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Executive Summary 
 
Colombia is exposed to climate related events. Hydrometeorological hazards such as 
avalanches, floods, flash floods, prolonged dry periods have had the greatest impact on the 
national territory. During the period 2010 - 2011, the ‘La Niña’ phenomenon caused serious 
damage in much part of the territory and generated serious social, economic, environmental 
and political impacts. Because of the magnitude of the disaster, the government declared an 
economic, social and ecological emergency (Decree 4579 of 2010) and created the Disaster 
Fund Management (Decree 4709 of 2010) and later the National Disaster Risk Management 
Fund (Spanish acronym FNGRD). Since then, the government has been strengthening national 
institutions in order to support the resilience of the population to climate risks, improve 
safety, welfare and quality of life and contribute towards sustainable development. 
 
According to the Third National Communication (TCNCC), climate change scenarios to 2100 
indicate that the country as a whole would be affected by climate change and the behaviour 
of temperature and rainfall would be variable in all regions of Colombia. This implies that 
each region should take different measures to address the potential impacts of climate 
change. A gradual change in temperature and precipitation in the country generated by 
climate change could increase impacts of climatic variability phenomena such as El Niño or 
La Niña on territories and sectors, which have a greater impact on the territory, and 
consequently on human health, the rural economy and overall regional competitiveness. 
 
La Mojana Region was one of the most affected during the occurrence of the most recent ENSO 
events. Floods and prolonged dry periods have caused loss of livelihoods and affected water 
access and health. Additionally, floods have caused significant damages in vital infrastructure 
(houses, agricultural lands, schools, hospitals, roads) and human lives. 
 
La Mojana is a strategic region for the national territory. It has a critical role to play with the 
productivity of wetland areas, with the environmental function of regulating the channels of 
the Magdalena, Cauca and San Jorge rivers, mitigating flooding and balancing sedimentation, 
and providing other critical functions for maintaining the ecological balance of the Caribbean 
Coast. 
 
The National Adaptation Fund is currently leading the implementation of the Action Plan for 
La Mojana that envisages a radical change from the past retroactive and disaster recovery 
investments solely focusing on flood protection infrastructure that proved to be inefficient. 
The Action Plan promotes an integrated approach that combines adaptive infrastructure, 
resilient water management, sustainable agricultural productive activities, territorial 
planning and effective EWS combined with institutional strengthening. 
 
In this context, the paradigm shift potential of this project lies in implementing a model that 
shifts from a flood protection infrastructure focus with a retroactive disaster recovery 
approach, to a preventive risk management, holistic and integrated approach. This 
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represents a new model for climate resilient regional development in the country that 
combines structural measures with livelihood-focused and ecosystem-based adaptation 
solutions. In the case of La Mojana this integrated model will mean complementing baseline 
infrastructure investments (adaptive housing, flood protection structures) with the proposed 
community managed water supply solutions for year-round access of safe water, adaptive 
measures in a set of agriculture production activities by smallholders, wetland restoration 
for enhanced flood and drought regulation functions, as well as institutional capacity building 
for climate early warning processes. Another key feature of the holistic approach is the 
integration of actions in various levels, from site specific to landscape level, and from 
community to local, regional and national institutional levels. 
 
Complementing actions of the Action Plan for La Mojana led by NAF, this project would focus 
on promoting an integrated approach to water resource management, that complements 
interventions of the Action Plan for La Mojana1, led by the national government through NAF. 
In order to be effective interventions would aim four main results: 
 
1. Systemizing knowledge of the impacts of climate change on water management for 

planning: This output would ensure that resulting knowledge of the project is managed 
and disseminated effectively to enhance decision making at local level, long term planning 
to streamline adaptation in the region and provide relevant lesson learned and 
instruments that contribute to public policy on adaptation to climate change and 
wetlands management at national level.  
 

2. Promote climate-resilient water resources infrastructure and ecosystem restoration by 
vulnerable households and communities: This output would be focussed on providing 
regional long-term water management solutions to the rural communities in La Mojana.  
The output would combine solutions to ensure long-term water supply and reduce local 
population vulnerability to floods and prolonged dry periods by increasing access of rural 
populations access to drinkable water sources and improve wetlands management, 
including the implementation of practices to reduce impacts of unsustainable agriculture 
on wetlands. 

