
3.2.2. Capacity building at central, municipal and community 
levels 
3.2.3. Networking and advocacy on MHRM and CBEWSs 
3.2.4. Youth education programmes in MHRM 
3.2.5. Nation-wide media campaign on gender-responsive 
MHRM and EWS 

 

- Local experts/companies; 

- Development of education and awareness 
materials; 

- Trainings and workshops; 

- Media products; 

- Media coverage; 

- Audio-visual equipment. 

Inputs will include development and implementation of 
education, awareness and outreach campaigns by individual 
experts and organizations, trainings and workshops, travel, 
production of education, awareness and media products, media 
coverage, competitions, audio-visual equipment.  

This activity will be led by the EIEC under the MoEPA that has 
a mandate as well as experience in environmental outreach, 
education and capacity building. National and municipal level 
response trainings for officials will be carried out through 
cooperation of the EIEC and EMA. Community level awareness 
raising and informal education activities will be carried out in 
close cooperation with NGOs having grassroots capacity 
building experience and information. 
 

3.3 Implementation of risk 
reduction interventions that would 
significantly reduce the risks 
against which the MHEWS will 
operate 

This project will implement 13 flood risk reduction 
interventions for areas where risk from climate-induced 
natural hazards is highest based on the assessments 
conducted under the Rioni project. As a result of technical 
studies, stakeholder consultations and CBA, 13 sites have 
been short-listed for the GCF investment. A social and 
environmental assessment was conducted for the selected 
sites/measures, Social and Environmental Management 
Framework was developed, commitments for the Operational 
and Maintenance costs were secured. The activity is co-
financed by the MRDI 

- Detailed specs; 
- ToRs; 
- Bills of Quantities; 
- Tender Dossier; 
- Construction works; 
- Procurement of construction and/or engineering 

work; 
- Supervision of construction works; 
- Local experts/engineering companies; 
- Construction companies; 
- Travel; 
- Project management. 

Inputs will include development of detailed specifications, bills 
of quantities, ToRs, tender dossier, procurement, construction 
works and supervision of construction works; costs of local 
experts/companies, travel, printing and production. 

The types of flood protection structures to be erected: 

• Embankments with rock boulder  
• Wire mesh mat lining  
• Concrete regulation wall 
• Wire mash gabion wall  
• Climate proofing water regulation facility 
• Canal widening and lining  
• Riverbed and channel cleaning 
 



Annex II – Feasibility Study I  
         
                                                                                                     GREEN CLIMATE FUND FUNDING PROPOSAL 
 
 

142 
 

2.3. Proposed GCF Project outputs and activities with costing 
 

The project objective will be achieved through three major project outputs/components: 

1) Expanded climate-induced natural hazard observation network and modelling 
capacities secure reliable information on climate-induced hazards, vulnerability and 
risks 

2) Multi-hazard early warning system and new climate information products supported 
with effective national regulations, coordination mechanism and institutional 
capacities. 

3) Improved community resilience through the implementation of the MHEWS and priority 
risk reduction measures. 

Output 1: Expanded hydro-meteorological observation network and modelling 
capacities secure reliable information on climate-induced hazards, vulnerability and 
risks 
The project will apply a unified methodology and tools for multi-hazard risk and vulnerability 
assessment, mapping and monitoring based on international best practice for assessment of 
each hazard under consideration and best practice for multi-hazard assessment.  It will build 
upon the prototype developed through the UNDP/AF project in the Rioni basin and will align 
with the EU project Prevention, Preparedness and Response to Natural and Man-made 
Disasters in the EaP countries – PPRD East 2. The project will upgrade and expand the hydro 
meteorological and agrometeorological monitoring network, and support establishment of a 
centralized multi-hazard disaster risk information and knowledge system, consisting of 
national e-Library, databases, information systems and knowledge portal.  River basin as well 
as local-level detailed hazard mapping and risk and vulnerability assessment will be 
developed. 

The following activities will be undertaken to achieve the stated output: 

Activity 1.1: Expansion of the hydro-meteorological network; 
Activity 1.2: Risk zoning based on hazard and risk maps; 
Activity 1.3: Gender-sensitive socio-economic vulnerability assessment and mapping;  
Activity 1.4: A centralized multi-hazard disaster risk information and knowledge 
system. 

 

Activity 1.1: Expansion of the hydro meteorological network  

The project will contribute significantly to the establishment/expansion of the national 
observation network covering multiple climate-induced hazards, including hydro 
meteorological and agrometeorological network. The observation network of all hydrological, 
meteorological and agrometeorological variables will be established to provide an appropriate 
level of spatial resolution of these variables. The following new equipment is included in the 
design of the up-graded observation and monitoring network: 12 meteorological stations, 73 
meteorological posts, 44 hydrological posts, 10 snow measurement stations, 20 
inclinometers; 3 drones and additional corpus; 3 meteorological radars (co-financed), matrice 
600 pro for flight control and thermal camera; visual computing appliance (VCA) for 
processing areal photos; geopositioning equipment; upper air sounding equipment (x2); 15 
agrometeorological stations, 8 mobile discharge meters, 1 super computer for strengthening 
early warning system; telecommunication system equipment. A forecasting centre is already 
established at NEA and technical capacity was strengthened under the Rioni project.  The 
super computer to be acquired will be a High Performance Computer with several nodes 
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and 70-100 TFlops performance, with inter-node connections 56Gb / s FDR InfiniBand or 
100Gb / s EDR InfiniBand.   Storage: 500-1000 Tb.  The hydrological stations would include 
solar panels, while meteorological stations, use a combination of solar panels and main 
connection, as the heater has been included for the rain-gauge requires the station to be 
connected to the electrical network (a solar panel and battery are not sufficient for the heater). 
The list of equipment with costing is presented in the tables 2-7 and 2-8 below. Detailed 
justification of the equipment is described in Section 3.1. 
 

While this project will establish and rehabilitate these monitoring stations, their long-term 
maintenance will be assured by the government of Georgia and specifically by the NEA that 
has the dedicated staff and associated budget allocations for continued maintenance and 
operation of monitoring and early warning systems (corresponding letter of co-financing for 
the operations and maintenance costs is attached to the proposal). Under the project, the 
training of staff will ensure that the capability and competences are established (see Activity 
2.1) and as part of the institutional strengthening, the project will identify mechanisms for 
guaranteeing government budget commitment for long-term maintenance of the national 
hydrometric network. 

Table 2-7. List of equipment to be purchased with GCF resources 

Type of equipment 

Cost per 
item, 
US$ Quantity Total cost 

Purpose/Type 
of hazard 

Beneficiary / 
Responsibility 
for O&M 

Comments 
(location, 
timeframe, 
etc.) 

Automatic water level 
measuring system 10,295 44 452,980 

Flooding, flash-
floods NEA 

See section 
3.1 for details 

Installation cost 1,200 44 52,800    
Automatic 
meteorological station 22,275 12 267,300 

Flooding, flash-
floods NEA 

See section 
3.1 for details 

Installation costs 800 12 9,600    

Automatic 
meteorological posts 14,625 73 1,067,625 

Flooding, flash-
floods, 
precipitation 
induced 
landslides NEA 

See section 
3.1 for details 

Installation costs 600 73 43,800    
Upper air sounding 
equipment (receiver, 
hydrogen generator, 
radiosondes and 
balloons) 254,250 2 508,500 

Heavy rains, 
flooding, flash-
floods NEA 

1 for East 
Georgia and 1 
for West 
Georgia 

Snow Measurement 
equipment 41,667 10 416,670 

Avalanches, 
flooding, flash-
floods NEA   

Installation costs 800 10 8,000    
Mobile discharge 
meters 40,000 4 160,000 

Flooding, flash-
floods NEA   

Automated 
inclinometers 20,000 20 400,000 

Precipitation-
induced 
landslides NEA 

10 high risk 
landslide sites, 
see section 3.1. 

Installation costs 800 20 16,000    
- Drone with 
additional corpus 45,000 1 45,000   NEA   
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- Matrice 600 pro and 
thermal camera 33,000 1 33,000  NEA  
- Visual Computing 
Appliance (VCA)          
- Geopositioning 
equipment/GPS 9,000 1 9,000  NEA  
 50,000 1 50,000  NEA  
 29,000 1 29,000  NEA  
Automated 
agrometeorological 
stations 
Data interpretation 
and field climate DSS  

11,431 15  171,467 

 NFA  

 
32,895 

Super computer 
(High Performance 
Computer with 
several nodes 
and 70-100 TFlops 
performance, with 
inter-node 
connections  56Gb / s 
FDR InfiniBand or 
100Gb / s EDR 
InfiniBand.   Storage: 
500-1000 Tb) 1,125,000 1 1,125,000   NEA   
Modernization of the 
telecommunication 
system 425,700 1 425,700   NEA   
Subtotal for 
Equipment:     5,324,337       
Insurance (total)     102,344       
Consultants and 
travel (defining 
location of the 
stations, technical 
specifications, 
supervision over 
installation, etc.)     236,220       
TOTAL for GCF 
Activity 1.1.:     5,662,901       

 
Table 2.8. List of equipment covered with co- financing  
 

no. 
Type of 
equipment 

Cost per 
item, 
USD Quantity 

Total cost 
(USD) 

Purpose/type 
of hazard 

Beneficiary / 
Responsible 
for O&M 

Comments 
(location, 
donor) 

1.         Radar 1,700,000 1 1,700,000 

All hydro 
meteorological 
hazards NEA State budget 

2.         Radar 1,300,000 1 1,300,000  

NEA, 
Georgian Air 
Navigation 

State Military 
Scientific-
Technical 
Center Delta 
(STD Delta) 
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3.         Radar 1,300,000 1 1,300,000    
 Sub-total   4,300,000    

4.         
Hydrological 
stations 9,000 5 45,000 

Floods, flash 
floods NEA USAID, USA 

5.         Drone 165,000 1 165,000   NEA NEA 

8.         O&M (NEA) 1,002,000 20 20,040,000 

All hydro 
meteorological 
and geological 
hazards NEA NEA 

 

TOTAL co-
financing 
for Activity 
1.1:     24,550,000       

         
 

Activity 1.2: Risk zoning based on hazard and risk maps for all major basins (Enguri, 
Chorokhi-Adjaristskali, Supsa, Natanebi, Khobi, Kintrishi, Kura, Aragvi, Khrami-Ktsia, Alazani, 
Iori) in Georgia and hazard and risk maps for key climate-induced hazards (landslides, 
mudflows, avalanches, hailstorms and droughts), using the most appropriate modern 
technologies and methods and aligned with international and regional standards. In particular, 
flood hazard and risk maps will be developed in line with EU Floods and Water Directives 
requirements. Landslide and mudflow hazard and risk maps will build on the approach used 
for the Rioni AF basin. 

Accurate digital elevation models (DEM) such as from LiDAR sources for all floodplains of 
Georgia for hazard modelling and mapping will be utilized. A comprehensive topographic 
survey of rivers through high risk areas will be undertaken. Historical hydro-meteorological 
and geological data for all Georgia required for all hazard and risk assessments will be 
digitised and systematised. Based on the national flood maps to be developed, the project will 
scale-up nation-wide - the floodplain zoning policy developed by Rioni project (see Activity 
2.1.). 

Hazard maps are essential for the assessment of current and future hazard scenarios and the 
design of hazard management solutions that fully accounts for climate change considerations. 
There is currently no definitive or accurate hazard mapping for Georgia. The strategic 
assessment of risk to population, to economic activity and to future development under 
conditions of climate change is a government priority in order to support and guide local 
municipalities to wisely and rationally manage risk exposure to acceptable levels. GCF 
resources will be used to develop hazard maps under current and climate change conditions 
for the entire project area (all of Georgia) and for all relevant natural hazards. The hazard and 
risk maps will be used to make risk-informed decisions for all aspects of development and risk 
management in the future. This will include zoning of development activity away from high 
hazard areas to avoid damages to people, property and economic activity. In addition, the 
hazard maps will be used as the basis of the multi-hazard early warning system to be 
developed within the framework of this project and will be used by national and local authorities 
and communities in the development of emergency preparedness and response plans, in the 
establishment of different financial risk transfer mechanisms, for raising public awareness and 
for improving community preparedness. The visual maps will benefit decision makers and all 
involved in natural hazard risk management at national and local level. It will also enable 
government and donor agencies to better focus their efforts in dealing with hazards in the 
basin in the future. Importantly the hazard maps will provide the basis for the management of 
climate-induced hydro-meteorological hazards in Georgia now and in the future.  Methods to 
be applied will be based on international best practise, and will cooperate with other projects 
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developing hazard and risk assessment approaches such as EU project Prevention, 
Preparedness and Response to Natural and Man-made Disasters in the EaP. 

The total costs for the activity to be covered by UNDP through SDC (Swiss Development 
Cooperation) funding come to US$3,049,860.00 and will include the cost of technical 
specialists and data acquisition as follows:  

 

Table 2.9 Cost of technical studies and data acquisition 

General Multi-Hazard Assessment Data and Equipment 1748500 

Purchase of field and survey equipment 100000 
DEM 1125000 

Other Topographic Data and Surveys 523500 

Flood Hazard Assessment 511500 
Software Acquisition 10000 
Hydrological Modelling 181500 
Hydraulic Modelling 292500 
Flood Mapping 27500 
Drought Hazard Assessment 70000 
Drought Hazard Data Collection 45000 
Hazard Assessment 25000 
Landslide Hazard Assessment 175,400 

Geotechnical and geomorphological assessments, modelling and mapping 141,000 
Hazard Assessment 34400 
Avalanche Hazard Assessment 102000 
Data Collection and Surveys 72000 
Hazard Assessment 30000 
Wind Hazard Assessment 97000 
Data Collection 22000 
Meteorological Modelling 45000 
Hazard Assessment 30000 
Hailstorm Hazard Assessment 97000 
Data Collection 22000 
Meteorological Modelling 45000 
Hazard Assessment 30000 
Multihazard Risk Assessment 248460 
Data Collection 35000 
Survey  95000 
Risk Assessment Modelling 83460 
Risk Assessment  35000 

TOTAL 3049860 
 

The major beneficiary and responsible party for this activity will be NEA. NEA/MoEPA co-
financing to this activity at $2,880,000 USD will include data management and periodic 



Annex II – Feasibility Study I  
         
                                                                                                     GREEN CLIMATE FUND FUNDING PROPOSAL 
 
 

147 
 

assessment of risk maps/zoning over 20 years. The set of actions related to the flood risk 
mapping will be strongly coordinated and will build upon the results of the current EU project 
helping the SSCMC, EMA and MoEPA develop flood legislation and technical guidance and 
methodologies for flood risk assessment and mapping.  Moreover, relevant MoEPA staff will 
be involved in developing droughts and hail hazard maps in order to receive hands-on 
experience, which is currently lacking.  

Activity 1.3: Introduction and implementation of methods and tools for the systematic gender-
sensitive socio-economic vulnerability assessment for decision-making for prioritisation of 
resilience investments. GCF costs: $325,000 USD.  

This activity will build on the bespoke GIS-based socio-economic risk model47 (which was 
based on EU flood Directive methodology for flood socio-economics assessment) developed 
for Rioni basin and extended as part of this feasibility study to include the rest of Georgia and 
all relevant natural hazards.  The developed model will be enhanced with improved datasets 
to be acquired/established by the project but the underlying methodology will be the same and 
is described as follows: 

Hazard maps and underlying information will be used in combination with infrastructure 
(bridges, roads and buildings, hospitals, schools, power plants, critical infrastructure), land use 
(settlements, agriculture, grazing lands, and conservation areas), property and socio-
economics data, to assess the socio-economic impacts of each hazard and produce 
vulnerability maps for the river basins. This risk map, based on the accurate hazard mapping 
of the current situation will form the baseline. 

In order to develop risk maps, the bespoke GIS-based risk model developed for the Rioni 
basin will be extended to the rest of Georgia and to other relevant natural hazards (already 
done in outline and with available data for this feasibility study. This will be updated and 
strengthened for the full project). The tool will integrate various spatial socio-economic data 
with the hazard maps, and produce risk maps, which will include economic losses and 
damages and loss of life estimates. 

Large hydro-meteorological events often result in losses to infrastructure, particularly, to roads 
and water supply, losses to agriculture and damage to property, along with concomitant social 
effects associated with loss of potable water and agricultural productivity. The baseline socio-
economic appraisal will concentrate on these and other sectors. 

Agricultural damage per unit of area will be calculated based on land use, typical crop yields 
and current market values. The impact on livestock will be evaluated and valued at their local 
market value and their density across each region. Their numbers will be based on density of 
cattle information for each region. The loss of dwellings will be valued based on the type of 
structure. For example, for temporary dwellings the cost of building materials, the number of 
day’s labour for rebuilding will be important whereas damage to permanent buildings will be 
based on an average value, established through local consultation and proportional damage 
by flood depth (and other hazard index) to buildings and their contents will be estimated. 

The probability of the loss of life and injury will be valued based on the density of population 
and a hazard index (for instance for the flood hazard, this index will be calculated depending 
on the average flood depth and velocity). This will then be multiplied by a reference valuation 
for the statistical economic loss of a life, which will be derived through local consultation and 
also included within the economic appraisal. Costs for the rebuild of damaged major 
infrastructure will be included, as well as the costs for post-event aid relief, based on the 
historic records for previous events. 

                                                
47 Developing climate resilient flood and flash flood management practices to protect vulnerable communities of Georgia; Socio-economic 
assessment of flood risk in Rioni basin. UNDP/AF 
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Care will be taken to include the gender effects of all hazards. For example, it is known that 
the consequences for the balance between productive and reproductive activities of women 
is severely altered during and after flood event and has impacts on the resilience and income 
of a household.  

It will be important, although challenging, to assess the macro-economic effects of hazards on 
the Nation’s economy, its balance of payments and import/export parity. Avoidance of the 
worst effects of these disasters through appropriate mitigation efforts will enhance economic 
growth in the form of employment, income and productivity and boost confidence in industry. 
The negative effects on the balance of payments whilst restitution is on-going and capital costs 
of mitigation put in train will be redressed by an emergent economy in the context of resilient 
assets, infrastructure and productivity.  

These sources of damage and loss will be incorporated through mapping to generate 
Economic Vulnerability maps. As discussed above, this will involve land use, density of 
population and livestock and major infrastructure and buildings. From these maps, the 
potential damages caused by a range of severity of events can be produced for the baseline 
condition, by comparison with the maximum hazard impact. This baseline assumes that 
nothing is done over and above current the ‘business as usual’ approach to prevent the hazard 
and that any defences likely to fail have failed. From the range of events, a statistical Annual 
Average Damage and Present Value of Damage will be produced for this baseline and for 
each event and combination of events. This will be based on an agreed appraisal period, e.g. 
50 years, with an approved discount rate. Once this baseline is confirmed, then the hazard 
mitigation options and their damages avoided can be considered. 

Although there are many contributing factors to economic loss caused by a given event, it will 
be the aim of this study to capture the largest contributors to this loss, which can be most 
readily valued. This will provide a reliable basis from which to make decisions. The use of 
appraisal summary tables, which will set out principle receptors, the scale of the impact and 
the level of quantification required will ensure that all aspects, both quantifiable and 
unquantifiable are still considered in the decision-making process. This decision process will 
be assisted by Multi Criteria Analysis to give comparative weight to all impacts whether 
measured in monetary terms or not. The results of this assessment will be used in the 
appraisal of intervention options. 

This set of activities will be implemented in close cooperation with SSCMC, which by mandate 
is tasked to carry out vulnerability studies and identify and prioritize risks. However, other 
stakeholders including NEA, Environmental Information and Education Center, NGOs and 
academic institutions will also be involved in this work.  Other beneficiaries of the risk 
modelling using this approach include Ministry of Economy – in their evaluation of the micro- 
and macro-economic impacts of hazards and cost-benefit mitigation measures; Ministry of 
Finance – in their budget allocations for DRR and CCA activities to address hazard 
management; MoEPA – in their assessment of loss and damages to agriculture and the 
assessment of likely mitigation measures and potentially the insurance industry in their 
assessment of premiums that should be associated with losses and damages of insurable 
assets (e.g. agriculture and property insurance). 

Activity 1.4: A centralized multi-hazard disaster risk information and knowledge system, 
based on the output of DRR project MHRA methodology.  It will consist of national e-Library, 
databases, information systems and knowledge portal (web knowledge portal to increase 
awareness, provide interactive hazard maps, with integration with social media and possible 
mobile app to increase community engagement and allow two-way flow of information). GCF 
covered costs of this activity: $305,000 USD. Co-financing in the amount of US$ 63,272 is 
provided by the Ministry of Internal Affairs through funding of database and MHEWS 
management activities of EMA. 
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The multi-hazard and risk assessment described in activities 1.2 and 1.3 will produce very 
relevant information for many different government departments and agencies.  To enable 
access and sharing of this information, a centralised information system and knowledge 
sharing platform will be required.  The Rioni AF project developed and established a GIS 
database for all spatial data related to the basin flood risk management. The database was 
designed to be expandable to include other basins.  

The national multi-hazard information system to be developed under the GCF project will 
consist of a national e-Library, databases (including the GIS database previously noted), 
information systems and knowledge portal (web knowledge portal to increase awareness, 
provide interactive hazard maps, with integration with social media and possible mobile 
application to increase community engagement and allow two-way flow of information.  It will 
be an integral part of the NSDI currently being developed for Georgia and provide the 
information access and sharing platform for geospatial information on hazards. This will 
contribute to a more effective regulation of the agriculture, environment protection, 
transportation, logistics and disaster management.   

The system will represent a major shift in how government departments currently work and 
will need to be supported by the introduction of appropriate data sharing protocols and 
importantly by extensive training and capacity building to ensure sustainability.    

While the hazard-related part of the meta-database will be hosted and maintained by NEA, as 
it is now, metadatabase with socio-economic parameters, including vulnerability and risk 
assessments will be hosted by MIA with the SSCMC having access to relevant data on 
disaster statistics, losses and damages and socio-economic vulnerability. Both 
metadatabases will be interconnected and integrated into existing EMA’s GEOdata portal. 
Data access protocols for various concerned government agencies will be developed. 

Output 1 Total = US$36,835,633 (including US$ 6,292,501 GCF funding and US$ 
30,543,132 co-funding) 
 
Output 2: Multi-hazard early warning system and new climate information products 
supported with effective national regulations, coordination mechanism and 
institutional capacities. 
Under this output the project will address gaps in national coordination and institutional set up 
for effective EWS resulting in a functioning coordination mechanism and communication 
protocols for early warning. Capacities of decision-makers and national institutions involved in 
generating, processing, communicating and using the warnings will be enhanced. National 
and local integrated Early Warning Systems for all hazards and relevant sectors will be 
developed and implemented. The Output will be achieved through the following activities: 

Activity 2.1:  Institutional and legal frameworks and institutional capacity building 

Activity 2.2: Development and implementation of the MHEWS 

Activity 2.3:  Access to weather and climate information and enhanced 
agrometeorological information services for farmers and agricultural enterprises  

Activity 2.4:  Multi-hazard risk management planning  

A detailed description of activities is presented below. 

Activity 2.1:  Institutional and legal frameworks and institutional capacity building for the 
MHEWS and for the enhanced use of climate information. Improved coordination and 
communication protocols for early warning. Total cost of this activity: US$ 1.628 million 
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including US$ 0.107 million from GCF and from UNDP through SCD funding and co-funding 
from the Government of Georgia. 
 
NEA is responsible for the meteorological, hydrological and geological monitoring and warning 
in Georgia. NEA is also responsible for the first stages of the dissemination of climate-induced 
hazard warnings. This is accomplished through the publication of a daily water-level bulletin 
for all the operating stations that is available through their website and disseminated to the 
President Administration, SSCMC, Ministries (including the Emergency Management Agency 
(EMA) of the Ministry of Interior), operators of Hydropower Plants, to other users upon request 
and to regional authorities during extreme events. Flood warnings from NEA are sent to the 
EMA of the Ministry of Internal Affairs, who is then responsible for issuing the emergency 
announcement to relevant authorities and to the public. In October 2016, a new Joint 
Operations Center was opened under the MIA, which will conduct a real-time observation of 
crime, safety and security situation, including emergencies related to natural hazards. 
However, its role and capacities in this regard are still unclear. 
 

Immediate response and alleviation of effects of natural disasters fall within the scope of 
Ministry of Interior, in coordination with Ministry of Regional Development and Infrastructure 
and other public offices, local governments, businesses and communities. EMA’s main 
responsibility is to ensure nationwide management of emergency situations, coordinating 
efforts directed at alleviating the effects of natural and man-induced emergencies. In case of 
an emergency, a Field Operation Centre is established near the ‘incident’ or ‘emergency’ site. 
The Rescue Preparedness and Response Centre has reactive function to emergency 
situations. It responds to emergency situations and ensures that rescue teams are on duty 24 
hours a day, and that they are permanently prepared to respond to emergencies. It should be 
noted that the regional and local authorities’ involvement in emergency situations is 
considered within the strategy of the Ministry of Interior. However, it is unclear what role these 
authorities play when warnings are issued.  

The Rioni and the DRR projects reviewed the institutional arrangements for flood forecasting 
and early warning systems and made a number of recommendations regarding the necessary 
improvements for a more effective FFEWS. These recommendations are applicable to 
institutional and regulatory arrangements required for MHEWS.  The GCF project will aim to 
implement and build upon these key recommendations to enhance the capacity to use EWS 
information for both the public and private sector. Capacity assessment conducted for this 
project is provided in Annex 5.  

The following specific actions will be implemented with the GCF support:  

2.1.1. Policy, regulatory framework and technical guidance for MHEWS and climate risk 
management.  

The Flood risk management regulatory framework will be strengthened under the leadership 
of the MoEPA. In particular, the project will support development of framework legislation on 
floods management, corresponding by-laws and technical guidance informed by the EU 
Floods Directive.  Similarly, other technical guidance related to other types of hydro 
meteorological hazards will be developed within the climate risk regulatory framework.  

The project will support integrating climate induced flood and droughts risks management into 
water legislation by adaptation of #24 EU Water Framework Directive CIS guidance document 
on River Basin Management under Changing Climate. Moreover, the project will assist the 
MoEPA in translation, adaptation and adoption of the Guidance for Reporting under the Floods 
Directive (2007/60/EC). The work will be implemented in cooperation with two EU projects 
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(EUWI+4 EaP and PPRD East 2) working on flood and water regulatory basis, discussed in 
detail in baseline projects section. 

Technical regulations and guidance on EWS will be developed and supported.  

MHRA mandates and methodology48 will be finalized; relevant staff of MoEPA, NEA and EMA 
will be supported in its application and integration in everyday operations through development 
of MHRA technical regulation and facilitation of its adoption.  

Vulnerability assessment and CBA methods tested under the UNDP/AF Rioni project will be 
standardized and institutionalized. The project will assist the government in developing and 
adopting relevant technical regulations. Trainings for relevant staff also will be carried out to 
apply this methodology. 

Nation-wide risk zoning policy based on risk and hazard maps (produced under activity 1.2) 
will be operationalized through relevant national regulations and guidance documents. Under 
the Rioni project a floodplain zoning policy49 was developed.  The focus of the policy is on the 
promotion of floodplain zoning as a means of efficient flood risk management, in order to retain 
the natural functions of the floodplain, minimise loss of life and property damage due to 
flooding, and maximise the goods and services that can be derived from harmonious existence 
on the floodplains. It uses the Rioni hazard maps to define 6 flood zones (Low Flood Hazard 
Zone, Climate Change buffer, Floodplain Fringe, Functional Floodplain, and The Floodway) 
and overlain onto land use categorized into 4 land use/development classes (Essential/Critical 
infrastructure, Water compatible development, Emergency Services Infrastructure, 
Commercial/Public Buildings and Residential) and three vulnerability categories (Highly 
vulnerable Infrastructure, Moderately Vulnerable Infrastructure, and Less Vulnerable 
Infrastructure). The policy outlines the most appropriate mix of land use and vulnerability class 
that should be permitted in each flood zone, in order to minimize risk to life and economic 
losses.  This policy is applicable for all floodplains of Georgia, but cannot currently be 
implemented as the necessary hazard and risk maps for all but the Rioni floodplains are 
missing.  Under the GCF project the development of the flood hazard maps will enable the 
implementation of this floodplain zoning policy throughout Georgia.  

 

2.1.2. Institutional strengthening, coordination, communication and enhanced use of climate 
information.  

The project will help the government to clearly define major and minor hazards and set proper 
criteria for their distinction. Thresholds and areas of influence will be determined by NEA, while 
the definition of the response size and resources to be deployed will be determined from EMA, 
Joint Operations Centre and SSCMC. The process will be participatory and feedback of any 
other stakeholder, especially local and regional authorities, will be taken into consideration.   

Criteria for the definition of the different warning levels will be established and different 
standard types of messages will be devised depending on the recipient of the message. 

Clear communication lines between different agencies will be established, any duplication and 
inefficiencies will be eliminated. Moreover, the role of MIA’s Joint Operations Center will be 
clarified and its capacities strengthened in terms of warnings and operative responses from 
police forces and local authorities.   

                                                
48 An outline for the MHRA methodology has been developed under the UNDP DRR capacity building project in 2015 
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Standard Operational Procedures, Communication Protocols and Codes of Conduct will be 
developed for each of the agencies responsible for the various elements of the MHEWS and 
response. 

Roles of regional and local authorities will be clarified and detailed. SOPs and guidelines for 
Tbilisi Mayor’s office will be developed. Moreover, the Mayor’s office will be supported to 
establish and strengthen a resilience unit there. 

National operational maintenance procedures for hydrometric network will be established 
(NEA). 
 
Community warden systems will be elaborated and integrated into local and national response 
system. This action will be implemented hand in hand with activities under component 3 
related to community-based early warning systems. 

Climate Change forums.  A multi-stakehlder/multi-sector climate change coordination 
committee will be establishsed under the leadership of the MoEPA to coordinate all climate 
related activities by the end of 2017. The GCF project will be a member of the committee as 
well as invite committee representatives to its advisory boards. The GCF project itself will 
invite multiple stakeholders to its various technical/advisory boards, composed of 
representatives of government, research-academic institutions, NGOs, etc. Furthermore, 
ongoing UNDP/GEF project on improving environmental information management and 
reporting capacities under three Rio Conventions, has established a learning management 
portal where CC module is included. Climate information/products to be developed under GCF 
project will be provided and made avaialble to broader audience/public. The GCF project will 
cooperate with the recently launched UNDP/GEF FNC&SBUR project that, among other 
mitigation related actions, plans vulnerability assessments and development of adaptation 
strategies/plans for various sectors. Both projects will use information, studies, data 
generated/collected by the GCF for vulnerability studies, developing river basin and municipal 
level plans and, UNDP/GEF project - in  vulnerability studies and developing adaptation 
strategies. 

Climate Outlook forums.  Georgia is a member of The Southeastern Europe Climate Outlook 
Forum (SEECOF) which was the very first regional climate outlook forum in Europe, started 
in 2008 at Zagreb, Croatia. The countries participating in SEECOF are: Hungary, Slovenia, 
Croatia, Serbia, Bosnia, Montenegro, Albania, the Former Yugoslav Republic of Macedonia, 
Greece, Turkey, Bulgaria, Rumania, Moldova, Israel, Cyprus, Armenia, Georgia and 
Azerbaijan.  Through the GCF project, Georgia will enhance its capacity to participate in the 
forum, and provide verification of the SEECOF climate outlook.  At national level Georgia has 
an agricultural outlook forum which is will be enhanced by Activity 2.3 below. The GCF project 
will integrate with and strengthen exsiting regional and national climate outlook forums through 
the expansion of the observation network and the development of climate products that include 
seasonal forecasts.   

2.1.3. Training and capacity building of relevant stakeholders at all levels.  

The implementation and maintenance of a multi-hazard early warning system of this scale will 
require technical capacities in all areas of hazard and disaster risk management to ensure the 
long-term sustainability of the system.     

Technical expertise and experience in disaster management and emergency response is 
present, both at central and local levels. There are sound capacities to elaborate long-term 
development policies, strategies and plans in various sectors. This however is mostly the case 
at central level, rather than decentralized levels (regional, municipal and local). While technical 
expertise exists in various sectors and for specific technical areas, awareness and knowledge 
of disaster risk reduction concepts and practices is an area for improvement. Technical 
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capacities related to risk identification and assessment, prevention, risk reduction, risk 
transfer, preparedness, climate risk management and climate change adaptation are rather 
weak across institutions and governance levels. As part of the Rioni AF Rioni project, an 
assessment was made of the existing gaps in institutional capacity for flood and landslide 
hazard and risk management in Georgia, the results of which are presented in Annex 5.  

Having mapped the institutional capacity and assessed gaps and training needs, an 
institutional capacity building plan will be developed and implemented to address gaps in 
resourcing (human, technical and financial).  The recruitment and training needs to fill capacity 
gaps will be addressed. The project will develop training plans for each technical area of 
expertise related to climate-induced hazard risk assessment and management, and 
consolidate into an overall capacity development plan.  A long-term capacity plan for Georgia 
will be developed and will consider options such as the development of internships and 
voluntary schemes for University students, in climate risk management and MHEWS. 

 

The project will add CRM, climate-induced hazard risk management and aspects of MHEWS 
sessions to the trainings provided by the EIEC to improve the technical capacity and 
knowledge base for hazard and climate risk management, FFEWS and long-term adaptation 
planning.  Moreover, the internal capacity for EIEC will be built in terms of Training of Trainers 
(ToT) in the above topics.     

To address issues of skills shortage, skills retention and succession planning, the project will 
develop approaches which will include examining the role of the private sector (consultants, 
contractors, research institutes) in filling these gaps, the use of Continuous Professional 
Development (CPD) methods involving cross-fertilising of staff with skills across all 
organisations (e.g. through training in all technical areas before specialising), development of 
standardised and nationally accepted guidance documents, codes and standards which will 
enable, consistency and uniformity of technical approaches.    

In order to address capacity needs identified under Rioni AF project and to apply it to other 
climate induced hazards the project will focus on the following set of actions, addressing 
critical capacity gaps: 

In the area of multi-hazard assessment, hydrometry, forecasting and modelling, EWSs: 

• Carry out workshops on hydrometry to include modern methods and equipment 
specification  

• Support NEA workshops for junior NEA employees and university graduates 
• Design and put in place mentoring programme with younger engineers shadowing 

experienced staff 
• Carry out comprehensive review of monitoring needs and network optimization and 

strategic planning for the future  
• Review budgetary requirements for long-term maintenance of optimized hydrometric 

network and development of a financing model to be put forward to government for the 
long-term maintenance of networks (use cost-benefit modelling to support the 
financing model) 

• Conduct trainings in hydrometric network design and implementation 
• Conduct trainings for local O&M staff on equipment maintenance 
• Introduce university courses in hazard analysis, modelling and mapping (NEA to form 

links to university and help introduce courses) 
• Undertake refresher training in hydrology, hydraulic modelling and GIS 
• Conduct training in forecasting procedures 
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• Conduct training in warning procedures 
• Conduct training in Common Alerting Protocols 
• Conduct training of NEA’s staff in remote sensing 
• Conduct training of NEA’s staff and other stakeholders in multi-hazard risk assessment 

and mapping 
• Conduct training of NEA’s staff in landslide monitoring and operations and 

maintenance of landslide monitoring equipment 
• Conduct MHEWS training on the new system for all institutions involved in EWS as 

identified by institutional mapping and institutional arrangement plan for EWS.  
Training course to be designed by EWS expert but will include all elements described 
 

In the area of agrometeorological monitoring: 
• Conduct trainings of the staff of MoEPA, including NFA and Scientific-Research Center 

in agrometeorology 
• Conduct trainings of NFA’s staff in design, and long-term O&M of agrometeorology 

network 

Capacity building and training related to enhanced delivery of agrometeorological information 
services is included under the Activity 2.3 below. 

 

In the area of vulnerability and risk assessments: 

• Introduce university courses on gender sensitive vulnerability and risk assessment and 
modelling (NEA to form links to university and help introduce courses) 

• Develop capacity in the assessment of damages, losses and risk to life will require 
specialist training of individuals already involved in economics assessments 

• Conduct trainings in damages and losses assessment 
 

In the area of multi-hazard risk management (MHRM) and the use of climate information: 

• Conduct workshops to identify required changes in institutional arrangement to enable 
better MHRM  

• Conduct trainings in land use policy and construction permitting system  
• Conduct training workshops for NEA, MRDI, Tbilisi Mayor’s Office and other 

practitioners in Strategic MHRM planning and MHRM intervention identification 
approaches 

• Conduct training on proposed new MHRM policy regarding multi-hazard RM for various 
sectoral ministries and institutions 

• Awareness raising workshop for all government departments.  Use of the project-
developed website to store hazard and vulnerability information including maps. 

• Targeted awareness and learning events on climate risk assessment and 
management for relevant sectoral investors (Ministry of Energy, Hydropower sector, 
MRDI, MDF) 

• A series of targeted training workshops for municipalities  
• Workshops and round tables on risk management financing and risk transfer 

instruments 

Activity 2.2: Development and implementation of the MHEWS covering all Georgia, building 
on the Rioni basin prototype and on the expanded hydrometric network to be achieved through 
activity 1.2. This activity includes development of the telecommunications system to support 
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the new EWS, and integration of telemetry system for near real-time dissemination and use of 
EWS.  

Total GCF cost of this activity: US$ 2.621 million. Co-financing: US$ 19,440,417, of which 
US$ 3,000,000 is from from NEA/MoEPA for MHEWS operation and data/warning 
management over 20 years and US$ 16,440,417 from MIA for supporting 24/7 JOC. 

This activity will build on the FFEWS which was developed for the Rioni Basin and includes 
development of the telecommunications system to support the new EWS, and integration of 
telemetry system for near real-time dissemination and use of EWS.  The following is a 
discussion of what will be required to scale it up to the whole of Georgia and extend to other 
hazards (please refer to Annex 6 for description of existing Rioni FFEWS) 

The forecasting system to be implemented within NEA to cover the whole territory of Georgia 
will be based on existing Rioni forecasting system. The data from the different automatic 
stations (meteorological stations /posts and hydrological stations described above) will be 
managed, transmitted and processed following the same procedures as outlined in the 
description of the existing system. In order to upscale the existing forecasting system, several 
actions will need to be undertaken for each of the components of the system. Below each of 
the components of the MHEWS is described in detail.  

The following actions will be covered with the GCF financing under this activity:  

2.2.1 Upgrade of Flood forecasting - Expanding meteorological and hydrological forecasting 
capacities (Meteorological Forecasting and Satellite Precipitation Estimates) 

The project will address several improvements to the meteorological and hydrological 
forecasting capabilities of NEA. These improvements are based on recommendations made 
by experts during the implementation of the Rioni Basin FFEWS.   

The goal of the designed NWP system is to produce high-quality, high-resolution (grid-size 
~1km) weather forecasts in Georgia, up to 72h ahead, four times a day, although a lower 
horizontal resolution (5km) model with a longer time horizon (7 days) will also be run daily. 
Improvements to meteorological forecasting capabilities. NEA already has some experience 
on running operationally, the Weather Research and Forecasting (WRF) Model over Georgia 
with 10 km horizontal grid size. WRF is also used by NMS in the region and neighbouring 
countries. Therefore, it is feasible to continue to pursue model development using WRF. Within 
the framework of this project, the meteorological capabilities of NEA in EWSs will be improved, 
as described above, by pursuing model development of WRF. The necessary activities would 
include: i). Model development of Weather Research and Forecasting (WRF); ii).The addition 
of a new model (COSMO) to the FFEWS platform; iii). The inclusion of additional boundary 
conditions to the local meteorological forecasting models (ECMWF); iv). A more thorough 
assessment of the quality of the predictions and the associated work required for the 
improvement of the predictions, especially at local scale.   

Strengthening the existing EWS would include the use of additional remote sensing data 
sources to address the current limited use of satellite sources for the EWS in NEA. Within the 
framework of this project, the inclusion of satellite precipitation estimates (GPM and MPE) in 
the EWS will be undertaken. Procedures for the inclusion of both satellite sources will be 
developed, including the data acquisition, data processing, data validation and calibration (for 
Georgian purposes) and the assessment of the data quality for forecasting purposes.  

The future modelling system includes double-nesting capabilities enabling both the high-
resolution Georgia-domain and the lower resolution Caucasus-domain in the efficient way. 

The new NWP system should have the variational data-assimilation (e.g. 3D-Var) capabilities 
as in the current NEA system. This should include the possibility for generating both 
background and observation error covariance matrices specific to NEA model domain. 
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Both forecast model and data assimilation codes should support the usage of parallel 
computing by using standard Message Passing Interface (MPI) and Open Multi-Processing 
(OpenMP) techniques. 

2.2.2 Integration of the new sources of data/types of data into the forecasting platform. 

This will address the inclusion of the data from ground weather Radars into the forecasting 
platform to provide for a finer spatial resolution of the precipitation area, the real-time data 
availability, and the ability to track approaching storms even before they reach the catchment 
of interest. Procedures for the inclusion of the radar data will be developed and tested.  

2.2.3 Expanding the hydrological and hydraulic models within the forecasting platform to cover 
the whole territory of Georgia.  

A full analysis will be undertaken in order to identify the best hydrological and hydraulic models 
for the forecasting platform. It should be added that the flexibility of the present FFEWS 
(implemented within the framework of the Rioni Project) allows for the inclusion of different 
models.  

2.2.3.1 A high resolution Digital Elevation Model (DEM) data will be purchased.  

Aerial photographs or LiDAR sources would be recommended in order to obtain a high-
resolution DEM covering the whole territory of Georgia.   

2.2.3.2 Provision of the access to the European Centre for Medium-Range Weather Forecasts 
(ECMWF) data.   

2.2.3.3 Integrated data management.  

A new integrated data management system will be implemented in order to manage all the 
existing and new additional sources of data. The integrated data management system will 
serve as a main data management system integrating all point observation data into one easily 
operated and maintained database. It will serve both real-time and climatological observation 
needs. Real-time quality control procedures will be implemented within this system too.  

2.2.3.4 Input data sources 

All the different weather forecast information from global, regional and local models will be 
managed through a weather forecast production system that would allow the visualisation of 
grid formatted data and observation data.  

This platform will allow the visualisation and analysis of:  

- Numerical weather forecasting products, such as the existing local WRF and 
COSMO models, the regional ECMWF and HIRLAM or the global GFS.  

- Satellite images data, such as EUMETSAT or NOAA satellites 
- Observation data from the different stations deployed.  
- Images from the weather radars.  

 

2.2.3.5 Forecasting Data Management System 

A forecasting data management system will be implemented within the framework of this 
project in order to allow for the visualisation and editing of the forecast output products by an 
experienced forecaster. Several features such as time series editing, time-shifting, control 
editing, harmonisation, vertical cross-sections, statistical analysis or graphing possibilities will 
be implemented in order to facilitate the forecasters tasks.  

2.2.3.6 Forecast Verification System 
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Within the framework of this project a forecast verification system will be implemented. 
Forecast verification is essentially the process to evaluate the quality of forecasts by 
objectively measuring how well the forecasts correspond with the actual data as revealed by 
observations.  Forecast verification therefore goes hand-in-hand with a high quality, 
comprehensive observing system, and is an integral part in the quality assurance process of 
a forecast and warning production environment. 

The foremost principle of forecast verification is that verification activity has value only if the 
generated information leads to a decision about the forecast or system being verified. 
Moreover, verification can be summarized in three main principles each of which is addressed 
with a comprehensive online, real-time verification system.  Basic verification scores will be 
computed for continuous (e.g. temperature, wind speed, accumulated precipitation and 
cloudiness), categorical (e.g. rain, strong winds, fog, cloud base height) and probabilistic 
forecast variables. Among the continuous scores are e.g. Mean Error, Mean Absolute Error 
and Root Mean Squared Error. Among the categorical verification scores are Hit Rate, 
Probability of Detection, False alarm Rate and various others. For probabilistic verification, 
various scores like Brier Score, Brier Skill Score and Relative Operating Characteristic (ROC) 
curve will be computed together with supporting graphics like Reliability Diagram and Area 
under ROC curve. 

2.2.4 Development of drought forecasting. The GCF project will develop NEA capabilities to 
forecast droughts 

This will be built upon the existing forecasting capabilities of NEA and will be using some of 
the existing products. The tasks that will be addressed during this activity are detailed in the 
technical section below:  

- Design of the drought forecasting system: considering the existing expertise of NEA 
and the available information, a drought forecasting product will be defined 

- Historical information: historical information pertinent to the drought forecasting will 
be collected.  

- Product development: the following drought forecasting products will be developed 
in this task:  
• Soil Moisture Information: from remote sensing and from station data.  
• Precipitation anomalies: from observational and forecasting data.  
• Snowmelt runoff and discharge: from observational and forecasting data.  
• Standard Precipitation Index: The Standardized Precipitation Index (SPI) is a tool 

which was developed primarily for defining and monitoring drought. 
• Palmer Drought Severity Index: The Palmer Drought Severity Index (PDSI) uses 

readily available temperature and precipitation data to estimate relative dryness. 
 

- Development of warning criteria: based on the products defined above, the drought 
warning criteria will be developed. 