 
3. Improved early-warning systems for climate resiliency: This output would enhance 

existing early-warning and forecasting infrastructure, improve monitoring and 
forecasting local and national capacities and promote tailored mechanisms to 
disseminate and communicate relevant climatic information. 

 
4. Enhance rural livelihoods through climate resilient agroecosystems: This output will 

focus on improving water management practices by increasing efficiency of water use for 
agroecosystems, promoting agro-diverse and climate resilient crops, supporting research 
on varieties adapted to prolonged dry seasons and implementing a rural extension 
program to increase local capacities for integrated management of water in La Mojana.  

 
Direct beneficiaries of this project would be the rural population of the eleven municipalities 

                                                             
1 http://sitio.fondoadaptacion.gov.co/index.php/el-fondo/macroproyectos/la-mojana/plan-de-accion 
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of La Mojana (203,918 inhabitants) through improved living standards associated with 
sustainable provision of reliable and safe drinking water. Indirect beneficiaries would be a 
further 201,707 beneficiaries include the total population of La Mojana (405, 625 
inhabitants) that will benefit with information resulting of the early warning systems and 
better planning practices implemented by their local governments. 
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1 Analysis of the situation: Climate Risk Profile of Colombia 
 

1.1 Country Background: Development context and challenges 
 
The Republic of Colombia’s National Development Plan 2014-2018 “Todos por un nuevo 
país” [Everyone for a new country,] aims to build a peaceful, equitable and educated country, 
in harmony with the purposes of the National Government, with the standards of the 
Organization for Economic Cooperation and Development economic (OECD), and the long-
term planning vision provided by the post-2015 Development Agenda. 
 
Colombia is exposed to climate related events. Hydrometeorological hazards such as 
landslides, floods, flash floods, prolonged dry periods have had the greatest impact on the 
national territory. During the period 2010 - 2011, the ‘La Niña’ phenomenon caused serious 
damage in much part of the territory and generated serious social, economic, environmental 
and political impacts. Because of the magnitude of the disaster, the government declared an 
economic, social and ecological emergency (Decree 4579 of 2010) and created the Disaster 
Fund Management (Decree 4709 of 2010) and later the National Disaster Risk Management 
Fund (Spanish acronym FNGRD). Since then, the government has been strengthening national 
institutions in order to support the resilience of the population to climate risks, improve 
safety, welfare and quality of life and contribute towards sustainable development. 
 
Colombia’s vulnerability to climate events is related largely to climate variability. 
Development challenges such as poverty, inequity, degradation of ecosystems, violence and 
unsustainable land use have aggravated vulnerability of local populations in some areas of 
the country. In spite of important advances to reduce the vulnerability of exposed population 
and assist effectively during emergencies, an innovative approach to promote climate 
resilient territories is needed. The selected approach needs to complement and integrate 
with existing programs and development plans. This includes systematically mainstreaming 
climate change adaptation into national policies, territorial planning instruments and 
sectoral management practices.  
 
To address development gaps the state promotes the creation of "plan contracts or peace 
contracts," as an instrument to coordinate efforts of the local and national government 
towards common development objectives. According to the National Department of Planning 
(DNP) "Plan-Contracts are useful for identifying strategic issues for integral and joint 
development of the population and the territory with a long-term approach, focusing on the 
following objectives: a) coordination and coherence between the strategic priorities of the 
National government and the regional and local policies formulated related to the 
development vision; b) concerted implementation of programs and investment projects, the 
provision of public services and the exercise of powers and functions jointly performed by 
the territories.” 
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1.1.1 Incomes  
 
Although Colombia’s Gross Domestic Product is US$ 5,275, 27.8% of its population lives in 
poverty and 7.9% in extreme poverty2. Colombia has made significant progress in reducing 
poverty, which in the period 2002 – 2015 reduced 21.9 percentage points, from 249.7 to 2015 
27.8%. The departments with the highest rates of monetary poverty are Choco, La Guajira 
and Cauca areas within the La Mojana region targeted through this project. Although poverty 
figures show a marked decline in recent years, and Colombia is considered a country with a 
high Human Development Index (0.720)3, it has a high Gini Inequality Index (0.522), although 
it has declined in recent years, it represents values similar to those observed in 19894,5. 
 