2.2.5 Development of landslide forecasting.  

The GCF project will develop NEA capabilities to forecast rainfall-induced landslides. This will 
be built upon the existing forecasting capabilities of NEA and will be using some of the existing 
products. The tasks that will be addressed during this activity are detailed in the technical 
section below: 

- Design of the landslide forecasting system: considering the existing expertise of 
NEA and the available information, a rainfall-induced landslide forecasting product 
will be defined 
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- Historical information: historical information pertinent to the landslide forecasting will 
be collected. This is of significant information, because the historical information on 
landslide occurrences gives insight into the frequency of occurrence, their spatial 
distribution, the types of landslides that took place, the volumes and the damage 
that they caused. All these are essential in understanding of the correlation between 
various causative factors and will determine the warning criteria. Information about 
landslide events, soil data and rainfall duration and intensity associated to previous 
landslide events will be collected.  

- Product development: the landslide forecasting will be based on rainfall thresholds 
which will be developed based on historical information and calibration.  

- Development of warning criteria: based on the products defined above, the landslide 
warning criteria will be developed. 

2.2.6 Development of avalanches forecasting 

This project will work on the development of NEA capabilities regarding avalanche forecasting. 
As it will be detailed in the technical section, currently, no computer models can forecast 
avalanches with any degree of accuracy. The forecast problem is compounded by the number 
of weather variables involved, the complexity of the terrain, and the lack of onsite weather and 
snowpack information. The following tasks are envisaged within this activity:  

• Design of the avalanches forecasting system:  
• Historical information 
• Product Development 
• Development of warning criteria 

2.2.7 Development of wind forecasting  

This project will develop NEA capabilities to forecast extreme wind events. It should be noted 
that this will be built upon the existing forecasting capabilities, especially in the meteorological 
forecasting capabilities. Tasks within this activity will be very much related with tasks noted in 
activity 2.2.1., i.e. regarding the improvement of the meteorological capabilities of NEA. The 
extreme winds EWS will be based on the use of forecasting information from numerical 
weather products and from local monitoring data. The following tasks will be undertaken within 
the framework of this project as related to the strong wind EWS:  

- Design of the wind forecasting system: considering the existing expertise of NEA 
and the available information, a strong wind forecasting product will be defined 

- Historical information: historical information pertinent to the wind forecasting will 
be collected. 

- Product Development: it should be noted that wind forecasting is a by-product of 
the meteorological forecasting. The use of observational data will be considered 
here too. 

- Development of warning criteria: based on the historical information and the 
product development, warning criteria will be defined within the framework of this 
project.  

2.2.8 Development of hailstorm forecasting  

This project will work on the development of NEA capabilities regarding hailstorm forecasting. 
The following tasks are envisaged within this task:  

• Design of the hailstorm forecasting system:  
• Historical information 
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• Product Development 
• Development of warning criteria 

2.2.9 Development of general forecasting capabilities and MHEWS 

In order to ensure that the whole MHEWS is implemented successfully, the following additional 
system capacities will be secured (additional hydraulic modelling software, additional servers 
and storage capacity, additional internet capacity, additional redundant back up system) 

2.2.10 Design and implementation of the “Last-Mile” warning dissemination and 
communication system. The system will rely on different communication means in order to 
ensure that the final user receives the information. This is especially the case for local 
communities, probably the weakest link in the early warning communication chain in Georgia 
at this stage. The work will include design of the “last-mile” communication models, work with 
the government on the communication protocols and SOPs, work with the mobile operators 
on the technical implementation of the system, work with the NGOs and media (see also 
activity 2.1 on training and capacity building).  

The Joint Operational Centre established within the Emergency Management Agency (EMA) 
is fully equipped to receive monitored and forecasted data and issue warnings.  In October of 
2016, the MIA opened a new Joint Operations Center (a central hub uniting all sub-units of 
the Ministry, with a 24/7 control room/command centre linked to 112 service.  The centre 
includes a video surveillance system with national coverage, which is used in the monitoring 
of hazards and dissemination of warnings.  MIA is providing co-financing to enhance the 
surveillance system.  The co-financing of the surveillance will include, procurement of services 
for the fiber-optic network for CCTV/video surveillance in 3,000 locations (GEL5,000,000 -
USD2,032,520 annually; GEL35,000,000 -USD14,227,640 in 7 years) and operational and 
maintenance cost of this network for 7 years– (GEL5,445,000 -USD2,212,777) - Sub-total: 
USD16,440,417.  The JOC surveillance system will also be used to verify/validate information 
from the MHEWS and enhance/compliment the EWS in the situation of short lead time events 
 

2.2.11. Design and implementation of the National MHEWS Protocol (see section 3.1.).  

2.2.12. Monitoring and evaluation of the designed MHEWS and development of 
recommendations for the system enhancements, expansion and further development (in the 
last year of the GCF project implementation).  

Impact-Based Forecast for the MHEWS 

The sections above have described the implementation of the Multi-Hazard Early Warning 
System, from the risk knowledge component to the monitoring, forecasting and warning 
components; the communication and dissemination component and the response one.  

The MHEWS will be based on an impact-based approach which will integrated the foreasting 
model outputs to be developed here, with the socio-ecoonomic risk model to ve developed 
under Activity 1.3.  This section desctibes the way that the forecasting model will be linked to 
the socio-economic model to provide impact-based forecasts.  The operational approach to 
the impact-based forecasting is depicted in the diagram XXX 

The risk knowledge component will be the first stage in the implementation, and in addition to 
the hazard assessment and subsequent risk assessment for all the hazards, a risk modelling 
framework will be implemented. This risk modelling framework, as previously described, will 
be a very useful tool in order to quantify the cost and the severity of the different hazards from 
different points of view, and it contains information about the exposure and the vulnerability 
and will be based on the socio-economic risk model to be developed under Activity 1.3.  
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The monitoring, forecasting and warning component will implement in an operational mode 
the models developed for the assessments for the different hazards and, in conjunction with 
other operational model and monitoring data will provide detail hydro-meteorological 
information and warnings for all the hazards. These warning will be produced depending on 
pre-defined thresholds. For instance, the flood forecasting early warning system will yield 
water level information in pre-defined locations along the rivers at risk, and if those water levels 
are greater than certain thresholds, then a warning will be issued. Those warnings will be at 
three different levels in order to discriminate the severity of the predicted warning. Therefore, 
one of the results of the flood forecasting early warning system would be that the water level 
in a certain location is going to be 1m above the level 3 threshold, and therefore, a level 3 
warning will be issued.  

In order to enhance the value of these predictions, and in order to facilitate the understanding 
of the warning to the general population and to the decision-makers, an impact-based 
forecasting approach will be adopted. The previously described risk modelling framework will 
be coupled to the forecasting framework for all the hazards in an operation mode. Therefore, 
following with the flood forecasting early warning system example outlined above, in addition 
to provide a level 3 warning, the impact-based approach will provide information about the 
actual impact that the level 3 event is going to cause in that particular location will be possible. 
This will include likely loss of life, likely damages to individuals and communities, likely damage 
and loss of critical infrastructure and likely failure of protective hazard defences.  

 

 
Figure 0-1:  Operational approach to impact-based MHEWS forecasting system 
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Table 2.10 Cost of establishment of MHEWS 

2.2.1. Expanding meteorological and hydrological forecasting capacities 533000 
Improvements to meteorological forecasting capabilities   

Cosmo Model 48000 

ECMWF 42000 

Quality Assessment 57000 

ECMWF Data 350000 

Improvements to the existing EWS regarding additional remote sensing data sources   

GPM 18000 

MPE 18000 

2.2.2. Integration of the new sources of data/types of data into the forecasting 
platform (Weather Radar) 206000 
Radar data processing.  103000 
Validation and calibration of the radar data. 51000 

Procedures for the inclusion of the radar data  52000 

2.2.3. Expanding the hydrological and hydraulic models within the forecasting 
platform to cover the whole territory of Georgia 792000 
Hydrological Modelling 396000 

Hydraulic Modelling 66000 

Flood Forecasting Platform 330000 

2.2.4. Development of drought forecasting 354000 
Design of the drought forecasting system 30000 

Historical information 18000 

Product development and Validation   

Soil Moisture Information 81000 

Precipitation anomalies 9000 

Snowmelt runoff and discharge 12000 

Standard Precipitation Index 60000 

Palmer Drought Severity Index 123000 

Development of warning criteria 21000 

2.2.5. Development of landslide forecasting 87000 
Design of the landslide forecasting system 15000 

Historical information 9000 

Product development and Validation 36000 

Development of warning criteria 27000 

2.2.6. Development of avalanches forecasting 75000 
Design forecasting system 21000 

Historical information 9000 

Product development and Validation 27000 

Development of warning criteria 18000 

2.2.7. Development of wind forecasting 78000 
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Design forecasting system 21000 

Historical information 9000 

Product development and Validation 27000 

Development of warning criteria 21000 

2.2.8 Development of hailstorm forecasting 93000 
Design forecasting system 21000 

Historical information 9000 

Product development and Validation 45000 

Development of warning criteria 18000 
2.2.9. Development of general forecasting capabilities and MHEWS  
Additional system capacities will be secured  41500 
Additional hydraulic modelling software 10000 
Additional servers and storage capacity 12000 
Additional internet capacity (router and internet connection) 2500 
Additional redundant back up system 17000 

2.2.10. Design and implementation of the “Last-Mile” warning dissemination and 
communication system.  114000 
 “Last-mile” communication models 33000 

Communication protocols and SOPs 36000 

Technical implementation of the system 45000 
2.2.11. Design and implementation of the National MHEWS Protocol 84000 
Design of the National MHEWS Protocol 84000 

2.2.12. Monitoring and evaluation of the designed MHEWS and development of 
recommendations  56100 
Mid-term monitoring and evaluation  28,050 

Terminal evaluation 28,050 

TOTAL 2513600 
  

Activity 2.3:  Enhancing access and the use of weather and climate information and 
agrometeorological information services by farmers and agricultural enterprises. Total GCF 
cost of this activity: US$1.075 million, co-financing from the MoEPA (former MoA) for 20-year 
O&M of the new agrometeorological stations will be $2,400,000 USD.  

Agro-meteorological services is one area where private sector can be actively engaged in the 
generation, dissemination and use of climate information which could enhance overall yield 
and a reduce cultivation costs to farmers. Georgia’s National Communications defines the 
agricultural sector as most vulnerable to climate change. Climate change impacts have 
already been observed by the agricultural sector as demonstrated in the background sections. 
Some areas of the country that didn’t require irrigation before today face droughts and water 
shortages and require efficient irrigation approaches. There are approximately 700,000 
farmers in Georgia, less than 2% are larger farms.  

The national agriculture development strategy includes a strategy for promoting climate-smart 
agriculture. The national agricultural authorities view enhancing agrometeorological 
information and services as the key priority for the sector. For example, in the previous years 
the Ministry of Agriculture supported development of the agri-climate maps accommodating 
data from 1965 to 2014. MoA received major meteorological information from NEA. In the 
earlier years, there used to be long term weather forecasts, however today only 3-day 
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forecasts are being generated. Longer term (monthly, seasonal) forecasts that are essential 
for the farmers do not exist. MoA started to build a network of agrometeorological monitoring 
stations and services with the support of the FAO project that provides baseline and lessons 
for the proposed GCF investment.   

The Agricultural Extension services system in Georgia is represented by a network of 
regional/municipal agricultural information and consultations centres present in 59 
municipalities. Advice and information to farmers is provided for free. There is experience of 
delivering information to farmers by SMS. The consultation centres are well positioned to 
provide climate information and advice on the use of agrometeorological information but 
capacity building and training will be required. The extension network is guided and informed 
by the Scientific Research Centre for Agriculture that plays a key role in promoting innovations 
in the sector. The Centre is responsible for the implementation of national strategy on climate-
smart agriculture development.  

This activity will build upon the enhanced equipment and capacities of the agrometeorological 
observation network to be achieved through the Output 1, Activity 1.1. GCF project will further 
support capacities of the national agricultural agencies and extension services to generate 
and deliver tailored climate and weather information and advice to the farmers through the 
following indicative actions:  
 
2.3.1. Capacity building and training for the MoEPA, including specific training on the use of 
climate information and climate change adaptation for the Scientific Research Centre of 
Agriculture, National Food Agency and for the municipal Information and Consultations 
Centers as well as the training of NEA.  
 
2.3.2. Integrating climate risk and adaptation priorities into the agriculture sector plans, 
investments and budget frameworks, including the investment appraisal skills, economic 
valuation of climate change impacts, based on sector model, trade off analysis and cost-
benefit assessments for a range of plausible adaptation options in agriculture. This work is 
mainstreamed into the adopted national strategy for promoting climate-smart agriculture. The 
activity will be coordinated with the on-going process of national adaptation planning for the 
agricultural sector led by the EEIC. These skills, tools and methods as well as generated 
technical material can enhance agriculture sector-wide planning and make investment 
decisions more climate risk responsive.  

2.3.3. Development of guidance documents, methodologies and technical regulations for the 
agricultural sector on climate risk assessment and management and the use of climate 
information.  
2.3.4. Development of new climate information products for the agricultural sector (agri-climate 
maps, calendars, advisories, etc.) and delivery of these products to the farmers. This will be 
useful in helping the farmers make decisions related to timing, such as choosing the best 
planting dates and deciding when to apply fertiliser. The activity will include a detailed 
information needs assessment survey targeting farmers. Workshops and information sessions 
will be carried out in order to collect information about what data would be particularly useful 
to them, how would it be best to disseminate this information and their current practices.  
Some of the key products that may benefit farmers are:  

- Early Warnings about extreme events 
- Precipitation data, forecasts and maps, including:  

o Cumulative Rainfall 
o Forecast precipitation 
o Forecast snow precipitation 
o Observed rainfall 
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o Deviation from seasonal rainfall 
- Temperature forecasts and maps, including:  

o Daily temperature ranges 
o Short-term range outlook 
o Next day highs and lows 

- Soil forecast and maps, including: 
o Soil moisture  
o Soil temperature 

- Growing conditions, including:  
o Frost / Freeze forecast 
o Wind forecasts 
o Sunshine forecast 

- Climate-induced pest outbreak forecasts.  

Table 2-7 – Summary of farmer products, communications means and decisions.  

Type of Information Communication Means Farmer Decisions Affected 
• Extreme Events 
• Precipitation 
• Temperature 
• Soil Conditions 
• Growing Conditions 

• Mobile Phones 
• Radio  
• Television  
• Dedicated Web-page 
• Service centers/local 

consultations centers 

• Time of planting and harvest 
• Time of fertilizer, pesticide and irrigation 
• Choice of agri technologies 
• Protecting lives and property for 

extreme events 

 

2.3.5. Supporting improvement of agrometeorological advisory services (that links forecasts 
with the direct advice and guidance to farmers as to how to respond to forecasts, what are the 
most effective response measures etc.) through the NFA, its regional service centres as well 
as through the Scientific-Research Center of the MoEPA and its information-consultation 
centres, altogether providing warning and/or extension services to farmers. Agricultural 
specialists will work with local farmers to teach them how best to use the weather forecasts 
within their farming methods. For instance, after each forecast is released, there is a window 
of opportunity before the precipitation arrives (if predicted) to get the forecast to farmers and 
help increase their understanding of how to apply it to their agricultural practices. Based on 
similar and previous experiences, automatic SMS text messaging can be used to disseminate 
this information to registered farmers. In these previous experiences, one of the keys to the 
success in securing the farmers collaboration was the good performance of the forecasts, 
making the farmers more confident that using the forecasts would help them make effective 
decisions. Therefore, this should be considered when planning the dissemination process with 
farmers, informing them of the historic accuracy of the system.  

The project will bring ICT-based innovations into the communication of forecasts and 
advisories; improve the use of historical data and derivations; improve medium and short-
range weather forecasts and longer-term predictions for agriculture (seasonal, decadal etc.). 
This will also include partnerships with the private sector through the partnerships with the 
internet providers or mobile companies that are willing to design such new products in 
collaboration with NFA, agribusinesses, farmers’ groups and other clients to deliver timely 
forecasts and advisories to the 700,000 farmers who will benefit from this service.  

 

Activity 2.4:  MHRM planning platforms: Development of basin-level multi-hazard risk 
management plans; Municipal-level climate-induced multi-hazard response and preparedness 
plans; Total GCF cost of this activity: US$ 2.261 million. Co-financing: US$ 800,000 from 
Tbilisi City Hall for developing the resilience plan for the city of Tbilisi under the project: 100 
Resilience Cities and resilience capacity development and US$ 400,000 from UNDP through 
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SDC financial support to assist local municipalities in developing municipal-level response 
plans. 

2.4.1. Multi-hazard Basin Risk Management Plans.  

The project will work closely with central and municipal authorities and local communities to 
understand the risks and vulnerabilities (including the use of climate-induced risk mapping and 
vulnerability surveys to be undertaken in outputs 1 and 3), to develop appropriate climate 
induced hazard management plans and mitigation measures with the full involvement of the 
community through Participatory Risk Assessment. 

The project will develop integrated multi-hazard basin risk management plans for each major 
river basin (11 in total, including: Enguri, Rioni, Chorokhi-Ajaristskali, Supsa, Natanebi, Khobi, 
Kintrishi, Khrami-Ktsia, Alazani, Iori, Mtkvari (same as Kura) river basins) with participation of 
all relevant stakeholders. These plans will take a bottom-up, multi-stakeholder, consensus-
based approach. UNDP has a wealth of technical knowledge and experience in basin-level 
risk assessments and risk management planning both in Georgia and across the ECIS region 
in the framework of the DRR and IWRM projects. This activity will be mainstreamed into the 
national on-going work on the development of the river basin management plans and 
establishment of interagency river management councils. GCF river basin multi hazard risk 
management plans will be integrated into the broader river basin management plans. The 
plans will include broadly:  

• Hazard and risk profiles 
• Socio-economic vulnerability 
• A costed and prioritized list of options and activities based on the CBA 
• An action programme based on packaging of the options 
• An Action Plan risk log – to be developed during implementation, for detailing and 

managing the risks associated with each main activity in terms of barriers to 
achieving the desired outcomes and the consequence or impact on the overall 
plan should the risk be realized.   

• Preliminary design and a detailed description of each option including the 
assumptions used in deriving costs  

Feedback from the stakeholder consultation processes will result in refinements to the 
preferred option(s) and may require some re-assessment of the technical and economic 
viability of the option(s).   
Based on the developed risk management plans, for the priority risk reduction options GCF 
project will finance feasibility-studies/designs in order to inform and accelerate risk reduction 
investments. It should be noted that the term option, at this stage, refers to the suit of 
interventions within the basin, which together, provide the optimal risk reduction for the basin.  
The preferred option is likely to be a combination of several different structural and non-
structural options.  Following finalisation of preferred options preliminary designs and costs 
will be prepared. Cost and quantity estimates of each option will be carried out based on locally 
acquired cost data. Two priority structural projects will be supported with the feasibility/design 
work. This will include at least one flood defence project for the Tbilisi Municipality defined 
under the completed 2015 Tbilisi PDNA.  
Recommendations for the planning process, outline and content of the multi-hazard basin risk 
management plans are provided in the section 3.2. 

 
2.4.2. Municipal-level climate-induced multi-hazard response and preparedness plans  

The project will work with the most vulnerable municipalities, including those municipalities 
where pilot structural measures will be implemented to develop municipal climate-induced 
multi-hazard response and preparedness plans. In total,11 plans will be developed. 
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Within these 11 plans, the climate-induced multi-hazard response and preparedness plan will 
be prepared for the Tbilisi Municipality. This work will be integrated into the resilience planning 
initiated in Tbilisi in the end of 2016 under the 100 Resilient Cities initiative.  Tbilisi is the capital 
city where more than one third (around 1.3 Million people) of total population is concentrated. 
Also, the city has a high concentration of critical infrastructure, while the capacities of local 
municipality as well as the preparedness and knowledge of local population is very low. There 
is no emergency unit within the Tbilisi mayor’s office. The low adaptive capacities and high 
vulnerability of the city, local government and population were well demonstrated during the 
2015 multi-hazard events that resulted in human casualties, destruction of critical 
infrastructure and significant damage to the city as indicated in PDNA report. Thus, by 
including the City of Tbilisi preparedness planning and capacity building (under Activity 2.1) 
into the project, GCF will achieve a transformative impact on enhanced resilience of one third 
of the Georgian population living in the capital and depending on its infrastructure.    

Output 2 Total = $ 30,624,497 (including $6,063,440 from GCF and $24,561,057 co- 
financing). 
Output 3: Improved community resilience through the implementation of the MHEWS 
and priority risk reduction measures.  
Through this output the project will deliver the early warnings and climate advisories developed 
in Output 2.1 to end-users. Communities’ capacity to effectively utilize the EWS information 
and products and respond to climate-related disasters will be enhanced.  Their resilience to 
climate change and adaptive capacity will be increased through the implementation of 
community-based non-structural intervention measures.  In addition, the project will implement 
priority structural intervention measures in high risk areas addressing most vulnerable 
communities (based on sound cost-benefit analysis using the socio-economic risk model) to 
reduce the risks that the EWS will be designed to address.  The Output will be achieved 
through the following activities: 

Activity 3.1: Implementation of community-based early warning schemes and CBCRM  
Activity 3.2:  Public awareness and capacity building programme 
Activity 3.3:  Implementation of risk reduction structural measures  

Activity 3.1: Implementation of community-based early warning schemes and community-
based climate risk management50 (CBCRM).  (US $ 5,272,000 from GCF) 
 

Community-based EWS and CBDRM schemes will be implemented in up to 100 communities 
across Georgia based on full community engagement and participation. This project will aim 
to use participatory methods as much as possible and will ensure the inclusion of women in 
these participatory approaches.  

The choice of the 100 communities (villages) will be made based on the risk assessment and 
mapping completed under the Output 1 which will identify the communities most at risk from 
each hazard. Communities’ willingness to participate and actively engage in the EWS and 
DRM activities will be one of the key criteria for the final selection of beneficiaries under this 
activity. There are some key factors that will influence the decision to implement a CBFEWS:  
• Frequency of flooding and other extreme events 
• Community’s interest and awareness  
• Possible lead time  
• Cost-benefit ratio of the implementation  

                                                
50 Community-based DRM may include but is not limited to e.g. bottom-up community-engagement for mapping of known and perceived hazards and risks, 
collection and dissemination of current coping strategies and provision of guidance via different means such as videos etc. on best resilience practice; 
establishment of community-flood (or other hazard)  
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3.1.1. Implementation of Community based EWS where appropriate to complement the fully 
integrated national EWS. 
 
Based on the hazard and risk assessment, up to 100 communities will be supported based on 
the following considerations: relatively high risk, short lead time of the extreme events, 
potential technical constraints for the central system to effectively service the community (e.g. 
due to remote location or connection problems). These could be communities that have 
relatively isolated hazards that they address on a regular basis or communities that experience 
the hazard less frequently, but which will require a greater reliance on telemetry information. 
For this activity, the project will work with smaller and more vulnerable 
communities/settlements with the population of up to 6000-7000 people.    
 
For mountainous communities, upstream that are affected by short lead time events the 
project will provide at least one telemetered rain gauge in the headwaters to provide backup 
and additional information at a national and district level (unless there are opportunities to 
share gauges between schemes) and with communication equipment. As a first 
approximation, the sensors will be deployed as high in the catchment as possible in order to 
provide the longest lead-time possible. These rain gauges will communicate real-time 
precipitation information to the operational center.  Some schemes should also include river 
gauges on telemetry in the lower reaches for measuring river levels and color-coded gauge 
boards for better visual makers of flood risk levels.  
 
The downstream communities may not require additional local monitoring equipment (as the 
national EWS will be capable of providing timely warnings) but will be equipped with the 
warning communication tools. Description of the proposed CBEWS is provided in the 
Section 3.1.  
 
The choice of schemes will directly influence the specification of rain gauge and river gauge 
types and locations and the deployment of some of the communications equipment. The 
final choice of schemes shall be made as part of the detailed design, and should take 
account of the following factors: 

• The level of risk, based on the probability of occurrence and the likely impacts 
• The challenges in community engagement when the hazards only occur 

infrequently 
• Consultations/negotiations at district/community-level regarding the choice of 

schemes, experience of the hazards and the level of community support  
• Technical feasibility studies to assess areas at risk and whether sufficient 

warning lead time can be provided 
 

As part of this activity, the following tasks will be implemented: 
• Consultations with local authorities and community leaders on establishing the scheme 

and hazards experienced, including walkover site visits  
• Refinement of estimates for the numbers and locations of households at risk from hazards 

based on feedback from the consultations 
• Identifying vulnerable groups and special assistance required during hazard 

events/disasters (elderly, disabled, children, seasonal workers, schools, fishing 
communities etc.), using the risk modelling and vulnerability mapping and community 
surveys. 

• Using a GIS-based approach, develop warning and evacuation maps showing evacuation 
routes, shelters, the locations of vulnerable people/groups, critical infrastructure, 
NGO/CBO offices, health facilities, and other operationally useful information, with hazards 
extents linked to gauge information 



Annex II – Feasibility Study I  
         
                                                                                                     GREEN CLIMATE FUND FUNDING PROPOSAL 
 
 

168 
 

• Arranging for the placement of markers and signs on buildings and other structures linked 
to warning threshold (alert) levels and signage to indicate routes to shelters etc. and 
showing historical event levels 

• Guidance on the numbers and locations for installation of manually-operated rain gauges 
and river gauges 

• Advice on procurement and supervision of installation of telemetered radar level gauges 
and rain gauges as appropriate  

• Developing warning thresholds appropriate to each community (or group of communities) 
• Ensuring that central observations and forecasts are available at district and community 

level (e.g. via text message and a website) and that training is provided on how to interpret 
the information 

• Establishing procedures for monitoring and evaluation and regular performance 
monitoring 

• Developing a community-specific engagement programme (e.g. meetings, plays, leaflets, 
posters, school classwork)  

• Development of simple forecasting tools for use at district and community level; for 
example, with a series of maps showing the extent of flooding for different river gauge 
heights, rainfall depth duration criteria for initial flood watches, and look-up charts showing 
the travel times of flood waves and correlations between peak levels at river gauges 

• Designing a standard set of warning messages, codes, icons, color coding etc. to be used 
in future schemes for issuing warnings, based on a review of the national warning 
messages currently used  

• Deciding on the text messages (formats, content) to be issued directly from gauges and 
the associated community education requirements in interpretation of this information  

• Preparing a guidance note on the level of technical support to be provided at government 
level for future schemes regarding training, technical assistance with gauge installations 
etc. 

• Developing mechanisms whereby local (district and village level) staff can relay 
information on rainfall and river levels and flood conditions to national and district level in 
addition to voice communications e.g. via text messages for automated display on a 
website 

• Establishing a volunteer observer or ‘spotter’ training and recruitment programme for 
rainfall, river conditions and flood extent; initially starting with schools, NGOs/Community-
Based Organizations (CBOs) and other interested parties. This will include instructional 
material, guidance on recruiting volunteers, health and safety aspects, and provision of 
manually operated rain gauges in some cases. 

 
In all cases these items shall be developed as a capacity building and training exercise 
maximizing community engagement. The outputs from these studies will be published as part 
of the guideline documents to be prepared and/or incorporated into the procedures and other 
documents prepared as part of the national EWS. Key information will also be incorporated 
into response plans at community and district level as well as national procedures. The work 
will be coordinated with/inform the implementation of activity 3.2. on public awareness and 
capacity building.  

 
The following inputs will be supported by the GCF project: 
 
Table 2.11 Inputs for CBEWS to be supported by GCF 
 

  
No. of units 
required 

Cost per 
unit 

Total 
cost Comments 

Monitoring devices     



Annex II – Feasibility Study I  
         
                                                                                                     GREEN CLIMATE FUND FUNDING PROPOSAL 
 
 

169 
 

Water level monitoring sensors 100 15,000 1,500,000 

In upstream communities 
with short lead time of 
events 

Staff gauges 200 200 40,000   
Communication tools     

GSM/GPRS modem device 2 300 600   
Dedicated website 1 10,000 10,000   
Generators 200 500 100,000   

Sirens 200 5,000 1,000,000 
 Upstream and downstream 
communities 

Remote siren system 1 35,000 35,000   
Boards 200 200 40,000   
Miscellaneous   15,000 15,000   

Response tools     
Evacuation routes signaling 200 1,000 200,000   
Evacuation centre (fitting) 40 5,000 200,000  
Total for equipment     3,140,600   

Technical Assistance - Advice, 
capacity building, supervision 1 300,000 194,000  
          
Comissioning and installation of 
CBEWS equipment        
 1 100,000 100,000  

   
 

294,000  
TOTAL for CBEWS:     3,434,600   

 
 
3.1.2. Implementation of Community-based climate and disaster risk management process.  
 
Local communities (particularly women and vulnerable groups) will be trained to implement 
and maintain non-structural intervention measures necessary to reduce various climate-
induced risks. Participatory community-based adaptation interventions will be planned and 
implemented in priority risk areas (e.g. establishing locally controlled and managed flood 
zones; erection of visual flood zone demarcation posts at strategic locations; watershed 
rehabilitation works such as construction of natural small-scale defenses with community 
involvement.  
 
The process will start from identification of various interest groups in target communities, their 
mobilization and establishment of key stakeholder groups per community who will be a primary 
target of the project and will be actively involved in each step of the community-based EWS 
and disaster risk management process. However, the project will also work with extended 
groups of the community members where it is necessary.  
 
The next step will be participatory risk assessment. In Georgia, there is already a knowledge 
and experience gained in community participatory GIS hazard, vulnerability and risk 
assessment for 60 communities of the country. It was applied by CENN under USAID INRMW 
project. It has combined desk reviews, field surveys, community surveys, focus group 
discussions and GIS analysis.  A similar approach will be applied in the GCF project. Key 
stakeholder groups in each community will assist the project to extract indigenous knowledge 
as well as to carry out field observations and surveys.  
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After identification of all notable hazards, the socio-economic vulnerability of each community 
will be assessed and the risk will be derived based on hazard and vulnerability. Risks will be 
validated and prioritized by community members through validation and prioritization 
workshops based on pre-set multiple socio-economic, environmental and other criteria.  
 
The next step will be a design of community disaster risk reduction interventions measures, 
including monitoring and evaluation framework with participation of the community through 
CBOs that already exist, or that the project will establish and register.   The project will provide 
technical assistance to the CBOs in the design of intervention measures.  Intervention 
measures will comprise a mixture of soft, non-structural and hard, structural measures.  Non-
structural interventions may include community afforestation scheme on slopes or on 
floodplains; protection of water sources (e.g.by fencing) and headworks from floods and 
erosion (e.g. by revegetation of slopes), establishing small-scale nurseries and plantations for 
drought-resistant  crops (e.g. almonds), using low input and drought resistant endemic species 
and landraces (e.g. lentil, chickpea, sweet pea, cowpea, horse pea/fava pea, millet, bread 
wheat, Persian wheat, alfalfa flax, etc.) and efficient irrigation practices such as drip irrigation, 
establishing locally controlled and managed floodplain zones; erection of visual flood zone 
demarcation posts at strategic locations, watershed rehabilitation works, etc.  

Community intervention plans will describe the operational details of the planned adaptation 
and early warning activities, including activity schedule, implementation and supervision 
responsibilities, procurement requirements and responsibilities (including at central, 
municipality and community-levels), and costs.  The plans will be operational documents that 
are easy to read and visual in nature to allow for meaningful interaction with communities.  
They will include detailed description of each intervention measure, including maps and 
images and other visual aids.  The plans will include the labour that will be required, overall 
implementation and will provide the community with a clear understanding of what will be 
implemented, by whom and with what input from the community, all developed with the 
detailed involvement of the community.   The community plans developed will include an 
appropriate strategy to guide the implementation stage and to phase-out project support in a 
manner that ensures that project activities are effective and sustainable. The project will also 
ensure that tools and guidelines are put into place to enable future update and development 
of the plans.  Under the USAID INRMW project community DRR guideline was developed and 
applied as a training material for community trainings. Moreover, under Rioni AF project EIEC 
developed a training curriculum on community DRR. Both these knowledge products can be 
applied by the GCF project.    

The project will build implementation capacities of local communities and support 
implementation of the prioritized measures based on communities’ ownership and co-
financing. It will also explore the options for incentives whereby the local population is 
systematically trained and then formally engaged in risk management solutions on the ground, 
e.g. through employee guarantee schemes using the approach developed under the Rioni AF 
project.  

Gender mainstreaming will be a key aspect of the CBDRM process to be developed. In 
engaging with the communities, the project will pay particular attention to inclusion of 
vulnerable groups and particularly women to ensure that gender issues are taken into account. 
As outlined in the Gender Assessment and Gender Action Plan (FP Annex XIII), there are 
considerable differences in vulnerability to disasters between the genders in Georgia, in line 
with traditional gender roles.  Men are 25% more likely than women to be employed, self-
employed or engaged in contract work.  In general, male-headed households have higher 
incomes than female-headed households and overall there is a considerable difference in the 
income of male-headed households, which emphasises the increased vulnerability of female-
headed households.  Pregnant and nursing mothers are particularly vulnerable because of 
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their increased need for food and water and their decreased mobility. As the primary 
caretakers of their homes, women tend to the needs of children, elderly and the disabled. This 
increases their workload and reduces their mobility in cases where quick evacuations are 
required or where they live a long distance to water supply facilities.  For effective disaster risk 
management, the project will ensure that women are primary stakeholders and will therefore 
need to be involved in decisions on the types of solutions that are implemented. Gender 
differentiated indicators will be used to monitor the projects performance in achieving the right 
gender balance.   

 

Agro-forestry 

Agroforestry will be implemented as a means of controlling soil erosion, protection against 
flooding, landslides and mudflows.   Moreover, it will improve ecological and climatic conditions 
of the soil at the location that renders it more favorable for agricultural practices.   

There are several agro-forestry approaches which can be applied depending on the issue 
being addressed.  These include:  

1. Afforestation/re-establishment of native forests 
2. Reforestation anti-erosion lines 
3. Windbreak forest lines (alley cropping) 
4. Branch Packing (alternating tree planting and backfilling up a slope for stabilization) 
5. Joint Planting 

The successful application of any method or combination of methods requires detailed 
assessment of the causes of the problem and the identification and accurate planning of the 
activities to address it.   Annex 10 presents the agro-forestry approaches that were developed 
by the Rioni project and which will be applied in the GCF project.   

A key hazard which will be addressed by agro-forestry is flooding.  The GCF project will build 
on the experience from Rioni basin where the first application of agro-forestry to address flood 
risk was successfully piloted.  Eleven plots were selected for Agro-forestry, (nine in Samtredia. 
one in Tskaltubo and one in Oni municipalities), with total area about 11 ha. All plots were 
fenced and planted with different species like Willow, Ash tree, Oak, Acacia, Wild plum and 
Nut. A total of 29 000 trees were planted with the help of the local communities who were 
employed.  

Extensive flood damages to floodplain cropland and the associated infrastructure are 
preventable with strategic agricultural practices including seasonal agriculture, designated 
cattle grazing and rearing pastures and agro-forestry.  Major forms of damage that can be 
addressed by strategic management of agricultural activity include flooding, debris 
accumulation, scour erosion, and sand deposition.  Historically, trees performed important 
functions and their presence in the river floodplains significantly influenced the floodplain 
landscapes farmed today. Woody vegetation stabilized the soil and controlled scour erosion. 
Stands of trees absorbed the energy from floodwaters and caused the deposition of water 
borne sediments. Floodplain forests stored the overflow waters and drove many of the 
processes to support aquatic life systems and improve water quality. Woody vegetation on 
floodplains causes significant reductions in flow velocity and improves flood conveyance. 
Scour erosion is controlled by the dense mat of intertwined, fibrous roots that reinforce the top 
layers of soil in the forest floor. Trees develop root systems that can extend horizontal 
distances of up to 2 times tree height and the soil below the forest floor will contain the 
intermingled roots of several different trees.  Some agro-forestry systems with specific 
application to floodplains include windbreaks to stabilize sandy soils, filter strips and riparian 
areas for bank stabilization and water quality, alley cropping for enhanced crop production and 
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protection, wildlife habitat, woodlots and fuelwood plantations.  Tree species adapted to the 
floodplains include species valued for their lumber, and those valued for their crop value such 
as nuts. 

Agro-forestry is also important in addressing land degradation, soil erosion and drought 
hazard.  Methods such as Silvoarable agroforestry (SAF) comprises widely-spaced trees 
intercropped with arable crops, has been shown to be very efficient in terms of resource use, 
and can be compatible with modern machinery.  Dupraz and Newman (1997)51 suggested that 
agroforestry could be an innovative agricultural production system that will be both 
environment-friendly and economically profitable for Europe.  Growing high quality trees in 
association with arable crops in European fields may improve the sustainability of farming 
systems, diversify farmers’ incomes, provide new products to the wood industry, and create 
novel landscapes of high value. 

Areas for agro-forestry will be identified based on the detailed hazard mapping which will 
identify areas of erosion, flood risk and slope instability which could benefit from agro-forestry.  
Typical activities will include: 

Site identification and Community engagement 

• Hazard maps will be overlain with land use, soil type, physical and socio-economic 
data and potential sites/areas identified  

• Site visits will be conducted and will include agro-forestry expert, agronomist, 
geologist and hydrologist 

• Community engagement in the planting and maintenance of the agro-forestry 
plantations  

Study existing natural condition of the river basin   

• Compile information on the selected sites and surrounding areas (forest type, brush 
and grass coverage composition, forest plant zone and its type, the number of dried 
and fallen trees, description of natural regeneration, physical conditions such as 
elevation, aspect, slope and other); 

• Identify land use and forest (in case of existing) practices of the selected sites and 
adjacent areas (including grazing); 

• Climatic characterization of the selected areas (temperature, amount of deposits, 
moisture, wind);  

• Biodiversity study of the selected areas (including the endangered plant and animal 
species); 

• Detailed soil studies; 
• Study of forest pests and diseases; 
• Existing infrastructure (roads and other). 

 

Planning of planting activities  

• Study of species to be planted; 
• Define standard requirements for planting materials; 
• Recommendations for soil preparation; 
• Outline and design of the scheme of plantations to be planted; 

                                                
51 Dupraz, C., Newman, S., (1997). Temperate agroforestry: the European way. In: A. M. Gordon and S.M. Newman (editors), 
Temperate Agroforestry Systems, CAB International, Wallingford, UK, 181-236. 
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• Design of fencing of planted areas. 

 

Development of expenditures for planned activities 

• Conduct survey in order to identify forest nurseries; 
• Determine plantation materials, survey market prices of species and estimated 

calculation of activities;  
• Detailed plan for planting activities. 
• Detailed aftercare plan 

 

At present, there is 83,635 ha of agricultural land at risk from severe drought and 47,022 ha 
at high flood risk. A budget of $0.6 Million USD has been allocated for agroforestry.  Based on 
the experience of Rioni project, the project will implement agro-forestry on 20ha of land to 
address flood and landslide risk.   

Importantly the project will identify long-term incentivization of agro-forestry through 
government grants and private sector initiatives to farmers willing to implement agro-forestry 
on their land.   

This set of actions will be implemented in partnership with local NGOs and COBs with strong 
grass-roots experience and relevant local partners in natural resource management, women 
engagement, community mobilization, empowerment, participatory community planning and 
development and, DRR such as CENN, ELKANA, CSRDG. The latter has a network of 
women-led community centres in three regions of the country as well as community 
development resource centre across the country providing micro-grants and capacity building 
to CBOs national-wide.  

Table 2.12 CBDRM elements to be financed by GCF 

  

Num. of 
units 
required 

Cost per 
unit 

Total 
cost Comments 

Technical Assistance - 
Advice, consultations, 
capacity building, 
community mobilization, 
planning, supervision 

1 
 
 
 
 
 
 

1 
 

1 
 
 
 
 

1 

37,200 
 
 
 
 
 
 

71,400 
 

121,800 
 
 
 
 

107,270 

37,200 
 
 
 
 
 
 

71,400 
 

121,800 
 
 
 
 

107,270 

Contract with international 
consultant to prepare 
ToR/SoW, Request for 
Proposal, evaluation of 
applications and 
recommendations 
 
Gender advisor 
 
Community impact evaluation 
programme (1 international 
consultants + national 
company) 
 
National advisor 



Annex II – Feasibility Study I  
         
                                                                                                     GREEN CLIMATE FUND FUNDING PROPOSAL 
 
 

174 
 

Implementation of priority 
measures outlined in the 
CBDRM plans 

60 
communities 

17,500 1,050,000 Support to the CBDRM plans 
implementation based on the 
former project experience in 
Georgia. Community co-
financing will be leveraged at 
the level of at least 20%. This 
activity  together will be 
implemented by an 
organization, or group of 
organizations having 
grassroots expereince 

Implementation of 
agroforestry measures 
based on the detailed risk 
maps and consultations 
with the communities 
(purchase of 
seedlings/seeds, planning, 
planting/sowing with 
community involvement, 
monitoring). 

Approx.. 15 
ha 

30,000 450,000 The scope and costs of the 
agroforestry work is estimated 
based on the practical 
experience of the Rioni 
project.  

TOTAL for CBDRM:   
 

1,837,670   
 
Activity 3.2:  Public awareness and capacity building programme at all levels to effectively 
deliver climate risk information and training to communities and local first-responders. Total 
GCF cost of this activity: US$1.447 million. Co-financing: $ 710,000 USD from EIEC and US$ 
34,005 from MIA/EMA. 

The public awareness and capacity building of communities and the other users of the 
MHEWS is a critical component of the successful and effective MHEWS. One of the lessons 
learnt through the UNDP/AF Rioni project is that sustainability of both structural and non-
structural risk reduction measures is dependent on the understanding, acceptance and 
ownership by the local communities. The GCF project will assist the government of Georgia 
in shifting from ad-hoc project based awareness and education efforts to a planned, consistent 
and sustainable national-led information and communication system for enhanced climate and 
disaster risk management.  
 
This activity will be led by the EIEC who has a mandate as well as experience in environmental 
outreach, education and capacity building (http://eiec.gov.ge/Home.aspx?lang=en-US). National and 
municipal level response trainings for officials will be carried out through cooperation of the 
EIEC and EMA. Community level awareness raising and informal education activities will be 
carried out in close cooperation with NGOs having grassroots capacity building and 
information. 
 
The following indicative actions will be carried out under this activity: 
 
3.2 1 Enhance the capacity already built within the EIEC 

1. Undertake further capacity building of EIEC to develop their curriculum of training to 
include of the elements for DRR, CCA and EWS related to all hazards for which they 
will deliver training under the project and on a long-term basis 

2. Engage trainers in the form of project experts to embed this necessary training as 
well as international universities to help develop curriculum and design training 
courses for EIEC 
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3. Alongside the ‘training of trainers’ approach described above, the project will help 
EIEC to develop the training material they will need to deliver the training.   

4. Steps 1-3 will all be done in the first year of the project 

 
3.2.2 Capacity building at central, municipal and community levels: 
• Emergency response trainings for first responders in cooperation with EMA in Strategic 

MHRM planning and MHRM intervention identification approaches  
• Development/adaptation of existing guidelines on community DRR/DRM 
• Development of MHRM and DRM guidelines for other target groups including teachers, 

municipal authorities, media, women’s groups; 
• Capacity building and awareness raising of municipal authorities, local NGOs, CBOs or 

non-CBO community members in Community-based Risk Assessment approaches, 
Community-based Early Warning Systems and gender-responsive Community-based 
Multi-Hazard Risk Management; 

• Working with the appropriate agencies to establish a training task team to ‘train the 
trainers’ and a syllabus for topics such as first aid, search and rescue and warning 
dissemination, and example standard specifications for external training providers 

• Working with the appropriate agencies to develop generic educational material and a 5-
year training programme on disaster risk and emergency response for use in school 
outreach programmes, university courses, communities etc. (training material, course 
notes, plays etc.)  

• Training on how to use the hazard and risk maps provided (paper and electronic) to raise 
awareness but also on how to plan development and other activities locally.   
 

3.2.3 Networking and advocacy: 
• Organizing annual community forums on MHRM and CBEWSs with participation of target 

communities and representatives of vulnerable groups to exchange information, lessons 
learned, successes and impediments; 

• Organizing annual CBO award competitions on advocacy around structural and non-
structural measures with a purpose of their inclusion into government programmes; 

• Organizing community-government and public-private dialogues around local risks and 
risk reduction strategies and their financing. 
 

3.2.4 Youth engagement and training programmes in Multi-hazard risk management 
(MHRM): 

• Development of manual for kindergartens and training of kindergarteners in MHRM;  
• Development of manual for school teachers on DRR/MHRM; 
• Training of school teachers in DRR/MHRM; 
• Development of informal education materials for school-based civil or environmental/eco-

clubs; 
• Training of members of informal civic clubs and/or Eco clubs in MHRM;  
• School children/Eco club’s students annual award competitions on CBEWS and MHRM; 
• Development of educational module on CRM/DRR/MHRM for university students from 

ecology/biology/geography/social sciences to guarantee implantation of guidelines at 
university level and growing professionals in climate change and DRR field in cooperation 
with foreign universities/highly qualified international experts.  
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3.2.5 National-wide media campaign on gender-responsive MHRM and EWS: 
• Using social media to communicate MHRM and EWS concept to broader society and to 

disseminate project lessons and successes; 
• Organizing TV and radio talk shows around MHRM and EWSs; 
• Media coverage of project activities; 
• Production of footages, Public Social Announcements (PSAs) of short documentaries 

around MHRM and GCF project achievement 
• Training for media on MHRM and EWS and annual assay/media article awards 

competitions. 
 