Colombia is one of the fastest growing countries on the region thanks to an effective 
macroeconomic, fiscal management and active promotion of free trade agreements in the last decade. 
In 1990, Colombia had a GDP per capita of only US$1,175, which increased to over US$6,000 
by 20156. Nevertheless, the country has been affected by the global economic slowdown. 
Extractive sector has been the most affected sector, while services remained the main driver 
of growth. On the demand side, household consumption drives the economic activity, exports 
represent around 15% of the GDP and petroleum is the main export, making over 45% of 
Colombia's exports.  
 
The national government has focused on bolstering Colombia's commercial ties and boosting 
foreign investment. Colombia has signed or is negotiating Free Trade Agreements (FTA) with 
more than a dozen countries, is an active member of the Andean Community and founding 
member of the Pacific. In 2013, Colombia began its accession process to the OECD. 
 
The country still depends heavily on energy and mining exports and therefore is still 
vulnerable to commodities markets and its development is stymied by inadequate 
infrastructure, high inequalities (53.5 GINI index for 2015) and poverty (27.8% living below 
the poverty line in 2015). Real GDP started to drop in 2015 after an average growth of 4.8% 
per year from 2010-2014. All three major ratings agencies upgraded Colombia's government 
debt to investment grade in 2013 and 2014, which helped to attract record levels of 
investment, mostly in the hydrocarbons sector.  
 
Government income, have declined drastically due to the declining of oil prices in recent 
years. In 2014, Colombia passed a tax reform bill to offset the lost revenue from the global 
drop in oil prices. Nowadays this tax reform is being updated in order to, among others, help 
to finance the implementation of the peace deal between FARC and the government. 
Colombian officials estimate a peace deal may bolster economic growth by up to 2%. 
 

                                                             
2 Data by the National Statistics Department (Spanish acronym DANE) 
3http://hdr.undp.org/es/data 
4 http://www.dane.gov.co/files/investigaciones/condiciones_vida/pobreza/cp_pobreza_15.pdf 
5 http://datos.bancomundial.org/indicator/SI.POV.GINI?locations=CO 
6 http://data.worldbank.org/country/colombia 
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While the government has tried to reduce the negative impact of lower incomes through 
reduction in the public expenditure, GDP and foreign direct investment fell in 2015 and the 
El Nino weather phenomenon caused food and energy prices to rise, with inflation spiking to 
6.8%. Unemployment has continued to decrease and hit a record low of 8.9% in 2015, but the 
rate is still one of Latin America's highest.  
 
While agriculture sector contributes an average of 6.2% of total GDP, this sector generates 
16.3% of employment in the country7. According to the agricultural census, the country has 
more than 42 million hectares suitable for agricultural and forestry activities, rural 
municipalities comprised 84.7% of the territory and 30.4% of the Colombian population lives 
in rural areas8.  Farming Colombia accounts for around 62.5% of the whole agricultural 
sector GDP, although in agriculture has lost share in total GDP in the last years, having had an 
annual average growth of 2.1%, below the national average of 4.3% (DANE, 2014). The 
development of the agricultural and rural sectors is considered one of the engines of the 
country's pursuit of sustainable development targets. The sector continues is an important 
source of employment, mainly for the rural population. In 2012 agriculture directly employed 
2.5 million people and indirectly generated another 4.8 million jobs, which together 
represented 36% of the country's employed population (MADR, 2013).  
 

1.1.2 Climate  
 
Colombia´s climate is determined by its equatorial position, the presence of the Andes 
Mountains and the location within the Inter-tropical Convergence Zone (ITCZ). Differences in 
altitude determine weather conditions of most part of the national geography, specifically the 
Andean region. 
 
Displacement of the ITCZ directs two types of temporal behaviour of the rains, the bimodal, 
characterized by two rainy periods interspersed with two dry ones, and the monomodal, 
characterized by a rainy period of Long duration and a dry one also of long duration. In the 
north of the country the rainy season extends from June to November, in the east from April 
to November and in the south of the country from November to April (IGAC, 2008). 
Consequently, the intra-annual hydrological regime in Colombia is characterized by dry and 
wet periods, which determine monomodal and bimodal regimes depending on the existence 
of one or two dry and / or humid periods (IDEAM, 2014). 
 