Activity 3.3:  Implementation of risk reduction intervention measures that would significantly 
reduce the risks against which the MHEWS will operate. Total GCF cost of this activity: $ 
5,862,157 USD. Co-financing: $ 10,423,701 USD ($ 7,271,730 USD from MRDI for 
implementation of priority flood/mudflow protection structural measures, $ 3,151,971 USD 
from local governments for 20-year O/M of rehabilitated/newly built flood/mudflow defence 
structures on 13 priority sites selected during feasibility study). 

Structural Measures 

This activity will focus on implementation of priority risk reduction interventions for areas where 
risk from climate-induced natural hazards is highest following from the August 2016 report 
“Upscaling of Rioni Flood Damages to all Georgian Flood Plains and an overview of the 
Impacts on Population, Property and Agriculture within Georgia from Other Hydro 
meteorological hazards” developed under Rioni AF project. Site specific field assessments by 
UNDP and NEA of target locations in West and East Georgia where mitigation work could 
alleviate the effects of flooding and mudslides have also been conducted, followed by outline 
and preliminary engineering design and preliminary costing. Initially, 21 sites were subjected 
to conceptual engineering investigation and the broad costs of mitigation work quantified: 9 
sites were investigated in West Georgia, largely flood mitigation in the Rioni catchment and 
12 sites in Eastern Georgia associated with sediment extraction to mitigate the deleterious 
effects of mudslides and also flood mitigation. 

Prioritization of the 21 sites was undertaken, applying multi-criteria analysis, including 
preliminary Cost-Benefit Analysis (CBA). Investment priority ranking results are summarised 
in Table 2-9 below. The measures were evaluated using a number of social-economic criteria: 

• Highest NPV 
• Highest BCR 
• Greatest number of properties benefiting 
• Greatest number of people benefiting 
• Greatest area of agricultural land protected 
• Combinations of these 

For simplicity, each of the targeted 21 sites was ranked for the first 5 criteria and ranks added. 
As a result, 13 sites have been short-listed for the GCF investment. Based on the outcomes 
of the preliminary CBA, the technical design and costing of the short-listed structural measures 
were reconfirmed for these 13 sites through another series of field inspections, consultations 
with the local and national stakeholders, and technical expert/engineer review.  

Following the above two-phased prioritization exercise, a social and environmental 
assessment was conducted for the selected sites/measures, a Social and Environmental 
Management Framework (SEMF) was developed, the Operational and Maintenance costs 
were assessed, and the refined CBA have been prepared for the final list of 13 priority 
measures. A summary of the CBA and prioritization analysis as well as the description of 
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technical design of the measures are provided in the section 3.3 of the feasibility study; for the 
detailed CBA analysis and outline studies please refer to Annex XII). 

  

Table 2-13. Activity costs, GCF and co-financing 

nn. Description Total cost, US$ Comments 

GCF 

1 Cost of the structural measures 12,572,735 Including MRDI co-
financing of 
$7,271,730 USD 

2 Implementation of the SEMF  536,000  

3 Stakeholder consultations, field travel 25,152  

3 O&M for 13 sites 3,151,971 Co-financed by 
municipalities 

 GRAND TOTAL FOR ACTIVITY 16,285,858  
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Table 2-9: Summary of top 13 projects  

 
 

 

 

 

 

 

 

 

 

MITIGATION MEASURES
East Georgia    West Georgia                                                        Estimated NPV NPV BCR BCR

#
Capital 

Cost (USD) GEL Rank Rank Property
Property 

Rank People
People 
Rank

Land 
(Ha)

Land 
Rank

Total 
Rank

Investment 
Priority

1 Rioni river, left bank – Gaghma Kodori: wire mesh mat lining with length 250 m. 291,250 17,281,063     4 20.59   4 581 3 807 3 846 2 16 1
2 Rioni river, right bank – Sagvichio: wire mesh mat lining with length 600 m. 699,000 18,221,522     3 9.61     5 261 6 372 5 877 1 20 2
3 Liakhvi river, left bank – Gori city: concrete regulation wall on drilled shafts 200 m. 545,580 33,097,836     2 23.24   3 492 5 1994 2 0 10 22 3
4   Lagodekhiskhevi river, right bank – Lagodekhi: wire mesh gabion wall with length 300 m. 168,990 14,933,637     6 26.34   1 523 4 775 4 0 10 25 4
5 Achkva river – Kobuleti: reconsruction of the water regulation facility, canal widening and lining 4,275,604 16,856,553-     13 0.22     13 675 2 2297 1 0 10 39 8
6  Khodashniskhevi river – riverbed cleaning (5,300m), channel cleaning (3,000m), wire mesh gabion wall with length 2,800m1,372,300 16,959,969     5 3.87     7 110 7 108 7 565 3 29 6
7   Rioni river, right bank – Siriachkoni: wire mesh mat lining with length 500 m. 582,500 1,699,952        8 1.96     8 4 12 3 11 213 5 44 10
8 Rioni river, left bank – Narionali: wire mesh mat lining with length 550 m. 640,750 1,481,973        9 1.76     9 37 9 30 9 201 6 42 9
9 Tskhenistskali river, left bank – Gautskinari: wire mesh mat lining with length 500 m. 582,500 374,078-           12 0.79     12 13 11 10 10 60 8 53 13

10   Rioni river, left bank – Vazisubani: wire mesh mat lining with length 350 m 407,750 258,140-           11 0.79     11 31 10 49 8 48 9 49 12
11  Rioni river, left bank – Patara Poti: wire mesh mat lining with length 2000 m. 2,330,000 178,805-           10 0.97     10 50 8 153 6 257 4 38 7
12  Alazani river, right bank – Milari: embankment with length 350 m. 207,000 2,387,309        7 4.04     6 0 13 0 12 100 7 45 11
14 Telaviskhevi river – removal of debris and vegetation (800 m) 195,600 43,148,382     1 23.26   2 731 1 0 12 0 10 26 5

TOTAL 12,298,824 3,508     6,598    3,167   
East Georgia estimated costs 2,489,470
West Georgia estimated costs 9,809,354 NOTE : Sites 14 and 15 are combined in 14

Protected
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3. PART C. TECHNICAL DESIGN OF PROJECT 
ELEMENTS  

3.1 Suggested architecture of the Multi-Hazard Early Warning System52 
3.1.1 Hydro-meteorological monitoring network  

 
The existing hydro-meteorological network of Georgia will be expanded. The present network of 
hydrological and meteorological stations and posts could be considered as sufficient in some 
locations, such as the Rioni Basin, but in most locations, an expansion would be required in order 
to ensure the successful implementation of the expanded EWS for the Georgian territory.  

Accurate and representative rainfall measurement is essential to accurate forecasting of hydro 
meteorological hazards. The same is true of river flow measurements, which are important in the 
development and calibration of the computer models on which forecasting and early warning 
systems are based and for the monitoring and forecasting of exceedance of threshold water levels.  
It is important for emergency responders and the population at risk, to know when and where 
hazards will occur, and hazard modelling, mapping and forecasting are key to providing such 
information. The longer the lead times and the more accurate the forecasted location and extent of 
the hazard will result in more effective warnings and response. The use of spatially distributed 
rainfall data as input to the hazard models not only increases the forecast lead-time accuracy, but 
also the accuracy of magnitude of the forecasted hazard variable such as peak water level. Rain 
gauge density over the forecast area is one of the main determinants of forecast accuracy during 
an extreme event that is likely to result in a significant hazardous hydro meteorological event. The 
Georgian territory is characterised by large spatial and temporal variability in rainfall and flow and it 
is therefore necessary to have sufficient coverage (number and distribution of rain and flow gauges) 
to provide accurate forecasts. Since the 1990s the number of meteo stations and rain gauges in 
Georgia has declined because of well-known economic breakdown and governance crisis 
characteristic of the decade in all post-Soviet countries. Therefore, there is a need to upgrade and 
expand geographic coverage of hydrometric monitoring.  

The following considerations will be taken into account for the expansion:  

- The old stations with the Soviet monitoring network were manual stations, with information 
collected every six hours in most cases, and in some cases at a daily interval. The 
information from these stations, however, is very valuable, considering both the data and 
the station specific site information. It should be added that rating curves measurements 
were taken often (for the hydrological stations), sometimes even 4 times per year. Therefore, 
it would be recommended too, that when possible locations of previous manual stations are 
used for the deployment of the new automatic stations.  Some of these manual stations have 
been replaced in recent times by automatic stations (e.g. Rioni basin). This is in most cases 
a good approach, although chosen locations should not be restricted to locations of previous 
manual stations.  

- The specific locations of the stations to be purchased should be carefully planned. It is 
recommended that the stations are located as far uphill as possible. This has been an issue 
within the implementation of the Rioni Project. The requirement for the connection to the 
electrical network for the acquired station was the main limitation, and therefore, the 
acquisition of stations with solar and battery power possibilities could be contemplated. 
Based on that, the use of Doppler radar rain gauges could be favoured to tipping buckets or 

                                                
52 This description of the proposed MHEWS includes references to the existing FFEWS designed by the UNDP/AF Rioni project. Description of the Rioni FFEWS is 
presented in the Annex 6  
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weight ones (due to lower consumption rates). The location of stations will be confirmed at 
the start of the GCF project to optimize the hydrometric network configuration. 

The following monitoring equipment requirements have been identified for all major river basins in 
Georgia, based on a needs assessment conducted by NEA: 
 

• Khobi River basin: The Khobi River is the third largest river basin in West Georgia. It 
originates from the southern slopes of the Mengrelian Range. The Khobi River flows in the 
Black Sea.  

o Hydrological monitoring – 2 hydrological gauges;  
o Meteorological network – 2 meteostation, 3 meteoposts and 3 snow measurement 

stations. 
In total: 2 hydrological posts, 2 meteostations, 3 meteoposts and 3 snow 
measurement. 
 

• Enguri River basin: The Enguri River originates from the southern slopes of the Greater 
Caucasus. The Enguri River flows in the Black Sea.  

o Hydrological monitoring – 4 hydrological gauges;  
o Meteorological network – 11 meteorological posts and 3 snow measurement 

stations in upper Enguri (Mestia, Mulakhi and Ushguli settlements).  
In total: 4 hydrological posts, 11 meteoposts and 3 snow measurement stations. 
 

• Rioni River basin:  
o Hydrological monitoring – 4 hydrological gauges (downstream reaches not covered 

by AF project); 
o  Meteorological network – 11 meteorological posts (downstream reaches not 

covered by AF project) and 2 snow measurement stations in upper Rioni 
(Tskhenistskali watershed – Lentekhi, Tsageri). 

In total: 4 hydrological posts, 11 meteoposts and 2 snow measurement stations. 
 

• Supsa River basin:  The Supsa River originates from the northern slope of the Adjara-
Imereti range. The Supsa River flows into the Black Sea.  

o Hydrological monitoring – 2 hydrological gauges; 
o Meteorological network – 1 meteostation, 6 meteoposts and 2 snow measurement 

stations (Bakhvistskali River watershed, Bakhmaro resort).   
In total: 2 hydrological posts, 1 meteostation, 6 meteoposts and 2 snow measurement 
stations. 

 
• Natanebi River basin:  The Natanebi River originates from the northern slope of the 

Adjara-Imereti range. The Natanebi River flows in the Black Sea.  
o Hydrological monitoring – 2 hydrological gauges; 
o Meteorological network – 1 meteostation and 6 meteoposts. 

  In total: 2 hydrological posts, 1 meteostation and 6 meteoposts. 
 

• Kintrishi River basin:  The Kintrishi River originates from the South-western slope of the 
Adara-Imereti range. It flows in the Black Sea.  

o Hydrological monitoring network – 2 hydrological gauges; 
o Meteorological network – 2 meteoposts.  

In total: 2 hydrological posts, 2 meteoposts 
 

• Chorokhi-Ajaristskali River basin. The Chorokhi River originates in Mescit range in Turkey 
and flows into the Black Sea in Ajara, near the city of Batumi. Its major tributary Ajaritskali 
River also rises in Mescit (Ajara-Imereti) range from Georgian side and flows into the Chorokhi 
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River. 
o Meteorological equipment – 3 snow measurement stations in upper watershed of 

Ajaristskali River (Khulo, Shuakhevi and Keda towns). 
In total: 3 snow measurement stations.  
 

• Kura (river name in Georgia - Mtkvari) River basin:  The Kura River is the biggest artery 
of the South Caucasus. The river originates from the northern slope of the Adjara-Imereti 
range and flows through the capital, Tbilisi. It flows to the Caspian Sea.  

o Hydrological monitoring – 22 hydrological post; 
o Meteorological network – 2 meteostations and 14 meteoposts. 

 
Of the above, the following necessary equipment will be installed in in Tbilisi: 

o The Digomi River - 2 rain gauges and 3 water level measurement posts;  
o The Gldanula River – 1 water level measurement post; 
o The Legvtagele River - 1 water level measurement post, 1 rain gauge;  
o The Duknisgele River - 1 water level measurement post, 1 rain gauge. 

 

In total: 22 hydrological posts, 2 meteostations and 14 meteoposts. 
 

• Alazani River basin:  The Alazani River is the second biggest river in East Georgia. The 
river originates from the southern slope of the Big Caucasus range. The Alazani River 
flows in the Mingechavir reservoir.  

o Hydrological monitoring – 2 hydrological gauges; 
o Meteorological network – 1 meteostations and 10 meteoposts.  

In total: 2 hydrological posts, 1 meteostations and 10 meteoposts. 
 

• Iori River basin:  The river originates from the southern slope of the Greater Caucasus 
range. The Iori River enters the Mingechauri reservoir.  

o Hydrological monitoring – 2 hydrological gauges; 
o Meteorological network – 3 meteostations and 5 meteoposts.  

In total: 2 hydrological posts, 3 meteostations and 5 meteoposts. 
 

• Ktsia-Khrami River basin:  The River originates from the southern slope of the Trialeti 
range. The Ktsia-Khrami River flows to the River Kura outside of the Georgian border.  

o Hydrological monitoring – 2 hydrological gauges; 
o Meteorological network – 2 meteostations and 5 meteoposts.  

In total: 2 hydrological posts, 2 meteostations and 5 meteoposts. 
  

Three ground weather radars. Radars have advantages in areas where automatic weather stations 
coverage is sparse and if storms are localised. Radar data is usually a better indication of the spatial 
distribution of the precipitation than that achieved by classical methods such as Thiessen polygons 
or Kriging interpolation from the rain gauges. The use of ground weather radars can greatly benefit 
the existing system. At this stage, as previously noted, precipitation is observed through a network 
of rain gauges and by the use of satellite precipitation estimates. Also, precipitation forecasting data 
from numerical weather predictions models are also used. Each of those methods has its own 
limitations, as the weather radar data has. However, the combination of all those different data 
sources would have a significant benefit in the forecasting platform. 

Specifics of geographic location of the territory and complex terrain of Georgia frequently 
aggravates macro scale atmospheric circular processes and contributes to the formation of different 
types of hydro meteorological phenomena.  Heavy precipitation in Georgia is mainly caused by such 
macro scale atmospheric processes as incursion of sea air masses from arctic and temperate 
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zones, shift of southern cyclones to the Caucasus or local circulation of the atmosphere. However, 
it should be underlined that the above-mentioned atmospheric processes are essential but in most 
cases not sufficient prerequisite for provoking heavy precipitation on a particular territory. Intensity 
of precipitation is essentially dependent on peculiarities of location’s orography, condition of terrain’s 
surface, vertical stratification of the atmosphere, orientation of mountain ridges against movement 
of air masses and other factors. Thus, knowledge of only micro scale circulation does not give a 
possibility to forecast heavy precipitation and related flash floods and mudflows on specific territory 
in specific period of time.      

One of the main preconditions for high accuracy short-term forecasting in space and time of 
hazardous events triggered by heavy rainfall is radar observation data.  Radar data is needed for 
identification of water consistency of rainfall triggering clouds, detection of their location, movement 
speed and direction.  Possessing radar meteorological information in operational mode is important 
for provision of effective early warning system for rainfalls and related hazardous events (hail, 
flashflood, wind squall strengthening, landslide activation, debris flaw formation). It is essential for 
prevention/mitigation of negative outcomes caused by these events. At present, NEA does not have 
any type of meteorological radar in its observation network. Moreover, it does not have real-time 
access to Radar data operated by the State Aviation Service and is working to enable automatic 
connection to this data source as a priority. 

In addition, eight sets of mobile discharge meters (4 sets to be financed by GCF and another 4 sets 
procured through Japan Government co-financing) and two sets of upper sounding equipment (one 
for East Georgia and one for West Georgia, the upper air sounding was interrupted since 1990s) 
will be included in the upgraded monitoring system. 
 

Associated equipment for station operation and maintenance: There is a requirement to acquire 
further equipment associated to the proper operation and maintenance of the above-proposed 
stations (both hydrological and meteorological). It would be recommended that spare parts for most 
of the station components would be acquired in order to ensure the sustainability of the network. 
Also, there would be a need for more equipment to measure relevant information at the new 
deployed locations, such as a GPS, and propellers. Also, due to the extensive ground survey 
required for the hydraulic modelling, additional GPS would be required for this too.  

Below figure 3-1 shows spatial distribution of suggested hydro meteorological network that includes 
both existing and proposal stations and posts 
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 Figure 3-1. Map of the proposed hydromoteorological network of Georgia, NEA 
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3.1.2 Landslide monitoring equipment  

Rain gauges are necessary to predict flashfloods and can contribute to the forecasting of 
rain/flashflood induced landslides. However, it is not sufficient for forecast of landslides, since 
landslides also depend on a number of geological parameters. Combination of the meteorological, 
hydrological and geological measurement equipment will make landslide forecasts more precise. 
Therefore, a number of automated landslide sensors (inclinometers) will be purchased and installed 
at high risk areas. 

For rainfall-induced landslides, 20 automated inclinometers will be purchased and installed at 10 
locations with high risk, including: 

1) Natsreti – Gori municipality, Shida Kartli region; 
2) Gombori – Sagarejo municipality, Kakheti region; 
3) Konchkati – Ozurgeti municipality, Guria region; 
4) Tsitelkhevi – Bagdati municipality, Imereti region; 
5) Khreiti – Chiatura municipality, Imereti region; 
6) Nakalakevi – Aspindza municipality, Samtkhe-Javakheti re region; 
7) Kortskheli – Zugdidi municipality, Samegrelo-Zemo Svaneti region; 
8) Jorjiashvili – Tetritskaro municipality, Kvemo Kartli region; 
9) Gldani – Tbilisi; 
10) Dologani – Keda municipality, Ajara Autonomous Republic. 

Modern remote sensing with high precision unmanned aircraft systems (drones) will allow field 
monitoring and detection of risk factors by NEA staff. Using aerial vehicle – the Drone - is one 
of the best means for obtaining geospatial data and scanning different regions of the country. 
Two drones will be purchased through the GCF project with the following specifications: Trimble 
UX5 HP professional aerial mapping system (catapult, camera - 36 MP camera, 3 different 
cameras - 15mm, 25mm, 35mm). The following activities in the areas of climatology and 
meteorology can be carried out by means of drone:  
• Defining sea temperature and level in different periods, also wind direction and speed; 
• Monitoring erosive processes (such as coastal and river bank erosion) taking place and 

planning of bank/coast protection measures; 
• Preliminary monitoring of forthcoming spontaneous hydro meteorological and geological 

processes and hazard assessment; 
• Mapping of spontaneous hydro meteorological and geological risks; 
• Modeling of different scenarios of spontaneous hydro meteorological and geological 

processes; 
• Timely registration of natural and technogenic disasters and timely elaboration of disaster 

response action plans.        

3.1.3 Agrometeorological monitoring  
 

Fifteen automated agrometeorological stations will be purchased and installed in Kakheti and 
Kvemo Kartli. Together with 10 automated agrometeorological stations to be purchased through the 
FAO project for the NFA the GCF-supported equipment will form a sufficient agrometeorological 
observation network in Georgia’s key agricultural regions of Kaheti and Kvemo Kartli. The fully 
automated stations will measure all major meteorological parameters, soil moisture and leaf 
moisture and temperature. 

All hazard monitoring equipment, except for the agrometeorological stations, will be installed at NEA 
and will be operated and maintained by its hydro-meteorological and geological Departments. 
Agrometeorological stations will be provided to the National Food Agency (NFA) under the MoEPA, 
which through its 14 regional and municipal phyto-sanitary centres provides warnings on pest 
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outbreaks as well as climate-related information and advice to local farmers. NFA has already been 
operating four agrometeorological posts, which will be upgraded to measure evapotranspiration 
parameters. Additionally, 10 fully automated stations will be soon purchased by FAO for MoEPA, 
installed in Kakheti region and operated by NFA. In order to maintain the integrity of the system and 
ensure timely and targeted delivery of climate advisories and warnings to farmers, direct 
beneficiaries it is advisable to strengthen NFA’s capacities in this regard. Meanwhile, efforts will be 
made to ensure smooth provision of data generated at NEA’s already existing agrometeorological 
stations  

3.1.4 Forecasting Platform 
 

The data from the different automatic stations (meteorological stations /post and hydrological 
stations described above) will be managed, transmitted and processed following the same 
procedures as outlined in the description of the existing system.  

Flood and Flash-Flood Forecasting Platform 

The flood and flash-flood forecasting platform will be built upon the existing platform as implemented 
within the framework of the Rioni AF Project. However, some improvements and modifications to 
the platform will be undertaken within this project. These will be carried out to improve the 
forecasting capabilities (following recommendations outlined by the experts on the Rioni project) 
and to expand the forecasting platform to cover the whole Georgian territory. It should be noted that 
some of these improvements are also very useful for the other hazards.  

Also, in the section below, the improvements to be carried out within this project will be described. 
The whole architecture of the system is described in Annex 6. As a brief summary, the flood 
forecasting platform is based on meteorological forecasting, satellite precipitation estimates, 
observational data (as described in section 3.1.1.),  hydrological model, hydraulic models and a 
platform to manage, maintain and operate all these different data sources.  

Meteorological Forecasting (WRF and COSMO) 

The meteorological forecasting information in the upgraded forecasting platform will be based on 
two different Numerical Weather Predictions (NWP) models, namely WRF and COSMO. At this 
point, as previously noted, just the WRF model is being used in the existing system due to several 
issues. Therefore, during the implementation of the upscale forecasting system the following actions 
will be undertaken:  

- COSMO model: the COSMO model implemented by NEA has not been fit for operational 
purposes for a significant period. Recently, this model was upgraded to the latest version 
but at this moment due to computational issues it just provides forecast information for one 
day, and this is not sufficient for operational purposes. Therefore, within the framework of 
this forecasting upscale it is recommended that activities are carried out in order to expand 
the forecasting timespan to at least three days.  

- Boundary conditions: as stated below, it has been recommended that additional sources of 
information are used regarding the boundary conditions for the local meteorological 
implementations, due to quality and reliability. Thus, it is recommended that ECMWF 
sources are evaluated in the two different local forecasting models.  

- Quality of the forecasting predictions: the quality of the WRF model was evaluated for a short 
period of time within the framework of the Rioni Project. Within the implementation for the 
whole Georgia a more thorough assessment would be required, for longer periods, for more 
extreme events and for the whole Georgia.  

Satellite Precipitation Estimates 
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Currently, only TRMM/GPM precipitation estimates are being imported into the forecasting platform. 
In addition to that, this imported data is not being utilised in the operational forecasting. This is due 
to recommendations from NEA regarding the Rioni Basin, where aerial precipitation coverage from 
ground stations is significant and sufficient. However, procedures for the use of satellite data in the 
forecasting platform were implemented.  

The aerial coverage of the automatic stations at this moment in Georgia, outside of the Rioni Basin, 
is not ideal for FFEWS purposes at this stage. This network will be expanded within the framework 
of this project, but nonetheless it is recommended that satellite precipitation estimates are used to 
complement the existing observational precipitation data. During the implementation of the upscale 
of the system the following activities should be undertaken:  

- MPE data: the use of MPE data is highly recommended. Data from this source was not fully 
evaluated within the implementation of the FFEWS for the Rioni Basin due to its complexity 
and lack of resources. Nonetheless, this data is considered to be of high value due to its 
latency (just 15 minutes) and its resolution (4km).  The quality of these data will be fully 
evaluated in this project too.  

- TRMM/GPM data: the TRMM/GPMM data was evaluated for a short period in the Rioni 
Basin. The quality of these data was higher than the WRF forecasting data, as expected. 
However, a more thorough evaluation would be required, during longer periods, for more 
extreme events and in a wider area. Also, procedures for the inclusion of these data into the 
hydrological forecasting will be implemented.  

- The impact of the use of satellite precipitation estimates in the final predictions of the flood 
forecasting platform will be fully evaluated too.  

Ground Weather Radar Data 

The inclusion of the data from ground weather Radars would be the only new type of data to be 
included into the platform. The inclusion of radar data into a forecasting platform has some benefits: 

- A finer spatial resolution of the precipitation area. 
- Real-time data availability. 
- The ability to track approaching storms even before they reach the catchment of interest 

A combination of rain gauges, satellite precipitation estimates, numerical weather forecasting and 
radar data will be used to force the hydrological models and to issue warnings. Therefore, from a 
flood forecasting point of view, the use of radar data in the forecasting platform will involve the 
following activities:  

- As with all the different precipitation sources, the quality of the radar precipitation 
observations will be compared against measurements from available automatic weather 
stations for different type of events.  

- Data merging procedures will be developed, defined and assessed.  
- Data conversion from visual sources to digital inputs will be developed.  
- A thorough plan for calibration and maintenance will be established in order to ensure the 

sustainability of the radar system to be deployed.  

Precipitation Data Processing 

The precipitation data processing for the upscaled system will be based on the existing precipitation 
data processing for the Rioni Basin. In this case there will be the addition of the satellite precipitation 
estimates and the radar data. Procedures for the inclusion of the satellite precipitation estimates 
were developed during the implementation of the Rioni Project, but no procedures were defined for 
radar data. This processing is critical for the success of the flood forecasting platform and for the 
success of the whole FFEWS. Special attention will be paid to new data sources.  
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Hydrological Modelling 

The hydrological model within the flood forecasting platform will also be expanded to cover the 
whole territory of Georgia. Within the hazard and risk knowledge component, to be carried out 
before the implementation of the flood forecasting platform, a hydrological model will be 
implemented to cover all the areas of interest. The resulting hydrological model will be adjusted for 
flood forecasting purposes.  

The existing hydrological model within the present platform is HEC-HMS. Within the framework of 
this project some other hydrological models will be explored. This is because due to the new data 
sources, the use of precipitation gridded data is recommended in this case. It is possible to use 
precipitation gridded data with HEC-HMS but the process is significantly complex and it was only 
developed to work within the United States of America. There are several options for this, and a full 
analysis will be undertaken in order to identify the best hydrological model for the flood forecasting 
platform.  

Hydraulic Modelling 

As per the hydrological model, the hydraulic model within the flood forecasting platform will be 
expanded to cover all the areas of interest in Georgia. Also, a hydraulic model will be implemented 
during the hazard and risk knowledge phase, and this model, after the necessary adjustments, will 
be used in the flood forecasting platform. As detailed below, the software to use in this project can 
be the same as the existing one (MIKE 11), although other software options are available and would 
be considered. The flexibility of the forecasting platform allows for the use of different modelling 
software for the predictions.  

 
DEM data 

The acquisition of a high resolution Digital Elevation Model (DEM) was highly recommended by the 
Rioni analysis. There are several reasons behind this.  

- One of the most important inputs for a meteorological model is the topography. At the 
moment, the local meteorological models implemented in NEA are using global topography 
datasets (SRTM DEM), the vertical accuracy of which is in the order of 20 meters.  Therefore, 
the use of a more accurate DEM (e.g. LiDAR) would have benefits in the meteorological 
modelling implementation. 

- A high-resolution DEM would also be required for the implementation of both the 
hydrological and especially the hydraulic models. These models will be required for both the 
risk knowledge assessments and for the forecasting platform.  

There are some recommendations for this DEM. Based on previous experiences in the Rioni 
Project, it is very difficult to obtain high vertical accuracies in DEM in the region. In the Rioni Project 
satellite images were used to derive the high-resolution DEM. In this case, however, it is 
recommended that alternative methods are used if available. Aerial photographs or LiDAR sources 
would be recommended in order to obtain a high-resolution DEM covering the whole territory of 
Georgia.   

ECMWF data 

A key recommendation of the Rioni Project, was the use of additional global or regional 
meteorological forecasting products. The reason behind this are twofold. In the first place, global 
meteorological forecasting data is being used within the forecasting platform for boundary conditions 
for the local meteorological models. The Global Forecasting Model (from NOAA) and the German 
Meteorological Model are used for this to force respectively the WRF and the COSMO local 
implementations managed by NEA. There are questions about the suitability of the GFS data in the 
region, because it is not a dedicated provision of data (it is freely available on the Internet).  
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Therefore, a more dedicated provision of the data (ECMWF) is suggested. The quality of the 
ECMWF model, however, will be further assessed in order to ascertain the quality of the resulting 
forecasts.   

The ECMWF data is not free of charge for non-members of the ECMWF consortium, and 
membership (full or associate) costs. The associate member cost can be reduced for developing 
countries and the fee (approximately $50,000 USD) entitles several other benefits to NEA in addition 
to the provision of data, such as training courses and dedicated data.  The membership fee for NEA 
has been budgeted for under this project.   

  

Additional Hydraulic Modelling Software 

The current hydraulic modelling software within the implemented FFEWS is MIKE 11. Current 
technical capacities regarding hydraulic modelling in NEA are related to the use of this specific 
software. MIKE 11, however, it is not open-source. There are two different alternatives to consider 
here. In the first case, due to the flexibility of the existing forecasting platform, different hydraulic 
models can be used for forecasting, and therefore existing open-source hydraulic modelling 
software could be used for the other basin to be modelled. This, however, could pose some issues 
due to the limited hydraulic modelling experience within NEA. An experienced modeller may use 
different software packages, and changing from one modelling package to another should not be 
an issue. For an inexperienced modeller, this change may create issues. The other options would 
be to acquire another license for MIKE 11. The existing license could be used for both risk 
knowledge assessments (hazard modelling and mapping) and for forecasting processes (it is a 1D-
2D license), and the new licence could be a 1D-only licence (a much cheaper option) and could be 
used also for both purposes when 2D processes are not relevant to the risk knowledge assessment. 
Therefore, at this stage, it is recommended that another MIKE 11 license is acquired within the 
framework of this project.  

Additional servers and storage capacity 

In order to properly manage additional hydrological and meteorological stations, additional servers 
and storage capacity within NEA are required.  

Additional Internet Capacity 

The existing internet capacity within NEA is a major concern for the present system. There are 
numerous periods of time with no connectivity, due to electrical failures and especially due to 
network problems. It should be reminded that a significant amount of information into the system is 
based on the use of internet resources, such as the global meteorological forecasting data to force 
local models, or the satellite data. Also, the data flow within NEA servers does require a local internet 
connection. Therefore, additional internet capacity will be acquired within the framework of the 
project.  

Additional System  

In the implementation of a FFEWS, it is usually recommended that a redundant system exists 
elsewhere, in a different location to the main system. This is to avoid the lack of periodic forecasts 
in the event of a failure of the main system. At this moment, the system has been implemented in 
two different servers, but both systems are physically based in the same location. In the event of 
this location failing, due to a fire, electrical failure, flooding or any other major issues, the FFEWS 
will be inoperative. Therefore, an additional redundant system will be located elsewhere.  The 
additional location for the system will be decided in close collaboration with NEA.  

Forecasting Platform 
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The forecasting platform to use within the FFEWS will be the same as the existing one (Delft-Fews). 
The forecasting platform will be adjusted with the new data sources and the new model, but the 
core of the system does exist at the moment. There will be, however, a significant work-load related 
to the adjustment to the new data and system testing. Also, the implemented system is a basic one 
at the moment, and more advance forecasting procedures, such as forecasting ensemble and 
assimilation could be incorporated into the forecasting routines in order to improve the accuracy of 
the system.  

Lead Time 

The main objective of the already implemented forecasting platform is to issue warnings. The 
existing forecasting platform can issue warnings based on meteorological observations and on 
weather forecasting and/or flood modelling. The lead time associated to the warnings depends on 
different processes, on the area in particular and on precedent conditions.  

From a flood forecasting point of view, it is envisaged that data from ground weather radars and the 
more intensive use of satellite precipitation estimates (especially MPE) would improve the 
associated lead time in most areas. This is due to the occurrence of localised convective events in 
Georgia that has led in the past to significant (flash) flooding. As an example, the June 2015 flood 
event in Tbilisi was a very dramatic event with a significant impact and resulting in a number of 
casualties. A post-event analysis has yielded that none of the existing observational or forecasting 
technology available at the moment in Georgia could predict this event. The automatic weather 
station network coverage in the area was limited, none of the weather forecasting models available 
predicted this event and the significant amount of rainfall was not identified in the TRMM data 
outputs. Therefore, the use of additional sources, such as the weather radar data or the MPE data, 
could both improve the identification of events and also increase the lead time available for the 
dissemination of the warning.  

Drought Forecasting Platform 
The drought forecasting capabilities at NEA and the MoEPA will be enhanced and will include the 
use of some of the existing products.  

Drought differs from other natural hazards in various ways. Drought is a slow-onset natural hazard 
that is often referred to as a creeping phenomenon. It is a cumulative departure from normal or 
expected precipitation, that is, a long-term mean or average. This cumulative precipitation deficit 
may build up quickly over a period of time, or it may take months before the deficiency begins to 
appear in reduced stream flows, reservoir levels or increased depth to the groundwater table. Owing 
to the creeping nature of drought, its effects often take weeks or months to appear (Figure 3-2). 
Precipitation deficits generally appear initially as a deficiency in soil water; therefore, agriculture is 
often the first sector to be affected. 
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Figure 3-2 - Sequence of drought occurrence and impacts 

A drought early warning system is designed to identify climate and water supply trends and thus to 
detect the emergence or probability of occurrence and the likely severity of drought. This information 
can reduce impacts if delivered to decision makers in a timely and appropriate format and if 
mitigation measures and preparedness plans are in place. Understanding the underlying causes of 
vulnerability is also an essential component of drought management because the ultimate goal is 
to reduce risk for a particular location and for a specific group of people or economic sector.  

There are numerous natural drought indicators that should be monitored routinely to determine the 
onset and end of drought and its spatial characteristics. Severity must also be evaluated on frequent 
time steps. Although all types of droughts originate from a precipitation deficiency, it is insufficient 
to rely solely on this climate element to assess severity and resultant impacts because of factors 
identified previously. Effective drought early warning systems must integrate precipitation and other 
climatic parameters with water information such as stream flow, snow pack, groundwater levels, 
reservoir and lake levels, and soil moisture into a comprehensive assessment of current and future 
drought and water supply conditions. Therefore, a comprehensive and integrated approach is 
required to monitor drought more effectively and provide early warning. Within this project, the 
monitoring systems will be enhanced, but also the integrated and comprehensive approach will be 
ensured through institutional set ups, especially noting the collaboration between the NFA and NEA.  

Design of the drought forecasting system 
Considering the existing expertise of NEA and the available information generated at NEA and 
MoEPA, a drought forecasting product will be defined. Presently, most monitoring and early warning 
systems are based on a single indicator or climatic index, such as the Standard Precipitation Index 
(SPI). However, recent efforts to improve drought monitoring and early warning in some countries 
have provided new early warning and decision-support tools and methodologies in support of 
drought preparedness planning and policy development.  

The wealth of data from satellites, hydrological modelling and seasonal climate model predictions 
have enabled the development of state-of-the-art monitoring and prediction systems in developed 
regions, such as the United States and Europe, that can help address many of the problems inherent 
to developing regions. For example, the U.S. Drought Monitor and the European Drought 
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Observatory combine bottom-up approaches of merging drought evaluations at national and 
subnational levels with a top-down approach of providing continental-scale information from 
meteorological networks, hydrological modelling, and satellite remote sensing.  The Food and 
Agriculture Organization of the United Nations (FAO) Global Information and Early Warning System 
on Food and Agriculture (GIEWS) accumulates information from local observers, market reports, 
and remote sensing on evolving drought and food security conditions and provides outlooks on 
potential problem areas.  Satellite remote sensing information has been used to measure 
hydrological variables at the land surface and the state of natural vegetation and agriculture, often 
at very high spatial resolution (<1 km) and in near–real time, although their use in operational 
drought monitoring is still generally in its infancy, and mainly for monitoring at large scales.  Merging 
remote sensing data with land surface hydrological modelling, either directly via assimilation (e.g., 
satellite retrievals of soil moisture) or indirectly in the form of input drivers (e.g., precipitation or 
vegetation) would provide a holistic and consistent view of drought risk.  Forecasts of hydrological 
variables can also be derived using hydrological models forced by statistical or dynamic precipitation 
forecasts, using ensemble streamflow prediction (ESP) type forecasts, which sample from the 
historic climate record and rely mainly on the skill derived from the land surface initial conditions.  
Operational versions of such systems are generally limited to a few regions around the world—for 
example, in the United States, Europe, and Australia.   

These and other recent advancements in drought monitoring and forecasting will be thoroughly 
considered when designing the drought forecasting system and, in particular, the use of the 
improved hydrometric and agro-meteorological observation networks in drought modelling and 
forecasting, will be explored.   

Historical information 
Historical information pertinent to the drought forecasting will be collected. This will include drought 
climatology, drought impacts, drought magnitude and drought frequency. This information will be 
collected in close collaboration between the MoEPA and NEA and with the support of national and 
international consultants. This information will be the basis for the product development task.  

Product development 
As previously noted, the drought forecasting will be based on different products or indicators. 
Considering the uncertainties existing in the forecasting of droughts, for operational purposes it is 
better to combine the model predictions with other empirically based predictions. 

The development of these products will be accomplished in this task. These products will be:  

• Soil Moisture Information: from remote sensing and from station data.  
• Precipitation anomalies: from observational and forecasting data.  
• Snowmelt runoff and discharge: from observational and forecasting data.  
• Other meteorological data: such as temperature and evaporation will be collected from 

observational data too.  
• Standard Precipitation Index: The Standardized Precipitation Index (SPI) is a tool 

which was developed primarily for defining and monitoring drought. The SPI allows 
an analyst to determine the rarity of a drought at a given time scale (temporal 
resolution) of interest for any rainfall station with historic data. It can also be used to 
determine periods of anomalously wet events. Mathematically, the SPI is based on 
the cumulative probability of a given rainfall event occurring at a station. 

• Palmer Drought Severity Index: The Palmer Drought Severity Index (PDSI) uses 
readily available temperature and precipitation data to estimate relative dryness. The 
PDSI has been reasonably successful at quantifying long-term drought. As it uses 
temperature data and a physical water balance model, it can capture the basic effect 
of global warming on drought through changes in potential evapotranspiration. 
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In order to enhance the prediction of droughts in a timely manner, all the above products will be 
combined through the use of different models, such as regression, time-series or probabilistic 
models (Figure 3-3). The model of choice will be decided with the support of international and 
national experts.  It should be noted that both the SPI and the PDSI will have to be calibrated using 
historical data.  

 
Figure 3-3 - Components of drought forecasting 

Development of warning criteria 
Based on the products defined above, and the different components of the drought forecasting, the 
drought warning criteria will be developed. In order to undertake this, historical data and Hind cast 
scenarios will be analysed.  

 

Landslide forecasting 

The GCF project will develop NEA capabilities to forecast rainfall-induced landslides. This will be 
built upon the existing forecasting capabilities of NEA and will use some of the existing products.  

Landside risk varies with landslide types. Landslides are often classified with regard to depth and 
speed. Deep and rapid landslides are most dangerous. Shallow and rapid landslides can also be 
dangerous when many landslides occur during the same triggering event. Slow landslides are 
relatively safe for people since they allow evacuation even during motion. However, often villages 
are constructed on reactivated landslides (previously landslide occurred and relatively flat areas are 
provided by past landslide events). The velocity is not so high, and travel distance is not great in 
this type of landslide. However, landslide movement can be enough to destroy houses, schools, 
and other buildings. The failure of houses and other structures may cause injury or loss of life. 
Shallow and slow landslides are less dangerous and they are rarely monitored with EWS. Deep and 
shallow, rapid and slow movements have different mechanisms, so the same criteria of early 
warning cannot be applied. In general, risk is very different in urban environment or rural area. 

Lead times for landslides vary depending on the trigger and on the nature of the landslide. 
Independent of the lead time, two types of EWS can be distinguished for landslides: 

• Pre-trigger: a probability of landslide occurrence is based on the analysis and elaboration of 
precursors. A warning is issued when a threshold is reached but the landslide occurrence is 
not certain (for example heavy rainfall). 
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• Post-trigger: a landslide has occurred and the system provides warning for a potentially 
dangerous future condition (event warning system). For example, an EWS can detect the 
occurrence of a landslide and can automatically send an evacuation order to the population 
living further down the valley. However, there is no indication of the final runout and the 
landslide might end before reaching the inhabited area. 

Both types (pre- and post-trigger) can lead to false alarms. When the lead time allows it, a validation 
procedure should be implemented.  

EWSs for landslides are monitoring systems specifically designed to detect events that precede a 
landslide in time to issue an imminent hazard warning and initiate mitigation measures. The key to 
a successful EWS is to be able to identify and measure small but significant indicators that precede 
a landslide, and to issue warnings early enough to allow sufficient lead time to implement actions to 
protect life and properties. They can therefore be adopted only for very limited goals. The case of 
rapid landslides is complicated because the time elapsing between the onset of slope failure and its 
impact on exposed life and properties can be in the order of tens of seconds and landslides may 
often occur anywhere within wide areas which lack instrumentation able to validate the events. 
Rainfall forecasts can be used to calculate soil saturation and, as the meteorological event 
approaches, specifically developed thresholds make use of ground-based rainfall observations to 
determine overall system evolution in the very short term (nowcasting).  

Design of the landslide forecasting system 

Considering the existing expertise of NEA, the information outlined above and the existing 
information, a rainfall-induced landslide forecasting product will be defined.  

The approach will build upon the landslide risk mapping undertaken for the Rioni AF project and will 
include the use of static risk index maps which indicate areas with a high disposition for landslides, 
based on their information about slope, land use, geotechnical structure, etc from which several 
disposition classes will be derived based on criteria such as threshold parameters.  These static 
maps will form the landslide/mass movement inventory/registry for Georgia.  Since these static risk 
maps do not consider up-to-date information and short-term conditions (e.g. precipitation, 
temperature), they will be merged with meteorological nowcasts or forecasts (rainfall, temperature, 
wind speed etc.) to produce susceptibility maps which can be generated with respect to different 
process types of mass movements (e.g. mudflows).  Some systems use fuzzy-logic and neural 
networks for input parameters to yield close to reality maps of susceptibility (e.g. Interreg IV Project 
INCA-CE the Fraunhofer IOSB ELDEWAS (Early Landslide Detection and Warning System),).  The 
system will detect regions with a high danger with respect to landslide or mudflow events and 
generate a warning message for the corresponding region.  The warning system will be calibrated 
using historical data from the landslide registry. 

This will complement the information compiled by the inclinometers. Using the terminology 
described above, the rainfall-induced landslide forecasting will be a pre-trigger EWS whereas the 
inclinometers will form part of the post-trigger EWS. It should be added that these two EWS will be 
combined, and that the information from one EWS complement the other one.  

 

Historical information 
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Historical information pertinent to the landslide forecasting will be collected. This is of significance, 
because the historical information on landslide occurrences gives insight into the frequency of 
occurrence, their spatial distribution, the types of landslides that took place, the volumes and the 
damage that they caused. All these are essential in understanding of the correlation between 
various causative factors and will determine the warning criteria. Information about landslide events, 
soil data and rainfall duration and intensity associated to previous landslide events will be collected.  

A review of existing landslide inventory maps will need to be undertaken and updated as part of the 
study to intermediate and then detailed landslide inventory maps.  It is known that NEA holds old 
landslide inventories which are in paper format.  The project will examine the feasibility of digitising 
these maps as the starting point for the landslide inventory and the effort that will be required to 
update the inventory to include new landslides.  The effort to produce detailed inventory maps will 
depend on what level of detailed mapping already exists.  As part of this project, field studies of 
selected landslide prone areas will be undertaken to provide insight into how different factors have 
contributed to landslides, as was done for the Rioni basin, and to characterise the conditions 
associated with selected landslide prone areas, to be incorporated into the landslide inventory.  
Given the size of the area to be covered, it will not be possible to develop the map of past and 
existing landslides solely from field work.  Hence aerial photographs, where available, will be used 
to supplement field work.  Depending on vegetative cover, photo quality, and the skill of the 
interpreter, overall identification accuracy of 80 to 85 percent is realistic using aerial photography. 
Aerial photography at a scale of 1:40,000 is the minimum scale required for landslide inventory 
work, and the selected scale will depend on the size of landslides common to the study area and, 
to some extent, the relief of the area. Large failures of four or more square kilometres are extremely 
difficult to detect on aerial photography smaller than 1:40,000. Where the majority of landslides are 
one hectare or smaller in size, large-scale photography of the order of 1: 4,800 is necessary while 
large failures of > 4 kilometres will need aerial photos of at least 1: 40,000 scales.  Development of 
landslides inventory maps requires a geologist with experience of landslide or landform 
interpretation. A simple inventory identifies the definite and probable areas of existing landslides 
and is the minimum level required for a landslide hazard assessment. A map will be produced in 
which each landslide and its direction of movement is denoted. The map produced would also show 
the outlined landslide types and distinguish between areas of landslide origin and deposit.  Large-
scale features such as secondary scarps sag ponds, and ground-crack patterns may be represented 
on individual landslides. 

The landslide hazard map is generated based on the overlaying, analysis and interpretation of the 
maps of the inventoried landslides and the permanent factors found to influence the occurrence of 
landslides such as bedrock, soil, geology, slope, precipitation, temperature).  By overlaying the 
landslide inventory map on the maps of the type of bedrock, slope steepness, and indirect 
hydrologic measures, the association of past landslides with the factors controlling landslide 
occurrence can be recognized.   

As discussed above, this static landslide inventory and risk map will then be used with dynamic, 
now cast meteorological data to generate landslide early warnings.   

Product development 

The landslide forecasting will be based on rainfall thresholds, although some other information 
and products will be developed:  
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• Rainfall-thresholds: based on historical information and calibration, rainfall thresholds 

will be developed. It should be noted that rainfall is not always directly connected with 
the landslide occurrence. The transfer function from rainfall to pore pressure and to 
runoff is not so easy to define and to calibrate, many parameters have to be taken 
into account for calibrating such as water content, permeability and fracture. A direct 
link between rainfall event and landslide occurrence can only be efficient in a 
statistical way. The rainfall thresholds will be based on intensity and duration. 

• Soil moisture: soil moisture relationship with landslide will be fully explored too.  

• Soil types: using information from the historical analysis, information about the 
different types of soil susceptible to landslide, and their relationship with the two 
above-mentioned parameters will be analyzed.   

 

Development of warning criteria 
Based on the products defined above, the landslide warning criteria will be developed. Two different 
approaches will be followed at this stage depending on the type of EWS (pre-or post-trigger). In the 
first case forecast warning based on numerical weather prediction models (in combination with the 
soil moisture and type) will be used. An example of these warning thresholds is shown in table 3-4 
Table 3-4 – Example of different precipitation thresholds for landslide warning purposes 

 

Threshold levels will be defined using information from the inclinometers.  

Development of avalanches forecasting 

This project will work on the development of NEA capabilities regarding avalanche forecasting.  

Snow avalanches are rapid movements of snow, which can contain rocks, soil and ice.  Pressures 
of 1000 kPa and more may create catastrophic damages to material assets and endanger human 
life.  Unfortunately, the period between the detection of an avalanche release and the (potential) 
impact is short, because an avalanche accelerates within seconds and reaches speeds of up to 
60m/s and more. The short period of time to react and the dramatic consequences of alarm failure 
means that Avalanche EWSs systems are only effective under certain conditions.  Given this, the 
main aim of an avalanche EWS is to support decision-makers and therefore to systems that can 
reduce false alarms, to avoid (human) errors and to make decisions for action comprehensible and 
objective. 

Unfortunately, presently it is believed that no computer models can forecast avalanches with an 
acceptable degree of accuracy. The forecast problem is compounded by the number of weather 
variables involved, the complexity of the terrain, and the lack of onsite weather and snowpack 
information. There are avalanches early warning system implemented worldwide. In most cases 
these EWSs are based on sensors, and they are of a post-trigger nature. However, there are 
avalanches EWSs that undertake forecasting of the possible occurrence of an avalanche in specific 
areas. These EWSs work by taking regular measurements of the weather variables in the 
surrounding the area of interest, the air measurements and the temperature on the ground. These 
measurements are periodically input into a system which highlights the possibilities of the snow 

Green Yellow Orange Red
Precipitation 

Thresholds for 
Landslides

Less than 50mm in 24h 50mm – 70mm in 24h 70mm – 100mm in 24h 100mm or greater in 24h
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melting and sends an early warning to the people in the area, warning them that the snow might 
melt if conditions get worse.  Such systems are normally based on statistical analysis of these 
weather data, and the use of empirical equations to determine the probability of an avalanche and 
enable avalanche susceptibility mapping, which, when used with dynamic meteorological forecasts, 
will enable some forecasting and early warning.   

Definition of the Avalanche Forecasting System 

The definition of the avalanche forecasting system will be carried out considering all the information 
outlined above. In this case, the information from different sensors (snow measurement equipment 
as described in activity 1.1) will be the main input for the forecasting system. The definition of the 
avalanche system will be carried out by international and national experts in close collaboration with 
NEA and any other relevant stakeholders.  

Historical information 
The collection of historical information will be paramount for the development of the system. This 
activity will be carried out in conjunction with the risk assessment activity as described above. The 
collection of associated information to any avalanche event will be given special attention. The 
available snow data, air temperature and any other relevant parameter associated with any 
registered event will be collected and analysed. The use of snow data from remote sensing sources 
will also be considered during this process and during the product development. 

Product development 

The product development will be very similar to the landslide one. Thresholds will be defined for the 
combination of snow data and air temperature in order to issue warnings. There are, however, more 
initial uncertainties related to the possibility of producing reliable forecast with this information. 
Therefore, it is paramount that the information from snow data monitors is incorporated into the 
forecasting system (in a post-trigger mode) in order to enhance the accuracy of the system. This 
will be fully assessed during the historical data collection and the product calibration phases.  

Development of warning criteria 
Based on the products defined above, the avalanche warning criteria will be developed. As per the 
landslide forecasting system, two different approaches will be followed. On the first hand, the one 
based on the combination of snow data and air temperature (pre-trigger) and also the one resulting 
from the monitoring devices.  

Development of wind forecasting 

This project will develop NEA capabilities to forecast extreme wind events. It should be noted that 
this will be built upon the existing forecasting capabilities, especially in the meteorological 
forecasting capabilities. Tasks within this activity will be very much related with tasks noted in activity 
2.2.1., i.e. regarding the improvement of the meteorological capabilities of NEA. The extreme winds 
EWS will be based on the use of forecasting information from numerical weather products and from 
local monitoring data.   

Design of the wind forecasting system 

Considering the existing expertise of NEA and the available information, a strong wind forecasting 
product will be defined. The design of the system will be built upon the existing meteorological 
forecasting capabilities of NEA. The use of local meteorological forecasting products will be very 
important in this system.  

Historical information 
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Historical information pertinent to the wind forecasting will be collected. At this stage, a validation 
(and calibration if required) of the existing meteorological products against observational data will 
be carried out.  

Product Development 

It should be noted that wind forecasting is a by-product of the meteorological forecasting. 
Meteorological forecasting models usually can provide different variables, including precipitation 
and wind speed and direction. The use of observational data will be considered here too. This will 
provide a more accurate wind information than the forecasted one. It should be noted, that wind 
forecasting information is usually fairly accurate, especially if assimilation processes are 
implemented. The station data could be used for assimilation purposes.  

Development of warning criteria 

Based on the historical information and the product development, warning criteria will be defined 
within the framework of this project. An example of threshold values is given for the strong wind 
forecasting (Table 3.5). More information about strong wind threshold levels will be collected from 
previous events and these values reviewed and updated as necessary. 
Table 3-5 – Example of different wind speed thresholds for warning purposes 

 

Hail Forecasting 
In order for hail to be produced, deep moist convection is required, in addition to these three basic 
situations: 

- Adequate updraft to keep the hailstone aloft for an appropriate amount of time.  

- Sufficient super cooled water near the hailstone to enable growth as it travels through 

an updraft, and 

- Particles of ice, snow or dust for it to grow upon. 

However, there is no clear distinction between storms that do and do not produce hailstones. Nearly 
all severe thunderstorms probably produce hail, although it may melt before reaching the ground. 
Multi-cell thunderstorms produce many hailstones, but not usually the largest hailstones. In the life 
cycle of the multi-cell thunderstorm, the mature stage is relatively short so there is not much time 
for growth of the hailstone. 

Supercell thunderstorms have sustained updrafts that support large hail formation by repeatedly 
lifting the hailstones into the very cold air at the top of the thunderstorm cloud. In general, hail 5 cm 
or larger in diameter is associated with supercells.  Non-supercell storms are capable of producing 
golf ball size hail. 

In all cases, the hail falls when the thunderstorm's updraft can no longer support the weight of the 
ice. The stronger the updraft the larger the hailstone can grow. 

Design of the hail forecasting system 
Within the framework of this project data from existing weather radar will incorporated. The benefits 
of using radar data have been outlined, especially for flood and flash-flood forecasting systems.  

Green Yellow Orange Red
Gusts less than 80 
km/h

Mean Speeds between 
50 and 65 km/h

Mean Speeds between 
65 and 80 km/h

Mean Speeds in excess 
of 80 km/h

Gusts between 90 and 
110 km/h

Gusts between 110 and 
130 km/h

Gusts Speeds in excess 
of 130 km/h

Strong Wind
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Many studies have demonstrated that dual-polarization radar is an effective tool for hail detection. 
Dual-polarization radar technology can help tell the difference between hail, ice pellets and rain, 
and even determine hail size. There are studies using both C-band and X-band radars for the 
detection of hailstorms. However, in order to be able to properly detect hailstorms, the radar 
information has to be validated and calibrated extensively.  

Also, there are several studies probing the possibility of using NWP for hailstorms detection, both 
with WRF and COSMO. However, it should be noted that the use of NWP for hailstorm detection 
seems to be at a research stage. 

Historical Information 
Historical information of hail events will be collected. However, it should be noted that the main 
purpose of this system would be to be able to detect hailstorms with the radars and with NWP, and 
therefore the historical information in this case will not be of such importance.  

Product Design 
The core of the hailstorm forecasting system will be based on the radar capabilities. It should be 
noted, as previously explained, that extensive calibration and validation of radar data will be required 
in order to be able to achieve this. Also, it is recommended that the use of NWP to forecast 
hailstorms is explored within the framework of this project.  

Development of warning criteria 

The warning criteria for hailstorms will be based on the findings of mainly the radar analysis but also 
on the possibility of forecasting hailstorms by NWP means.  

3.1.5. National MHEWS Protocol 
 

Main Actors relevant to MHEWS: Current status 

• The National Environmental Agency (NEA) is the main responsible agency for hydro-
meteorological and geological hazards assessment (except earthquakes) as well as to 
provide monitoring of environmental pollution, the Seismic Monitoring Center and 
Institute of Geophysics for seismic hazard and secondary natural hazards assessment 
caused by earthquakes (although not mandated by law), the National Forestry Agency for 
forest fire hazard, the Environmental Information and Education Centre under the 
Ministry of Environmental and Natural Resources Protection is responsible to collect and 
share The State Security and Crisis Management Council (SSCM) under the Prime 
Minister’s office has been established to adopt political decisions of the highest level to 
ensure state security and crisis management. The National Centre for Crisis Management 
was created within the Office of the Council. Upon occurrence of a crisis, the National Crisis 
Management Centre is subordinated directly to the Prime Minister. 

• The Emergency Management Agency (EMA) is the agency responsible for emergency 
prevention, preparedness, response and early recovery/reconstruction, according to the 
Civil Safety Law (2014)  

• The Joint Operations Centre under the Ministry of Interior is responsible for operational 
monitoring (on-line surveillance), planning and warning of emergency situations through 
CCTV cameras, analyzers and various sensors 

• The Natural Disaster Prevention and Rapid Response Unit established in 2014 under 
Ministry of Regional Development and Infrastructure (MRDI) is mandated to integrate 
disaster prevention, early warning, response and post-disaster recovery in infrastructure 
planning and development. 

• Local Governments are responsible for (Civil Safety Law, 2014): 
o Design and implementation of disaster prevention measures; 
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o Development and approval of disaster risk management plans together with EMA; 
o Evacuation and shelter of affected people; 
o Distribution of humanitarian aid; 
o Emergency response and recovery activities;  
o Awareness raising and trainings. 

• NGOs and Mass Organizations (e.g. the Georgia Red Cross Society (GRCS) is a member of 
the International Red Cross Movement and it acts as a voluntary, humanitarian, non-
governmental and independent organization with an auxiliary role to public authorities in 
humanitarian work, and with a mandate to coordinate the NGO response in emergency 
situations).  

 

Proposed MHEWS National Protocol 
Early warnings must reach those at risk on time. Linking the warning provider to communities at risk 
requires the involvement of numerous actors from different levels and the time available is limited. 
EWS protocols follow top-down logic, starting from a warning provider and ending at the 
communities at risk. Nevertheless, different factors need to be taken into account (gender, cultural, 
social, etc.). Involving communities and local governments is essential. 

Protocols shall include two main decision-making processes (UNESCO/IOC, 2015): 

1. The first process leads to a decision on issuing warnings and the respective warning levels. 
This usually takes place at the institutions responsible for hazard monitoring and warning 
(“provider organizations”).  

2. The second process leads to a decision on whether to officially call for an evacuation and 
helps to translate the warning message into guidance for a community at risk. In most 
countries, Disaster Management Organizations (DMO) are involved to disseminate warnings 
to the public and to take decisions on whether or not to call for evacuations. 

The following decision-making process is proposed (Figure 3.4), where providers, including JOC 
provide warnings to EMA which provide clear guidance and instructions to local governments which 
then initiate the necessary actions to get people to safety. In addition, the information dissemination 
could be facilitated not only through media but also using the existing network of volunteers who 
can timely disseminate warnings to isolated communities for example (Golnaraghi, 2012).  
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Figure 3-4. MHEWS decision making process (proposed). 

It is recommended that this decision-making process be regulated through the adoption of an early 
warning protocol, as circumstances may require the staff on duty to take immediate decisions 
without being able to consult directly with the highest authority in charge. A centralized decision-
making process allows for the involvement of national media at an early stage to help provide 
guidance directly to communities. Formal procedures with national media are required. Warning 
dissemination should use existing networks and a variety of methods (phone, email, internet, radio 
communication (via VHF or FM radio stations), sirens (loudspeakers), and SMS. It requires a back-
up power system. Over time transition to a local level decision making can be considered if the 
necessary local level capacities are developed, with warnings being provided directly to the local 
level (emergency management services and local governments). This option will reduce the 
transmission time and increase lead times for reaction.  

Roles and responsibilities (who does what and when) 
Early Warning Providers  

• NEA 
• JOC 
• Seismic Monitoring Center 
• Environmental Information and Education Centre 
• MoEPA 

 

Hazard type Warning Responsible 
agency 

Contributors 

Heavy rains YES NEA EMA, JOC 

High winds YES NEA EMA, JOC 

Storm YES NEA EMA, JOC 

Snow and ice YES NEA EMA, JOC 
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Intense heat YES NEA Min. of Health, EMA 

Intense cold YES NEA EMA 

Drought YES NEA Min. of Agriculture, EMA 

Landslide YES NEA Seismic Monitoring Center, Institute of 
Geophysics, EMA 

Avalanche YES NEA Seismic Monitoring Center, Institute of 
Geophysics, EMA 

Flood/Flash-flood YES NEA MIA/EMA 

Earthquakes YES Seismic Monitoring 
Center 

Institute of Geophysics, EMA 

Table 0-1. Natural hazards and institutional monitoring responsibilities 

Roles (in addition to normal duties): 

1. Normal situation: 
o Be mandated as authoritative sources of information and 

warnings (i.e. mandate for seismic hazard monitoring and 
warning needs to be clarified) 

o Monitor hazards (under their respective responsibility) 
based on information collected from monitoring networks 
and information from credible international and regional 
sources  

o Ensure improvement of forecast and prediction procedures 
o Set warning thresholds based on intensity and potential 

impacts 
o Supply information on regular basis to EMA and JOC 
o Establish MoUs with MIA/EMA  
o Ensure effectiveness of the quickest channel of communication for warning dissemination 
2. Alert Stage: 
o Detect potential threat 
o Estimate hazard intensity and potential impacts 
o Decide on warning level to issue warning or not (based on thresholds) 
3. Warning stage:  
o Disseminate the warning to JOC/EMA, media, and GRCS (indicating: hazard type, intensity, 

potential impacts, areas at risk, level of uncertainty, lead time) 
o Explain the level of associated uncertainty 
o Provide regular updates over time 
o Provide “All clear” once the threat is over 

 

The MHEWS stages: 
• Normal situation 
• Alert: take closer look and 

continue monitoring   
• Warning: thresholds exceeded, 

issue the warning 
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Figure 3-5. Standard Operating Procedures for provider organizations. 

Emergency Management Agency 

Roles (in addition to normal duties): 

1. Normal situation: 
o Undertake activities related to awareness raising to enhance understanding of early warning 

procedures (and messages) and improve disaster preparedness  
o Arrange publication and distribution of SOPs for MHEWS 
o Propose legislation to support MHEWS 
o Trainings to EMA staff (HQ and field offices) and media on SOPs, scenarios and understanding 

of warning messages 
o Ensure the Emergency Management Operations Centers is fully equipped, staffed and 

operational  
o Define disaster scenarios and define response actions for each scenario 
o Perform regular drills and exercises (especially for critical facilities) 
o Establish MoUs with provider organizations defining format, frequency and type of information 

to be provided 
o Ensure linkage and sharing of info between the emergency management centers at regional 

and local level 
o Assess lessons learnt from past disasters and emergency drills to improve the MHEWS. 
2. Warning stage: 
o Receive and dissemwarnings 
o Decide on the level of crisis (national, regional, local) and responsibilities (SSCM vs. EMA) 
o Decide on evacuation and safety measures (based on predefined scenarios) 
o Issue warning to emergency management centers in potentially impacted areas 
o Provide clear guidance to local governments 
o Call upon support from other ministries, institutions, private sector as needed 
o Publish daily situation reports. 

Monitoring

Determine level of 
threat and impacts

Compare with
other sources if 

available

Compare with
thresholds

Threshold
exceeded?

YES NO

Issue warning
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Figure 3-6. SOPs for decision making based on the warning. 

 

Local Governments 

As they are at the centre of effective early warning systems, is important these are empowered by 
national governments and be actively involved in the design and maintenance of early warning 
systems. They must understand advisory information received and be able to implement guidance 
provided by EMA by advising, instructing and engaging the local population. Local 24/7 Emergency 
Management Operations Centre are key players in the warning chain.  

The Media 

Television and radio stations can play a crucial role in the early warning chain as they are capable 
of immediately spreading information over a wide area. Nevertheless, involving the mass media 
requires a long-term strategy to develop relations and create the required pre-conditions to enable 
broadcasters to disseminate warnings and provide relevant information to the public during an 
emergency. These include a proper understanding of the warning system and its warning services 
and products, standard procedures for receiving and disseminating warnings, the development of 
appropriate and easy-to-understand visual warning formats on television screens, and back-up 
communication channels. 

NGO’s and Mass Organisations  

1. Normal situation: 
o Organize community preparedness activities 
o Ensure recruitment and training of volunteers 
o Ensure issuing of warning kits to volunteers 
o Ensure effective communication between HQ and field branches  
o Ensure cooperation with EMA and local government for public awareness of early warning 

procedures and preparedness and response plans 
o Ensure communication with providers 
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2. Alert stage: 
o Receive information from providers and disseminate to field branches to instruct volunteers to 

start working according to procedures 
o Instruct volunteers to listen to radio/TV 
o Alert local NGOs 
3. Warning stage: 
o Verify whether the volunteers have started their work 
o Ensure warning are disseminated to communities 
o Provide updated information as it becomes available. 

Georgia Red Cross Society field branches 

1. Normal situation: 
o Organize drills and verify level of preparedness of communities 
o Select volunteers and organize trainings 
o Verify equipment of volunteers 
o Inform community of response and evacuation plans 
o Ensure effective communication with HQ 
o Identify special needs and ensure messages/plans are gender sensitive and tailored to needs 
2. Alert stage: 
o Receive information from HQ and instruct volunteers to start working according to procedures 
o Maintain close link with HQ 
o Alert volunteers to listen to radio/TV 
3. Warning stage: 
o Instruct volunteers to disseminate warnings (megaphone, flags, lights etc.) 
o Assist in implementing procedures according to local government instructions 

3.1.6. Community-based EWS and “last mile” communication 
 

A community based early warning system (CBEWS) is a locally based operational forecasting and 
warning system of activities of a community that aids them in mitigating the effects of disasters in 
their area. This is usually a relatively cheap, easy to sustain system enhanced by the direct and 
active participation of the community and its leaders. The ultimate goal of the system is to protect 
life and property by achieving and maintaining a high-level of community preparedness through 
timely disaster information and warnings. This system is more important and efficient in areas prone 
to disasters.  
 
The most important characteristic of a CBEWS is community participation and empowerment. It 
empowers the people of the community to protect, prepare themselves and make them resilient to 
the disastrous effects of disasters. The community is in the best position to undertake preparedness 
measures against disasters.  
 
The presence of a full forecasting (operational) framework for an early warning system alone 
sometimes is not enough to effectively minimize or prevent the damages from any disaster. Early 
warning systems are sometimes neglected by the people, especially if they are not involved or fully 
aware of all the implications. One of the main challenges in early warning systems is implementing 
and sustaining it. The idea of incorporating the active involvement of the people in the community 
with an early warning system aims to increase the effectiveness of such systems. Learning by actual 
participation and taking part in the system enables people to better understand the value of these 
systems not only for themselves but for the whole community that will be affected, and make them 
become more responsible in performing their tasks in implementing and sustaining the system.  
 
The following basic elements and features of a CBEWS are:  
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• People’s participation - community members are the main actors and propellers; they also 
directly share in the benefits of disaster risk reduction and development.  

• priority for the most vulnerable groups, families, and people in the community  
• risk reduction measures are community-specific and are identified after an analysis of the 

community’s disaster risk  
• existing capacities and coping mechanisms are recognized  
• the aim is to reduce vulnerabilities by strengthening capacities; the goal is building disaster 

resilient communities  
• links disaster risk reduction with development  
• outsiders have supporting and facilitating role  
 
There are some key factors that should influence the decision to implement a CBEWS:  
• Frequency of disasters  
• Community’s interest and awareness  
• Possible lead time  
• Cost-benefit of the implementation versus disaster damages  
 
If a community is not interested in a CBEWS, the success of the scheme may be compromised. 
Maintenance and sustainability aspects have to be considered, and therefore a community has to 
be fully involved in the implementation of a CBEWS in order to ensure its success. This interest can 
be related to the number of disaster events this particular community has suffered in recent years. 
Therefore, a successful CBEWS is characterized by a:  
• community participation  
• community counterpart  
• sense of ownership  
 

The proposed design for the CBEWS will be described as per four components of the EWS: risk 
knowledge, monitoring and warning, communication and dissemination, and response capacity. 

 

 

 

 

 

 

 

  

 

 

 

 

Due to the difference in size and type of communities to participate in this scheme, not all 
approaches will necessarily be the same. This will be reflected in a thorough design of the CBEWSs 
under the Activity 3.1. of the proposed project. Therefore, the design outlined in this section will 
cover the main elements of the CBEWS, discretising depending on the type of community, but will 
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not detail the specific design per community. It should be noted that the system described above is 
more relevant to floods and flash-floods, because it is the major hazard affecting most of the 
communities. However, the system operation will be very similar for all the relevant hazards, and 
the implementation will be tailored to the specific needs and hazards of every single community 
involved in the scheme implementation. 

Risk Knowledge  
 
A detailed assessment of the risks will be required through systematic collection and analysis of 
data, modelling and GIS approaches. This assessment will consider the dynamic nature of hazards 
and vulnerabilities arising from land-use change, environmental degradation, urbanization and 
climate change. Risk assessments and maps help in understanding the situation, motivate people, 
prioritize needs for developing early warning systems and guide preparations of disaster prevention 
and response measures.  
 
Hazard maps will be utilized to build communities’ understanding of risks. The maps will be prepared 
through a combination of digital mapping and modelling (Activity 1.2.) with the local knowledge. 
These maps will be discussed with communities in order to refine them with local historical 
information. Thus, the hazard maps will be defined in close collaboration between technical experts 
(both international and local) and local residents. High resolution maps per community will be 
developed and printed in hard copy to be distributed within the communities. These maps should 
be made available to any local resident interested and also should be posted in both communal 
locations and the internet. It is very important that all the residents are aware of hazard areas. 
 

Elements at Risk: Information about the population and households in the area at risk will be 
collected and made available and risks to communities will be modelled using the risk model to be 
developed (extension of Rioni Risk Model) in Activities 1.2 and 1.3. The risk mapping and 
assessment will be done in a GIS-based system which will allow for full assessment of the elements 
at risk by integrating hazard maps and physical and socio-economic data about receptors 
(households, populations and their specific vulnerabilities, agriculture, assets etc.) at risk, as was 
done for the Rioni basin and extended to the rest of Georgia. 
 
Vulnerability: The vulnerabilities of individual persons, communities, assets and the environment 
will also be quantified based on community surveys (Activity 1.3) and modelling.  In developing the 
CBEWS special attention will be paid to the most vulnerable groups in the different communities 
(elderly, disabled, children, seasonal workers, schools, fishing communities etc.). 
  
Risk Knowledge Management: Mechanisms will be implemented in order to ensure that the 
community-based risk assessment exercise is repeated periodically using the CBDRM process as 
well as other survey methods. and that the hazard, risk and vulnerability modelling is updated to 
reflect this. Hazards, elements at risk and vulnerability in the catchment and communities may 
change in the future.  Corresponding institutional responsibility will be established. Also, it is 
recommended that every community prepare an annual report regarding risks and hazards and 
communicate periodically with the organization in charge. Incentives will be implemented by the 
project (activity 3.1) to secure sustainability of the community engagement.  
 
Monitoring and Warning  
 
Community-based local monitoring will complement the national monitoring system. In addition, the 
proposed scheme will introduce some limited “post-event” monitoring devices in the communities in 
order to enhance the scheme awareness and cooperation within the community. The monitoring 
and warning component will be based on several different actions in order to ensure that no events 
are missed and that lead time is as high as possible.  
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Three different levels of warning will be defined depending on the time to the event and on the 
accuracy of the prediction, namely level 1 alert (be aware), level 2 alert (be prepared) and level 3 
warning (take action).  
 
The national forecasting platform operated by NEA will generate forecasts of disaster events. The 
accuracy of predictions, especially precipitation, decrease as the forecast time increases, and 
therefore, the higher accuracy is obtained for the first hours of the predictions. Based on 
international practice, any results further than 72 hours are not usually considered for any detailed 
prediction. Thus, the proposed system will start to work 72 hours in advance. The hydrological model 
will be run operationally daily with the information from the meteorological model and with the initial 
conditions from the previous run. This will be the case for most of the hazards considered in this 
platform, namely floods and flash-floods, landslides, hailstorms and strong winds (just 
meteorological input for the three last hazards).  
 
In the case that thresholds are surpassed (48 hours in advance) a level 1 alert (be aware) will be 
issued. If the predictions 24 hours in advance yield higher flows than the thresholds, then a level 2 
alert (be prepared) will be disseminated.  
 
Rain-gauge: In order to increase the accuracy of the forecasting system, a local monitoring system 
will be deployed for at least 100 high risk upstream communities. The location of the rain gauges 
will be decided based on the technical analysis. As a first approximation, these sensors will be 
deployed as high in the catchment as possible, to provide longest lead-time possible. These rain 
gauges will communicate real-time precipitation information to the operational center. Based on the 
information from these sensors and the data from NEA, the operational center will decide if a level 
3 (take action) warning should be disseminated.  
 
Radar Sensor Type Water Level Monitoring: It is recommended that non-contact water level 
monitoring sensors (Figure 3.7) are deployed in watercourses up in the catchments. The idea 
behind this deployment is to corroborate an incoming event as predicted by the precipitation sensors 
and to provide the necessary initial conditions for the hydraulic model. These sensors will also 
provide very useful information regarding run-off times. The water level radar sensor is a device for 
measuring the surface water level without direct contact to the medium. This is considered 
necessary due to the high sediment and debris transport capacity of these watercourses during 
flood events.  
 

 
Figure 3.7: Samples of water level monitoring using radars  
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Community Water Level Gauges: As previously noted, even if water gauging in the community 
does not directly yield any benefit to the EWS, it is recommended to monitor maximum water level 
in watercourses in the vicinity of the communities after significant flood events. This monitoring will 
fulfil three different objectives:  

- Enhance the community involvement in the EWS  
- Enhance the community awareness of the whole scheme  
- Gather maximum level information for hydrology and hydraulic model improvements  

 
Two different type of gauges are proposed:  

- Maximum level gauges: these gauges (Figure 3.8 (a)) show the highest surface water level by 
color marking. They are maximum level indicators for preservation of evidence and offer exact 
data for a later analysis of a flood event. In a measuring cylinder made of safety glass there is 
a 1 m long glass fibre reinforced plastic measuring rod. A transparent self-adhesive color band 
is fixed on the measuring rod. The rising water in the measuring cylinder rinses the color out 
reliably, up to the respective water level. A sharp dividing line displays the highest water level. 
The exchange of the color band is easily done via loosening the upper cylindrical head screw. 
The straining device acts as filter for coarse dirt and acts as a damping device preventing 
influence by wash of waves in the measuring cylinder.  

 
- Staff gauges (painted): these gauges (Figure 3.8 (b)) can be easily painted in strategic 

locations in the communities (bridges, wall or any other structures). Maximum water level 
information can be estimated based on the change in color in the staff gauge. These gauges 
are not as accurate as the maximum water level gauges depicted above, but they are 
cheaper and easy to deploy.  

 
It is advised that every community report the maximum water level recorded after every flood event 
to the operation center. 
 

 
    Figure 3.8: (a) Maximum water level gauge and (b) staff gauge. 
 
Dissemination and Communication  
 
Forecast and warning dissemination is extremely important. Frequently, the lack of ability to 
disseminate warnings to the population at risk is the weakest link in an integrated system. Forecasts 
and warnings must reach users without delay and with sufficient lead-time to permit response 
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actions to take place. Dissemination of forecasts and warnings can be achieved through a variety 
of communication methods. It should be noted that in this case two different sets of communication 
methods should be utilised. Mechanisms for the communication between the ‘operation centre’ and 
the communities and also mechanisms for the communication within each community will be 
designed.  
 
Communication of warnings to communities 
Different communication means will be explored and implemented to ensure that the final user 
receives the information. The lack of an effective communication system could lead to 
ineffectiveness and inefficiency in an EWS even if the most sophisticated system is implemented.  
As previously noted, currently, the communication of a warning goes from NEA to the SSCMC and 
then, depending on the severity, to the EMA or to the communities directly. The Joint operational 
center has to be able to notify the communities of the incoming warning as soon as possible after 
the warning has been identified in order to ensure that the lead-time is as long as possible. This 
notification has to be undertaken through reliable means and redundancy has to be considered in 
order to avoid potential issues. At least two contact people per community will be identified, but 
means to warn communities remotely will also be proposed. In order to reduce the possibility of 
issues, the communication with the communities will be carried out through the Joint operational 
center/EMA. There are different options for this, such as:  
 
Mobile phone-SMS: Mobile phones can be used as communication devices. This communication 
means can be really useful, but it has some drawbacks, because the mobile phone has to be always 
available and working. Also, SMS can be sent to all groups of people registered in an established 
community-based scheme, facilitating the distribution of information to a large number of people. 
Mobile network reliability can be compromised during some weather conditions, and therefore back-
up systems should be considered.  

 
Radio HF: High Frequency radio is considered as a suitable communication means, providing the 
necessary infrastructure is available. Radio HF can work under harsh weather conditions, and 
therefore is an excellent redundancy system if the mobile network is not operating.  
     
Email – Internet: It is expected that in Georgia a large percentage of individuals have email and web 
access, and therefore communication via email is extremely effective; especially as smartphones 
also have 3G/3GS or 4G capability, meaning that users can check their email accounts and surf the 
web anywhere there is cell phone access. Websites are quickly and easily updated, and emails can 
be mass disseminated to large numbers of users simultaneously via the appropriate email software 
program.  

 
Sirens (Remote Control for Siren Systems): There are some siren systems that can either be local 
or remotely activated. The remote activation can be triggered through radio, GSM or wire. This siren 
system is suitable for this type of scheme, and it does allow for several types of messages or alerts. 
The remote activation feature will be highly useful when the warning is produced at night and/or the 
local contact cannot be reached. In order to fully control a remote siren system with sirens deployed 
at several locations, a siren management system is recommended. 
 

Communication within the Communities  
 
There are different options to consider. The final decision on what communication means to use will 
be based on the community preferences and existing practices, reliability and the international 
expert advice.  
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Bells: Bells and/or drums are an effective, low-tech means of sounding an alarm to the community. 
Bells are inexpensive and easy to install; as they do not rely on electricity or batteries for operation; 
they are resistant to damage due to flooding; and there is no upkeep or maintenance cost. During 
the EWS implementation phase, the community would be asked to come up with a set of signals - 
a rhythm to communicate a particular response or action. When creating the signals, it is important 
that they be clear, easy to replicate, and also that each signal be significantly different from the next 
so that the listener does not get the messages mixed up. The creation of effective signals and the 
dissemination of their meaning to all community members are of the utmost importance; the creation 
and dissemination best occurs through community-wide workshops and training session.  
 
Wireless Alert Sirens’ System: In addition to the sirens noted above, there are wireless siren 
systems to be considered. This system can be very useful to alert people in small communities. 
Because it does not require any interconnecting (backbone) cabling or a central control panel, it is 
quicker and far less costly to install than traditional hard-wired emergency warning siren or PA 
(public address) systems. This could be easily activated by the local scheme representative, and 
again, several types of messages can be pre-coded.  
 
Loudspeaker: Loudspeakers are very effective at transmitting relevant information to a local 
audience via announcements. There are two main types of loudspeakers; the handheld, portable 
battery-operated loudspeaker, and the hardwired system, whereby loudspeakers are posted in 
various areas throughout the community. The wired system has a larger reach due to the multiple 
speaker set up, and therefore has the ability to transmit information to entire communities at once, 
thereby saving time, which, in some emergency situations, is crucial. The drawback to the wired 
system is its propensity for breakdown due to technical issues, as well as its ability to be damaged 
in the event of a disaster. The handheld system is very effective in a crisis situation, as it is 
transportable and can be hand carried by the announcer during an evacuation. As it is battery-
operated, it can be used during blackouts, which, in the event of a severe storm, can be prolonged, 
lasting for several days. However, some drawbacks of the handheld loudspeaker include its limited 
broadcasting range.  
 
SMS: SMS has proven to be one of the most reliable and inexpensive means of mass 
communication in several EWS implementations. Transmission of information from one village to 
the next, from the village to the commune office, or the village to the Hydrometeorology department, 
or vice versa, can be done via SMS. Mobile phones are widely available in Georgia, even in rural 
areas; most adults have a simple cell phone or have a family member with one. In Georgia generally 
service, even in the uplands areas, is steady, although some isolated mountainous regions contain 
areas where reception is spotty or minimal. Despite their usefulness, there are some drawbacks. 
Phones must also be kept charged, and in the event of a prolonged power outage, communication 
ability might be disrupted if the mobile phone’s battery runs out and no backup power generator can 
be found. Lastly, even though mobile communication towers usually have backup generators, in the 
event of a serious disaster, these systems might also fail, resulting in a prolonged 
telecommunications outage.  
 
Walkie talkie: Walkie Talkies are excellent EWS devices, and have proven especially effective in 
evacuation situations in implemented EWS. They can be used to create a communication chain in 
order to relay information from one community to the next if necessary. This is necessary in 
communities that occupy a large geographic territory, as some villages are too far away to 
communicate directly with the authorities via walkie talkie. Another benefit is that walkie talkies are 
not dependent on the grid for power, as they are battery-operated or rechargeable; this makes them 
suitable for use during serious disasters where the infrastructure might be wiped out (obviously, 
they must be maintained – either recharged on a regular basis, or a stockpile of fresh, high quality 
batteries must be kept on hand for use during emergency situations). 
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TV: Television and other forms of broadcast communications are a good source of general news 
and weather information. National TV weather broadcasts are general in nature and not localized; 
this information is usually provided by the local news station; therefore, the information may be out 
of date or irrelevant to the region in which the viewer resides. The existence of local television 
channel should be explored. Nonetheless, due to the short lead time in the area, this mean of 
communication is not considered adequate.  
 
Radio: The existence of local radio stations in the different communities has to be fully investigated. 
These stations can broadcast up to date weather forecasts on local weather conditions. It should 
be noted that age plays a factor in the listener demographic; older members of the community tuning 
in to radio, whilst the younger generation tend to rely on television and/or SMS messaging for topical 
information. 
 

Recommended System – Communication Flow  
 
The warning dissemination system has to secure an efficient communication of warnings and other 
relevant information, including remote households with limited access to information and consider 
warning at any time during the day/week. The structural set up has to be clear to all stakeholders. 
They have to know who is supposed to inform them and they have to know whom they have to 
inform in turn. Because of the high importance of this component and the fact that the monitoring 
component does not reside in the community, several redundant systems are proposed. It is 
recommended that at least two local residents in every community are appointed as contact. The 
recommended system will be discretized depending on the warning level.  
 
1. Level 1 Alert (Be aware) – 48 hours in advance  
 
If the forecasting system predicts that a local event may occur, local appointed residents will be 
contacted through mobile phone. Television and local radio will also be used to inform community 
members. Information will be displayed in local boards and in a dedicated webpage. 
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Figure 3-9: Tentative communication for alert (be aware) situations  

 
2. Level 2 Alert (Be prepared) – 24 hours in advance  
 
If the forecasting system predicts 24 hours in advance that a local event may occur, local 
representatives will be contacted again via mobile phones. Because the probability of an event 
occurring will be higher than in the alert level above, in this case sirens will be locally operated in 
order to alert all community members. Television and local radio will also be used to inform 
community members. Information will again be displayed in local boards and in a dedicated 
webpage. SMS will be sent to registered members of the community. 
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Figure 3.10: Tentative communication for alert (be prepared) situations  

 
It should be noted that, even if no event was forecasted 48 hours in advance, it can be predicted 24 
hours in advance due to the higher accuracy of forecast during the first hours.  
 
3. Level 3 Warning (Take action) - Event  
 
This level of warning will be based on recorded rainfall and water levels further upstream, and 
therefore the certainty of the event is much higher. Local representatives will be contacted by mobile 
phone and radio HF. Sirens will be operated remotely from the operation center. Local 
representatives will be in charge of further alerting other members of the community through bells, 
walkie-talkies and/or (WIFI) sirens. Local governments and EMA will also be contacted by the main 
Operational center and EMA’s local rescue teams will be mobilized. 
 
It should be noted that a flood (or other hazard) event, as registered by the monitoring system, may 
occur even if no alert has previously been issued by the forecasting system, and therefore 
communities should be aware that the highest level of warning can be activated directly. In 
emergency situations, there is no time for lengthy conversations. The message has to be short and 
easily understood. This means the sender and the receiver of the message use agreed standard 
messages. The main agreed standards are the three warning levels (be alert, be prepared and take 
action). This requires that the sender of the message and the receiver need to have the same 
understanding of what the three warning levels mean.  
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The warning levels have certain preconditions and distinct expected actions. In order to avoid 
confusion, the content of the messages should to be clear to all concerned. Therefore, posters 
describing the three warning levels and the associated actions should be posted in communal areas.  
Finally, it is recommended that the system is tested periodically (probably as part of a more complete 
drill programme) and that maintenance activities are organized. 

 

 
Figure 3.11: Tentative communication for warning situations  

 
Response  
 
The physical capacity to respond adequately should be established, actions to be taken in certain 
emergency situations, planned and people advised or trained accordingly.  
 
Establishment of Community Response Plans: All communities implementing the scheme will 
develop Community Response Plans (or Disaster Preparedness Plans). These plans are aimed at 
characterizing hazards and vulnerabilities as well as capacities and develop strategies and concrete 
steps on how to reduce the risks from hazards. This includes emergency response but it is not 
limited to it.  
 
Evacuation Routes / Evacuation Centers: Evacuation routes will be identified and detailed within 
response plans. These routes will be derived from the flood modelling exercise with input from local 
communities to include local knowledge and preferences. Also, not all extreme events are the same, 
and therefore this should be considered when defining evacuation routes. A main evacuation center 
should also be defined. Some community members may want to look for refuge in the houses of 
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relatives or friends. This is not recommended unless there is certainty that this household will not 
be affected by the event. Therefore, it is recommended that a communal/evacuation center is 
defined. Usually this center can be an existing and suitable community property, although this 
suitability has to be properly assessed. The main evacuation routes and directions to the evacuation 
center should be clearly signposted.  
 
Enhance Public Awareness and Education: One of the reasons for absence or lack of adequate 
reaction to the danger of approaching extreme events is the lack of awareness among the general 
public of the underlying risk and the knowledge that something can be done to reduce it or to avoid 
the risk. Several awareness campaigns are planned at community level in order to raise community 
awareness and to inform community members how to react when a warning has been 
communicated about impending hazards. Special attention should be paid to children’s’ awareness. 
While adults have a big role in effecting behavioral change, in the long-term, starting in school is 
the most promising strategy to facilitate this process. Children of school age are one of the most 
vulnerable parts of the population when disasters occur. Cognizant that the majority of these 
children are in school away from their parents and directly under the care of teachers during many 
hours per day, it is advisable to integrate schools in efforts to raise the awareness of children, and 
to ensure that schools and other facilities with vulnerable groups (e.g. hospitals) have emergency 
plans and evaluation plans of their own and in line with the community response plans.  
 
System maintenance: Maintenance actions have been noted, such as the recommendation to re-
visit the risk mapping and the maintenance of the communication devices. In addition to these, key 
maintenance actions for the whole scheme are proposed:   
• Routine training activities should be organized at community level, in order to keep community 

members aware of the existence of the system and of its constant development.  
• Post-event evaluation such as post-flood surveys should be carried-out after every event for the 

analysis and improvement of the EWS. A session with all of the key players in the CBEWS 
should be organized after every event in order to identify the problems encountered, the weak 
and strong points of the system and ways to improve it. Also, communities should submit 
information from the deployed gauges to the operational center.  

• The design of the CBEWS needs to be regarded as a continuous process of construction and 
review which will have periods of intense activity (especially during and immediately after 
events) and periods of less intense but highly important planning work. All components (risk 
knowledge, monitoring and prediction, dissemination and response) need to be reviewed in a 
debriefing context for weaknesses of detail and design, and deficiencies should be rectified in 
the ongoing planning phase. In all of this, contact needs to be consciously sought with members 
of communities at risk. While system modification is especially likely a post-event evaluation as 
detailed above, it will also be appropriate when significant flood-altering environmental change 
occurs, when relevant technological innovations become available, or when additional 
resources are obtained. Also, communities should send an annual report to the operational 
center describing the system performance during the last year, problems encountered, 
proposed improvement.  

• A community drill plan will also be implemented. Drills should be organized on a regular basis, 
at least once before onset of flooding season, to determine community actions and response 
times and to identify possible problem areas. 

3.2. Multi Hazard Risk Management Plans 
 

The project will work closely with central and municipal authorities and local communities to 
understand the risks and vulnerabilities (through climate-induced risk mapping and vulnerability 
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surveys mentioned in Outputs 1 and 3), to develop appropriate climate induced hazard management 
and mitigation measures with the full involvement of the community through Participatory Risk 
Assessment. 

The project will develop integrated multi-hazard basin risk management plans for each major river 
basin (11 in total) with participation of all relevant stakeholders. These plans will be mainstreamed 
into the national on-going work on the development of the river basin management plans and 
establishment of interagency river management councils. GCF river basin multi hazard risk 
management plans will be integrated into the broader river basin management plans. The plans will 
include broadly:  

• Hazard and risk profiles 
• Socio-economic vulnerability 
• A costed and prioritized list of options and activities based on the CBA 
• An action programme based on packaging of the options 
• An Action Plan risk log – to be developed during implementation, for detailing and 

managing the risks associated with each main activity in terms of barriers to achieving the 
desired outcomes and the consequence or impact on the overall plan should the risk be 
realized.  

• A detailed description of each option including the assumptions used in deriving costs  

This section outlines technical considerations that will guide development of the MHRM plans.  
Annex 7 provides details of the methodologies to be adopted for hazard and risk modelling and 
mapping (to be standardised for Georgia), socio-economic risk and vulnerability assessment and 
modelling (to be standardised for Georgia) and Cost-benefit analysis approaches.   

The hazard, risk and vulnerability assessment will be used to undertake appraisal-led optioneering 
to identify the best combinations of structural and non-structural options for each major river basin 
to address the hazards relevant to each in the medium and long term.   

Identifying the preferred option(s)  
The high-risk areas will be confirmed from detailed hazard mapping and risk assessment.  The 
required solutions will be confirmed and further developed as part of this project, based on an 
assessment of a number of options for comprehensively and sustainably addressing each risk.   In 
effect, a basin-scale Multi-hazard risk management strategy will be developed.  The following steps 
will be taken. 

Developing long list of options 
This element of the project involves developing an inclusive list of potential options for addressing 
risk.  The project will seek opportunities to attain the right balance between structural (or hard-
engineering) and non-structural (or soft-engineering) risk management options.   

Potential non-structural options 

Non-structural solutions to manage and mitigate hazards will vary depending on site-specific issues 
and requirements.  The following is a discussion of the main types of non-structural measures.   

Climate Resilient infrastructure 

A non-structural option used extensively worldwide is to build resilience into buildings and 
infrastructure that is already located in high risk areas.  Zoning development away from the highest 
risk areas, and following the land use designations for each hazard zone/category should reduce 
the damages to infrastructure and the loss of life experienced during disasters.   However, where 
inappropriate development already exists in high risk areas (and where relocation is not an option), 
or where future development within high risk zones is essential (e.g. critical infrastructure in the 
functional floodplain), it will be necessary to ensure that the developments are made climate resilient 
as far as possible.  Climate proofing infrastructure will include implementing measures such as 
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designing to appropriate Standard of Protection (e.g. building bridges opening above the climate 
change flood levels), protection infrastructure using bioengineering solutions (e.g. use of Vetivers 
grass to stabilise embankments), and the use of agro-forestry in combination with structural 
measures and protect against erosion.  