Altitudinal changes in temperature determine thermal zones. Lower areas between 0 to 800 
m are normally characterized by an average annual temperature above 24ºC, and represent 
80% of the territory. Higher areas from 800 to 1800 m have an average annual temperature 
that varies between 24ºC and 18ºC and extends to 10% of the territory. Areas up to 1,800 m 
are colder and temperature varies between 18ºC and 12ºC; after 2,800 m average 

                                                             
7 DANE, 2014 
8 DNP-MTC. 2014. Mission for the Transformation of the Countryside. https://colaboracion.dnp.gov.co/CDT/ 
Agriculturapecuarioforestal%20y%20pesca/El%20CAMPO%20COLOMBIANO%20UN%20CAMINIO%20HACIA%20EL%2
0BIENESTAR%20Y%20LA%20PAZ%20MTC.pdf 

https://colaboracion.dnp.gov.co/CDT/
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temperature is below 12ºC. Temperature doesn’t vary much during the year but variations 
during the day can be more than 10 degrees, especially in the higher areas (IGAC, 2008). 
 
The tropical climate is characteristic of the Amazon rainforest, north Pacific coast and the 
Central Valley of Magdalena. In the south of the Pacific coast and in the Caribbean coast, as 
well as in specific areas of the interior, the monsoon tropical climate predominates, marked 
by a short dry period. The tropical savannah conditions, with wet and dry seasons alternately, 
predominate in the lowlands of the Atlantic coast, in the region of Los Llanos and in the upper 
part of the Magdalena Valley. The dry season usually goes from November to April while the 
wet season runs from May to October, the latter with short intermediate dry periods. A drier 
climate can be found on the Caribbean coast, from the Gulf of Morrosquillo to the La Guajira 
Peninsula in the northeast, with two humid periods (April and October to November) that 
rarely exceed 750 mm per year. Only 1% of the territory is considered arid. 
 
Rainfall volumes vary considerably across regions. The driest region is located in the 
Municipality of Uribia on the Guajira peninsula, with an average annual precipitation of 267 
mm, which contrasts with the large volumes recorded in the Pacific region, particularly in the 
department of Choco, where Precipitation exceeds 9000 mm per year (IGAC, 2002). High 
rainfall volumes, exceeding 4000 mm per year, also occur on the outer slopes of the Eastern 
and Western ranges, and in the Catatumbo region (IGAC, 2008). 
 
El Niño and La Niña are the inter-annual climatic variability events with more influence in 
the country due to the generation of extreme events of temperature and precipitation. Most 
well-known episodes of shortages of water for the energy sector of the country and the 
frequent floods of the Magdalena basin, where La Mojana regions is located, are associated to 
these phenomena  
 

1.1.3 Water management 
 
Due to its geographical location, topography and a wide variety of climatic regimes, Colombia 
is among the countries with the greatest richness of water resources in the world. However, 
the most populated areas and more important socioeconomic activities are located in regions 
with low water supply, have unsatisfied water needs and ecosystems have suffered anthropic 
impacts that have affected water availability and quality.  
 
Water richness of Colombia is evidenced by an extensive river network that covers the whole 
country as well as water bodies; favourable conditions for the storage of groundwater; and 
large areas of key ecosystems for the regulation of the resource such as wetlands and moors 
(IDEAM, 2014). The Colombian water availability can be quantified by means of runoff and 
yield values and is manifested by a dense surface fluvial network (with an annual runoff of 
2084 km3 equivalent to a flow of 67000 m3/s), which, depending on certain conditions is 
favourable for the storage of groundwater.  An estimated 38 km3 are stored in marshes, 
lagoons, lakes and reservoirs (IDEAM -SIAC, 2001). 
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Configuration of the Colombian territory is divided into five major regions, determined by 
five hydrographical major zones: Caribbean, Magdalena – Cauca (where La Mojana Region is 
located), Amazon River, Orinoco River and Pacific. Each of them has its own characteristics 
in terms of area, direction in which drain its waters, climate, vegetation, length and flow of 
the rivers. 
 