Flood-resilient buildings, for example, can be designed to reduce the consequences of flooding and 
facilitate recovery from the effects of flooding sooner than conventional buildings.  This may be 
achieved through the use of water-resistant materials for floors, walls and fixtures and the siting of 
electrical controls, cables and appliances at a higher than normal level.  It includes raising the floor 
levels above the predicted flood level.  If the lowest floor level is raised above the predicted flood 
level, consideration must be given to providing access for those with restricted mobility. Raising 
floor levels above flood levels is widely practiced in parts of the developing world as a means of 
building in flood resilience (e.g. building houses on stilts as is widely done in parts of Asia and 
Central America).  It includes raising the levels of sanitation infrastructure such as latrine pits and 
water wells to avoid the spread of disease during and after floods.  It also includes, the protection 
of food and grain stores to minimise the impact on the communities’ ability to feed themselves during 
and after floods.  Hence, flood proofing of buildings to expected risks under alternative climate 
change scenarios will be another important floodplain policy enhancement to consider for the basin.  

The project will aim to introduce climate resilient design and construction methods for critical 
infrastructure and will do so by developing legislation, policy and guidance to integrate climate 
resilient design into infrastructure which will include new building codes that are already being 
introduced by the GoG, to include flood resilience.    

Catchment Improvement, land use management, agro-forestry 

Non-structural measures will include the implementation of land use management policies such as 
development zoning policy based on hazard mapping to be developed in Output 1.  The hazards 
maps developed under the project will be used in a number of ways in the future to manage climate-
induced hazards in Georgia.  Development zoning is applicable for most hazards, once the zones 
of tolerable risk (for the type of development and vulnerability class of the use of that development) 
have been mapped as would be the case.  Floodplain zoning policy has already been developed 
for Rioni basin to zone development away from the high-risk flood zones.  This will be applicale to 
the rest of Georgia and will be used as the blueprint to introduce zoning for all other hazards.  

Hazard and risk information developed under the project will be used in the identification and design 
of hazard intervention measures, using the processes for structural design introduced by the Rioni 
project as described above for long-term intervention identification beyond the life of the project.   

Non-structural options will also include a suit of measures for management of hillslope and 
floodplain vegetation to enable greater rainfall infiltration and transmission, and reduce erosion.  
This includes reforestation and the use of seasonal cropping, agroforestry, and traditional methods 
such as the use of vegetative bundles to build flood defences.   

For example, floodplain agro-forestry systems can be developed by considering all of the possible 
alternatives of maintaining productive agriculture while increasing environmental stability and 
protecting the agricultural infrastructure of the floodplains.  A range of innovative techniques (such 
as bio-engineering technology) combined with integrated farm-level management can be employed 
to reduce exposure.  This could be implemented as community-based initiatives to ensure multiple 
and seasonal floodplain use approaches to enhance the social and ecological resilience of the 
floodplain. Local communities could be mobilised, trained and equipped for planting windbreaks and 
bank stabilization vegetation. Community-based monitoring and maintenance protocols can then be 
used in the long-term. 

Given the importance of agriculture and the impact of this sector from climate change, to 
complement the agro-meteorological EWS and services to be developed, the project will undertake 
an assessment of what the current crops and practises are, and will design solutions for risk 
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reduction.  The assessment will include a detailed social and economics evaluation of the impact of 
changing from current to proposed practices to ensure that, in addition to achieving the desired risk 
reduction benefits, the socio-economic conditions are enhanced by the proposed measures.  It will 
be particularly important to ensure that this is the case, as changes to long-term practices could 
result in extensive social and economic change, which could be positive as well as negative.  The 
options will need to be developed with extensive community engagement and consultation to ensure 
that the proposed solutions meet the needs of the local population and that there is buy-in.  The 
project will investigate floodplain and hillslope agro-forestry approaches and will ensure that any 
proposed agro-forestry solutions (especially where it involves introduction of new methods/crops) 
are appropriate to Georgia and do not have adverse environmental impacts.   Introduction of agro-
forestry will include identification of the most appropriate species to use for the Georgian context 
and a full market analysis of the crops that will be grown.  Communities will be organised to fully 
participate and receive training and advice on how to implement agro-forestry in their lands.  It is 
likely that agro-forestry will be most successful as a mitigation measure for farmers facing land loss 
due to increased erosion and land degradation risks.  Rioni AF project implemented agro0-forestry 
(first such project in Georgia to do so), as a means of protecting existing agricultural lands from 
flooding and erosion, and in combination with structural measures to sure-up and protect the land 
upslope of flood defences.  The many lessons learned from that project will be used in designing 
and implementing agro-forestry for the rest of Georgia.  

The project will also examine existing farm-level practice and, identify and implement structural and 
non-structural interventions that reduce risks to agriculture, amenities, communities and/or 
ecosystems.  

The use of intervention measures requires an understanding of natural processes to ensure that 
the impacts of different options are properly appraised and opportunities to work with nature to 
reduce risk are identified.  

Potential Hard Engineering Options 
 
While the project will aim to maximise the use of non-structural measures, it is likely that structural 
measures will also need to be considered as complementary options.  The project will assess 
structural measures such as the provision of flood storage reservoirs, the provision of new 
embankments and walls where necessary, local land raising to elevate development areas above 
the extreme flood level, local improvements to channel capacity and stability (enlargement of 
channels, channelization, bank protection) and structures, channel diversions, flow control 
structures (including pumping and flow diversions), increased maintenance and improvements to 
channels, e.g. de-silting and dredging.   
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Options assessment The impacts of the short-
listed structural and non-structural options will be 
technically assessed and an initial appraisal of the 
short-listed options will be carried out to determine 
technical performance in terms risk reduction 
against baseline conditions.  The risk reduction 
impact will be assessed based on reduction in 
damages resulting from an option (as compared to 
the baseline) represents the option benefits, socio-
economic and environmental benefits of the options 
(e.g. to income generation, addressing gender 
inequality, eco-system/biodiversity benefits, social 
cohesion etc.). Once presented in the present value 
format, these can then be directly compared to the 
option cost in a cost-benefit analysis format. This 
method allows a range of options to be directly 
compared and ranked in order to identify the most 
economically advantageous options. This process 
will further reduce the number of options taken 
through to detailed appraisal.  
 
Feedback from the stakeholder consultation 
processes will result in refinements to the preferred 
option(s) and may require some re-assessment of 
the technical and economic performance of the 
option(s).   
 

3.3. Structural risk reduction measures 
 

3.3.1. Prioritization of the structural investments: summary of CBA 
 

The report “Up-scaling of Rioni Flood Damages to all Georgian Flood Plains and an overview of the 
Impacts on Population, Property and Agriculture within Georgia from Other Hydro meteorological 
hazards” was developed under the Rioni AF project and was based on GIS modelling of spatial 
economic damages associated with hydro meteorological hazards.  

The data was extracted from the model with assumptions as follows: 

• Property, people currently at low, medium and high risk based on “Report on “MATRA” 
project of National Flood Susceptibility Map of Georgia, University of Twente, The 
Netherlands, 2011”  

• Annual Average expected flood damage to property from the upscaling model 
• Annual Average expected flood damage to agricultural land taking the mean annual loss 

per hectare from the upscaling model for the Regions where mitigation work is proposed 
(Samegrelo, Imereti and Kakheti) 

• Mitigation work will eliminate 90% of expected annual damages  
• Where mitigation of mudflows is anticipated as a result of expedient sediment extraction 

then benefits will accrue to all property within a defined buffer from the river; benefits will 
be the estimated value of property as mudflows will either destroy the property or make 
property uninhabitable. 

An indicative outline for MHRM plans 
for guidance only 

1. Introduction 
1.1. Background 
1.2. Aims and scope 
1.3. Risk management policies 
2. Overview of a basin  
2.1 Demographics and local economy  
2.2 Topography, hydrography, climate, geology, soils 
and groundwater 
2.3 Land use and land management 
2.4 Hydrology and hydrometric data 
2.5 Summary of response  
3. Flooding  
3.1 Sources of flooding 
3.2 Historic flood hazard – Flood extents and hazard 
3.3 Existing flood risk management  
3.4 Flood modelling – current and future scenarios 
3.5 Flood mapping and flood hazard assessment 
4. Flood risk management options 
4.1 Introduction and principles of flood risk management 
4.2 Flood risk management objectives 
4.3 Identification of measures 
4.4 Option assessment process 
5. Flood risk management strategy 
5.1 Introduction to the strategy 
5.2 Components of the Basin FRMP 
5.3 Prioritization and implementation of the FRMP 
5.4 Monitoring, review and evaluation 
5.5 Stakeholder Assessment 
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• Extent of agricultural land protected is particularly conjectural from desk studies and the 
cash flow results (see below) are given with and without agricultural benefits 

• In the large urban areas, e.g. Gori and Poti the extraction of property at risk from the Dutch 
model may overestimate the true risk 

Cash flows for each location were derived (accompanying Excel spreadsheet) giving: 

• Numbers of Property benefiting for each risk zone 
• Numbers of people benefiting for each risk zone 
• Approximate total areas of agricultural land benefiting  
• Present Value of Capital and Maintenance costs  
• Present Value of Benefits (or damages avoided) 
• Net Present Value of each site (NPV) = (PVb – PVc) 
• Benefit Cost Ratio (BCR) = (PVb/PVc) 
• Design costs and maintenance costs are included in the calculation of BCR and NPV 

As costs and benefits accrue at different times over the assumed 50 years’ life of mitigation the 
Present Value of these costs and benefits reflects the opportunity costs of capital and multiplies the 
actual costs and benefits. Where NPV is positive or BCR greater than unity then a scheme is 
deemed viable.  

Setting political, environmental and technical considerations aside scheme implementation priority 
in the development of an Action Plan may be evaluated using a number of criteria: 

1. Highest NPV 
2. Highest BCR 
3. Greatest number of properties benefiting 
4. Greatest number of people benefiting 
5. Greatest area of agricultural land protected 
6. Combinations of these 

For simplicity, each of the long-listed 21 sites was ranked for the first 5 criteria and ranks added. 
The greater the combined ranking the greater the benefits of the project. As a result, a short-list of 
13 measures/sites were selected for further analysis. In this way, an Action Plan was derived to 
allow prioritisation of mitigation activity where funding is limited. 

Table 2 identifies scheme prioritisation assuming benefits to property and agriculture and Table 3 
identifies scheme prioritisation assuming benefits to properties only. 

Assumptions specific to each site and orthophoto maps of the benefit areas are given at the end of 
the report. Decision making on the Action Plan would further benefit from field reconnaissance of 
the benefit areas and adjustments to input data in the model.
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MITIGATION MEASURES
East Georgia    West Georgia                                                        Estimated NPV NPV BCR BCR

#
Capital 

Cost (USD) GEL Rank Rank Property
Property 

Rank People
People 
Rank

Land 
(Ha)

Land 
Rank

Total 
Rank

Investment 
Priority

1 Rioni river, left bank – Gaghma Kodori: wire mesh mat lining with length 250 m. 291,250 17,281,063     4 20.59   4 581 3 807 3 846 2 16 1
2 Rioni river, right bank – Sagvichio: wire mesh mat lining with length 600 m. 699,000 18,221,522     3 9.61     5 261 6 372 5 877 1 20 2
3 Liakhvi river, left bank – Gori city: concrete regulation wall on drilled shafts 200 m. 545,580 33,097,836     2 23.24   3 492 5 1994 2 0 10 22 3
4   Lagodekhiskhevi river, right bank – Lagodekhi: wire mesh gabion wall with length 300 m. 168,990 14,933,637     6 26.34   1 523 4 775 4 0 10 25 4
5 Achkva river – Kobuleti: reconsruction of the water regulation facility, canal widening and lining 4,275,604 16,856,553-     13 0.22     13 675 2 2297 1 0 10 39 8
6  Khodashniskhevi river – riverbed cleaning (5,300m), channel cleaning (3,000m), wire mesh gabion wall with length 2,800m1,372,300 16,959,969     5 3.87     7 110 7 108 7 565 3 29 6
7   Rioni river, right bank – Siriachkoni: wire mesh mat lining with length 500 m. 582,500 1,699,952        8 1.96     8 4 12 3 11 213 5 44 10
8 Rioni river, left bank – Narionali: wire mesh mat lining with length 550 m. 640,750 1,481,973        9 1.76     9 37 9 30 9 201 6 42 9
9 Tskhenistskali river, left bank – Gautskinari: wire mesh mat lining with length 500 m. 582,500 374,078-           12 0.79     12 13 11 10 10 60 8 53 13

10   Rioni river, left bank – Vazisubani: wire mesh mat lining with length 350 m 407,750 258,140-           11 0.79     11 31 10 49 8 48 9 49 12
11  Rioni river, left bank – Patara Poti: wire mesh mat lining with length 2000 m. 2,330,000 178,805-           10 0.97     10 50 8 153 6 257 4 38 7
12  Alazani river, right bank – Milari: embankment with length 350 m. 207,000 2,387,309        7 4.04     6 0 13 0 12 100 7 45 11
14 Telaviskhevi river – removal of debris and vegetation (800 m) 195,600 43,148,382     1 23.26   2 731 1 0 12 0 10 26 5

TOTAL 12,298,824 3,508     6,598    3,167   
East Georgia estimated costs 2,489,470
West Georgia estimated costs 9,809,354 NOTE : Sites 14 and 15 are combined in 14

Protected

Table 0-2:  Investment Priority assuming property and land is included in the Cash Flows 

Table 0-3: Investment Priority assuming only property is included in the Cash Flows 
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MITIGATION MEASURES PROPERTIES ONLY
East Georgia    West Georgia                                                        Estimated NPV NPV BCR BCR Property Only

#
Capital 

Cost (USD) GEL Rank Rank Property
Property 

Rank People
People 
Rank

Land 
(Ha)

Land 
Rank

Total 
Rank

Investment 
Priority

1 Rioni river, left bank – Gaghma Kodori: wire mesh mat lining with length 250 m. 291,250 3,583,576        4 5.1       4 581 3 807 3 846 2 14 3
2 Rioni river, right bank – Sagvichio: wire mesh mat lining with length 600 m. 699,000 3,456,343        5 2.7       5 261 6 372 5 877 1 21 5
3 Liakhvi river, left bank – Gori city: concrete regulation wall on drilled shafts 200 m. 545,580 33,097,836     2 23.2     3 492 5 1994 2 0 10 12 1
4   Lagodekhiskhevi river, right bank – Lagodekhi: wire mesh gabion wall with length 300 m. 168,990 14,933,637     3 26.3     1 523 4 775 4 0 10 12 1
5 Achkva river – Kobuleti: reconsruction of the water regulation facility, canal widening and lining 4,275,604 16,856,553-     13 0.2       9 675 2 2297 1 0 10 25 6
6  Khodashniskhevi river – riverbed cleaning (5,300m), channel cleaning (3,000m), wire mesh gabion wall with length 2,800m1,372,300 2,103,966-        11 0.6       7 110 7 108 7 565 3 32 7
7   Rioni river, right bank – Siriachkoni: wire mesh mat lining with length 500 m. 582,500 1,748,706-        9 0.0       12 4 12 3 11 213 5 44 12
8 Rioni river, left bank – Narionali: wire mesh mat lining with length 550 m. 640,750 1,772,395-        10 0.1       11 37 9 30 9 201 6 39 11
9 Tskhenistskali river, left bank – Gautskinari: wire mesh mat lining with length 500 m. 582,500 1,345,531-        8 0.2       8 13 11 10 10 60 8 37 10

10   Rioni river, left bank – Vazisubani: wire mesh mat lining with length 350 m 407,750 1,111,997-        7 0.1       10 31 10 49 8 48 9 35 9
11  Rioni river, left bank – Patara Poti: wire mesh mat lining with length 2000 m. 2,330,000 2,310,313-        12 0.7       6 50 8 153 6 257 4 32 7
12  Alazani river, right bank – Milari: embankment with length 350 m. 207,000 -                   6 -       13 0 13 0 12 100 7 44 12
14 Telaviskhevi river – removal of debris and vegetation (800 m) 195,600 43,148,382     1 23.3     2 731 1 0 12 0 10 16 4

TOTAL 12,298,824 3,508     6,598    3,167   
East Georgia estimated costs 2,489,470
West Georgia estimated costs 9,809,354 NOTE : Sites 14 and 15 are combined in 14

Protected
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All projects except #5, #9 and #10 have a benefit cost ratio greater than unity (with #11 marginal) if 
land and property benefits are taken together. 

However, if only property benefits are taken into account then only #1, #2 #3, #4 and #14 have a 
benefit cost ratio greater than unity 

Whilst the accuracy of the NPV and BCR lies wholly with the correct selection of properties and land 
from a rapid desk survey expert judgement suggests that the ranking of sites for funding is in the 
correct order of priority.  

Annex 8 provides a summary of each site description with outline design drawings.   
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4. PART D – SUSTAINABILITY AND EXIT STRATEGY 
Institutional/infrastructure sustainability. The project will integrate new hydro-meteorological and 
telecommunications equipment and EWSs in existing systems and institutions. These organizations currently 
have the requisite capacity to maintain such systems and the project will build additional capacity. For 
instance, NEA has long-term experience in hydro meteorological monitoring and has various divisions and 
units to collect, store, process, analyze/interpret data, make forecasts and provide technical maintenance to 
the equipment as described in detail in section 1.4.1.2.4 above. Moreover, in January-February 2017, as a 
result of organizational reform, NEA established a special EWS unit, composed of 7 staff members, who will 
be fully dedicated to EWS operations.  
 
Various ministries to be engaged in the process, including MoEPA and MIA have significant 
experience in working with international donors particularly with UN agencies, including UNDP. 
Micro-hact assessments under on-going or recent UNDP programmes as well as a number of Letter 
of Agreements, certified audits and evaluations are present for a number of key agencies to be 
partnered under the given project indicating on that these agencies are capable to implement 
complex projects with due diligence. For instance, Rioni AF Flood project has demonstrated that 
NEA is a trustworthy partner for UNDP.  
 
In terms of maintenance of infrastructure, under suggested project NEA is committed to provide 
proper O/M to expanded hydro meteorological network and newly created EWS systems during and 
after the end of the project (please refer FP Annex IV for co-funding letter for 20-year O/M plan for 
hydro meteorological network). Furthermore, new agrometeorological stations will be integrated in 
existing agrometeorological network operated by the NFA who will also take care of its operations 
and maintenance after the end of the project (please refer to FP Annex IV for MoA’s commitment 
letter). At the local level, DRR boards or alternatively, existing CBOs/NGOs will be used for proper 
O/M of CBEWS equipment as well as efforts will be made to secure certain funds from municipal 
budgets for O/M of CBEWSs.  
 
Concerning structural measures, there is already a significant engineering knowledge and 
experience gained in the country to construct and maintain flood defense structures. Furthermore, 
local governments as well as MRDI commit themselves to provide proper O/M to the engineering 
structures built in their respective municipalities and will allocate necessary amount of funds from 
their local budgets/transfers from central government (Please see FP Annex IV for commitment 
letters from relevant LGs). 
 
Concerning non-structural measures to be implemented at the community level, local contribution 
(either in-kind of cash) will be leveraged from target communities to implement on-the-ground 
activities and to gain greater ownership from their side. Besides, significant capacity development 
and awareness raising programmes will be designed and implemented in target communities that 
will ensure the institutional sustainability of results to be achieved at community level.  
 
The project will help NEA and other relevant authorities design and implement long-term sustainable 
programs for operations and maintenance of expanded observation system and will assist them to 
produce climate/weather products that may bring about additional revenues for these agencies. 
 
The project will help all relevant authorities develop and implement a comprehensive short to long-
term learning and training programs at all levels including community, municipality and state levels 
as well as for all age groups, including under school and school age children, university students, 
young and senior professionals. All these programmes will be integrated in existing education and 
training systems and will be regularly applied after the end of the project. 
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The system-level sustainability of institutional capacities created will be ensured by the development 
and adoption of relevant legal-regulatory and policy/planning frameworks for multi-hazard risk 
management and early warning systems. 
 
Common support, understanding and effective cooperation of various players will be achieved by 
establishing a mutli-stakeholder project board and advisory council(s), where issues of various 
project components will be discussed and solved by the consent of all parties. Furthermore, 
planning processes at regional, municipal and community levels will apply a participatory approach, 
where key stakeholders will be engaged from the beginning to the end of each process. 
 
Under Activity 2.1 the project will address the legal frameworks, policies, governance structures 
and processes which currently present barriers to sustainable hazard management, DRR, CCA 
and EWS in Georgia.  Through enhancements to the legislative and institutional framework, the 
project will ensure that the required systems/ mechanisms for accountability, transparency, and 
technical knowledge transfer for DRR, hazard management, CCA and EWS are in place.  
Importantly, the project will address key institutional arrangement barriers to effective and 
sustainable multi-hazard EWS. 

Through the capacity building activities, the technical capacity of institutions will be enhanced and 
sustainability assured by embedding capacity across all of the relevant institutions.  Specifically, in 
order to ensure sustainability, the project will seek to embed technical capacity in the government 
Institution for Environmental Information Education Centre (EIEC).   

This approach to capacity development is far reaching and more likely to ensure sustainability of 
technical capacity built.  As part of the exit strategy, the project will prepare an end-of-project 
capacity report which will include evidence-based mapped capacity development which will feed 
directly into the long-term cross-section capacity development plan for GoG to take forward.   

 
Financial sustainability.  To ensure that financial and economic resources are available once the 
GCF assistance ends, the GCF project will provide the tools for government to better identify cost-
beneficial risk reduction measures for the long-term management of hazards, and will help develop 
risk financing models and approaches to ensure that they are addressed in the long-term.  This will 
be based on the cost-benefit analysis tool to be developed under Activity 1.3 which will allow GoG 
to more effectively plan hazard management and intervention measures, and will assist in annual 
budgeting and advocacy for funding, for these activities.  In addition, the project will assist NEA and 
other hydrometric equipment owners in developing long-term O&M financial planning to ensure that 
equipment and systems purchased under the project will be maintained in the long-term.  
Specifically, the project will provide the following safeguards to financial sustainability: 
 

• Review budgetary requirements for long-term maintenance of optimized hydrometric 
network and development of a financing model to be put forward to government for the 
long-term maintenance of networks (using cost-benefit modelling to support the financing 
model) 

• Strengthening cross-agency cooperation in all CRM and DRR areas including DRR 
financing 

• Advise the government on optimum/efficient allocation of funds for DRR and CRM 
• Improve the donor coordination in the area of DRR 
• Strengthen the government capacity to mobilize resources from other sources 
• Organizing community-government and public-private dialogues around local risks and risk 

reduction strategies and their financing. 
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Socio-economic sustainability. During the project implementation phase, around 100-200 rural 
communities and particularly, those living in remote mountainous areas will directly benefit from the 
activities carried out. Specifically, while implementing priority structural and non-structural measures 
(agroforestry, floodplain and watershed restoration, etc.), temporary jobs will be created for locals, 
including women and in particular, the most vulnerable groups of women (e.g. single mothers, 
mothers with many children, etc.) by engaging them in on-the-ground activities. More than that, 
afforestation measures, which are suggested under the project, may have significant economic 
effect to local communities, in case of high economic value plant species (e.g. walnuts, almonds, 
etc.) are used. 
 
The project will directly result in the safeguarding of livelihoods and income generation, due to the 
activities which will directly reduce exposure to hazards and provide early warning of impending 
disasters, thus reducing damages and losses, improving food production (through protection of 
agricultural land from hazards).  This will have direct and indirect livelihood stabilization/protection 
and potentially income generation benefits. The project will develop the socio-economic baseline 
information on all communities and their livelihoods at the household level, and will link this 
information to the calculation of current climate induced risks by integrating hazard and socio-
economic data on livelihoods, health, access to public services, etc.   Thus, ensuring that 
interventions are climate-informed and take account of current and future socio-economic factors.  

 
Multi-hazard early warning systems including improved advisory agricultural bulletins will vastly 
improve productivity of agricultural systems and will protect other economic activities currently at 
risk from the major hazards.  In addition, sector specific response plans and municipal response 
plans will safeguard key infrastructure, which enables economic activities to recover from, and 
continue during disasters.  Structural and non-structural measures will provide direct protection from 
loss and damages to people and property in highest risk areas.    
.  
The project has potential to bring about long-term social and economic benefits in terms of avoided 
human and economic losses particularly, losses in agriculture sector, considered as one of the most 
vulnerable strategic sectors to climate change. The resilience of up to 1.7 Million people (40% of 
the population) including in the most vulnerable (100-200) communities in remote rural and densely 
populated urban areas, will reduce flood annual economic damage to properties, as well as will 
reduce the risk from all hazards to agricultural land. Direct impacts of the project on increased 
resilience and reduced vulnerability as quantified through the economic analysis include:  

(i) Present Value of savings of economic assets from expedient use and application of EWS 
of $58 Million USD over 20 years. 

(ii) Reduced losses of lives: the CBA assumes the MHEWS could help reduce loss of life by 
half the current long-term average of 6.25 per year resulting in 62 lives saved over 20 
years. 

(iii) 3,500 properties and 6,500 people protected through 13 structural measures for the total 
value of $ 13 Million USD. 

(iv) Protection of over 3,000 ha of agricultural land through 13 structural flood protection 
measures for the total value of $6.5 Million USD.  

 It is noteworthy to mention that among 1.7 Million beneficiaries of the project 52% are women, who 
will benefit out of the project.   
 
Environmental sustainability. Execution of all project components except for 
construction/rehabilitation of flood and mudflow control structures under component 3 (activity 3.3) 
and implementation of community resilience non-structural measures should not incur negative 
environmental impacts during GCF project implementation phase. These are mostly soft (non-
structural) measures combined with expansion of existing hydro meteorological network. 
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Nonetheless, the project will ensure that all the equipment purchased meets international 
environmental, safety and technical standards. Efforts will be also made to minimize environmental 
footprint of project activities, by introducing internal paper-reduction, re-use, water and energy 
conservation/saving policies.  
 
Concerning non-structural community resilience measures, including agroforestry and 
floodplain/watershed restoration, care will be taken to assess and select plant species during project 
design phase in terms of their conservation and economic values, DRR potential, survival rate, etc. 
Moreover, during reforestation/afforestation activities measures have to be taken to minimize soil 
erosion during implementation/planting. Detailed analysis of the environmental impacts, mitigation 
measures and environmental sustainability is provided in the Social and Environment Management 
Framework (FP Annex VI. B.).  
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5. PART E - KNOWLEDGE MANAGEMENT AND 
LEARNING 

5.1 Introduction  
The knowledge management (KM) of the project will have the following key aims: 

1. To ensure access to data and information generated by the project as well as long-term 
access to data on which stakeholders’ essential institutional functions rely and/or data and 
information that can be used for evidence for policy and practice advice (connecting people 
to information and knowledge)  

2. Connect key stakeholder groups, practitioners and experts to ensure that key learning and 
experience is shared within and across sectors (connecting people to people)  

3. Ensure staff in the stakeholder institutions know about effective and relevant KM techniques 
so that knowledge is shared, captured and retained by the institutions and shared within and 
across the sector (institutional KM improvement)  

4. By developing and promoting KM as a tool for continuous and sustainable improvement and 
ensuring that KM tools generated by the project will be systematically used and maintained 
within the stakeholder institutions (Developing and embedding KM tools and practices).  

At the community level the project will seek public participation and community support in the design 
and implementation of the impact-based MHEWS and all other aspects of the project.  A key project 
sub-activity under hazard and risk mapping (Activity 1.2) is the introduction of methods and tools for 
systematically collecting damages and losses data at all levels central, municipality and community 
level to include 'crowd sourcing and public participatory’ approaches to reporting damages and 
impacts of flooding.  In addition, these socio-economic survey methods will be conducted alongside 
the awareness raising and capcity building of communities (activity 3.2) which will enable full 
participation of communities in the design and implementation phases of all project activities. 

5.2 Connecting people to information and knowledge 
New work should always build on the foundation of previous knowledge.  New knowledge gained 
on the project will be captured and stored appropriately for others to access and learn from. The 
following series of tools and techniques will be employed to enable people to find information and 
knowledge more effectively throughout the project. 

Tools and 
techniques 

Description Purpose Actions 

Case Study Narrative Recording of 
the Project’s progress 
and outcomes. 

Share experiences with 
others, seeking 
comments/consultation, 
advocacy 

At least 20 case 
studies will be 
generated per year 
of the project 

Rapid Evidence 
review 

A systematic review of 
research and other 
evidence producing 
overview of the 
knowledge base in a 
particular area 

An evidence baselines 
to enable project 
activities to build on 
what has gone before 

Project feasibility 
studies will form the 
project baseline 
which will be 
updated throughout 
the project as it 
progresses.  
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Knowledge Banks 
(web databases) 

Repositories of stored 
knowledge 
(research/evidence/best 
practice), captured 
through various tools 
and techniques, and 
shared via websites and 
toolkits 

Mass collection of 
accumulated 
knowledge in a specific 
area readily available to 
stakeholder 

The project will 
develop a 
knowledge and data 
management 
website for all 
project, stakeholder 
and beneficiary staff 

 

Case Studies 
Cased studies will be written on all key aspects of the project and could be generated from technical 
reports but made appropriate for a number of different audiences.  Hence technically detailed 
studies will be summarised and made appropriate for beneficiaries, the media and other types of 
audiences for the purpose of sharing experience, for soliciting comment/feedback and for advocacy 
purposes.  Cased studies will have a clear structure that brings out key qualitative and quantitative 
information from the project and will be published with a broad audience in mind.  The project will 
aim to have at least 20 case studies per year of the project. 

To facilitate the generation of case studies in a systematic and consistent manner, project and 
programme teams will be asked to capture and record their learning and best practice in photos, 
videos and reports, so that others can benefit.  A structured case study format will be used to make 
information accessible to the reader.  Case studies will be published on the UNDP website as well 
as the project portal to be developed (see Knowledge banks below). 

 

Evidence Review 
A rapid evidence reviews (RER) is a way of reviewing research and evidence on a particular issue. 
It looks at what has been done in a particular area and records the main outcomes.  Evidence 
reviews can be run in several ways. Some are more exhaustive in their execution and ambitious in 
their scope.  A fully-developed review will scan available literature as comprehensively as possible, 
using electronic databases and comprehensive sourcing. The RER provides a quicker but still useful 
way of gathering and consolidating knowledge. It is a useful building block from which to start work 
on a new topic but should not be considered a definitive review, but rather suitable as a starting 
point for more in-depth review, or cursory information required to start a more in-depth review.  Any 
new piece of work is likely to draw on what has already been done by others in the sector. An RER 
ensures that you take account of this work before starting a project. This avoids duplication of effort 
and gives a foundation on which to build.    

The project feasibility studies and all supporting material gathered during project development will 
form the project baseline which will be updated throughout the project as it progresses thus ensuring 
that the evidence baseline for all project activities is always up-to-date.   

 

Knowledge banks 
Knowledge Banks are online services and resources which hold information, learning and support 
and also act as a project data manage and repository database. They are typically used to showcase 
the work of the project and provide signposts to documents, articles and toolkits. 

Project Data Management and GIS 

River Basin scale hazard and risk management is inevitably a multidisciplinary undertaking which 
will use and generate large numbers of spatial and non-spatial datasets. Under Output 1.4 the 
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national multi-hazard information system will be developed and will consist of a national e-Library, 
databases (including the GIS database previously noted), information systems and knowledge 
portal (web knowledge portal to increase awareness, provide interactive hazard maps, with 
integration with social media and possible mobile application to increase community engagement 
and allow two-way flow of information.  It will be an integral part of the NSDI currently being 
developed for Georgia and provide the information access and sharing platform for geospatial 
information on hazards. This will contribute to a more effective regulation of the agriculture, 
environment protection, transportation, logistics and disaster management.   

The system will represent a major shift in how government departments currently work and will need 
to be supported by the introduction of appropriate data sharing protocols and importantly by 
extensive training and capacity building to ensure sustainability   

The data repository will provide a structured environment to enforce data integrity and support data 
auditing, versioning and data quality. Audit trails, as well as structured and categorised schemas, 
will make data collation, manipulation and analysis more manageable.  

The establishment of a structured GIS data repository is envisaged to provide the following 
advantages: 

• Provides a ‘single source of truth’ to provide consistency and transparency in the use of 
datasets used by everyone working on the project. 

• Enables a data security model to be implemented to constrain user permissions to 
appropriate levels.  

• Reduced duplication and redundancy of data.   

• Provides a mechanism to enforce data quality and consistency in accordance with 
standards.   

• Provides a structured environment to support the effective discovery of data through web-
based portal services. 

• Enables datasets to be performance tuned for use in GIS desktop and web systems. 

• Provides a comprehensive trusted source of data to permit the effective investigation of 
spatial relationships between different datasets, which will add a further dimension to the analysis.   

The spatial data repository will include and enforce metadata. It enhances the value of data, 
providing business critical information regarding the data’s currency and quality, which can aid in 
identifying gaps in data, in addition to providing a useful mechanism to support discovery services. 

This data repository will perform a crucial role in efficiently managing data and metadata during the 
project and represents a significant project deliverable.  The scale, comprehensiveness and 
structure of the database will be dictated by the quality and quantity of the data identified in the early 
stages of the project. It will however also need to be cognizant of future datasets and processes 
that will be included, and therefore will be scalable with consideration included at the design phase.  

This knowledge management system, based on initiatives such as the EU’s INSPIRE directive 
brought into EU legislation in 2007 and which provides a clear framework on the establishment of 
the SDI and its constituting services.   

In addition, the data management system developed to provide a single point of ‘truth’ with respect 
to datasets to be used and generated by the project, it will also provide a portal for document 
management and will provide access for project staff and stakeholders to all relevant documents.   

5.3 Connecting People to People 
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The following series of tools and techniques describe how knowledge management will enable 
people to connect to people more effectively.   

Tools and 
techniques 

Description Purpose Actions 

Community of 
Practice 
(CoP/Knowledge 
network/professional 
network) 

A group people who 
share a common interest 
working together over an 
extended period to 
explore ways of working 
in a specific area of 
knowledge 

Learning from Shared 
experiences, publishing 
best practice/position 
papers 

The project will set up a 
number of technical 
working groups, 
interagency working 
groups as well as 
regional working groups 
to enable CoP people to 
interact and share 
experiences  

Peer Assist Gaining input and insight 
from outside experts to 
reuse and reapply 
existing knowledge and 
experience 

First-hand knowledge 
transfer, access the 
institutional knowledge 
base 

The project will engage a 
range of local and 
international experts who 
will provide technical 
assistance to the project.  
For long-term peer 
assist, the project will 
help establish 
relationships between 
institutions and local as 
well as international 
universities and research 
centres  

Knowledge café A group of people having 
an open, creative 
conversation in an 
informal environment on 
a topic of mutual interest 

Informal learning through 
dialogue. 

This will be achieved 
through the meetings of 
the technical working 
groups and through bi-
lateral meetings between 
individual stakeholder 
organisations 

Knowledge 
marketplace 

Allows matching of a 
knowledge requirement 
with someone with 
expertise 

Starts connection of 
people to people, people 
to document and 
documents to people 

This will be provided by 
project experts who will 
be identifiable by their 
area of expertise and will 
provide support the 
project and stakeholders. 
In the long-term, a 
‘directory’ of experts can 
be developed to fill this 
need. 

 

 

Community of Practice (CoP) 
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A CoP provides an environment (virtual and or face-to-face) that connects people and encourages 
the development and sharing of new ideas and strategies.  This environment supports faster 
problem solving, cuts down on duplication of effort, and provides potentially unlimited access to 
expertise.  Technology now allows people to network, share and develop practice entirely online. 
Virtual communities overcome the challenges of geographical boundaries. They encourage the flow 
of knowledge across local government and enable sustainable self-improvement.   

The project will set up a number of technical working groups, interagency working groups as well 
as regional working groups to enable CoP people to interact and share experiences. In addition to 
face-to-face meetings, the project web portal will be configured to enable online cross-organisational 
working and sharing of ideas.   

The project inter-agency working group will help to outline and examine the current policy framework 
relating to hazard management and which could best elaborate current practice and deficiencies 
with respect to MHEWS and the inclusion of climate change considerations.  Given the fragmented 
nature of the current elements of HRM, MHEWS, DRR and CCA, the establishment of a working 
group, which will be comprised of representatives from all relevant institutions, is an essential first 
step to ensure inclusion and consultation from the beginning and throughout the process.  This will   
enable an active participatory approach (experts from relevant line-ministries and water agencies) 
on development of the MHEWS and related policies and legislation and will ensure buy-in.  It is 
envisaged that a number of technical working groups will be required, based on technical area as 
well as geographical relevance.   

 

Peer Assist 
The project will engage a range of local and international experts who will provide technical 
assistance throughout the project.  For long-term peer assist, the project will help establish 
relationships between institutions and local as well as international universities and research 
centres.   

Technical capacity in all aspects of CRM, DRR, CCA and EWS has been identified as one of the 
main barriers to the development and implementation of a MHEWS in Georgia. The project will 
ensure that the necessary technical assistance is provided to address this and that the long-term 
capacity development is assured through formal learning, and also through increased access to 
experts e.g. through the establishment of relationships between institutions and local as well as 
international universities and research centres.   

 

Knowledge café 
The knowledge café approach will be used when developing workshops for the technical and inter-
agency working groups as follows: 

Preparation for a knowledge café 

• appoint a facilitator – someone who can encourage participation. 
• identify the topic for discussion (e.g. to discuss/consult on a project preliminary output). 
• provide an informal/relaxed setting. 

During a knowledge café 

• The facilitator should introduce the knowledge café concept, any codes of conduct, and 
finally pose the question. 

• Participants should arrange themselves into groups to discuss the question. 
• Each participant in turn shares their knowledge and experience without interruption, giving 

everyone an opportunity to talk. Alternatively, a ‘talking-stick’ can ensure only the person 
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holding the stick can speak, thus avoiding the discussion becoming dominated by one or a 
few speakers. 

• After each participant has shared, the group continues the discussion together. 
• The groups should eventually reconvene to exchange ideas and findings – these could be 

captured electronically or on paper. 

 

Knowledge Marketplace 
Knowledge marketplace identifies what people know and what they need to know on a particular 
subject, then connects them appropriately. The knowledge marketplace can be facilitated online, 
via email or face-to-face. 

It can be used in many situations, and is particularly useful when delegating roles and 
responsibilities within a new project team.  Success depends on the willingness of participants to 
both contribute and benefit in equal measure from exchanging knowledge. It is highly dependent on 
the degree of trust between individuals.  Given the size of the project and national remit, it will be 
important to develop and use the knowledge market place approach to ensure that the right 
expertise and knowledge is not missed by any part of the project team stakeholder or beneficiaries.   
By placing the knowledge marketplace online (and open to beneficiaries as well) it would also 
identify local experts that would otherwise go unnoticed.    

 

5.4 Institutional KM improvement 
Summarising lessons learnt and experiences and sharing them with others can help build and retain 
knowledge. The following series of tools and techniques describe how knowledge management can 
enable improvement through impact assessments, evaluations and people management. 

Tools and 
techniques 

Description Purpose Actions 

Gone well/not gone 
well 

Quick debrief at the end 
of an event/activity 
concentrating on good 
points and items for 
improvement 

Tactic knowledge capture 
and feedback about 
effectiveness of the event 

All significant project 
events/activities will be 
subject to a debrief to 
capture good/bad points 
and lessons learned 

After Action review 
(AAR) formative 
evaluation 

Quick discussion at the 
end of key stages of an 
activity reflecting on the 
current position and 
future actions 

Tactic knowledge capture 
of lessons learnt e.g. 
noted minutes of project 
meetings 

All significant project 
events/activities will 
include formal minutes 
which will be made 
available on project portal 

Retrospective 
review (summarise 
evaluation) 

A formal process to 
evaluate the completion 
of the event or activity to 
capture lessons earned  

Capture lessons learned 
for future activities.  
Publish on internet or 
intranet 

A lesson learned 
document will be 
available for all project 
staff to complete 
(managed by PM) online 
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Knowledge 
Exchange  

Staff leaving should 
exchange unique 
knowledge to allow others 
to capture it.   

Build institutional/project 
memory 

All project staff will have 
as final deliverable a 
summary report to 
include knowledge 
transfer information and 
other lessons learned 

 

5.5 Developing and embedding KM tools and practices 
As far as possible, all KM tools will be provided as project deliverables and, importantly, through the 
project it is hoped that by using these tools with the stakeholders, the KM practices will be embedded 
with their organisations in the future.   

In addition to the above the project provides many opportunities, for formal learning, awareness 
raisings and capacity building cut across almost all outputs and activities (particularly articulated 
under activities 2.1, 3.1 and 3.2). These sets of measures will catalyse longer-term learning and 
short-term professional training/retraining programs targeting all stakeholders, including vulnerable 
communities, local governments, kindergartens, secondary and high schools and universities and, 
relevant authorities. 

 
All knowledge products, generated within the project including technical reports, methodological 
guidelines, regulatory and policy, planning and outreach materials will be available on-line, and all 
project knowledge products and documents will be collected and archived on e-library on multi-
hazard disaster risk management. 
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6. PART F – PROJECT IMPACT EVALUATION 
 

The project impact will be assessed using the following 6 domains of impact: 

• Impact on physical and financial assets 

• Impact on Social Capital, Empowerment and change of behaviour 

• Impact on Food Security 

• Environmental Impact 

• Impact on Institutions, policies, and the regulatory framework 

• Impact on Gender 

 

To examine the impacts of the project on rural communities, the review will examine whether the 
interventions implemented by the project have enhanced the value and derived benefits from 
existing community assets such as land, water, livestock and livelihoods. Impact on income 
generation and improvement in livelihoods will be key direct benefits to be examined while improved 
skill or health, education, and socio-economic conditions will be key indirect benefits to be 
examined.  Impact on increased capacity of local communities to exploit potential economic 
opportunities and to develop stronger link with the markets and external partners, through the risk 
reduction and adaptation interventions provided by the project, will be examined.  Efforts to 
strengthen local level organizations in the implementation of similar projects in the future will be a 
key impact as this will reflect whether the project has built local capacity to implement and use these 
new climate resilient measures in the long-term. The project also envisages measuring behavioural 
change in the beneficiary communities.    

Likely contribution of the project to food security will be examined.  Key elements of food security 
are availability (production and trade), access (income, markets and prices) and stability (storage 
and other marketing arrangement at household and local level.   

Environmental degradation is very often a manifestation of poverty and the struggle for survival by 
the rural poor, and contributes to non-resilience to climate change and increased risk from climate-
related disasters. The extent to which the project contributes to rehabilitation of the environment 
(particularly of the agricultural resource base and watershed management) in areas currently 
affected by land degradation and at high risk of hazards, is strongly associated with poverty impact. 
This domain concentrates on the local level environmental impacts of the project, as well as any 
environmental consequences of the project. It is also concerned especially with those environmental 
aspects, which are under the control of, or are influenced by, the rural communities. Environmental 
impacts may be negative as well as positive intended or unintended and all of these will be 
examined. 

Existing institutions, policies and regulatory frameworks significantly influence the lives of the rural 
poor.  Supporting the capabilities of existing national, and especially local public institutions in 
servicing the rural communities and reorienting the existing policies of institutions in favour of the 
poor is an increasingly expected result of development projects and is an expected outcome of this 
project. This encompasses the change brought about in sectoral and national policies affecting the 
rural communities and their exposure to hydro meteorological hazards. In addition, the degree to 
which the project impacts local-level decision making capacity, is also a relevant consideration and 
important to this project.  Hence the effectiveness of the ‘last mile’ component of the EWS and 
particularly the CBEWS will be closely assessed.  In addition, traditional and social practices may 
also serve to restrict the equitable access to benefits, for example social restrictions on women’s 
activities, traditional allocation by gender of rural tasks and income from different crops and 
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livestock, etc.  The review will examine the extent to which a contribution has been made to 
improving the national, and particularly local institutions to implement, and manage CBEWS and 
CBDRM which affects the lives and livelihoods of rural communities.   

 

Approach 
To monitor and measure the changes brought by the project, impact assignments will be designed 
to assist the project team to collect baseline information/data, final survey to gain insights into 
developmental and adaptive impact of the interventions that will be carried out during the project. 
For this purpose, before any interventions take place, a robust baseline survey needs to be 
administered. During the project, it is expected follow-up surveys and final large survey will also be 
carried out at end of project.  

The impact of the project will be assessed by undertaking the following:  

1) A household survey targeting beneficiary households at least two times (baseline and final) 
during the project implementation;  

2) Analysis of the survey data;  

3) Follow-up survey which will be used by project staff; and  

4) Training of project staff on the follow-up survey methodology.   

 

The impact indicators will include  

• Extent to which structural measures and non-structural measures have reduced exposure 
to hazards (e.g. whether frequency of flooding has reduced etc.)   

• Changes in income from agriculture and related activities (changes in income should take 
into account the level of home consumption); 

• Yield from agricultural production for key produce; 

• Yield of home gardens; 

• Migration for seasonal work; 

• Farm land left fallowed; and 

• Freshwater availability for household use.  

The project will be implemented nationally but will directly implement measure such as CBEWS, 
CBCRM/CBDRM and structural and non-structural intervention measures in 100 communities.   
Approximately 25-50 household in beneficiary and control (non-beneficiary) communities will be 
undertaken.  Beneficiary communities are selected based on their risk and vulnerability status which 
will be determined through the socio-economic risk and vulnerability assessment being undertaken 
in Outputs 1.3. 

Under output 1.3, the project will be developing and embedding long-term socio-economic and 
livelihood survey methods for Georgia and will develop GIS-based tools and models which will use 
these surveys.  The project will implement a participatory survey and engagement methods and the 
baseline data will be collected throughout Georgia.   

Since the project impacts from many of the interventions are likely to be realised close to the end 
and after the project implementation, the impact evaluation methodology and tools will be embedded 
within responsible agencies to monitor in the long-term, thus ensuring regular surveying of the key 
impact and development indicators required for long-term assessment of project impact.   
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7. PART F - CONCLUSIONS 
 
Over the past decades Georgia has been facing increasing frequency and intensity of climate-
induced extreme events, including floods, flash floods, mudflows, landslides, avalanches, droughts, 
strong winds and hails. Under climate change, Georgia is likely to experience a further increase in 
the frequency, intensity and geographical spread of all hazards which would impact people, property 
and economic activities, with the worst affected being the poorest and least able to cope rural 
subsistence dependent communities.  An assessment of the impact of hydro meteorological 
hazards under climate change conditions, shows that 1.7 Million people (40% of the population) 
including the most vulnerable communities in remote rural and densely populated urban areas are 
at risk from the main hazards.  Annual economic damages of 282.7 Million GEL ($124.4 Million 
USD) to properties would be incurred under climate change conditions. Some 325,020 ha of 
agricultural land will be at risk from various hazards under climate change conditions.  Annual 
damages to agriculture from flooding alone would can reach 154.2 Million GEL ($67.8 Million USD). 

Georgian Government’s capacities to deal with the likely impacts of climate change on hazards, 
particularly as it relates to predicting and responding to hydro meteorological disasters, are 
insufficient. At present, hydro meteorological hazard risk management has been dealt with in an ad 
hoc and reactive manner, relying on measures such as hard structural protection measures which 
are expensive to build, provide limited standard of protection and have a limited service life; 
emergency response once a disaster unfolds, with limited reliance on forecast of the event or 
satisfactory prior warning of the population, and with limited centralised resources; and post event 
compensation to victims, including medium and long-term relocation out of the hazardous areas (so 
called eco-migration); and post event recovery and disaster risk reduction. Annually, GoG invests 
significant amount of state funds in post-disaster recovery and disaster risk management, funded 
through the reserve funds of the President and the government managed by the Ministry of Finance, 
budgets of the sectoral ministries and municipal budgets. Funds are primarily spent on the 
rehabilitation of roads and bridges, water supply systems, energy infrastructure (transmission lines, 
sub-stations, pipelines, etc.), various buildings as well as on the purchase of houses for ecomigrants 
and direct compensation of affected population.     

This reactive approach to disaster risk management is neither efficient not effective and would be 
event less so under the expected increased frequency and increased damages and losses that 
would result from climate change. 

The Georgian Government fully recognises the need to adopt a more proactive approach to dealing 
with climate-induced hazards, based on an integrated approach centred around risk reduction, risk 
prevention, and preparedness through the establishment of a multi-hazard early warning system 
(MHEWS) and all associated risk management approaches.    

This GCF project has been designed to remove the barriers that currently prevent the 
implementation of a MHEWS for the whole of Georgia through the following project outputs and 
activities: 

 

Output 1: Expanded hydro-meteorological observation network and modelling capacities 
secure reliable information on climate-induced hazards, vulnerability and risks 

• Activity 1.1: Expansion of the hydro-meteorological network; 
o Design and upgrade of the hydrometric monitoring network to include the purchase 

and installation of the following equipment:  12 meteorological stations, 73 
meteorological posts, 44 hydrological posts, 10 snow measurement stations, 20 
inclinometers; 2 drones and additional corpus; 3 meteorological radars,  matrices 
600 pro for flight control and thermal camera; visual computing appliance (VCA) for 
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processing areal photos; geopositioning equipment; upper air sounding equipment 
(x2); 15 agrometeorological stations, 8 mobile discharge meters, 1 super computer 
for strengthening early warning system; telecommunication system equipment.  

• Activity 1.2: Risk zoning based on hazard and risk maps of all major river basins in 
Georgia; 

o Development of hazard, risk and vulnerability maps for all hazards and all major river 
basins in Georgia.   

o Introduction of modelling and mapping technology and methodologies in line with all 
relevant EU directives and following international best practice.  Development of 
long-term capacity in hazard and risk modelling.   

o Use of the hazard maps in development and implementation of spatial zoning 
policies.   

o Embedding of climate-risk considerations into sectoral policies, plans and strategies  
• Activity 1.3: Gender-sensitive socio-economic vulnerability assessment and 

mapping;  
o Introduction and implementation of methods and tools for the systematic gender-

sensitive socio-economic vulnerability assessment for decision-making for 
prioritization of resilience investments 

o Development and implementation of a GIS-based socio-economic risk and 
vulnerability model which integrates various spatial socio-economic data with the 
hazard maps, and produces risk and vulnerability maps, which will include economic 
losses and damages and loss of life estimates. 

o Introduction of gender-sensitive community-based socio-economic survey 
technologies and techniques  

• Activity 1.4: A centralized multi-hazard disaster risk information and knowledge 
system, based on the output of DRR project MHRA methodology 

o Development of a MH disaster risk management database and knowledge 
management system.  The national multi-hazard information system to be developed 
under the GCF project will consist of a national e-Library, databases (including the 
GIS database previously noted), information systems and knowledge portal (web 
knowledge portal to increase awareness, provide interactive hazard maps, with 
integration with social media and possible mobile application to increase community 
engagement and allow two-way flow of information.  

 

Output 2: Multi-hazard early warning system and new climate information products 
supported with effective national regulations, coordination mechanism and institutional 
capacities 

• Activity 2.1:  Institutional and legal frameworks and institutional capacity building 
o Policy, regulatory framework and technical guidance for MHEWS and climate risk 

management.  The project will support development of framework legislation on 
floods management, corresponding by-laws and technical guidance informed by the 
EU Floods Directive and other technical guidance related to other types of hydro 
meteorological hazards will be developed within the climate risk regulatory 
framework 

o Support integrating climate induced flood and droughts risks management into water 
legislation by adaptation of #24 EU Water Framework Directive CIS guidance 
document on River Basin Management under Changing Climate. 

o Assist the MoEPA in translation, adaptation and adoption of the Guidance for 
Reporting under the Floods Directive (2007/60/EC) 
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o Develop and support the implementation of technical regulations and guidance on 
EWS  

o Finalize MHRA mandates and methodology 
o Clarify, roles, responsibilities and institutional arrangements for EWS at all levels, 

particularly the communication and dissemination of early warning where there is 
current ambiguity.  Assist the development of the necessary policy and legislative 
instruments to enforce the agreed-upon arrangements 

o Standardized and institutionalized hazard, risk and vulnerability assessment 
methods for Georgia  

o Nation-wide risk zoning policy based on risk and hazard maps (produced under 
activity 1.2) will be operationalized through relevant national regulations and 
guidance documents.  

o Technical Capacity building – Courses in CRM, climate-induced hazard risk 
management and aspects of MHEWS will be added to the trainings provided by the 
EIEC to improve the technical capacity and knowledge base for hazard and climate 
risk management, EWS and long-term adaptation planning.  Moreover, an internal 
capacity for EIEC will be built in terms of Training of Trainers (ToT) in above topics.   

o  
Activity 2.2: Development and implementation of the MHEWS 

o Development of a fully integrated multi-hazard forecasting system to be implemented 
within NEA to cover the whole territory of Georgia extended to other hazards including 
landslides, avalanches, wind, hail and drought 

o Inclusion of the data from ground weather radars into the forecasting platform to 
provide for a finer spatial resolution of the precipitation area, the real-time data 
availability, and the ability to track approaching storms even before they reach the 
catchment of interest. Procedures for the inclusion of the radar data will be developed 
and tested.  

o Inclusion of a high resolution Digital Elevation Model (DEM) data from aerial 
photographs or LiDAR sources; European Centre for Medium-Range Weather 
Forecasts (ECMWF) data; a new integrated data management system for storage of 
both real-time and climatological observation needs with real-time quality control 
procedures; various weather forecast information from global, regional and local 
models, managed through a weather forecast production system which allows the 
visualization and analysis of grid formatted data and observation data including   local 
WRF and COSMO models, the regional ECMWF and HIRLAM or the global GFS; 
satellite images data, such as EUMETSAT or NOAA satellites; observation data from 
the different stations deployed; images from the weather radars deployed within the 
framework of this project; 

o Inclusion of a forecast verification system will be implemented, to evaluate the quality 
of forecasts by objectively measuring how well the forecasts correspond with the 
actual data as revealed by observations, as part of the quality assurance process of 
a forecast and warning production environment. 

o Design and implementation of the “Last-Mile” warning dissemination and 
communication system 

o Design and implementation of the National MHEWS Protocol 
o Monitoring and evaluation of the designed MHEWS and development of 

recommendations for the system enhancements, expansion and further 
development for long-term sustainability of the system 
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Activity 2.3: Access to weather and climate information and enhanced 
agrometeorological information services for farmers and agricultural enterprises  

o Build upon the enhanced equipment and capacities of the agrometeorological 
observation network to be achieved through Activity 1.1. and further support 
capacities of the national agricultural agencies and extension services to generate 
and deliver tailored climate and weather information and advice to the farmers 

o Build capacity within MoEPA in the use of climate information and climate change 
adaptation for the Scientific Research Centre of Agriculture, National Food Agency 
and for the municipal Information and Consultations Centers as well as the training 
of NEA 

o Integrate climate risk and adaptation priorities into the agriculture sector plans, 
investments and budget frameworks, including the investment appraisal skills, 
economic valuation of climate change impacts, based on sector model, trade off 
analysis and cost-benefit assessments for a range of plausible adaptation options in 
agriculture. 

o Development of guidance documents, methodologies and technical regulations for 
the agricultural sector on climate risk assessment and management and the use of 
climate information 

o Development of new climate information products for the agricultural sector (agri-
climate maps, calendars, advisories, etc.) and delivery of these products to the 
farmers to help them make decisions related to timing, such as choosing the best 
planting dates and deciding when to apply fertilizer. 

o Supporting improvement of agrometeorological advisory services (that links 
forecasts with the direct advice and guidance to farmers as to how to respond to 
forecasts, what are the most effective response measures etc.) through the NFA, its 
regional service centers as well as through the Scientific-Research Center of the 
MoEPA and its information-consultation centers, altogether providing warning and/or 
extension services to farmers 

o Capacity building and training for local farmers in the use the weather forecasts 
within their farming methods 

• Activity 2.4:  MHRM planning platforms: Development of basin-level multi-hazard risk 
management plans; Municipal-level climate-induced multi-hazard response and 
preparedness plans 

o Development of Multi-Hazard Basin Risk Management Plans.  Work closely with 
central and municipal authorities and local communities to understand the risks and 
vulnerabilities (including the use of climate-induced risk mapping and vulnerability 
surveys to be undertaken in Components 1 and 3), to develop appropriate climate 
induced hazard management plans and mitigation measures with the full 
involvement of the community through Participatory Risk Assessment 

o Develop integrated multi-hazard basin risk management plans for each major river 
basin (11 in total, including: Enguri, Rioni, Chorokhi-Ajaristskali, Supsa, Natanebi, 
Khobi, Kintrishi, Khrami-Ktsia, Alazani, Iori, Mtkvari (same as Kura) river basins) with 
participation of all relevant stakeholders 

o Develop Municipal-level climate-induced multi-hazard response and preparedness 
plans 

 
Output 3: Improved community resilience through the implementation of the MHEWS and 
priority risk reduction measures.  

• Activity 3.1: Implementation of community-based early warning schemes and CBCRM  
o Community-based EWS and CBDRM schemes will be developed for at least 100 

communities across Georgia based on full community engagement and participation 
which ensure the inclusion of women and vulnerable groups.   
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o Implementation of Community based EWS where appropriate to complement the 
fully integrated national EWS.  The selected communities will be relatively high risk, 
have short lead time of the extreme events, have technical constraints for the central 
system to effectively service the community (e.g. due to remote location or 
connection problems).  Communities will assist in the design, implementation and 
operation of the CBEWS and will be trained and equipped in monitoring, warning and 
dissemination, and maintenance of equipment.    

o Implementation of Community-based climate risk management process.  
Communities will be engaged through the CBDRM process to identify all notable 
hazards using gender-sensitive participatory community hazard and vulnerability 
mapping, the socio-economic impacts and vulnerability of their communities and the 
risks they have to manage now and in the future.  Participatory community-based 
adaptation interventions will be planned and implemented in priority risk areas to 
include community disaster risk reduction interventions measures.  Communities 
(particularly women and vulnerable groups) will be trained to implement and maintain 
non-structural intervention measures necessary to reduce various climate-induced 
risks.  CBCRM measures to be implemented will include community-based agro-
forestry on 20 ha of municipal lands 

o Gender mainstreaming will be a key aspect of the CBCRM process to be developed 
o NGOs and CBOs with strong grass-roots experience and relevant local partners in 

natural resource management, women engagement, community mobilization, 
empowerment, participatory community planning and development and DRR will be 
engaged to develop and implement this activity 

o Impact evaluation of the measures implemented by the project evaluated at baseline, 
year 4 and year 7 of the project.   
 

• Activity 3.2:  Public awareness and capacity building programme at all levels to 
effectively deliver climate risk information and training to communities and local first-
responders 

o Through the EIEC under the MoEPA who has a mandate as well as experience in 
environmental outreach, education and capacity building, the project will embed 
capacity for national and municipal level response trainings for officials.  Community 
level awareness raising and informal education activities will be carried out in close 
cooperation with NGOs having grassroots capacity building and information. 

• Activity 3.3:  Implementation of risk reduction intervention measures that would 
significantly reduce the risks against which the MHEWS will operate 

o This activity will focus on implementation of priority risk reduction interventions for 
areas where risk from climate-induced natural hazards is highest at 13 sites selected 
based on CBA prepared for the final list of priority measures.  

o Types of risk reduction measures to be implemented include: 
§ Construction of embankments (using boulders or gabions) 
§ River bank protection (wire mesh lining) 
§ Sediment extraction, removal of debris and vegetation 
§ Channel widening  

 
The project will achieve transformative change in disaster risk reduction and risk management in 
Georgia as follows: 

Hazard and risk knowledge improved  
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The GCF project will provide critical climate risk information that would enable the Government of 
Georgia to implement a number of nation-wide transformative policies for reducing exposure and 
vulnerability of the population to climate-induced hazards and will stimulate private sector 
engagement.  

Through the expansion of the hydrometric network and the development of the relevant capacities 
within the key institutions for multi-hazard monitoring, the project will achieve a paradigm shift from 
current partial coverage of key hydro meteorological variables, to the ability to fully monitor hydro 
meteorological variables at the best possible spatial and temporal scale for use in all hazard and 
risk management in the future.   

The project will address current gaps in risk knowledge by introducing standardised hazard, and 
risk assessment, modelling and mapping methods and technologies and build long-term institutional 
capacity for such assessments.  In so doing, it will establish a single source of definitive hazard 
mapping of the appropriate technical specification and level of detail for all uses, building upon 
modern modelling methods and software introduced under the Rioni project and introducing other 
modern methods for hazard and risk assessment of all climate induced hazards.  This will address 
the lack of definitive and technically appropriate climate-induced hazard maps for Georgia and will 
provide the basis for risk-informed decisions and risk-informed activities such as spatial planning, 
floodplain management policy and emergency response. It will also address the limited technical 
capacity and experience of responsible agencies to produce hazard and risk maps for all hydro 
meteorological hazards and provide the mandate and capability to undertake such studies in the 
long-term.  The project will also support the development of platforms for the coordination and 
dissemination of climate-risk information across all sectors through the development of a centralised 
multi-hazard disaster risk information system.   This will enable the systematic use of climate-risk 
information in decision making and importantly, in the management and reduction of climate-
induced risks across all sectors.   

The project will address the lack of gender-sensitive socio-economic data and relevant capacities 
for risk, damages, losses, exposure and vulnerability assessments by developing and harmonising 
methodologies and technologies for the systematic collection of socio-economic information 
required to assess climate induced hazard damages, losses, exposure and vulnerability.  It will 
address the lack/absence of methods and tools for gender disaggregated information particularly at 
municipal and community levels by introducing and standardise methods of gender mainstreaming 
in CRM and DRR.  Such methods and technologies will be introduced at all levels: central, 
municipality and community level and will include 'crowd sourcing and public participatory 
approaches to reporting damages.  The project will build upon modern risk and vulnerability 
methods and bespoke GIS-based modelling tool developed under the Rioni project and extend to 
the rest of Georgia.    

The project will therefore catalyse a paradigm shift towards the systematic monitoring, assessment 
and mapping of hydro meteorological hazards, as well as the use of risk information in risk-informed 
decision making, sectoral planning and activities and in the strategic management of climate-
induced hazards throughout Georgia.   

National Multi-Hazard Early Warning System developed   
Early warnings and forecasts are key measures within a suite of steps required to reduce the social 
and economic impact of climate-induced hazards. The proposed project is a direct response to the 
critical priorities identified by government and builds upon projects that have made some 
advancements in implementing CRM, DRR and EWS in Georgia. Effective hazard emergency 
response relies on effective forecasting and warning, knowledge of where and when the hazards 
will occur (high risk areas identified by hazard mapping), key players in the response, actions to be 
taken by each individual (or groups of individuals) and response/evacuation plans.  Forecasting and 
early warning is one of the most important tools for disaster preparedness and emergency response 
if it can provide sufficient time to act to prevent damage or loss of life during an event.  
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The project will address all technical, institutional (including legal) and financial barriers to 
implementing a fully integrated multi-hazard EWS system by combining best available science and 
local knowledge for vulnerability assessment, hazard and risk mapping, disaster modelling and 
forecasting.  The project will develop and implement MHEWS covering all basins in Georgia, 
building on the Rioni basin prototype and on the rehabilitated hydrometric network and will develop 
multi-hazard risk management plans for all major river basins in Georgia and municipal multi-hazard 
response and preparedness plans.   

It will undertake training and capacity building for NEA’s hydro meteorological service on the data 
analysis, forecasting and packaging of the EW products.  The project will clarity responsibilities and 
improve access to risk knowledge/information through better systems and data sharing measures, 
strengthening cross-agency cooperation in all DRR areas including DRR financing, thus enabling 
government to identify optimum/efficient allocation of funds for DRR through DRR-financing studies 
development of DRR financial planning tools and actions plans.   

The project will thus catalyse a paradigm shift in the climate-informed national disaster risk reduction 
and early warning approaches.  

 

Community resilience, awareness and adaptive capacities improved 
The project will engage and partner with local communities (particularly women and vulnerable 
groups) in CRM by implementing national grass-roots programmes that promote non-structural 
measures that support and enhance community resilience. The project will introduce innovation and 
transformative change through the development of participatory “Last Mile” communication 
solutions tailored to the needs of local communities, including CBEWSs.    Extensive community, 
municipal and national-wide awareness raising and capacity building will be undertaken to address 
the limited community knowledge about risks and necessary risk reduction actions that they can 
take.   

In addition, the project will address the limited capacity and resources to implement cost-effective 
climate-induced strategic hazard risk reduction and adaptation activities by strengthening national 
capacities for developing and implementing MHRM plans, based on hazard and risk information 
and through the detailed design and implementation of priority risk reduction structural measures.   
Thus, directly increasing resilience in targeted areas.  

The project contributes to the achievement of GCF strategic-level impacts through increased 
resilience of the most vulnerable people, communities and regions; and increased resilience of 
infrastructure and the built environment to climate change threats.  

The project will contribute to the achievement of GCF indicator of the reduction in the number of 
people affected by climate-related disasters for Georgia’s population overall and with the focus on 
different vulnerable groups (through the application of social vulnerability approach).   

To date Georgia has taken a reactive approach to disasters and, as a result, has experienced 
significant losses in lives and livelihoods of its citizens.  In the baseline scenario, Georgian 
population and economy will be facing increasing pressures from more frequent and severe climate 
induced natural disasters due to climate change. Losses of lives and economic losses due to 
climate-induced disasters and associated impact on GDP and sovereignty credit rating will be 
increasing. Scaling-up of tested EWS will not be possible due to the existing financial gap between 
DRR needs and investments, underdeveloped national capacities for inadequate hazard and risk 
knowledge for all major basins in Georgia, as well as due to a lack of monitoring stations on which 
such risk knowledge relies.  

In the adaptation alternative, this GCF project will support the commitment of the Georgian 
government to avoid losses of lives and to reduce economic and infrastructure losses caused by 
climate-induced hydro meteorological disasters. The project will achieve this by nation-wide scaling-
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up of the Multi-Hazard Early Warning System (MHEWS), developing capacities for climate 
information services, enabling and embedding the use of climate risk information in sector planning 
and decision-making, and reduction of exposure of the most vulnerable communities to climate-
induced hazards through community-based risk reduction measures. 
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ANNEXES 
 

Annex 1 - Map of Major catchments and sub-catchments  

Annex 2 - NEA's Disaster Database/record 

Annex 3 - Review of existing hazards maps 

Annex 4 - Analysis of Sectoral Strategies 

Annex 5 - Institutional Capacity Assessment for DRR, CCA and EWS 

Annex 6 - Description of existing Rioni FFEWS system 

Annex 7 - Multi-hazard and risk Modelling and mapping methodologies 

Annex 8 - Summary of outline design for structural risk reduction measures  
Annex 9 – Tbilisi Post-Disaster Needs Assessment (PDNA) 
Annex 10 – Agro-forestry approach 
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Annex 1 – Map of the Catchments and Sub-catchment of Georgian Rivers 
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Annex 2. Hazard Statistics 
 

Table 1. Historical recorded disasters 
Sources:  
1 National Environmental Agency, Division of Hydro-meteorological Hazards and Damage Mitigation; 
2 2012 Georgia Severe Storms and Flooding, Joint Needs Assessment 
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1996 11 28.5 1 1.5 17 0 4 4 5 404 80 3 198 27 5 6 3.8 3 11 17 0 177.3 17 0.56
1997 12 38 0 2 26 0 3 1 0 510 102 3 318 44 0 10 4.2 0 14 35 0 250.2 3 0.79
1998 2 2 1 1 6 0 3 72 5 333 67 2 147 20 6 9 3.9 2 12 8.5 0 179.4 16 0.57
1999 8 30.5 1 0 0 0 2 3.5 0 56 12 1 27 4 5 12 3.7 1 9 6.9 0 60.6 8 0.19
2000 2 2 0 6 300 0 2 1 0 65 13 1 23 3 0 7 2.1 1 7 5.8 0 326.9 2 1.03
2001 4 4.1 0 2.5 21 0 1 0.1 0 75 15 0 26 4 0 6 3.5 1 8 10.4 0 58.1 1 0.18
2002 16 78.7 0 0 0 0 2 0.6 0 69 13.8 1 23 2.5 2 8 1.5 0 8 6.8 0 103.9 3 0.33
2003 6 4.2 2 0 0 0 1 0.1 0 71 14.5 3 28 4 0 8 2.1 2 7 6 0 30.9 7 0.1
2004 10 20.5 1 0 0 0 4 0.8 0 736 147 1 192 28 0 10 4.8 1 11 12.5 0 213.6 3 0.67
2005 20 80 4 0 0 0 3 0.4 0 480 96 0 68 9 0 14 4.5 3 19 6.9 0 196.8 7 0.62
2006 8 15 1 1.5 5 0 3 0.3 0 316 70.5 1 73 40 0 12 2.5 0 11 6.2 0 139.5 2 0.44
2007 7 40.3 1 0 0 0 6 1.1 1 10 3 1 7 5 0 49.4 3 0.16
2008 16 38 3 0 0 0 5 2.9 0 4 1.9 0 5 2.9 0 45.7 3 0.14
2009 20 30 5 1.5 6 0 12 8 8 6 2.8 2 15 9.5 0 56.3 15 0.18
2010 18 20.7 3 3.5 45 0 8 2.5 1 8 2.4 1 15 6.9 0 77.5 5 0.24
2011 23 35.1 9 1 3 0 10 0.95 0 6 1.9 1 14 6.2 0 47.15 10 0.15
2012 15 32 5 1 1 0 5 140 0 15 3.6 1 15 42 0 218.6 6 0.69
2013 8 20 0 0 0 0 20 60 3 8 1.2 0 23 40 0 121.2 3 0.38
2014 13 10 3 2 15 0 35 25 0 23 8 4 28 30 0 88 7 0.28
2015 11 112 22 1 0 0 23 8 0 18 4 1 22 15 0 139 23 0.44

Total 234.00 644.80 63 24.50 445.00 0 154.00 332.75 23 3,781.00 762.80 20 1,816.00 281.50 19 208.00 68.60 27 268.00 292.20 0 2,827.65 152
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3 2015 Tbilisi Disaster Needs Assessment Report 
Table 2:  Historical recorded disaster events by region (1962-2015) 

Region DR RF SA SF TS WS MF LS HS HR FR FO FI FF EQ 
Tbilisi 2   1 1 2 36 1   38 33 3 1   17 2 
Tbilisi suburb           1     1             
Adjara 3   6 15   81 4 6 12 29 27     20   
Guria 4   3 11   19 1 1 8 18 16     19   
Imereti 4 2 2 10 1 42 2 1 19 26 17     26   
Apkhazeti     2 2   11     7 14 8     2   
Samegrelo Zemo Svaneti 4   9 12 1 70 1   13 51 27     46   
Samtskhe Javakheti 14     3   17       17 9   1 4   
Mtskheta Mtianeti 9   40 4   23 12 2 51 29 12 2   25   
Kakheti 24   1 4 1 54 6 1 142 65 11 1   42   
Racha Lechkhumi Kvemo Svaneti 3   3 6   11 7 1 11 19 13     20 1 
Kvemo Kartli 18     1   27 3   72 26 15     10   
Shida Kartli 21     4 1 13 1   61 16 17 1   15   
Samkhret Oseti 5   1     1     7   2     1   

                
DR (Drought) - Includes: Drought; Heat (days with high temperature); Lack of water in the rivers)          
EQ (Earthquake) (only 3 records)                
FF (Flashflood) - Includes: Flashflood; Flashfloods at the rivers; Flashflood (inundation); Flood; Flood-Flashflood        
FO (Strong Fog) (only 5 records)                
FR (Frost) - Includes: Frost; Strong Frosts               
HR (Heavy Rain) - Includes: Heavy Rain; Rain               
MF (Mudflow) - Includes: Mudflow; Heavy flow               
HS (Hailstorm) - Includes: Hailstorm; Strong Hailstorm              
LS (Landslide)                
RF (Rockfall) - Includes: Landslide (Rockfall type)               
SA (Snow Avalanche)                
SF (Snowfall) - Includes: Snowfall; Heavy Snow; Heavy snowfall; Intensive Snowfall; Intensive wet snowfall; Snow on communication lines      
TS (Thunderstorm) - Includes: Thunderstorms; Lightning (only 3 records)            
FI (Fire) - only 1 record                
WS (Wind Storm) --Includes: Eastern Windstorm; High Waves; Snowstorm; Squall; Storm; Storm at Black Sea; Strong Waves at Black Sea; Strong Wind; Whirlwind; Whirlwind on Black Sea 
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Annex 3. Existing Hazard and Vulnerability maps for Georgia and 
proposed approach GCF project 
 

Review of Previous Hazard Mapping for Georgia 

Hazard mapping has been undertaken in the past in Georgia. A review. This section 
summarises a review of previous hazard mapping to identify whether there is any potential to 
use existing mapping and/or update such mapping as part of this study. 

The M. Nodia Institute of Geophysics, supported by grants from the Council of Europe's 'EUR- 
OPA Major Hazards Agreement' and the Georgian National Research Foundation, has 
contributed significantly to developing a knowledge base for hazard and risk mapping in 
Georgia and South Caucasus. Together with research institutes in Armenia and Azerbaijan, 
the Institute of Geophysics has mapped hazards and risk for South Caucasus, based on the 
methodology of the Global Natural Disaster Risk Hotspots study, which is a global risk analysis 
undertaken by the World Bank to assess the global risks posed by six major natural hazards: 
earthquakes, volcanoes, landslides, floods, drought, and cyclones. Risk levels are estimated 
by combining hazard exposure with historical vulnerability for two indicators at risk, population 
and Gross Domestic Product (GDP) per unit area. Relative risks are calculated for each grid 
cell to show patterns of risk at sub-national scales. This global analysis is limited by issues of 
scale as well as by the availability and quality of data. For a number of hazards, only 15- to 
25-year records of events for the entire globe and relatively crude spatial information for 
locating these events were used. Data on historical disaster losses, and particularly on 
economic losses, were also limited. 

Based on local and more accurate data, the M. Nodia Institute concluded that the South 
Caucasus is equally prone to seismic and geological hazards as to hydro-meteorological 
hazards, and that there is no significant distinction between North and South Caucasus in this 
regard. This is in contradiction to the global mapping exercise which concluded that South 
Caucasus is mainly exposed to hydro-metrological hazards, thus supporting the conclusion 
that the Global Natural Disaster Hotspots study is too coarse in scale to be used for managing 
natural hazards within Georgia. 

From 2006 to 2009, under a project aiming at reducing natural disasters, the institute 
implemented an assessment of 12 types of natural hazards and related risks for all regions in 
Georgia. Based on indicators such as population data and Gross Domestic Product, this 
assessment allowed the institute to roughly compare regions in Georgia by their levels and 
types of risk. Although the assessment was based on indirect information - due to limited 
availability of primary data - it created a valuable database for all administrative regions in 
Georgia. 

The regional project created small scale maps not only for floods, but also for earthquakes, 
landslides, mudslides avalanches etc at a scale of 1: 1,000,000. Maps of this scale cannot be 
used for detailed risk assessments or operational planning, but they provide an overview. 

During the UN review of flood forecasting requirements for Georgia53, ongoing flood mapping 
activities were discussed in detail at the Hydro-meteorological Department of NEA. Paper 
maps of scale 1:50,000 have been digitised for a part of Svaneti, part of Mtskheta-Tianeti and 
Aragvi (White) and are being digitised for Upper and Lower Svaneti and a part of Adjara. The 
intention is to digitise maps for all natural hazards, including floods. 

                                                
53 UNDP “Assessment Report on the Development of Flood Early Warning System in Georgia 
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The review concluded that the current approach to flood mapping suffers from the following 
constraints: 

(i) Too few experts are available at NEA to perform this activity and the applied technology 
/ methodology is overly simplified. 

(ii) Since only paper maps were available for preparing digital terrain models at the time, 
GIS specialists are manually digitising maps of scale 1: 50,000 which is inefficient and 
ineffective.   

(iii) The resolution of the maps is too small. 1:50,000 was chosen since it is time consuming 
to digitalize even maps of this scale.  

In 2012, the Caucasus Environmental NGO Network (CENN) developed a hazard atlas for all 
of Georgia which provides online access to, and interaction with, the database and maps for 
all natural hazards in Georgia54. 

CENN have taken into account and mapped the following 10 hazard types: earthquakes, 
floods, landslides, mudflows, rockfall, snow avalanches, wildfire, drought, windstorm and 
hailstorm. For each they have generated hazard susceptibility maps, classified into three 
classes (high, moderate and low). Historical information on past events was used to estimate 
the number of events that are likely to happen in a reference period of 50 years, and the size 
of individual events. The spatial probability was then calculated by dividing the area of the 
expected events by the total area of each hazard class. In addition to this general approach, 
CENN employed more specific approaches to each hazard type. The approaches for flood 
and landslides hazard mapping are discussed below based on information provided on the 
CENN website. 

CENN Flood Hazard Methodology 

According to the CENN website, inundation width was calculated by the processing of 
historical data derived from the hydrological catalogue for 10, 50 and 100 years return period 
which is provided as point data. These point data were then interpolated by IDW interpolation 
to produce a raster for the 10, 50 and 100 return period flood outlines. 

Flood depths were obtained by calculating the difference in elevation between the flood level 
and the river bed elevation using the ASTER GDEM v2 digital elevation model (from which 
the river network was derived based on stream order methods). In a final step the map with 
the heights above the river was reclassified into three broad classes, smoothed and post- 
processed. Manual corrections were done for specific areas which resulted in some inundated 
areas removed and others added to the flood outline. CENN states that “Corrections were 
done according to personal knowledge and information from local people”. Validation was 
based on historical data from media and cross sections for several rivers. 

This approach is very crude and is based on an assessment of previously observed and 
interpolated flood widths essentially draped onto a course digital terrain model. It does not 
involve the use of models to predict how the catchment will respond to rainfall events of 
different return periods (hydrograph generation) which would normally be the first step in 
deriving the quantity of water that needs to be passed through the floodplain. It also does not 
involve the routing of such flood hydrographs through the floodplain based on established 
hydraulic flood modelling techniques. The CENN flood hazard maps are therefore not 
appropriate for use in the detailed assessment of flood risk and for the development of flood 
management and intervention measures. 

                                                
54 http://drm.cenn.org/index.php/en/hazards-and-risks/hazard 
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CENN Landslide Methodology 

CENN used a landslide risk index approach which involved multi-criteria analysis of several 
maps from which landslide susceptibility maps were derived. 

Spatial multi-criteria evaluation was undertaken in GIS. The input is a set of maps that are the 
spatial representation of the criteria, which are grouped, standardized and weighted in a 
criteria tree. The output is one or more composite index map. The theoretical background for 
the multi-criteria evaluation is based on the analytical hierarchical process (AHP) developed 
by Saaty (1980), and which has recently been applied to landslide susceptibility assessment. 

The input layers were standardized from their original values to the value range of 0–1, and a 
constraint indicator chosen (slope angle). After selecting the appropriate indicators, defining 
their standardisation and the hierarchical structure, weights were assigned to each criteria and 
intermediate result. Finally, the landslide index map was created using the direct method 
weighting approach. 

While the CENN landslide maps provides a useful landslide index, it is based on national scale 
mapping which is not supported by detailed field surveys as would be required for detailed 
landslide risk assessment. 

CENN Drought and Hail Hazard Methodology 

The drought hazard map and the hailstorm hazard map were obtained from the NEA and 
reclassified from original 6 classes, 3 in order to be compatible with the legends of the other 
hazard maps. 

CENN Snow Avalanche Methodology 

The approach utilised a DEM (ASTER), LANDSAT data, MODIS snow cover imagery and 
historical database of avalanche occurrences in Georgia.  The DEM and land use (forest 
cover) datasets were used to identify slopes susceptible to avalanches.  Maximum snow depth 
data from 193 stations were analysed from which a spatial distribution of maximum snow depth 
was obtained (using geostatistical interpolation methods in GIS).   Avalanche risk map was 
derived by weighted multi-criteria analysis and calibrated by visually checking against a 1 in 
2,000,000 scale maps of avalanches provided by NEA.   

Rioni Basin Hazard Mapping 

The most recent hazard mapping was undertaken under the project “Developing Climate 
Resilient Flood and Flash Flood Management Practices to Protect Vulnerable Communities of 
Georgia” (2012-2016; $ 5 Million USD) funded through the Adaptation Fund and UNDP, which 
supports the government and the communities of the target region of the Rioni basin to 
develop adaptive capacities and embark on climate resilient economic development (describe 
in Section 1.5). The project introduced international best practice in flood hazard and risk 
mapping and developed modelling capacity within NEA. Detailed hydrological, hydraulic and 
risk and vulnerability modelling and mapping was undertaken as well as landslide risk mapping 
based on extensive field work and desktop analysis. 

Summary of previous hazard mapping  

Earlier national scale hazard mapping (e.g. CENN) has not produced maps of sufficient levels 
of detail or based on the most appropriate methods to support risk assessment and risk 
management activities in Georgia.  

The Rioni project introduced state of the art modelling methods and tools and has produced 
hazard and risk maps in line with EU floods directives requirements.  The GCF funds will build 
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on the methods introduced by the Rioni project and the capacity built within NEA to undertake 
hazard, risk and vulnerability modelling and mapping for key hazards for all of Georgia. 

   

 

Annex 4. Development and sectoral strategies and laws 
 

General social-economic development strategy. The Georgian Social-economic 
Development Strategy 2020 states that: “Due to the fact that Georgia is one of the most 
sensitive places among the world’s mountainous regions in terms of natural disasters, it is 
necessary to decrease the natural disaster risk, avoid loss of lives from such disasters and 
eradicate their negative results (damage to roads, bridges, industrial or residential premises 
and other infrastructure)” (Government of Georgia 2014). The strategy considers the UNFCCC 
mechanisms to support problem solving, and also other climate change adaptation 
instruments as potential sources of funding.  

National Environmental Action Plan. National Environmental Action Plan-2 for 2012-2016 
sets long-term goals and shorter-term targets for priority environmental areas as well as 
outlines the actions to be implemented during the programme period. Under the climate 
change section, the first strategic goal is to ensure the security of the country’s population by 
implementing CC adaptation measures. This has to be achieved by two concrete targets: i) 
implementing CC adaptation measures in the most vulnerable regions and, ii) identifying CC 
impacts on other regions and sectors. The actions planned mostly reflect those activities that 
have already been implemented or are under implementation by the state or other donor 
programmes. In addition to the above, climate change is also integrated in other chapters of 
the document that cover its impact on sectors such as: forestry, land degradation, biodiversity 
and protected areas, mineral resources and natural disasters.  The NEAP includes the most 
comprehensive set of climate change adaptation measures in Georgian national policy 
documents to date. 

National water strategy and river basin plans. In accordance with a draft law on Water, 
which is largely based on EU Water Framework Directive (WFD) and is planned to be officially 
adopted during the first quarter of 2017, MoEPA through its Water Resources Management 
Service is required to develop a National Water Strategy that may take into consideration 
climate impacts as well as river basin plans for major river basin districts, including Central 
Kura, Ktsia-Khrami (same as Khrami-Debed), Alazani-Iori, Enguri-Rioni and Chorokhi-
Adjaristskali River Basin Districts. The latter was developed with EU regional river basin 
project’s support and will be officially endorsed by the government next year. 

Although, the WFD does not explicitly talk about climate change and adaptation, it requires 
relevant authorities to take into consideration other important EU directives, e.g. EU flood 
directive, EU Water Scarcity and Droughts Strategy while planning measures to address 
various pressures and risks to water bodies. Moreover, river basin management planning 
makes it possible to adaptively manage climate change impacts - scale up or down our 
response to climate change in accordance to monitored data, and avoid over-investment or 
under-investment. On the other hand, it is important that long term climate projections are built 
in to the design of measures (driven by current pressures) that have a long design life and 
high costs. Thus, inclusion of climate change in assessment of pressures is important. More 
than that, the river basin management planning process is the best mechanism through which 
to balance available water resources and demands, thus avoiding long term water scarcity, 
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and provides clear links to the management of flood risk in catchments, which is specifically 
addressed through requirements in the Floods Directive.  

The WFD has a guidance document # 24 specifically dedicated for river basin management 
under changing climate. It can be applied during the process of river basin planning. Moreover, 
currently a law of Flood management, based on EU Flood Directive is being developed, which 
will be finalized next year. One option that is considered by the government is to integration 
this law in the new Water Law. 

Regional Development Strategies. In the State Strategy for Regional Development of 
Georgia – 2010–2017 (Government of Georgia 2014a) climate change and natural disasters 
are mentioned   in   relation   to   the   protection of people and property.  It underlines the 
need for planning and implementation of respective adaptation measures including: 
introduction of flood monitoring and early warning systems, as well as mainstreaming climate 
considerations into regional and municipal strategies. Both issues are tackled through the 
relevant chapters. The document considers the need for sustainable management of land 
resources under changing natural conditions and soil vulnerability as well as the negative 
impact of natural hazards. 

The Regional Development Programme 2015–2017 (Government of Georgia 2014b) 
underlines the importance of disaster risk reduction (DRR), and is aligned with the objectives 
of Georgia’s second National Environmental Action Plan (NEAP 2012– 2016) which are: i) 
Improvement/modernization of early warning systems; ii) Prevention/reduction of the negative 
impact of floods and flash-floods from river basins of Georgia; iii) Resumption of artificial 
influence activities on some hazardous events (hail, drought, snow avalanches) (p. 67). 

The Regional Development Programme has assigned an indicative budget of 15.6 Million GEL 
(about $ 7.8 Million USD) for the Ministry of Environment and Natural Resources Protection, 
and another 15 Million GEL to the Ministry of Regional Development and Infrastructure for 
natural disaster preventive measures for a three-year period. 

Regional Development Strategies (RDS) (MRDI) are developed for all Georgian regions and 
similarly to national development documents in that they focus on natural hazards and DRR, 
albeit in a reactionary manner rather than a strategic risk management manner due to lack of 
resources and capacities to develop adaptation-based strategies; Most of the Georgian 
municipalities also have their own development priorities reflected in their respective budgets. 
However, despite the fact that some of the priority programmes were supposed to be treated 
as purely climate change adaptation, municipal authorities at best perceive those projects as 
natural disaster prevention activities and in most cases, consider the activities as infrastructure 
projects (ACT 2015). 

Currently, the national strategy and action plan for the development of the mountainous 
regions is being developed as prescribed by the 2016 Law on the Development of High 
Mountainous Regions of Georgia. The multi-stakeholder national council coordinates the 
process. For the implementation of planned actions and various mountainous programmes it 
is envisaged to establish a special fund under the Ministry of Regional Development and 
Infrastructure, with approximate annual amount of 40 Million GEL. DRR will be taken into 
consideration.   

Natural disasters are a key aspect of almost all policy documents and there is a tendency to 
address them using protection measures rather than adaptation measures. Some other issues 
potentially linked with climate change adaptation, such as forest degradation, the need for 
sustainable land management; protection of the agricultural sector from risks of natural 
hazards and the reduction of risks from natural events in general; and the rational use of water 
resources, especially in the agricultural sector appear to attract an adaptation focus.  Most of 
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the development strategies address climate change through general declarations but very few 
point to concrete adaptation actions.  

Forestry. The National Forest Concept for Georgia (Government of Georgia 2014c) was 
approved by the Parliament as the basis for elaboration of both new legislation and policy for 
forest management in the country. Particular actions, which can support Georgia’s forest 
adaptation to global warming, covered by the concept can be summarised as follows: 

• Commissioning of an assessment of climate change impacts on forest areas, 
including impacts on the goods and services provided by forests 

• Support national dialogues on possible adaptation strategies 
• Categorizing forest stands according to forest composition and vulnerability to 

climate change and elaborating sustainable management guidelines, 
including adaptation measures, for each forest type 

• Implementation of adaptation plans for climate vulnerable forest stands 
• Equip forest management bodies and forest users with the best methods for 

carrying out vulnerability assessments. 

It is worth noting that no specific actions to protect mountain forests are promoted by the 
concept. 

Analysis of forest programmes revealed that Georgia is missing comprehensive and evidence-
based research on the vulnerability of forest ecosystems to climate change in order to plan 
further detailed and complete action to increase the resilience of its forests. 

Agriculture. The Agriculture Development Strategy of Georgia (MoA 2015) is divided into 
strategic directions and measures. In the Strategic Direction: Climate Change, Environment 
and Biodiversity, the document envisages: 

• Creation of a gene bank for the conservation of agro-diversity and endemic 
species and thus increasing agricultural sector resilience to climate change 
especially in arid and semi-arid zones, and in general 

• Promotion of climate smart agriculture (CSA) practice in agricultural 
production to ensure economic and social welfare of farmers and other types 
of vulnerable groups. 

It states: “it is important to promote a Climate Smart Agriculture approach that simultaneously 
addresses three intertwined challenges: ensuring food security through increased productivity 
and income, adapting to climate change and contributing to mitigation of climate change”. This 
measure promotes strong coordination of action among different stakeholders, including 
government institutions, local authorities, NGOs and private sector representatives, to develop 
relevant national and municipal programmes. As well as development of capacities, 
introduction of relevant technologies, it envisages research to ensure increased agricultural 
production resilience to climate change impacts. Moreover, climate change is mainstreamed 
under other strategic directions and measures such as the reduction of soil degradation and 
desertification processes. 

According to the strategy, to define and support rural development and investment strategies 
for each region, the MoEPA shall collaborate with other entities and local authorities to draft a 
rural development policy, which, in turn, shall be based on local, social, economic and cultural 
specifications. A unified action plan shall be developed incorporating short, medium and long-
term measures.  
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As part of the state agriculture strategy, by two #305 (2015) and # 1462 (2014) government 
the agro-insurance subsidy was introduced, which enabled farmers to ensure agriculture crops 
from natural hazards, such as hail, flooding, wind storms, frost.55  
 

Energy. The energy sector development and regulation in Georgia incorporate laws and 
strategies on conventional and alternative/renewable energy sectors. Some of them recognise 
climate change as a phenomenon and promote action to mitigate climate change but none of 
them consider the reverse effect of climate change on renewable energy sources and/or on 
physical infrastructure or potential heating or cooling demand through climate change.  
Climate Change adaptation measures within the energy sector remains under developed. 