The Caribbean hydrographical zone and the Magdalena - Cauca are the most important of the 
country, and are the ones with more influence in the hydrological dynamics of La Mojana. 
Rivers such as Magdalena, Cauca, San Jorge, Atrato, Sinú and their tributaries, run from south 
to north and the great inter-Andean valleys feeding these zones to end in the Caribbean 
Ocean. This hydrographical zone has an extension of 374,000 square kilometres and water 
availability of 453,914 Mm3 in an average year (IDEAM 2014). The whole area is an important 
complex of exchange between regions. The Magdalena - Cauca zone has differences between 
the basins of the two rivers, which are separated by the Central mountain range. In the Cauca 
river basin, the value of the runoff increases as it moves downstream from 960 mm/year to 
1,500 mm/year. Conversely, in the Magdalena river basin, the runoff decreases as it advances 
towards its mouth, from 1,000 mm to 450 mm/year. These runoff values are equivalent to 
about 580,000 million cubic meters per year in the Magdalena-Cauca basin (Guhl 2008). 
Regarding sediments, it is important to highlight that the Magdalena River transports 
annually 138 million tons of sediment in suspension, 46% of the national total (IDEAM -SIAC, 
2001).  
 
The hydrographical zones with high water surpluses are Amazonas (88% of its area) and 
Pacific (67% of its area). The largest water surpluses of the Caribbean Region are observed 
in the Atrato river basin and the Magdalena-Cauca area (IDEAM 2014), which include the 
important flooding areas as La Mojana, el Dique Channel and the Depresion Momposina. 
Regions with the greatest water deficit are located in the Caribbean watershed, in La Guajira, 
where the aridity index goes from highly deficit to deficit in river basins that drain directly to 
the Caribbean and the Rio Ranchería. Moderate aridity values are reported in the Catatumbo 
(in the Caribbean), Bajo Cesar (Magdalena-Cauca area) and the Sumapaz River. In the south 
of the country, the basins of the Garagoa, Chitagá, Orinoco and Guáitara rivers in the Pacific 
also show a moderate aridity index (IDEAM 2014). 
 
Marshes and other similar bodies of water are important reservoirs of water at national level 
and represent 5,622,750 hectares, which are mainly found in the departments of Bolívar and 
Magdalena. The lakes represent about 22,950 ha and flooded savannahs cover a total area of 
approximately 9,255,475 ha, located in the departments of Amazonas, Guainía and Guaviare. 
Flooded forests represent approximately 5,351,325 million hectares and are located in the 
Orinoquia, Amazonia, under Magdalena and less so in the Pacific zone. The Caribbean region 
is of great importance because of the presence of 71% of permanent or semi-permanent 
wetlands, specifically in the Momposina Depression Complex (including La Mojana), the 
Magdalena Medio Complex and the Atrato River Complex (Ministerio del Medio Ambiente - 
Instituto Alexander Von Humboldt 1999). 
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Water demand for agricultural use is the highest in Colombia (54%); domestic uses demand 
just the 29%, while industrial uses, livestock and services represent 13%, 3% and 1% 
respectively. The cities with the highest demand for domestic uses are Bogotá, Cali, Medellin, 
Barranquilla and Cartagena. Demand for agricultural use is concentrated mainly in the 
departments of Tolima, Boyacá, Cauca, Cundinamarca, Huila, La Guajira, Nariño, Norte de 
Santander, Santander and Valle del Cauca. The highest demand required by the industry is 
concentrated in industrial centres such as Bogotá, Medellin, Barranquilla and Cali. 
 
Studies at national level made it evident that there is an affectation of the quality of the water 
resource with the consequent effect on the availability for different uses, with greater 
intensity in certain zones and bodies of water. Low availability of dissolved oxygen and high 
levels of total suspended solids, coliforms, hydrocarbons and orthophosphates are the main 
factors affecting water quality.  Magdalena basin has specific affectations derive from the bad 
quality of the Bogota River, the industrial activities in Barrancabermeja and the lower part, 
from El Bunco through the sedimentation zone in the Momposina depression, due to the 
contribution of suspended solids from the middle basin. Cauca River has also quality 
affectation in areas close to Popayan, due to the impact of the sanitary landfill of the city and 
Cali by the industrial and domestic dumping. In the mid part the river is receive contributions 
of solids and organic matter from the agro-industrial zone of the main cities and the incidence 
of tributaries coming from the coffee producers departments. Cauca River has also some 
problems of contamination with heavy metals because of gold mining in the mid part 
(Antioquia). 
 
Regarding the water supply sources, the National Study of the Water shows that 265 of 318 
municipal headwaters with probability of shortages are supplied exclusively from surface 
water, whether from rivers, streams, pipes, springs or cisterns. 24 are supplied only with 
groundwater (deep wells), 11 depend on surface and underground sources, and 14 obtain 
water from reservoirs water and 4 buy water. The remaining 265 are supplied exclusively 
from surface water, whether from rivers, streams, pipes, springs or cisterns (IDEAM 2014). 
The 318 municipal headwaters that present a high probability of shortages are found in 
basins where supply is in low value ranges. In this regard, the Magdalena-Cauca 
hydrographical area, which include La Mojana, that possess 13.4% of the total national 
supply, provides water to 70.7% of the supplying basins, meaning that 224 municipal 
headwaters are under shortages risk depending on climate variability. 
 
Integrated management of the water resources implies challenges related to the management 
the deficit and the excess of water, degradation of watersheds and pertinence of the hydraulic 
projects. Unplanned growth of demand on a limited supply, conflicts over water use, and 
inadequate actions to manage risk by socio-natural events have increased human 
populations vulnerability. 
 
Water deficit generates problems of availability and lack of supply with its consequent 
harmful effects on the quality of life of human populations and their economic activities. 
Excess of water due to higher precipitation and climate events generates floods, flash floods 
and landslides that affect the water supply by contaminating water sources with sediments 
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and destroying water supply and distribution systems. Floods also generate direct impacts 
on the availability, continuity and quality of the water to be supplied, in addition to the 
economic costs involved in, recovery, rehabilitation and reconstruction of the infrastructure. 
According to the National Policy of Integrated Water Management, the risks associated to 
water resources are: 1) risk of shortages of water for human consumption, production 
activities and ecosystem conservation; 2) risk of prolonged dry periods and desertification; 
and 3) the risk for contamination, affecting ecosystems and human populations.  
 

1.1.4 Climate change scenarios 
 
According to the Third National Communication (TCNCC), climate change scenarios to 2100 
indicate that the country as a whole would be affected by climate change and the behaviour 
of temperature and rainfall would be variable in all regions of Colombia. This implies that 
each region should take different measures to address the potential impacts of climate 
change. 
 
The most optimistic climate change scenarios for the country9 for the periods 2011-2040, 
2041-2070 and 2070-2100 forecast that average temperature increases between 1 ° C and 
1.5 ° C. In scenarios when GHG emission levels increases (as is most likely), the average 
annual temperature in Colombia could increase gradually at 2.14ºC by the end of the 21st 
century (year 2100). The highest temperature increases for the Period 2071-2100, are 
expected in the departments of Arauca, Vichada, Vaupés and Norte de Santander (+2.6 ° C). 
 
Rainfall scenarios suggest a decrease of 10-40% in the Caribbean and the Amazon and an 
increase of 10-30% in central and northern regions. The highest increases rainfall was 
expected in the coffee-growing region, the highlands of Cundinamarca and Boyaca and the 
upper basin of the Cauca River. According to the analysis of the TNC of Colombia, in the 
Orinoco region and in the rest of the country, the precipitation changes would be around +/- 
10%.  
 
In a scenario in which the levels of global GHG emissions increase temperature by 2.14oC in 
2100 (2071-2100), a further increase in temperature in the departments of Arauca, Vichada, 
Vaupes and Norte de Santander is expected (+ 2.6oC). The increase in temperature will bring 
significant impacts associated with sea level rise, glacier retreat, reduced area of moorland, 
reduced agricultural productivity, and potential increased incidence of extreme weather 
events. 
 

1.1.5 Climate change impacts 
 

                                                             
9 IDEAM, PNUD, MADS, DNP y Cancillería. 2015. Escenarios de Cambio Climático para Precipitación y Temperatura para 
Colombia 2011-2100 Herramientas Científicas para la Toma de Decisiones [Climate Change Scenarios for Precipitation 
and Temperature Colombia 2011-2100 Scientific Tools for Decision Making] – Estudio Técnico Completo: Tercera 
Comunicación Nacional de Cambio Climático [Complete Technical Study: Third National Communication on Climate 
Change]. 
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A gradual change in temperature and precipitation in the country generated by climate 
change could increase impacts of climatic variability phenomena such as El Niño or La Niña 
on territories and sectors, which have a greater impact on the territory, and consequently on 
human health, the rural economy and overall regional competitiveness. Regions of the 
country where a gradual increase in temperature and decreases in precipitation are expected 
can be severely affected in the years where the El Niño phenomenon occurs, which typically 
reduces precipitation. In the same way, regions with rainfall increases could be more affected 
by La Niña (IDEAM et a. 2015). 
 