 
Urban planning. The urban planning process in Georgia is decentralized. Central government 
through Ministry of Economy and Sustainable Development is responsible for development of 
legislation regarding spatial-territorial planning and construction. And local governments are 
mandated to develop their spatial development and land-use plans. Currently, the Ministry is 
working on development of central, nation-wide spatial planning strategy that will be based on 
seismic hazard assessments. Building codes and regulations from Soviet era are still valid in 
Georgia. In 2013, the Government adopted a decree to recognize technical regulations 
enacted in OECD countries. The government, however is working on adoption of EU building 
codes based on the unified national set of building regulations, including setting up 
enforcement, monitoring and control mechanisms. 

  

                                                
55 http://apma.ge/projects/read/agroinsurance/4:parent 



Annex II – Feasibility Study I  
         
                                                                                                     GREEN CLIMATE FUND FUNDING PROPOSAL 
 
 

256 
 

Annex 5. Institutional capacity assessment for flood hazard and risk 
management in Georgia 
 
The implementation and maintenance of a multi-hazard early warning system of this scale will 
require technical capacities in all areas of hazard and disaster risk management to ensure the 
long-term sustainability of the system.     

Technical skills and competencies exist in governmental and non-governmental institutions in 
areas that contribute to risk reduction. Similarly, technical expertise and experience in disaster 
management and emergency response is extensive, both at central and local levels. There 
are sound capacities to elaborate long-term development policies, strategies and plans in 
various sectors. This however is mostly the case at central level, rather than decentralized 
levels (regional, municipal and local). 

While technical expertise exists in various sectors and for specific technical areas, awareness 
and knowledge of disaster risk reduction concepts and practices is the area for improvement. 
Technical capacities related to prevention, risk reduction, risk mitigation, risk identification and 
assessment, risk transfer, preparedness, climate risk management and climate change 
adaptation are rather weak across institutions and governance levels. 

In certain sectors, there are insufficient human resources; in many cases, incentives for 
specialized education or training are lacking, and qualified staff turnover is high. 

As part of the Rioni project, an assessment was made of the existing gaps in institutional 
capacity for all aspects of hazard and risk management in Georgia.  It should be noted that 
the assessment was undertaken specifically for flood risk management but the findings are 
likely to be broadly similar for all hazards.  The assessment also identified capacity 
development needs to address the capacity gaps which is presented in Table 1.  Table 2 
presents the institutional capacity gaps and the key recommendations for strengthening the 4 
key components of a MHEWS.  While the findings and recommendations are likely to be 
relevant to all other hazards, the GCF project will fully assess institutional capacities and 
develop appropriate recommendations to address any gaps identified.    
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Table 1:  Institutional Capacity Assessment for flood hazard and risk management in Georgia 

  Current Capacity - 
Human/Technical  

Current Capacity - Financial Current Capacity - Functional/legal/institutional 

1.1      Hazard Identification 

1.1.1 Systematic observation 
and monitoring of hydro 
meteorological parameters for 
strategic long-term 
management of hydro 
meteorological hazards and for 
underpinning FFEWS including: 

Human capacities are routed in old 
Soviet methods with some adoption of 
modern approaches.  Human 
Capacities limited to old generation 
(possibly due to overall lack of interest 
in this field); Technology is being 
upgraded through the injection of 
modern equipment and methods 
(largely by donor-led projects); 
technical capacity needs to also be 
upgraded to match the new 
technologies and equipment being 
adopted. 

Limited central budgets for optimization of 
hydrometric monitoring network and for 
functions such as a fully integrated national 
FFEWS.      

Legislative framework for the protection of citizens 
from natural hazards in place; Weak government 
budgetary commitment optimization and 
maintenance of hydrometric network.  Network 
modernization and improvement is largely donor-led. 

1.1.2.    Specification of 
appropriate hydrometric 
monitoring networks to meet all 
purposes (long-term monitoring, 
forecasting and early warning) 

Hydromet experts with capacity to 
undertake detailed specification of 
equipment exist within NEA.  Capacity 
currently sits within a small team of 
experts with little evidence of younger 
experts being trained for succession.  
Hydrometry experts knowledgeable of 
international best practice in 
hydrometry but little exposure to the 
application of best practice 
technologies and approaches  

Limited central budgets for optimization of 
hydrometric monitoring network and for 
functions such as a fully integrated national 
FFEWS.      

Standards based on old Soviet standards and not 
focused on monitoring for FFEWS or for modern 
strategic approaches to FRM 

1.1.3.    Design installation, 
O&M of equipment within the 
hydrometric network.   

Limited capacity for network design 
and installation for modern 
technology and equipment. In 
addition, equipment manufacturers 
training not systematically provided 

O&M of hydromet networks and equipment 
is constrained by central budgets.   
Financing of the modernization of 
hydrometric networks have been largely 
donor-led and project-based.  Little 
commitment therefore has not budgeted 
sufficiently for annual O&M of networks. 
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1.1.4.    Systematic collection, 
management, maintenance use 
and provision of long-term and 
real-time data 

Extensive historical data currently 
exists in paper format.  Project-based 
digitization of paper data has been 
undertaken (e.g. the current UNDP 
Rioni project), but there is little 
evidence of systematic digitization of 
all datasets for Georgia. Project-
based upgrade to and installation of 
new automatic hydromet stations has 
occurred, but further assistance is 
needed in developing an optimized 
automatic hydrometric network for all 
basins in Georgia.   A hydrometric 
database is in place for the systematic 
storage of data.  Data provision is 
managed by NEA and includes 
bulletins of hydrometric observations 
and forecasts, provision of data to 
other departments 

    

1.1.5.    Hazard analysis and 
mapping 

The project has introduced modern 
hazard modelling and mapping 
methodologies and has trained NEA 
staff in these methods. 

The project has bought and installed 
modern software for hazard modelling and 
mapping.  NEA (owner and custodians of 
the software) needs to identify and secure 
government budgets for long-term 
maintenance of flood hazard modelling and 
mapping software.  NEA should also 
explore other software that might be 
free/lower cost for other basins.  NEA 
should also investigate and put in place 
measures to ensure that models are 
updated with new data in a regular basis (at 
least every 5 years). 

Methods and technology introduced needs to be 
embedded within NEA and further capacity built to 
enable NEA to fulfil its future commitments under the 
EA Floods Directive (when Georgia becomes a part 
of the EU) 

1.1.6.    Forecast hazards The project has introduced modern 
FFEWS systems and methodologies 
and has trained NEA staff in these 
methods. 

The project has bought and installed 
modern software for FFEWS.  NEA (owner 
and custodians of the software) needs to 
identify and secure government budgets for 
long-term maintenance of FFEWS 
software.   

Methods and technology introduced needs to be 
embedded within NEA and further capacity built to 
enable NEA to fulfil its future commitments under the 
EA Floods Directive (when Georgia becomes a part 
of the EU) 
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1.1.7.     Analysis of changing 
patterns and impacts of hazards 

      

        

1.2 Vulnerability Assessment 

1.2.1.    Identify and assess 
vulnerability according to 
gender, culture, age, 
health/wellness 

No gender disaggregated socio-
economic data available.  The project 
has introduced risk modelling 
methods and technology and has 
trained NEA and other staff in these 
models 

  Methods and technology introduced needs to be 
embedded within NEA and further capacity built to 
enable NEA to fulfil its future commitments under the 
EA Floods Directive (when Georgia becomes a part 
of the EU) 

1.2.2.    Assess damages, 
losses and risk to life based on 
vulnerability 

Socio-economic data, property data, 
infrastructure data required for 
damages, losses and risk to life 
assessments, not systematically 
collected for Georgia.  The project has 
introduced risk modelling methods 
and technology and has trained NEA 
and other staff in these models.   

Nation-wide, data collection and 
associated databases for socio-economic 
data property data, infrastructure data etc. 
requires extensive financial commitment 
from central government 

Nation-wide, data collection and associated 
databases for socio-economic data property data, 
infrastructure data etc. requires government legal 
and institutional commitment to set up systems for 
long-term data collection.  Currently the required 
data is owned and held by various ministries and 
agencies and access is by formal request to the 
various bodies.  Given the types of data required 
there may need to be legislative changes to facilitate 
free access to the data as well as systematic 
collection of the data.  A national SDI with 
appropriate inter-departmental sharing protocols will 
help to facilitate data access 

1.2.3.    Tailor warnings and to 
meet needs of each group 

      

        

1.3    Risk reduction 

1.3.1.    Provision of hazard 
forecasts and EWs related to 
specific impacts to  
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1.3.2.    Support Emergency 
preparedness 

Project will work with appropriate 
government organizations (MiA and 
CMC) to develop flood specific 
emergency response plans for Rioni 
basin (using hazard maps, improved 
hydrometric network and FFEWS 
being developed by the project).  This 
activity is scheduled for 2016 once 
FFEWS is finalized.   

  The flood specific emergency response plans will 
need to be adopted by the appropriate agencies and 
may need legislative changes for adoption  

1.3.3.    Climate data and 
forecasts for medium to long-
term sector planning 

The project has developed a policy 
document which outlines how sector-
specific flood risk under climate 
change should be assessed within the 
planning process and how each 
sector can undertake sector-specific 
flood resilience planning  

  Awaiting comments on policy document 

1.3.4.    Lead strategic long-
term management of flood risk 
through the identification of 
flood management 
interventions 

NEA and MRDI as competent 
agencies for FRM do not currently 
undertake strategic FRM 
management planning based on 
detailed risk knowledge and does not 
use standardized (and EU FD 
recommended) approaches to 
integrated river basin FRM.  This is 
largely due to a lack of risk knowledge 
information (such as hazard Maps) 
and lack of practice of such strategic 
approaches.  Project has developed 
strategic long-term FRM strategy for 
Rioni and has documented method of 
strategic long-term FRM planning and 
identification of FRM interventions  

Limited budgets lead to reactionary 
approaches that are not aligned with the 
elements of integrated FRM.   

There is a need for a paradigm shift in the 
institutional arrangement and a development of 
functional capacities to enable NEA and MDRI to 
approach FRM in a more strategic manner. 

1.3.5.    Design and 
implementation of intervention 
measures 

Design methods and standards based 
on old and outdated Soviet methods 
which are not appropriate for detailed 
FRM intervention and planning.  

  Design methods and standards are embedded in 
law.  A change in standards will require a change in 
the law 
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Methods are not in line with EUFD 
recommended methods. 

        

1.4    Managing Residual Risks and Risk Transfer 

1.4.1.    Understand, monitor 
and revise the Standard of 
Protection provided by 
intervention measures and 
assess the residual risk 

      

1.4.2.    Provision of real time 
hazard data and analysis to 
support Catastrophe insurance, 
bonds and weather-index risk 
transfer mechanism 

      

1.4.3.    Provision of hazard 
data and analysis to support 
sector-specific flood resilience 
planning 

    1) Several ministries request flood information from 
NEA, but this is not carried out in a systematic way.   
NEA does not systematically undertake hazard 
assessments specifically for informing sector 
resilience planning 
2) It is not always recognized that this information 
has been defined or compiled by NEA. 

1.5      Organizational arrangements 

1.5.1 Key Government 
Agencies involved in Hazard, 
Risk and vulnerability 

      



I Annex II – Feasibility Study I  
         
                                                                                                     GREEN CLIMATE FUND FUNDING PROPOSAL 
 
 

262 
 

a. NEA, MRDI, MIA, MoE, Land 
registry, Spatial Planning, all 
sectors at risk of flooding 

Responsibilities for some of the key 
aspects of FRM are well defined 
although not in law (e.g. NEA - 
monitoring, risk assessment, 
intervention/mitigation; MRDI - Flood 
defense design and construction (with 
some reliance on NEA for data and 
design); Spatial Planning currently 
has no input to FRM and does not 
significantly benefit from the risk 
knowledge of NEA and MRDI e.g. 
flood risk is not taking into account in 
spatial planning; MIA and the MCM 
under the OPM is responsible for all 
emergency response and utilize risk 
knowledge information provided by 
NEA.  This can be substantially 
enhanced through better systems and 
data sharing measures.  None of the 
sectors impacted by flood risk or that 
have an impact on flood risk, are 
included in the process of FRM 

Lack of financial resources for 
development of monitoring, forecasting, 
data sharing systems is a significant 
limitation for the institutions involved in 
FRM 

1) Institutional responsibilities regarding flooding is 
not properly defined within Georgian law, hence both 
NEA and the Ministry of Interior are developing flood 
risk maps for the whole Georgian territory2) Current 
institutional arrangements do not allow for efficient 
or effective cooperation on FRM between NEA, MDI, 
MiI etc. There is requirement for extensive changes 
to institutional arrangements to enable information 
sharing and better cooperation for effective FRM 

1.5.2      Responsibilities and 
capacities with hazard and 
vulnerability assessments 

      

1.5.3          Coordinating hazard 
identification, vulnerability and 
risk assessment organization. 

Coordination practice and capacities 
are limited, particularly with regard to 
data and information sharing between 
organizations.   
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1.5.4          National standards 
for the systematic collection, 
sharing and assessment of 
hazard and vulnerability data 

Socio-economic data, property data, 
infrastructure data required for 
damages, losses and risk to life and 
vulnerability assessments, not 
systematically collected for Georgia.  
The project has introduced risk 
modelling methods and technology 
and has trained NEA and other staff in 
these models.    Data for hazard 
assessment, modelling and mapping 
(i.e. hydrometric data, catchment 
physical data etc.) largely available, 
but Georgia could benefit from the 
acquisition of LiDAR data being 
acquired for all its floodplains to 
provide a universal topographic DEM 
for all hazard assessments.  

The cost of acquiring LiDAR data for all 
floodplains of Georgia is unknown but 
should be assessed 

  

1.6     Functional Capacity 

1.6.1      Natural Hazard 
Identification 

      

1.6.2          Systematic 
collection sharing and 
assessment of risk information 

Key parameters of some hazards 
monitored, but no monitoring network 
no adequate  

    

1.6.3          QA and centralized 
data ‘library’ or GIS database 
established and maintained 

Project has developed and 
established GIS database for all GIS 
data related to the basin FRM.  
Database is expandable to include 
other basins. 

    

1.6.4          Hazard and 
vulnerability data available to 
government, the public, 
international community 

Hazard and vulnerability data 
available to limited government 
agencies, the public and international 
communities mainly because not all 
hazard and vulnerabilities have been 
assessed or systematically mapped 

Limited resources for hazard and 
vulnerability assessment, and provision of 
data to government, public and 
international communities.   
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1.6.5         Characteristics of 
key natural hazards (e.g. 
intensity, frequency and 
probability) analyzed and 
historical data evaluated. 

Analysis of historical data undertaken 
by NEA where historical data is 
available in electronic format to do so.  
Not systematically done for all natural 
hazards 

    

1.6.6          Hazard maps 
developed to identify people 
and property at risk. 

No for all places and properties.      

1.6.7          An integrated 
hazard map developed to 
assess the interaction of 
multiple natural hazards. 

No for all places and properties.  Project has developed flood risk maps and 
is developing landslide hazards maps to be 
integrated into the project GIS-based risk 
model 

  

        

1.6.8      Risk Assessment and 
Identification 

      

1.6.9          Interaction of 
hazards and vulnerabilities 
assessed to determine the risks 
faced by each region or 
community. 

Not systematically done     

1.6.10          Community and 
industry consultation conducted 
to confirm risk information 

Not systematically done     

1.6.11         Activities that 
increase risks identified and 
evaluated. 

Not systematically done     

1.6.12          Results of risks 
assessment integrated into 
local risk management plans 
and warning messages. 

Not systematically done     
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1.6.13          Lead strategic 
long-term management of flood 
risk through the identification of 
flood management 
interventions 

Not systematically done     

1.6.14         Design and 
implementation of intervention 
measures 

Not systematically done     

1.6.15          Managing Residual 
Risks and Risk Transfer 

The project has developed an 
insurance model for the Rioni basin 
and has outlined a detailed 
catastrophe flood insurance scheme 
based on the model and which can be 
applied to the whole of Georgia.  This 
represents a significant increase in 
capacity for Georgia as a flood 
insurance scheme based on such 
detailed risk knowledge has not been 
done before.  It is also an opportunity 
to implement a compulsory insurance 
scheme which will be the first 
compulsory scheme in Georgia and 
could help to substantially develop the 
insurance sector.  It would also 
provide much needed financial 
resilience to people and property at 
risk from catastrophic flooding 

  The implementation of the proposed flood insurance 
scheme, in the manner in which it is being proposed, 
will require legislative change.  This is beyond the 
level of the project, but it is strongly recommended 
that the project should support this potential 
legislative change by facilitating the dialogue with 
government and providing support through the risk 
modelling work that has been done 

1.7     Stakeholder engagement in Risk Knowledge and Risk assessment 

        

1.7.1          Community 
vulnerability assessments 

Not systematically done     

1.7.2          Strategy to actively 
engage communities in local 
hazard and vulnerability 
analyses 

Not systematically done     
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1.7.3          Vulnerability data 
systematically collected, 
updated and used for risk 
assessments 

Not systematically done     

1.7.4          Factors such as 
gender, disability, access to 
infrastructure, economic 
diversity and environmental 
sensitivities considered. 

Not systematically done     

1.7.5          Vulnerabilities 
documented and mapped 

Not systematically done     

1.8 Monitoring and warning  

1.8.1      Institutional 
Mechanisms Established for 
monitoring and warning for 
natural hazards (standardized 
process, roles and 
responsibilities, formal and 
informal links to key partners, 
communication arrangements 
with international and regional 
organizations, coordination 
mechanisms 

Institutional arrangements and 
capacity review carried out as part of 
FFEWS revealed main functional 
capacity limitations to be: 1.  No 
definitive and detailed source of risk 
knowledge (responsibility lies with 
NEA as main body, be significant 
technical capacity and resourcing 
limitations means that NEA does not 
systematically study and develop risk 
knowledge for whole of Georgia.  2) 
Technical capacity limitations include 
- insufficient numbers of experienced 
people in flood and landslide hazards, 
poor succession planning and 
mentoring in place, 3) Technical 
capacity related to monitoring 
equipment, hydraulic models, FFEWS 
system built and maintained.  No staff 
trained in the design and 
establishment of FFEWS systems.  
Rioni project has established a 
FFEWS system and will train users in 
its use and maintenance.  However, 

  Lack of clarity of roles for risk knowledge which has 
a significant impact on the ability to forecast 
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long-term, there will need to be further 
development of expertise. 

1.2      Monitoring Systems 
(measurement parameters and 
specification documentation, 
plans and docs for monitoring 
networks, data analysis from 
regional networks, real time 
data availability, data archiving 

1) There is a lack of technical 
capabilities regarding the 
maintenance of monitoring networks.  
2) There are no calibration and testing 
capabilities for the stations.  
3) The lack of technical capabilities 
regarding data handling was also 
noted 

There is a systematic finance problem for 
most organizations in Georgia which gives 
rise to issues with the maintenance of the 
existing flood monitoring network. There is 
a lack of security in most of the stations 
(leading to vandalism), a lack of repair 
funds (and therefore most fault stations are 
not repaired) and also problems with power 
supply 

1) There are some relationships with the former 
Institute of Hydrometeorology (joint research 
programs, joint Ph.D. programs…), but this is 
undertaken now at a personal level because no 
institutional links exists.  
2)  It was noted that NEA wants research activities 
to be a more active field within its organization. 
3) There is a lack of recognition at Government level 
regarding the importance of Hydro-meteorological 
science at academic and research level.  
4) Institutional responsibilities regarding flooding is 
not properly defined within Georgian law. As an 
example, the monitoring of floods is mention in both 
NEA and Municipal of Municipal Development 
responsibilities or both 

        

1.3      Forecasting and 
warning systems 
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•          Data and warning 
products issued within 
international standards and 
protocols 

Covered under separate FFEWS 
Institutional review 

    

•          Warning analysts trained 
to appropriate international 
standards.  

Covered under separate FFEWS 
Institutional review 

    

•          Warning centers 
equipped with appropriate 
equipment needed to handle 
data and run prediction models.  

Covered under separate FFEWS 
Institutional review 

    

•          Fail-safe systems in 
place, such as power back-up, 
equipment redundancy and on-
call personnel systems 

Covered under separate FFEWS 
Institutional review 

    

•          Warnings generated and 
disseminated in an efficient and 
timely manner.  

Covered under separate FFEWS 
Institutional review 

    

•          Plan implemented to 
routinely monitor and evaluate 
operational processes, 
including data quality and 
warning performance.  

Covered under separate FFEWS 
Institutional review 
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Table 2.  Findings and recommendations for institutional arrangements for Multi-Hazard Early Warning Systems 

 
# ISDR EWS element Capacity aps/barrier Recommendation 

1 Risk Knowledge Different hazards fall within the responsibility of several 
national agencies; A hazard mapping and risk assessment 
guideline regulated through a dedicated legal framework is 
lacking; Hazard maps are not available at local level; The 
Risk Atlas provides information on 9 types of hazards but is 
not used for decision-making (Risk Atlas portal is not 
available through the state agency webpage). In addition, 
combined multi-hazard maps are not available from NEA 
and Seismic Monitoring Centre; Several relevant disasters-
related databases exist but are not integrated neither 
centralized National risk maps are available but local risk 
assessments aren’t 

There is a need for a multi-hazard risk assessment (based on agreed 
methodology and standards) for which the government feels 
ownership and ensures regular updating and use for DRR. Existing 
efforts in assessing risks need to be built upon. Results need to be 
verified and updated and widely disseminated to feed into national 
decision making as well as the design of the MHEWS. The 
communication/cooperation and data exchange mechanisms 
between scientific institutions and government agencies have to be 
strengthened; There is the need to store and update the data and 
information in one central repository / national disaster data base 
(based, for instance, on the portal¹ or NSDI) and introduce 
procedures and regulations ensuring open access and data sharing 
from all relevant stakeholders at all levels. Results of risks 
assessment need to be integrated into local risk management plans 
and warning messages and development planning. 

2 Monitoring and warning Different hazards fall within the responsibility of several 
national agencies but no agency responsible by the law for 
seismic hazard monitoring; Warnings are communicated to 
the relevant government structures at national level (EMA 
among them), the State Security and Crisis Management 
Council, local government, mass media; Observations were 
stopped over the years (i.e. upper air, RADAR, ozone, 
water-balance, glaciological); The hydro-meteorological 
observation network covers the whole Georgia, but has 
been degrading over years; Seismic monitoring network is 
composed of 25 stations (7 more are planned to be added); 

Monitoring and Warning. Enhance the monitoring network: firstly, the 
pre-existing, presently inactive hydro meteorological stations and 
posts should be rehabilitated, secondly additional stations should be 
added where gaps exist. Automatic measuring devices are 
recommended. It is vitally necessary to restore the radar and 
areological observations. Inaccuracy of the weather forecasting is 
also associated to this. NEA also needs to enhance its human 
capacity in the numerical modeling of the weather forecasting as well 
as in hydrological modeling (with the help of MIKE, the river Rioni 
hydrological modeling training sessions have already been held, but 
the mentioned works needs to be performed at other river basins of 
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Hydro-meteorological forecasts lack reliability and 
specificity; Geological monitoring is not performed for Tbilisi 
Municipality 

Georgia too). The geological monitoring of the Tbilisi municipality is 
also necessary. In addition, the number of seismic monitoring 
stations should be increased. It is planned to add 7 more stations to 
the current monitoring network to be in line with the international 
standards. For each additional station, there will be a need of human 
resources who will be assigned to the stations. There is a need for 
more seismic station, so called local seismic network should be in 
place to improve the monitoring details and quality as well as to be 
able to ensure the backup of the seismic data (currently there is no 
back up for the seismic data). • Impact-based forecasting and 
warning should be implemented and early warning products should 
be users’ friendly (simple to understand and easy to use). 

2. Dissemination and 
communication 

EMA is one of the main responsible institutions for 
disseminating the warnings; EMA receives the warning from 
NEA, the Seismic Monitoring Center, National Forestry 
Agency or the Emergency Response Center 112; EMA 
send warnings to relevant agencies, the State Security and 
Crisis Management Council, regional units of EMA, 
Regional Governors, mayors and local emergency services 
of the potentially affected areas; The Emergency 
Management Operation Centers of the respective local 
government(s) disseminate the alarm; NEA also provides 
information to the potentially affected municipalities, 
creating the potential for confusion;  Lack of consistency 
across warning dissemination and communication systems 
used for the different hazards; Warnings are disseminated 
through the media, radio and loudspeakers installed on 
cars;  Warnings are not tailored to user needs, are not 
geographic-specific and do not contain specific information 
on the potential impacts. 

Clarify roles between agencies and improve SOPs for exchange of 
data, bulletins and alerts and early warning dissemination (i.e. EMA 
and SSCMC and respective operation centers); Implement Common 
Alerting Protocol (CAP)2 for early warning messages; Means of 
communication should be modernized (and automatized) moving 
away from paper copy bulletins; Provide specialized on-the-job 
training for the staff involved in EWS to know what to do and how to 
interpret and use the information; Media should be trained in how to 
interpret the messages/warning from respective agencies and how to 
communicate the information to the public 

3 Response capability Lack of trust in warnings as forecasts are often not reliable; 
Lack of strategies to build credibility and minimize false and 
missed alarms; Existing plans are not regularly updated, 
and simulation exercises are not carried out systematically 
in all locations of Georgia; Community response capacity 
building efforts remain constrained to the project level and 

Strengthen the capacity of the Ministry of Education and Science to 
regularly monitor teaching of disaster preparedness and response 
related curricula, and expand teacher training on this issue 
nationwide; Ensure the integration of disaster preparedness and 
response into the preschool curriculum based on available good 
practices in Georgia, and ensure its implementation; Develop and 
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are not systematized; EMA website provides educational 
material on disaster response. However, information 
provided needs improvements; DRR public awareness is 
scattered. 

implement a systematic public preparedness and response 
awareness campaign in partnership with the Media. An institution 
shall be mandated for this; Systematize simulation exercises or 
evacuation drills for public buildings and at-risk communities 
throughout the Georgia; Review and update the current municipal 
response plans to clarify and strengthen the roles and responsibilities 
of stakeholders and communities and their relations. 
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Annex 6. Exiting Rioni FFEWS description 
 

The existing FFEWS system was implemented in the framework of the Rioni Project in NEA. 
The below shows the links between the different components. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The existing flood forecasting platform has the following components. 

Meteorological Inputs 

Several meteorological inputs are considered in the FFEWS. All the different precipitation and 
temperature data sources are analysed and combined within the forecasting platform to be used 
in the hydrological model. 

Automatic Stations 

Information from weather and hydrological automatic stations and posts is being imported into 
the system. The automatic posts and station record data is every 15 minutes. Data is being 
transferred to NEA every hour. Automatic station data is being imported into the Delft-Fews 
system through several automatic procedures. 

Meteorological Forecasting (WRF and COSMO) 

NEA has two meteorological forecasting models implemented, namely WRF and COSMO. The 
COSMO model uses boundary conditions data from the German Meteorological Agency model 
whereas the WRF model used boundary conditions from the GFS model by NOAA. At this stage, 
just the WRF model is fully operational and available for the FFEWS.  

The WRF model is operational at three different scales, 15km, 5km and 1km. The 1km one 
covers the whole Rioni catchment and it is nested into the 5km one. The 5km one covers the 
whole Caucasus and it is nested into the 15km one. The model is run in a cascading process, 
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first the 15km one, then the 5km one and then the 1km one. The model requires significant 
computational effort, and therefore it is run in a server outside NEA premises. The results from 
the WRF model are being imported automatically into the FFEWS. 

 
Figure 0-X: WRF Flow Chart 

 

Satellite Precipitation Estimates 

Satellite precipitation estimates (TRMM/GPM and MPE) are available. Multi-sensor Precipitation 
Estimate (MPE) is an instantaneous rain rate product, which is derived from a combination of 
passive microwave imager measurements from low orbiting satellites and infrared data from 
geostationary satellites. Data from low orbiting satellites shows low spatial and temporal 
resolution with acceptable accuracy, whereas IR data from geostationary satellites yields high 
spatial and temporal resolution but lower accuracy data retrieval. Processing is done in near-
real time mode with a time delay of less than 10 minutes between image acquisition and data 
dissemination. Data are provided via EUMETCAST in GRIB-2 data format. Data is available 
every 15 minutes in a 4-kilometre grid. 

The ‘Tropical Rainfall Measuring Mission (TRMM)’ a joint space mission between NASA and 
the Japan Aerospace Exploration Agency (JAXA) designed to monitor and study tropical rainfall. 
This mission has been providing rainfall estimates from 1997, and it should be noted that these 
rainfall estimates has actually been used to calibrate most of the satellite rainfall estimates 
algorithms used today. The TRMM mission ended around February 2016. However, a similar 
mission (Global Precipitation Measurement (GPM)) by both NASA and JAXA too, and with a 
very similar configuration was launched in February 2014. TRMM estimates are being imported 
automatically into the FFEWS. 

Precipitation Data Processing 

Data sources for the precipitation can be divided into observational and forecasting sources. 
Regarding observational data, two different sources (satellite and ground stations) exists. shows 
the main approach regarding the precipitation information for the hydrological model. A 
precipitation file with 120 hours (5 days) is prepared for the hydrological model. Two days of 
historical observational data is used and combined with three days of forecasting data from the 
meteorological model. 
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Figure 0-XXXXX: Forecasting precipitation 

 

 

 

 

 

 

 

 

The processing of the precipitation data is carried out in the following stages. 

- Processing of observational data: data (precipitation and temperature) from the 
automatic weather stations are processed at this stage. The following processes are 
undertaken: 

• Spatial interpolation: during this process, gaps in space are filled to take into account 
stations with missing values for the whole period. 

• Temporal interpolation: during this process, gaps in time are filled (with null value) to 
take into account stations with missing values for the whole period. 

• Interpolation to HEC-HMS sub catchments: data from the two previous processes are 
being interpolated into the different sub catchments predefined for the HEC-HMS 
model. 

 
Figure 0-XXXX:  HEC-HMS sub catchments 

- Processing of the forecasting data: the data from the meteorological forecasting models 
is processed following procedures: 

• Interpolation to HEC-HMS sub catchments: data from the forecasting models is 
interpolated into the different predefined HEC-HMS sub catchments. 

- Data merging: data from the observational and the forecasting procedures is being 
merged in this process. 

Hydrological Modelling 
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A hydrological model (HEC-HMS) has been implemented for the FFEWS. This hydrological 
model is using the precipitation and temperature information from the meteorological inputs in 
order to calculate flow at pre-specified locations. This hydrological model was used in the risk 
knowledge assessment for the Rioni Project and subsequently adjusted for flood forecasting 
purposes. 

Hydraulic Modelling 

A hydraulic model (MIKE 11) has been implemented for the FFEWS. This hydraulic model is 
routing the flows generated by the hydrological model and providing discharge and water level 
information along the whole Rioni Basin within the forecasting platform. This hydraulic model 
was used in the risk knowledge assessment for the Rioni Project and subsequently adjusted for 
flood forecasting purposes. It should be noted that the model used for the risk knowledge stage 
was a 1D-2D model, whereas the hydraulic model within the forecasting platform is a 1D model. 

Forecasting Platform 

A forecasting platform (Delft-Fews) has been deployed in order to collect all the data, analyse 
all the data and provide the necessary means for model launching. The deployment of such a 
platform required a detailed design and configuration of several components and features. The 
Delft-Fews platform configuration is organised in several modules and workflows designed to 
facilitate the import and export of any required data and the launching of the required associated 
numerical models. 

The following operational procedures should be noted: 

• The system runs daily. Initial forecasting date (T0) is at 09:00 am 
• The system runs two different set of simulations 

o Historical simulations: Run from T-48 to T0. This simulation is using just 
observational data, providing initial conditions for forecasting runs 

o Forecasting simulations: Run from T-24 to T72. Using both observational and 
forecasting data. 

The forecasting platform is managing the following information: 

• Data from Automatic Stations 
• Data from Meteorological forecasting models 
• Data from Satellite Precipitation Estimates 
• Precipitation and Temperature data merging 
• Information to/from Hydrological Modelling Results 
• Information to/from Hydraulic Modelling Results 

Within this platform there are several features that are used for FFEWS purposes: 

• Data validation: Data is validated for: 
o Extreme values 
o Extreme changes (rate) 
o Constant (non-zero) values 

There are two different validation thresholds 

• Soft validation: The value is flagged as suspicious 
• Hard validation: The value is changed 

Data interpolation: the following interpolations are undertaken: 
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• Spatial interpolation: data is spatially interpolated to cover any areas with no data 
(when stations are not working) 

• Temporal interpolation: data is temporally interpolated to cover for any missing values 
• Interpolation into sub catchments: after the gap-filling, data is interpolated into all the 

sub-catchments as defined in the hydrological model 

Thresholds: three different types of thresholds have been defined: 

• Rainfall thresholds: rainfall thresholds for the observational and forecasting data. 
These thresholds are of special importance in mountainous areas. Two thresholds can 
be defined: 

o Instantaneous intensity 
o Precipitation aggregation 

• Flow thresholds: flow for every sub catchment is calculated using the hydrological 
model. This flow is calculated for both historical and forecasting conditions. 

• Water level thresholds: water levels are calculated using the hydraulic model. These 
water levels are calculated at every single point in the Rioni and relevant tributaries, for 
both forecasting and historical data. 

 

For every threshold, the following warning levels have been defined: 

• Normal Scenario 
• Flood Watch 
• Flood Warning 
• Action Flood Alert 

Reporting: automatic reports are generated every-day with relevant information and with 
warnings and thresholds information. 
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Annex 7. Multi-hazard and risk Modelling and Mapping methodology 
 

Flood hazard assessment and mapping 

The approach for flood hazard assessment and mapping is based on that which was introduced 
by the Rioni project and is in line with EU floods directive approach.  The flood hazard mapping 
to be done for the rest of Georgia is therefore scaling up and building upon the methods and 
modelling already introduced to Georgia and will harness capacities built within NEA under the 
Rioni project.   

Flood Hazard maps provide spatially distributed information on flood type, flood extent, water 
depths or water levels, and flow velocity or relevant water flow direction and other information. 
Flood hazard maps are most commonly produced my numerical modelling of the hydrological 
and hydraulic routing processes of the catchment. 

Methodology for Flood Hazard mapping 

Flood Hazard maps provide spatially distributed information on flood type, flood extent, water 
depths or water levels, and flow velocity or relevant water flow direction and other information.  
Flood hazard maps are most commonly produced by numerical modelling of the hydrological 
and hydraulic routing processes of the catchment.   

Modelling Overview 

In flood risk management, numerical modelling tools have become almost indispensable for 
delineating zones at risk from flooding and making robust, evidence-based decisions on flood 
mitigation measures. The underlying hydrological and hydraulic models can also assist with 
understanding flood response, in order to inform the design of flood management/defence 
options and flood forecasting and emergency response systems. 

There is currently a wide array of commercial modelling packages, for example, Info works (1D 
and 2D by Innovyze, formerly HR Wallingford), MIKE (DHI), HEC 1D and 2D (USACE), Tuflow, 
SOBEK 2D and Flo2D packages to name a few. These and other tools typically provide a map-
based interface to the underlying models, and survey data, models, time series data and asset 
information can easily be added as it becomes available.   

The project will develop a modelling tool that may be utilized for present and future flood risk 
assessment.  This will need to be ensured by: 

• Developing the modelling tool in consultation with the relevant government agencies and 
building on the Rioni modelling approach;  

• Using appropriate methods given existing limitations on data availability and quality, 
while taking care that methods will allow for future model development should better/more data 
become available;  

• Creating a tool that may be scaled to include other river basins in the future; and 

• Providing the tool as a project deliverable. 

The main stages in the analysis are discussed in the following subsections. 

Hydrological modelling 

The purpose of the hydrological analysis will be to model the response of the catchment and 
sub-catchments to rainfall and to derive flood hydrographs of different return periods 
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(magnitudes). The approach will be tailored to the available data following the initial data review.  
The potential impacts of climate change will need to be considered as described below. 

Rainfall-runoff models of all upstream catchments that feed into the basin will be developed to 
simulate the runoff response (i.e. hydrograph shape) of these catchments.  Rainfall-runoff 
modelling will be based on catchment physical data (topography, land use, soils, geology) and 
rainfall event characteristics (observed rainfall timeseries data of specific events, and statistical 
rainfall parameters when modelling design rainfall).    

Catchment-scale topographic data is needed to provide catchment physical parameters such 
as area, slope, stream length etc. for input to the rainfall-runoff model.  For this purpose, 
topographic data of relatively coarse resolution (coarse compared to what is needed for 
floodplain hydraulic modelling) can be used.  However, in this case, the 5m resolution DEM will 
be used.     

Model calibration will be approached by adjusting hydrological parameters that control the 
percentage runoff, time to peak and rate of runoff as well as baseflow and comparing modelled 
and observed hydrographs.  It is understood that the existing flow and level gauges in Georgia 
have not been re-rated in recent times (and many stations have been non-functional for years 
anyway).  Hence, in the early stages of the project it is recommended that a rerating exercise is 
undertaken for all existing and new gauges.   

For rapidly responding sub-catchments like those in the upstream catchments, rainfall-runoff 
modelling requires sub-daily rainfall and flow data (e.g. hourly) for calibration.  Sub-daily rainfall 
data is also required for development of design rainfall parameters.  Design rainfall is rainfall 
that defines events of given probability or chance of occurrence (for example the 1 in 100year 
rainfall or rainfall with a 1% chance of occurring).  For design rainfall-runoff modelling, historical 
rainfall data will be analysed statistically to derive the depth-duration-frequency (DDF) curve 
which will give the rainfall depth for different return period storms of different durations (or 
existing DDF curves will be reviewed and used if appropriate).  Again, sub-daily data is most 
appropriate as it allows the derivation of storms of all durations.  If sub-daily rainfall data is not 
available for this analysis, a standard distribution can be used to derive the hyetographs for 
rainfall-runoff modelling.  A rainfall-runoff approach is proposed here for the development of 
design flood hydrographs, as it will ensure that account can be taken of the influence of 
floodplain storage within catchments.  Also given the influence of groundwater in some 
catchments, it will be important to ensure that the rainfall-runoff model is a continuous moisture 
accounting model which effectively represents the influence of continuous baseflow recharge 
on surface runoff, which could have a significant impact of the size of the flood.  Rainfall-runoff 
modelling is also best suited to investigating climate and land use change impacts, and for 
exploring factors such as the travel time of flood peaks, which are important for designing flood 
forecasting and early warning systems, and for informing disaster response planning which rely 
on accurate estimates of time of arrival of peak flows.  Importantly, rainfall-runoff modelling is 
most appropriate for modelling the influence of reservoirs within a catchment. 

The hydrographs generated by the rainfall-runoff model will be scaled to match flood peaks 
derived from a statistical analysis of historical gauge data if data of sufficient length and quality 
is available to develop an appropriate statistical analysis of flood peaks.  If gauged data for the 
study catchment is limited there may be a need to adopt a regional approach by first extending 
the analysis to include gauges for hydrologically similar catchments within Georgia and the 
region.  The resulting runoff hydrographs will be used as input to the hydrodynamic model 
described in the following section.   

 

Hydraulic modelling  
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A hydraulic model of each floodplain will be developed to route the flood hydrograph through 
the channel and floodplain of the study basin.   To develop such a model, the main data 
requirement is high resolution topographic data of the channel and floodplain which will be 
acquired as follows:   

Channel topography 

Normally, channel topography would be provided by undertaking channel cross-sectional 
surveys.  To take account of the channel in the hydraulic model, a topographic survey of the 
river channel will need to be conducted, to capture the main changes in the longitudinal and 
cross-sectional river profile along key reaches.  Survey density (cross-section spacing) would 
normally vary depending on whether the area is highly populated or more rural to ensure that 
the highest risk areas are well covered.  Whether an area has historically flooded is also a key 
factor, as well as future flood risk under climate change.  Hence in the unpopulated and low risk 
parts of the basin, cross-sections survey spacing can be sparse, while in densely populated 
areas or areas of historical flooding, or likely to flood in the future, it would be desirable to have 
cross-sections more closely spaced.  These guidelines can be tempered by the variability of the 
channel profile in these areas.  It may be necessary to forego cross-section surveys in some 
areas altogether and extract the data from the floodplain DEM for constructing the model in 
these areas.  Alternatively, if the channel profile is changing very rapidly, closer spacing might 
be required.  In some low-lying areas, where floodplain flow dominates or where the channel 
bed is exposed during floodplain DEM surveys, cross-section surveys can also be foregone (but 
not in high risk and heavily populated areas which tends to be on these low-lying floodplains), if 
DEM data of an appropriate resolution and accuracy is available for floodplain modelling.  It 
should be noted that any cross-section surveys that may be carried out as part of this study will 
be a ‘snap-shot’ in time of the channel profile.  Given the geomorphologically active nature of 
the river, this survey will become out of date in time and in some cases, it would be important 
to ensure that a programme of regular channel surveys is implemented particularly at gauging 
stations, critical infrastructure and along active reaches.   

Any existing survey or as-built drawings for existing structures, as well as any reports on the 
original design would be useful to help to characterise structures such as bridges, and other 
structures across the river, as well as any linear structures such as existing river walls.  Typically 
channel topographic surveys could take months to be completed, particularly for large areas 
and where seasonal weather conditions might hamper surveys.  A detailed scope of the channel 
surveys will be developed at the start of the project and surveys will be scheduled based on the 
order in which basins are to be modelled. 

Floodplain topography 

Higher resolution DEM data for detailed hydraulic modelling of floodplain flows. Typically, Light 
Detection and Ranging (LiDAR) data would normally be used, but this is often very expensive 
to acquire for large areas, and difficult to process in heavily vegetated areas.  These higher 
resolution DEMs would provide significantly enhanced accuracy for the hydraulic modelling in 
comparison other sources.      

Using all topographic datasets, baseline models of the floodplain of the river basins will be 
developed, that represents the current catchment conditions, including current operation and 
maintenance practices for any structures on the main channel and floodplain as well as linear 
flood defences that influence the movement of water between the channel and floodplain.  The 
baseline model will be used to assess the existing standard of protection (i.e. the minimum size 
of the event for which flooding occurs), provide clarity on the current flooding mechanisms within 
the catchment and serve as a baseline against which the economic appraisal of proposed 
interventions can be made. 
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The baseline model will need to utilize a mixture of 1D and 2D modelling techniques, based on 
the combined topographical datasets (i.e. floodplain DTM, channel and hydrographic survey 
data, if available).  Appropriate channel, floodplain frictional resistance values can be estimated 
from photographs, land-use maps and site visits.  Key structures of significance to flow 
conveyance will be identified for inclusion in the model, and data on operational control of dams 
and other gated structures will be utilized.       

The hydraulic model will need to be calibrated and verified in tandem with the hydrological model 
by varying channel and floodplain frictional resistance and structure discharge coefficients 
values until good agreement is obtained between modelled and observed levels and flows at 
key gauging locations or observed flood extent maps derived from historical flood surveys and 
satellite imagery.  Calibration to historical events will need to be undertaken in the hydrological 
model, ensuring that the modelled runoff hydrographs fit the observed as closely as possible.  
Depending on the availability of data, calibration of the hydraulic model will be done to fit 
observed flood levels and extents at key locations for which observations are available.  This 
will include anecdotal information from the communities affected by flooding, which will be 
collected as part of the social surveys.  Anecdotal information will also be collected using 
participatory GIS methods where possible.  All data available for calibration will be reviewed 
and ascertained during the early stage of the project to confirm this approach. 

The extent of the detail with which the system can be represented will depend on the available 
data, including data that can be realistically collected during the study period.  It is envisaged 
that the level of detailed representation within the model will vary along the various reaches 
within the catchments and from sub-catchment to sub-catchment.  The hydraulic model will be 
created to ensure that the urban and important agricultural areas and those identified as 
significant to the cause and/or effect of flooding, are well represented.   Where necessary, less 
significant reaches and sub-catchments may be modelled using simple routing models which 
will link into the more detailed hydraulic reaches.  Should risks be identified or more detailed 
information (like channel surveys) become available for the reaches designated as less critical 
at this time, the model could be easily updated to enable full hydraulic modelling along these 
reaches. 

It is important to note that model accuracy will be dependent on the quality of the input data, the 
extent of detailed topographical representation and the accuracy of modelling assumptions. 
Three significant sources of error may be the accuracy and spatial resolutions of the topographic 
data used to build the model, choice of model parameters such as roughness (frictional 
resistance) and discharge coefficients, particularly for over bank flows.   

The calibrated and verified hydraulic model will be used to run design events of different annual 
probability (return period) of occurrence, to produce flood maps.        

Sensitivity analyses 

Given the uncertainty that is likely to be associated with the limited datasets and possible data 
quality issues, a number of sensitivity analyses will need to be done.  This would provide an 
assessment of likely uncertainty as well as areas where attention should be focused in 
subsequent analyses, to improve certainty.   

Roughness 

Initial channel roughness values will be determined from field surveys which will characterise 
each reach of the river based on vegetation type and density and channel geometry and 
classification (i.e. bed material grain size and bedforms).  Land-use maps can be used to 
generate roughness polygons for the floodplain areas within the 2D model extents.  Assumed 
roughness values will need to be varied within practical bounds to determine the sensitivity of 
peak flow rates to the choice of roughness. 
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Hydrological parameters 

The hydrological model will be a potential source of error which will propagate to the hydraulic 
model.  It will therefore be important to assess the effect of hydrological parameter uncertainty 
on flood extent.  This will include catchment runoff coefficients, and uncertainty in rainfall data. 