Increases in precipitation in part of the national territory may increase the likelihood of 
landslides, floods and disruption to the infrastructure of water supply and roads. For the 
period 2070-2100 an expected reduction in precipitation (10-30%) in 27% of the territory 
could accelerate and intensify the processes of desertification and loss water bodies. 
 
At national level, the consequences of increases in sea level would compromise not only part 
of the borders (by changes in the coastline), but also by affecting municipalities and cities. In 
these areas, a number of climate change induced impacts have been observed including 
accelerated glacier retreat, the reduction of the area of natural paramos (which depend a 
great amount of the aqueducts in the country), reduction in agricultural productivity, and the 
impact of extreme climate related events (IDEAM et a. 2015). 
 
Temperature increases, rainfall reductions combined with land use changes could accelerate 
and intensify desertification processes, decrease the productivity of agricultural soils and the 
loss of water sources and streams. Likewise, it can cause greater incidence of heat waves 
especially in urban areas, loss of water sources and streams, with consequent impacts on 
human health, agricultural and forestry production. On the other side, increases in rainfall 
intensified by changes in land use could increase the possibility of landslides, alteration of 
groundwater aqueducts and damage to road infrastructure in mountain areas, as well as 
flooding in flat areas of the country (IDEAM et a. 2015). The Caribbean would be one of the 
regions most affected by desertification in extent and intensity is, which presents superficial, 
slightly evolved and neutral to basic pH, resulting from a climate where evapotranspiration 
dominates over precipitation, which favours the accumulation of salts in the surface horizons. 
 
According to the Second National Communication (2010) In the Caribbean region, where La 
Mojana is located, there is a trend in the increased frequency of tropical cyclones. This is 
related to the occurrence and greater frequency of these systems that cross through lower 
latitudes in the Caribbean Sea region and closer to the Colombian continental zone. Between 
1951 and 2005 there was a positive trend towards an increase in tropical storms and 
hurricanes in the Caribbean Sea. Between 1979 and 2005, the three types of tropical cyclones 
(depressions, storm and hurricanes), exhibited an increasing tendency in occurrence. Global 
warming is likely to be contributing to hurricanes being more destructive and more frequent.  
 
Due to the influence of the ITCZ, climate related disasters are generally associated with 
hydrometeorological events, which according to climate change scenarios will be more 
intense and frequent. These events have already generated cumulative losses greater than 
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those associated with seismic events and eruptions10. For example, La Niña generated in 
2010-2011, one of the greatest disasters in the history of the country, causing damages up to 
$ 8.6 billion, about 3% of the national GDP, according to estimates by the IDB and ECLAC 
(2012). 
 
The growth of the population and property exposed are determinant risk factors linked to 
poverty and institutional capacities to respond and recover from a disaster. Municipalities 
with critical conditions of relative vulnerability are those with the highest rates of Unsatisfied 
Basin Needs (UBN) and are found mainly in the Pacific and Caribbean regions. Decisions on 
planning, management and investment have had important effects on factors such as 
exposure and vulnerability. The vulnerability in areas susceptible to floods, landslides and 
flash floods has increased because of deforestation, soil erosion and inadequate occupancy 
processes, associated with local institutional and management  capacities. 
 
In Colombia, the performance of production systems has been linked to the unsustainable use 
of the resource base, such as soil and water, generating vulnerability of social and ecological 
systems to environmental changes such as climate change. Water shortages, pollution, floods, 
prolonged dry periods and lack of productivity are more and more common in different areas 
of the country. Factors as insufficient climatic information and lack of early warning systems 
have affected local response11 resulting in important economic losses, little productivity and 
low competitiveness of economic sectors12. In response to these issues national government, 
through the Ministry of Environment, has promoted the involvement of development sectors 
in the design and implementation of climate change adaptation plans and low-carbon 
development strategies, and is envisaging the implementation of a wider green growth 
strategy aimed to protect and ensure sustainable use of natural resources, improve 
environmental quality, achieve a resilient economic growth and reduce vulnerability to 
disasters risks and climate change.  
 