Sedimentation in the channel 

Given the geomorphologically active nature of many of the catchments, and the likely impact 
this will have on flood flows, it would be important to examine the sensitivity of the model to 
changes in sedimentation in the channel.  It is unlikely that this can be done for the entire system, 
so based on the preliminary geomorphological studies to be done a number of key locations 
could be chosen to examine the variability of flood extent, levels and velocities to varying 
sedimentation within the channel.  This will provide an assessment of the impact on flow 
conveyance and channel capacity caused by different levels of sedimentation and would give a 
good indication of the benefits of channel dredging and long-term maintenance as a 
management option in areas where this is an issue.   

Flash Flood Hazard Mapping 

Flash floods are defined as events which cause flooding within 6 hours of the occurrence of the 
rainfall event.  Flash floods essentially occur where precipitation cannot infiltrate either because 
rainfall intensity is such that the rate of rainfall is faster than the rate of infiltration into soil, or 
where slopes are so steep that water runs off at a faster rate than it can be absorbed.  Also, 
where hard standing surfaces such as buildings, roads and other impervious surface cover large 
areas with insufficient urban drainage capacity built in to the urbanisation, flash flooding may 
occur.  Hence flash flooding is a function of the intensity and duration of rainfall, antecedent soil 
moisture conditions, slope of the ground and presence of hard standing surfaces, with limited 
drainage.   

Several issues will need to be considered in flash-flood hazard and risk map delineation: 

1) Flash-flood prone areas can be identified in a first approach by using meteorological 
criteria, in terms of rainfall amounts and intensities above a threshold that have impacted the 
same area in the past. 

2) Geomorphologic criteria are of primary importance in flash-flood prone areas, and 
modelling of solid transport is particularly important, since it highly affects the extent of the flood. 

3) Classical 1-D hydraulic modelling for hazard delineation may not be useful in small to 
medium flash-flood prone areas.   

4) Risk assessment is of great importance in flash-flood prone areas, because many areas 
may have been highly developed and thus presenting a high vulnerability. 

5) Flash-flood risk maps should therefore comprise of: hazard identification by delineated 
extents mainly based on meteorological and geomorphologic aspects, and vulnerability analysis 
in order to prevent or mitigate settlements on hazard areas from suffering their devastating 
effects. 

The hydrological modelling will identify fast responding catchments during the rainfall-runoff 
analysis.  The assessment will classify sub-catchments by response time (time between start of 
rainfall and peak of runoff) from which catchments with response times less than 6 will be 
identified as at risk of flash flooding and categorised by severity (shortest response time to 
largest response time).  More detailed assessments will be conducted on these catchments to 
map the communities that likely to be susceptible to flash flooding.  Importantly, knowledge of 
the flashy response catchments will help identify where flood forecasts cannot be based on 
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combined meteorological and hydrological factors (i.e. rainfall forecasts plus trigger river flow or 
level information), as there will be insufficient time for the hydrological response to determine 
what action should be taken (i.e. river levels should not be the trigger for issuing warnings and 
undertaking evacuations).  Flashy catchments would benefit from meteorological forecast 
triggers for flood warning and response.   

 

Modelling the impacts of climate and land-use changes 

Climate Change 

A benefit of rainfall-runoff hydrological modelling is the ability to assess the impacts of future 
climate change on catchment hydrological response such as flood magnitude, time to peak (time 
between peak rainfall and peak flow at specific locations) and event duration.   

Extensive work has already been done to examine the effects of climate change on rainfall 
events in Georgia (National Communications 2 and 3).  As part of this project, a methodology 
for incorporating the effects of climate change into the modelling of flood risk will need to be 
developed to ensure that the findings of the National Communications are translated into the 
likely changes to flood flows.  

The impact of climate change will be modelled using a perturbation, or ‘delta change’, approach. 
This is a straightforward method that uses simple step changes that are applied to observed 
meteorological timeseries. The magnitude and direction of these changes is derived from 
General Circulation Model (GCM) output to produce a set of monthly or seasonal change 
factors, which are in turn applied to the observed series. Perturbed timeseries can then be run 
through rainfall-runoff models to ascertain the subsequent impact on flow in that catchment. 

This method requires the following steps to be undertaken: 

Selection of projections: Identification of appropriate GCM projections, such as the UNDP 
country climate profiles or the new World Bank Knowledge Portal. Appropriate selections will be 
made for emissions scenarios (Low, Medium and/or High) and time slice(s) (i.e. which time 
period to focus the analysis on). 

Model selection: Projections from three climate models will be selected from those available, 
representing ‘wet’, ‘dry’ and ‘mid’ future.  This gives an indication of the uncertainty across the 
models. This stage will also include a validation exercise for the selected models, to ascertain 
their reliability in simulating conditions in Georgia. 

Scaling: It may be considered preferable for nearer-term timescales to scale back rainfall 
projections from the end of the century. This would reduce the influence of multi-annual and 
decadal variability on the climate change signal 

Derivation of PET factors: GCM projections are available for temperature and rainfall; however, 
for use in a rainfall-runoff model, change factors for potential evapotranspiration (PET) are 
required. PET change factors will be derived from the temperature projections using Oudin et 
al. (2005). 

Grid cells vs. catchment boundaries: Change factors are provided by GCM grid cell. For any 
catchment used in the rainfall-runoff modelling that bestrides more than one grid cell, it will be 
necessary to apportion the change factors accordingly. This will be calculated in GIS software. 

The selected seasonal change factors can then be used to perturb a baseline observed series 
of rainfall and PET according to the delta change approach described above. This produces a 
series of plausible future climate timeseries to be used as inputs to rainfall-runoff modelling to 
ascertain the impact on flows.  
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A sensitivity analysis will also be undertaken of the change factors used, which will assess how 
the impact on flow varies with different approaches. The method above, for example, looks 
specifically at changes in mean conditions; additionally, it would be beneficial to consider other 
forms of change (e.g. differences in the number of dry/wet days) to see the impact on flow under 
these conditions. 

Land use Change Impacts on flood risk 

It is likely that one approach to flood risk and erosion management will be to manage catchment 
land use, particularly on hillslopes.  Conversions to new land uses or where land management 
practices are significantly altered can be modelled to examine their impacts, by making the 
necessary amendments to the hydrological and hydraulic model parameters.  Changes to land 
use on the hillslopes and in the upper catchment would require re-parameterisation of the 
hydrological model, ideally based on empirical evidence of the changes in hydrological 
parameters for a given change in land use, from proxy catchments or regional studies.  

Alternatively, sensitivity tests can be applied to hydrological response characteristics such as 
time-to-peak and standard percentage runoff to broadly assess the implications of change at 
various spatial levels.  For changes to land use on the floodplain (such as floodplain agro-
forestry), the hydraulic model parameters can be varied to represent the change in floodplain 
conveyance that would result.   

Choice of modelling software 

The flood model to be developed should ideally be comprised of an integrated hydrological and 
hydraulic model.  A review of modelling packages will be undertaken in parallel with the review 
of available data, and the most appropriate modelling package chosen, on the basis of the data 
available for modelling, the important flooding processes to be represented in the model, the 
need/desire to ensure that the model is updatable (i.e. sustainable) in the future as more data 
becomes available.   

Hydrological model 

The hydrological modelling tool will need to include individual rainfall-runoff models of all 
upstream sub-catchments as upstream and lateral inflows to the hydraulic routing model.  The 
modelling framework should also include a tool for assessment of impact of (sets of) flood 
mitigation measures and development scenarios, as well as the assessment of flood risk under 
climate and land use changes using projections for climate and land use changes in longer time 
scales.  Many proprietary hydraulic modelling software packages incorporate standard and well 
established hydrological models such as Hec-HMS, US SCS, Probability Distributed Moisture 
(PDM) model.  Other hydrological modelling software that can be used includes well-known 
hydrological models such as TOPOG, TOPMODEL and physically-based rainfall runoff models, 
but these are likely to require extensive datasets that are unlikely to be available. Ideally, the 
model used for flood rainfall-runoff hydrological modelling should also be applicable for low-
flows water resources rainfall-runoff modelling (for sustainability of use in the management of 
the basin in the future).  It is envisaged that Hec-HMS will be used for undertaking the 
hydrological modelling as it is the software that is being used by the Sava Commission.   

Hydraulic Model 

In determining the modelling software to be used, it is important to consider the processes that 
are important to flood risk in the study area.  It is likely that a model capable of 1-dimensional 
as well as 2-dimensional flood process representation, and ideally a linked 1D-2D model will be 
needed.  This will enable modelling of the 1-D processes that are important within the upstream 
reaches and where channel processes dominate, and will ensure that changes in channel cross-
section profile along the river as well the influence of hydraulic structures like bridges, dams and 
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weirs, and natural hydraulic controls on flooding, are correctly represented within the model.  
The 2D capability will ensure accurate representation of floodplain flows particularly in the 
middle and downstream reaches where flow propagation along complex 2D flow paths 
dominates.  Along reaches where flow exceeds channel capacity and propagates along the 
floodplain along 2D flow paths a linked 1D-2D model will be more appropriate to represent the 
interlinked 1D and 2D processes.   In some places, and depending on the availability of data for 
channel and floodplain representation, it may be necessary (or appropriate) to use 1D or 2D 
modelling alone.   

There are a number of models which are capable of linked 1D-2D modelling and 2D modelling 
on its own, including Mike Flood, ISIS-Tuflow, ISIS 2D, Info Works 2D, HydroF, SOBEK 2D, and 
Flo-2D.  Ideally, the chosen model will include full solution modelling of open channels, 
floodplains, and hydraulic structures (even if the data to support this is not currently available, it 
will be important to use modelling software that will be updatable should additional data become 
available in the future).  A GIS-based model which provides the facility to import ground 
elevation models, as well as other types of topographical data and which enables full flood-
mapping capability is desirable.  Flood depth, velocity and hazard mapping outputs in all 
standard GIS formats will also be a plus.  The choice of modelling software will need to be 
cognizant of cost of implementing and maintaining the model as well as the maintenance of 
capabilities in using the models.  The decision on software will therefore be made following 
consultation with the eventual custodians and end users of the model, and within the framework 
of capacity building and institutional improvement.  However, at this stage, it is envisaged that 
the HEC RAS modelling software will be used, as this is already being used by the Sava 
Commission.  It has both 1D and 2d capabilities and is available free of charge so will enable 
maintenance and sustainability of the model and should make it easier to maintain skill in using 
the software over time.     

The assessment of data requirements shows alternative dataset that can be used for this 
purpose and associated costs (Section 3.1). The output of the hydrodynamic models will be 
detailed high resolution flood hazard maps for all major floodplains of Georgia in line with EU 
flood directive requirements. 

Landslide Hazard Assessment and Mapping 

Because of the difficulty of specifying a timeframe for the occurrence of a landslide, landslide is 
often represented by landslide susceptibility (Brabb, 1985). Hence similar to the concept of flood 
prone areas, landslide susceptibility only identifies potentially affected areas and does not imply 
a timeframe when a landslide might occur. Hence landslide hazard will equate to landslide 
susceptibility. Landslide hazard maps will be produced to provide the basis for zoning 
development and other activities away from areas susceptible to land sliding. 

The data required to undertake landslide hazard mapping includes geologic, topographic, 
hydrologic, vegetation maps, aerial photographs of the study area, history of landslides and 
associated reports including photographic characterisation of previous landslides, satellite 
imagery. 

During the early stages of the project, these data sets will be collected and a landslide inventory 
map produced. In this preliminary assessment, an isopleth map of existing landslides will be 
produced using a combined factor analysis of bedrock, topography, landslide inventory and 
hydrology. Isopleth maps show areas of frequent or infrequent landslide occurrence. The 
isopleth maps produced during the early stage will be used to help to focus the more detailed 
analysis during the later stages of the project. There are outdated (27 years old) and incomplete 
paper landslide inventory maps which were largely focused on settlement areas for Georgia and 
these will be used as a starting point for developing the inventory and isopleth maps. 
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Assessing the likelihood of future landslide occurrences requires an understanding of conditions 
and processes controlling past landslides. This can be achieved by examining and mapping 
past landslide activity in the area. Overlaying a map of past landslides with geologic topographic, 
and hydrologic maps, will indicate which natural or artificially created circumstances are likely 
to produce landslides in the future. In addition, the effect of existing land use on landslide activity 
will also identify where anthropogenic factors such as inappropriate land use, increases the risk 
of landslide occurrence. For example, certain landslides may only occur in road cuts or 
excavations. 

A review of any existing landslide inventory maps will need to be undertaken and updated as 
part of the study to intermediate and then detailed landslide inventory maps. The effort to 
produce detailed inventory maps will depend on what level of detailed mapping already exists. 
As part of this project, limited field studies of selected landslide prone areas will be undertaken 
to provide insight into how different factors have contributed to landslides within the Rioni basin 
and to characterise the conditions associated with selected landslide prone area, to be 
incorporated into the landslide inventory. Given the size of the catchment, it will not be possible 
to develop the map of past and existing landslides solely from field work. Hence aerial 
photographs, where available, will be used to supplement field work. Depending on vegetative 
cover, photo quality, and the skill of the interpreter, overall identification accuracy of 80 to 85 
percent is realistic using aerial photography (Rib and Liang, 1978). Aerial photography at a scale 
of 1:40,000 is the minimum scale required for landslide inventory work, and the selected scale 
will depend on the size of landslides common to the study area and, to some extent, the relief 
of the area. Large failures of four or more square kilometres are extremely difficult to detect on 
aerial photography smaller than 1:40,000. Where the majority of landslides are one hectare or 
smaller in size, large-scale photography of the order of 1: 4,800 is necessary while large failures 
of > 4 kilometres will need aerial photos of at least 1: 40,000 scales. Development of landslides 
inventory maps requires a geologist with experience of landslide or landform interpretation. A 
simple inventory identifies the definite and probable areas of existing landslides and is the 
minimum level required for a landslide hazard assessment. A map is produced in which each 
landslide is outlined and an arrow is drawn to denote the direction it moved. 

The map produced would also show the outlined landslide types and distinguish between areas 
of landslide origin and deposit. Large-scale features such as secondary scarps sag ponds, and 
ground-crack patterns may be represented on individual landslides. 

Producing the Landslide Hazard Map 

The landslide hazard map is generated based on the overlaying, analysis and interpretation of 
the maps of the inventoried landslides and the permanent factors found to influence the 
occurrence of landslides discussed above. By overlaying the landslide inventory map on the 
maps of the type of bedrock, slope steepness, and indirect hydrologic measures, the association 
of past landslides with the factors controlling landslide occurrence can be recognized. 

The hazard map produced will divide the catchment into sub-areas based on the degree of a 
potential hazard from landslides. Four levels of relative hazard are identified on a landslide 
hazard map: (1) low; (2) moderate; (3) high; and (4) extreme hazard. The level of landslide 
hazard is measured on the ordinal scale with this method and is a quantitative representation 
of differing hazard levels that shows only the order of relative hazard at a particular site and not 
absolute hazard. Predicting absolute hazard is not possible with current capabilities. As a 
consequence, there is no way to compare hazard zones at different sites or to determine the 
likelihood of occurrence at a high hazard area. It should be stressed that these relative hazard 
zones are based on the existing landslides and conditions influencing their occurrence in a 
specific area. The hazard zones which are determined for an area hold true only for the area for 
which they were prepared. Similar conditions found outside the assessed area may not produce 
the same degree of hazard because of some seemingly minor difference in one of the factors. 
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However, extrapolating the data to areas with characteristics similar to those found to be 
associated with past landslides is an effective tool for forecasting where, but not when, 
landslides are likely to occur in the future. 

The method of landslide hazard mapping described above will rely heavily on the interpretation 
of a geologist or geotechnical engineer and is an essential first step of landslide hazard 
mapping. This initial assessment will utilise GIS mapping and analysis to produce landslide 
hazard maps. 

Depending on the availability of datasets, statistical and/or physically-based modelling methods 
will also be applied to map landslide hazard and will be subject of more detailed analysis. This 
further step of analysis will be required if landslide hazard is to be included in the multi-hazard 
risk assessment (see Section Error! Reference source not found.). 

Mudflow Hazard Mapping 

Techniques for mapping areas susceptible to mudflow will be adopted from those described for 
mapping landslides above. Debris and mudflow flow hazard depends on the amount and 
velocity of the water and the amount of transportable soil material. High water discharge and 
unstable slopes near the bottom of the torrent can cause debris and mudflow. Hence detailed 
investigation of mudflows requires determination of runoff-coefficients, design rainfall (rainfall 
intensity, duration and total amount of precipitation), the peak flow and the amount of solid 
material available to be transported. Runoff and precipitation variables will be developed as part 
of the hydrological modelling study and will be used in modelling mudflow. 

Drought Hazard Mapping 

Drought is a natural hazard known to be very difficult to quantify as its general characteristics, 
creeping onset, long lasting duration, large spatial extent and cross boundary effects have 
hindered scientists and practitioners to precisely define the hazard (Wilhite et al 2007, EEA 
2009). Even though the majority of drought impact research and public recognition focuses on 
the agricultural sector, drought has more damage potential. Its multifaceted character affects a 
variety of environmental and socioeconomics systems that can be classified into a number of 
different categories(Stahletal2012).  

Commonly, the drought hazard is described by one or a set of drought indicators. For example, 
Standard Precipitation Index: The Standardized Precipitation Index (SPI) is a tool which was 
developed primarily for defining and monitoring drought. The SPI allows an analyst to determine 
the rarity of a drought at a given time scale (temporal resolution) of interest for any rainfall station 
with historic data. It can also be used to determine periods of anomalously wet events. 
Mathematically, the SPI is based on the cumulative probability of a given rainfall event occurring 
at a station.  Palmer Drought Severity Index: The Palmer Drought Severity Index (PDSI) uses 
readily available temperature and precipitation data to estimate relative dryness. The PDSI has 
been reasonably successful at quantifying long-term drought. As it uses temperature data and 
a physical water balance model, it can capture the basic effect of global warming on drought 
through changes in potential evapotranspiration. 

For Europe, the standardized precipitation and evapotranspiration index (SPEI) (Vicente-
Serrano et al 2010a) has become popular in recent years. But, even though more than 100 
drought indicators are known and have been compared in a number of studies, clear guidance 
on their usage is still lacking. One reason for this is that most indices describe general anomalies 
of meteorological conditions, but only few drought indices were developed with or have been 
tested against observed drought impact data. Vulnerability to drought is typically estimated by 
a combination of relevant, subjectively weighted vulnerability factors which requires explicit but 
difficult to obtain information on physical, ecological and socioeconomic parameters. Although 
drought impacts are symptoms of vulnerability the majority of current approaches do not 
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consider past drought impact reports to estimate vulnerability, and only a few studies have 
validated their approaches using historical drought impact observations (Aggett 2012, Naumann 
et al 2013, Karavitis et al 2014). 

The SPEI (Vicente-Serrano et al 2010a) will be used as drought hazard indicator. The SPEI is 
an evolution of the well-established standardized precipitation index (SPI) (McKee et al 1993) 
and was developed to not only account for water input through precipitation, but also for water 
losses through evaporation. In contrast to SPI, which has a limited interpretability in dry regions 
(Wu et al 2007), SPEI was specifically developed for the semi-arid environments in Southern 
Europe (Beguería et al 2010, Vicente-Serrano et al 2010a, 2010b) and could therefore be 
applicable to the semi-arid south-eastern Georgia. SPEI has been shown empirically to be a 
better suited predictor for a number of environmental variables than SPI, including river flow 
(Lorenzo-Lacruz et al 2010, López-Moreno et al 2013) and can be derived from widely available 
meteorological observations used for drought quantification.  

NEA has long historical datasets daily (and sub-daily in some cases) precipitation and 
temperature interpolated from old stations, and a review of these data, particularly in the drought 
prone regions will determine which indicator will be used to calculate drought susceptibility.  
Drought indicator will be calculated for each grid cell within the model and for each month within 
the year, resulting in a drought hazard map by month and a drought susceptibility map. The 
results will be calibrated on observed droughts, in particular the drought of 2000.   

Avalanche Hazard Mapping 

Terrain is an essential factor and the only factor that is constant over time. A slope angle of 
>300 is usually required for dry snow slab avalanches. With digital terrain models (DTM) and 
geographical information systems (GIS) potential starting zones can be identified and their 
characteristics compared to avalanche occurrence. However, this approach is only reliable if 
the DTM resolution and accuracy are not larger than 20–30 m, and even then, they do not 
indicate small-scale variations in slope angle that are of interest for avalanche forecasting. 

 Forests inhibit avalanche formation. In dense forests (>200 trees of diameter >16 cm ha-1) the 
snow cover is too irregular to produce avalanches.  

 For large (catastrophic), new snow avalanches, precipitation is the strongest forecasting 
parameter and is closely related to avalanche danger. Accumulation of a new snow depth of 
about 1 m within a storm is considered critical for the initiation of extreme avalanches; about 
30– 50 cm is critical for naturally released avalanches in general.  

 Wind contributes to loading and is often considered the most active contributing factor after 
new snow. Loading by wind-transported snow can be fast and produces irregular deposits with 
locally increased loading rates. Variations in wind speed and snow drift form layers of different 
density or hardness, creating stress concentrations within the layered snowpack.  

 Temperature is a decisive factor contributing to avalanche formation, particularly in situations 
without loading. Its effect on snow stability is complex since changes in air temperature affect 
snow stability in various ways. Rising temperature during a storm and rapid temperature 
increase shortly after a storm contribute to instability. Changes in air temperature primarily affect 
surface layers, i.e., the slab, whereas the weak layer is relatively unaffected because of the 
generally low thermal conductivity of snow.  

Snow cover stratigraphy is recognized as the key contributing factor for dry snow slab avalanche 
formation. Any loading by new or wind-driven snow or any temperature increase has no effect 
on snow stability if no weakness exists in either the old snow or at the old snow surface 
underlying the new snow. Therefore, the weak layer or interface is a necessary prerequisite but 
not sufficient condition for avalanche formation.  
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 The rain plays a complex role in snow metamorphism. Generally, for dry snow, a small increase 
in the liquid water content (LWC<0.5%) does not significantly affect the mechanical properties 
of snow. However, heavy rain induces a rapid and noticeable increase in LWC, which results in 
a drop in the shear stress strength. This situation leads to widespread avalanche activity (wet 
snow avalanches). 

The orientation of slopes with respect to the sun has a strong influence on the day-to-day 
stability of the snowpack. For instance, in winter, shady slopes receive little incoming radiation 
from the sun and conversely lose heat by long-wave radiation. It is generally observed that for 
these slopes, the snowpack is cold and tends to develop weak layers (faceted crystals, depth 
hoar). Many fatalities occur each year in such conditions. In late winter and in spring, the 
temperature increase enhances stability of snowpack’s on shady slopes and instability on sunny 
slopes. 

There are lots of other factors of snow avalanche formations: snow thickness, snow density, 
ground surface roughness, ground shape and curvature, altitude etc. 

There is no real experience of avalanche hazard mapping in Georgia (other than GIS, -based 
geo-statistical analysis’s).  Inventories of avalanches exist, but are not based on extensively 
monitored data at appropriate spatial resolution.  Hence, data on which to base hazard 
modelling and mapping is limited.  The approach will therefore need to be innovative and employ 
methodology for avalanche hazard mapping over large undocumented areas. Similar to the 
CENN approach, the method will combine GIS tools, computational routines, and statistical 
analysis in order to provide a “semi-automatic” definition of areas potentially affected by 
avalanche release and motion.  Zones of potential avalanche release will be defined, based on 
the consolidated relations on slope, morphology, vegetation, snow cover and other 
climatological parameters (rainfall, wind, temperature). For each of the identified zones of 
potential release, the areas potentially affected by avalanche motion and run-out will be defined. 
The definition of avalanche impact areas will be implemented using “flow-routing algorithm” 
which allows for the determination of flow behaviour in the track and in the run-out zone.  In 
order to estimate the avalanche outline in the run-out zone, statistical analysis of historical data 
regarding extreme avalanches in similar countries in the region will be used and adapted to the 
Georgian context. The method requires only a digital terrain model and an indication of the areas 
covered by forest as input parameters (along with climatological data). The procedure, which 
allows rapid mapping of large areas, does not in principle require any site-specific historical 
information, but best use will be made of what is available for Georgia. Furthermore, it has 
proven to be effective in all cases where a preliminary cost-efficient analysis of the territories 
potentially affected by snow avalanche was needed.   

The use of better a DEM with better spatial resolution and vertical accuracy will be a vast 
improvement on the CENN approach.  In addition of use of flow-fouting algorithms to map the 
run-out zone will provide the impact zones to determine receptors at risk from avalanches.  

Multi-hazard mapping 

In addition to hazard maps for individual hazards, a multi-hazard map (MHM) will be developed 
for all major river basins in Georgia.   

The main purpose of MHM is to gather together in one map the different hazard-related 
information for a study area to convey a composite picture of the natural hazards of varying 
magnitude, frequency, and area of effect. A MHM may also be referred to as a "composite," 
"synthesized," and "overlay" hazard map. One area may suffer the presence of a number of 
natural hazards. Using individual maps to convey information on each hazard can be 
cumbersome and confusing for planners and decision-makers because of their number and 
their possible differences in area covered, scales, and detail.  
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Many natural hazards can be caused by the same natural event. The inducing or triggering 
mechanism which can interconnect several hazards can more easily be seen through the use 
of a MHM. Characteristics of the natural phenomenon and its trigger mechanisms are 
synthesized from different sources and placed on a single map.  

Additionally, the effects and impact of a single hazard event, include different types of impacts, 
each having different severities and each affecting different locations.  

The MHM is an excellent tool to create an awareness in mitigating multiple hazards. It becomes 
a comprehensive analytical tool for assessing vulnerability and risk, especially when combined 
with the mapping of critical facilities.  

The adoption of a multiple hazard mitigation strategy also has several implications in emergency 
preparedness planning. For example, it provides a more equitable basis for allocating disaster 
planning funds; stimulates the use of more efficient, integrated emergency preparedness 
response and recovery procedures; and promotes the creation of cooperative agreements to 
involve all relevant agencies and interested groups.  

 

Risk and Vulnerability Modelling and Mapping 

The approach for risk and vulnerability assessment and mapping is based on that which was 
introduced by the Rioni project and is in line with EU floods directive approach.  The risk and 
vulnerability mapping to be done for the rest of Georgia is therefore scaling up and building upon 
the methods and modelling already introduced to Georgia and will harness capacities built within 
NEA under the Rioni project.  It will involve the extension of the bespoke GIS-based risk model 
developed for Rioni to the rest of Georgia and to other hazards.   

Baseline socio-economic assessment and preparation of flood vulnerability map 

Having undertaken catchment wide hazard mapping, this information will be used in 
combination with infrastructure (bridges, roads and buildings), land use (settlements, 
agriculture, grazing lands, and conservation areas), property and socio-economics data, to 
assess the socio-economic impacts of all hazards and produce vulnerability maps for the river 
basin. This vulnerability map, based on the accurate hazard mapping of the current situation will 
form the baseline. 

In order to develop vulnerability maps, a GIS-based risk model developed for Riono basin will 
be extend to the rest of Georgia (already done in outline and with available for this feasibility 
study. This will be updated and strengthened for the full project). The tool will integrate various 
spatial socio-economic data with hazard maps, and produce vulnerability maps which will 
include economic losses and damages and loss of life estimates. 

Large hydro meteorological events often result in losses to infrastructure, particularly roads and 
water supply, losses to agriculture and damage to property, along with concomitant social 
effects associated with loss of potable water and agricultural productivity. The baseline socio 
economic appraisal will concentrate on these and other sectors. 

Agricultural damage per unit of area will be calculated based on land use, typical crop yields 
and current market values. The impact of flooding on livestock will be evaluated, and valued at 
their local market value and their density across each region. Their numbers will be based on 
density of cattle information for each region. The loss of dwellings will be valued based on the 
type of structure. For example, for temporary dwellings the cost of building materials, the number 
of days labour for rebuilding will be important whereas damage to permanent buildings will be 
based on an average value, established through local consultation and proportional damage by 
flood depth to buildings and their contents will be estimated. 
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The probability of the loss of life and injury will be valued based on the density of population, 
average hazard severity (e.g. flood depth and velocity). This will then be multiplied by a 
reference valuation for the statistical economic loss of a life, which will be derived through local 
consultation, and also included within the economic appraisal. Costs for the rebuild of damaged 
major infrastructure will be included, as well as the costs for post event aid relief, based on the 
historic records for previous events. 

Care will be taken to include but not double count, the gender effects of disasters. It is known 
that the consequences for the balance between productive and reproductive activities of women 
is severely altered during and post the hazardous event. This has impacts on the household 
income and the resilience of the household. The ECLAC Handbook is very specific on projects 
in the developing world understanding the differential effects on women as a result of flooding. 

It will be important though challenging to assess the macro economic effects of hazards on the 
Nation’s economy, its balance of payments and import/export parity. Avoidance of the worst 
effects of these disasters through appropriate mitigation efforts will enhance economic growth 
in the form of employment, income and productivity and boost confidence in industry. The 
negative effects on the balance of payments whilst restitution is on-going and capital costs of 
mitigation put in train will be redressed by an emergent economy in the context of resilient 
assets, infrastructure and productivity.  

These sources of damage and loss will be incorporated through mapping to generate Economic 
Vulnerability maps. As discussed above, this will involve land use, density of population and 
farm animals and major infrastructure and buildings. From these maps, the potential damages 
caused by a range of severity of events can be produced for the baseline condition, by 
comparison with the maximum hazard extent/severity. This baseline assumes that nothing is 
done over and above current the ‘business as usual’ approach to prevent the hazard and that 
any defences likely to fail have failed. From the range of events, a statistical Annual Average 
Damage and Present Value of Damage will be produced for this baseline. This will be based on 
an agreed appraisal period, e.g. 50 years, with an approved discount rate. Once this baseline 
is confirmed, then the hazard mitigation options and their damages avoided can be considered. 

Although there are many contributing factors to economic loss caused by a hazard or 
combination of hazards, it will be the aim of this study to capture the largest contributors to this 
loss, which can be most readily valued. This will provide a reliable basis from which to make 
decisions. The use of appraisal summary tables, which will set out principle receptors impacted 
by hazards, the scale of the impact and the level of quantification required will ensure that all 
aspects, both quantifiable and unquantifiable are still considered in the decision-making 
process. This decision process will be assisted by Multi Criteria Analysis to give comparative 
weight to all impacts whether measured in monetary terms or not. The results of this assessment 
will be used in the appraisal of intervention options. 
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Annex 8. Summary of outline design for structural risk reduction measures 
Summary table of structural measures to be implemented under the project 

Priority 
rank 

Site name 
and 
location 

Problem 
statement 

Site map Planned measure with cross-sections of suggested structure (conceptual 
design) 
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1 Gaghma 
Kodori site, 
next to vil. 
Gaghma 
Kodori on the 
left bank of 
the river, 
Abasha 
Municipality, 
Samegrelo-
Zemo 
Svaneti, 
Enguri River 
Basin, West 
Georgia 

Bank 
erosion -
scouring, 
collapse; 
flood risk to 
population, 
properties 
and 
agricultural 
population  

 

 

Embankment with rock boulder benching with wire mesh mat lining, 
250m in length
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2. Rioni river, 
right bank 
– v. 
Sagvichio, 
Zemo 
Chaladidi 
community 
 

Strong side 
erosion; loss 
of fertile 
land; range 
of dikes that 
have been 
arranged to 
protect the 
area from 
flooding 
during high 
water 
seasons is 
washed 
away and 
degraded; 
risk of 
flooding 
settlements, 
properties 
and 
agricultural 
lands 

 

Embankment with rock boulder benching with wire mesh mat lining, 
600m in length
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3. Liakhvi 
river, left 
bank – Gori 
city, 
Tsmindatsk
ali district of 
the city, 
Shida Kartli, 
Kura River 
Basin, East 
Georgia 

Side 
erosion, 
washing 
away of the 
upper 
terrace in the 
section from 
the highway 
up to the 
Mejuda 
confluence; 
presence of 
decayed 
dam - 
around 800 
meters of 
concrete 
wall 
destroyed 
and washed 
away by the 
stream, 
Remaining 
part of 
another 800-
meter long 
wall – 
undermined; 
risk of 
flooding 
Tsmindatska
li area of the 
city  

 

Construction of concrete regulation wall on drilled shafts 200 m 
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4.  Lagodekhis
khevi river, 
right bank – 
Lagodekhi 
city, 
Lagodekhi 
municipalit
y, Kakheti 
Region, 
Alazani 
River Basin, 
East 
Georgia 

River bed 
filled up with 
weakly 
worked 
cobbles- 
cobble-
boulders; 
strong flash 
floods a risk 
of flooding 
population 
and flooding 
poses 
serious 
problems for 
population 
and 
properties; 
damaged/silt
ed concrete 
wall on the 
right bank of 
the river; 
unregulated 
water intake 
at the 
derivation 
(branching) 
point 

 

Construction of 300-m long wire mash gabion wall in two lines one line - 
at the flow regulation device and another line - on top of the embankment 
at the head structure 
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5. Achkva river – 
Kobuleti city, 
Kubuleti 
municipality, 
Ajara 
Autonomous 
Republic, 
Chorokhi-
Ajaristskali 
river basin, 
West Georgia  

Insufficient 
capacity of 
the river 
canal; decay 
of the canal; 
decay of 
water 
regulation 
facility; high 
flood risk to 
residential 
areas 

 

Reconstruction of the water regulation facility, canal widening, lining and 
construction of new bridges  
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6.  Khodashnis
khevi river, 
left bank, 
near to 
villages 
Ojio and 
Khorkheli, 
Akhmeta 
municipalit
y, Kakheti 
Region, 
Alazani 
river basin, 
East 
Georgia 

Filling of 
river bed 
with 
sediment; 
filling of a 
diversion 
canal with 
sediment, 
lateral 
erosion of 
river banks, 
risk of 
flooding of 
monastery 
area, 
communities 
and 
agricultural 
lands 

 

 

Riverbed cleaning (5,300m), channel cleaning (3,000m),  construction of 
wire mesh gabion wall with length 2,800m 
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7.  Rioni river, 
right bank, v. 
Siriachkoni, 
Senaki 
municipality, 
Samegrelo-
Zemo 
Svaneti 
region, West 
Georgia 

Lateral 
erosion of 
river banks, 
decay of 
existing 
protection 
structures, 
away), loss 
of pastures 
and arable 
lands 

 

 Arrangement of wire mesh with lining along 500m long section  on the right 
bank of the Rioni River 
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8. Rioni river, 
left bank – 
Narionali 
(Guleikari), 
Project site is 
located on 
the left bank 
of the Rioni 
river, near 
the bridge 
(Abasha-
Gaghma 
Kodori-
Guleiskiri-
Japana 
road), within 
the 
boundaries 
of Abasha 
municipality. 

Islands and 
peninsulas 
near the right 
bank of the 
river trigger 
erosion 
processes 
on the left 
bank. The 
bank retreat 
puts the 
flood 
protection 
earthen 
dikes at risk. 
There is a 
risk of 
embankmen
ts wash-out 
and 
accordingly, 
the risk of 
flooding the 
populated 
area.  

 

 

Embankment with wire mesh 550m mat lining  
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9. Tskhenis-
tskali river, 
left bank, 
Gautskinari, 
Abasha 
municipality, 
Samegrelo-
Zemo 
Svaneti 
region, Rioni 
River Basin, 
West 
Georgia 

At the 
downstream, 
the river 
Tskhenistsk
ali has 
generated a 
two-way 
upper grove 
terraces. 
The river 
washes the 
banks, 
resulting in 
the loss of 
agricultural 
lands and 
threatens 
houses and 
home-
steads in the 
area. In 
some 
sections of 
the riverbed 
alluvial 
material 
accumulates
.  

 

 

Embankment with wire mesh 500m mat linining 
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10. Rioni left 
bank, 
Vazisubani, 
Samtredia 
municipality 

Bank 
erosion, 
degraded/w
ashed away 
flood 
protection 
structures 

 

 

Embankment with wire mesh 350 m mat linining 
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11 Rioni river, 
left bank – 
Patara Poti 
(Shavgele), 
Khobi 
municipality, 
Samegrelo-
Zemo 
Svaneti, 
Rioni River 
Basin, West 
Georgia  

The riverbed 
and 
floodplain of 
Rioni is built 
of alluvial 
sediments – 
various 
fractions of 
sand, silty 
clays and 
clayey. The 
section of 
the bank in 
this area is 
located in 
the strong 
meandering 
zone of the 
Rioni 
riverbed. 
Flood 
protection 
structure 
available in 
the area is 
eroded. 
During high 
water in the 
river strong 
risk of 
flooding 
occurs.  

 

 

Embankment with wire mesh mat lining with length 2000 m. 
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12. Alazani river, 
right bank, 
Milari, 
Signaghi 
municipality, 
Kakheti 
Region, 
Alazani 
River Basin, 
East Georgia 

River bank 
erosion/ 
collapse 
There is a 
certain risk 
that the 
stream may 
tear up the 
meander, 
straighten 
the riverbed 
leaving 
forested land 
on the left 
bank side, 
i.e. on 
Azerbaijan 
side of the 
border. Few 
agricultural 
lands are 
also under 
risk of 
flooding 

 

 

Construction of wire mesh gabion wall along the 400m section in so 
called Milari area of the Alazani along the border with Azerbaijan 
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13 Telavistskali, 
Telavi city, 
Kakheti 
region, 
Alazani 
River Basin, 
East 
Georgia. The 
canal starts 
from the 
south-west 
of the 
University 
area (in 
about 300m 
from the 
latter) and 
crosses the 
city from 
south-west 
to north-east 
direction. 
Part of it runs 
through the 
central 
(historic) part 
of the city. 
Buildings 
adjacent to 
the canal are 
residential or 
commercial 
facilities 

Decayed 
mudflow 
revetment 
structure 
and need for 
its clean-up 

 

Clean up (removal of debris) of 3 accumulation zones of the mudflow 
retaining structures totaling around 800 meters in length is planned 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Typical layout of the mudflow retaining structure to be cleaned-up 
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Annex 9. Agro-forestry approach 
 

Around 70% of the territory of the country is occupied by mountain zone where 2/3 of 

landslides that occurred in the country have taken place. Therefore, more than 80% of 

economic damage was caused to mountainous regions and majority of ecomigrants are from 

highland areas.  

 

Agroforestry is the management system aimed at controlling erosion processes and the 

restoration of soil fertility; it comprises the measures of protection against drought, warm dry 

winds and other unfavorable factors that hamper deriving high, sustainable yield of agricultural 

crops. Moreover, it is a complex of the activities directed at the improvement of ecological and 

climatic conditions of the soil at the location that renders it more favorable for agricultural 

practices; The system of forestry and agricultural activities directed at deriving high and 

sustainable harvest of agricultural crops by means of the improvement of soil and climatic 

conditions. 

 

Riverside bioengineering and floodplain agro-forestry can be considered to be effective 

activities directed at the stabilization of the river flow, strengthening the soil consistency, 

controlling erosion processes and in general, the results of flash-flooding, which is achieved 

as a result of the combination of biological and engineering elements. The purpose of 

bioengineering is growing plants and strengthening the banks of water sites. It does not involve 

the construction of artificial structures but uses the natural plants at a specific location; its 

objective is the fostering of natural processes. 

 

Structural measures such as the periodical repair of traditional embankment structures 

(concrete walls, gabions, etc.) is associated with large expenses and is not permanent. While 

at the initial stage planning/implementation of bioengineering activities may be costly, their 

maintenance is significantly cheaper, due to their properties of natural renewal and 

sustainability. 

 

Successful application of agro-forestry methods or combination of methods in a specific area 

is dependent on detailed knowledge of the causes of the problem and accurate planning of 

the activities to be performed.   

 

Afforestation/Reforestation of forest plantations across the river banks 

Planting of plantations across the river banks and floodplains facilitates conveyance water and 

sediment and the control of erosion processes. Hence floodplain forest belts that are 

developed to reducing flooding and scouring of the river bank and to stabilize its slopes. 

 

Reforestation of anti-erosion lines 

It should be underlined that damage caused by water erosion is not determined just by the 

loss of soil and reduction of harvest, but such soils also represent the source for development 

of mudflows, due to lack of vegetation cover, as sediments become entrained. Mudflows cause 

enormous losses for local population.  
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Thus, as a result of erosion processes fertile soil is washed down and lost uselessly.  

Restoration of washed away soil is very difficult.   

 

Erosion also causes the development of ravines as well as to development of sudden floods 

and disastrous mudflows (with stone and mud flow).     

 

 

Figure 3 

 

 

Anti-erosion forest crops 

 

Anti-erosion lines are planted across ravines and erosion lines to eliminate the development 

of erosion processes, mudflows and soil runoff, but also assist to sustaining soil moisture to 

contiguous agricultural land, and can therefore significantly change field conditions and 

increase productivity of agricultural crops.  

 

Anti-erosion forest lines have positive influence on the processes of soil formation and its 

development. The fields protected by forest lines are appropriate sites for development of 

perennial grasses, which develop strong root system which facilitate to rapid rehabilitation of 

soil structure and improvement of its productivity.   

 

Windbreak forest lines (Alley cropping)  

Wind damage to agricultural land is widespread and significant in Georgia and has negative 

impact on the yield of agricultural crops in Georgia. The strength of wind is significantly 

dependent on the distribution of snow on fields, evaporation of moisture from soils and plants, 

air temperature, humidity etc.    

 

Figure 4 
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Wind shelter (windshield) forest belts 

 

It is known that with the influence of windbreak forest lines in relation to its height (H) moderate 

wind regime and consequently reduces its harmful impact at the distance of more than 20-30; 

this results in the rise of the humidity of soil and air, the conditions for the accumulation of 

snow and its equal distribution on areas are created which results in the increase of the yield 

of agricultural crops. 

 

Branch Packing 

Branch packing is used to repair small, localized slumps and holes in streambanks. It consists 

of alternating layers of live branches and compacted backfill. Branches trap sediment that 

refills the localized slump or hole, while roots spread throughout the backfill and into the 

surrounding earth to form a unified mass. 
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Applications and Effectiveness 

• Repairs slumps and holes in streambanks that range from 61 cm to 1.2 m. in height 

and depth and 1.2 m. in width effectively and inexpensively. 

• Retards runoff and reduces surface erosion and scour as plant tops begin to grow. 

• Establishes a vegetated streambank rapidly. 

• Enhances conditions for colonization of native vegetation. 

• Provides immediate soil reinforcement. 

• Serves as tensile inclusions for reinforcement once live branches are installed. 

 

Joint Planting 

Joint planting disguises riprap and may provide habitat. The plant roots help hold soil together 

under the rocks. It involves tamping live stakes into joints or open spaces between existing 

rocks or when rock is being placed on the slope face. 
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Applications and Effectiveness 

 

• Useful where rock riprap is required or already in place. 

• Successful 30 to 50 percent of the time. First year irrigation improves survival rates. 

• Improves drainage by removing soil moisture. 

• Creates, over time, a living root mat in the soil base upon which the rock has been 

placed. These root systems bind or reinforce the soil and prevent washout of fines 

between and below the rock. 

• Provides immediate protection and is effective in reducing erosion on actively eroding 

banks. 

• Dissipates some of the energy during a flood stage.  

 

Live Crib wall 

A live crib wall is used to rebuild a bank in a nearly vertical setting. It consists of a boxlike 

interlocking arrangement of untreated log or timber members. The structure is filled with rock 

at the bottom and soil beginning at the ordinary high-water mark or bank full level. Layers of 

live branch cuttings root inside the crib structure and extend into the slope. Once the live 

cuttings root and become established, vegetation gradually takes over the structural functions 

of the wood members. 
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Applications and Effectiveness 

• Appropriate at the base of a slope where a low wall may be required to stabilize the 

toe of the slope and to reduce its steepness. 

• Appropriate above and below the water level where stable streambeds exist. 

• Useful where space is limited and requires a more vertical structure. 

• Useful in maintaining a natural streambank appearance. 

• Useful for effective bank erosion control on fast flowing streams. 

• Effective on outside bends of streams where strong currents are present. 

• Effective in locations where an eroding bank may eventually form a split channel. 

• Excellent habitat provider. 

• Provides immediate protection from erosion and long-term stability. 

 

Each site requires individual approaches. For the protection of vulnerable population and 

adjacent areas from the land-slides and mud-flows in each river basin it will be advisable, 

following detailed and in-depth study of identified areas and consideration of the local 

conditions, to plan activities based on the study of various technical, statistical and scientific 

sources and field surveys. Based on the outcomes, the designed plan for each specific site 

will included the types of activities to be implemented such as planting, sowing, maintenance, 

as well methodology, timelines, the plantation species, volume of work, etc. 

 

In addition to carrying out protective activities, in relation to mentioned issues, the awareness 

raising of local residents and municipalities should be planned and implemented. 

 

Species applied under the Rioni project 

 

The following local tree species shall be used for various purposes in Georgia:  

• Coniferous – spruce, fir, pine  

• Broadleaf’s – beech, hornbeam, alder, willow, aspen, white acacia. 
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It is not recommended to use other wooden species found in Georgia (because they are 

represented by relicts, endemics, or are characterized by small area of spreading). 

 

In bioengineering, white acacia can be used as logs as well as sticks. Its wood is solid, stable 

to rot. It can be found throughout Georgia. 

 

 
 

 