Regarding economic costs of climate-related extreme events, there is evidence that, climate-
related disasters and their consequences were associated with long-term GDP declines of 
1.5%. The percentage of population and infrastructure in areas at risk of flooding is a 
determinant of the rate of disasters (Calderon et al 2014). National studies estimate that the 
aggregate impact of climate change on the country's economy would be negative, taking into 
account IDEAM's future climate scenarios. Average annual GDP losses of 0.49% are expected 
counting only on the impacts of specific sectors for the period 2011 to 210013. This means 
that each year GDP would be 0.49% lower than in a macroeconomic scenario without climate 
change. The most pessimistic scenario is the A2, with an average annual loss of 0.50%, while 
the most optimistic scenario is the A1B with losses of 0.48%. It is important to take into 
account that the analysis was only performed on subsectors of the economy, which together 
sum a total 4.3% of total GDP (DNP 2014). 

                                                             
10 DNP-MTC. 2014. Idem 
11Identified in the Strategy of Agricultural Sector Adaptation to Climate Phenomena (DNP y MADR 2015). 
12DNP-MTC. 2014. Idem 
13Climate change scenarios for Colombia used in this study were those developed by IDEAM bases the IPCC scenarios 
A2, A1B and B2. 
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Agriculture is particularly sensitive to climate change, so that climate change can become a 
serious threat to the sector. Possible impacts of climate change on agriculture include: 1) 
gradual loss of productivity and aptitude of certain crops; 2) risk of loss of genetic resources 
not conserved ex situ; 3) increasing the vulnerability of small producers; Intensification of 
soil degradation and desertification; 4) dispersal of pests and diseases to new regions of the 
country; and 5) changes in crop phenology (Ramirez-Villegas et al., 2012). Based on IDEAM 
scenarios, climate change would affect the production of maize and potato, and could favour 
crops such as rice, although the effect can be differentiated between regions and scenarios 
(DNP 2014). 
 
Changes in temperature and precipitation could also be decisive for the cattle ranching 
sector. Affectations on pastures productivity; dry material production, as well as the quality 
of different types of pastures and forages will influence the production of meat and milk. 
Higher temperatures and heat waves cause heat stress in animals and could affect production 
and quality of meat and milk. Floods and landslides in livestock areas can affect livestock's 
ability to feed, gain weight and in some cases have increased mortality rates. Climate related 
events could generate annual losses in the production of meat and milk of 1.6% with respect 
to the base scenario 1970-2010 (DNP 2014). 
 
Climate change will have a direct effect on the quantity, quality and distribution of the water 
resource in the country. Changes in temperature and precipitation would lead to changes in 
total and seasonal water supply, alterations in river basin flows, changes in the probability of 
occurrence of floods and landslides, soil erosion, occurrence of droughts, among others. 
These alterations will have impacts on the ecosystems, the population and their economic 
activities. Specifically sectors such as electricity generation and agriculture may be affected. 
 
Climate change will significantly affect natural ecosystems. Changes in precipitation and 
temperature would lead changes in the structure and composition of key ecosystems, 
specifically high Andean ecosystems. Andean biomes will displace to higher altitudes, 
reducing the areas of Paramos, a key ecosystem for water balance. Additionally, lack of 
connectivity and high fragmentation of habitats will determine higher effects in biodiversity 
loss, and the consequently degradation of ecosystems (Cuesta et al 2012).  
 
Ecosystems affectations will have also an important effect on fisheries. Alterations in the 
flows and water balance of watersheds due to changes in precipitation would lead to changes 
in composition and productivity. The magnitude of these changes will depend on the 
existence of fish dispersion corridors that are easily influenced by human activities (FAO, 
2013). Based on climate change scenarios, it is foreseen that fish productivity in the basins of 
the Orinoco and Magdalena rivers would decrease under all scenarios of climate change (DNP 
2014). 
 
Analysis of the climate change impact on local populations indicate that, in general, 
households would experience average losses in welfare, translated into a consumption of 
around 2.9% less than the scenario without climate change. Low-income families would have 
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a greater loss than high-income families. Food prices tend to increase more than prices in 
other sectors, as a cause of negative shocks in productivity, derived from climate change in 
the agriculture, fishing and livestock sectors. Considering that low-income households 
allocate a higher proportion of their income to food consumption than to other sectors, their 
consumption will be more affected than that of higher-income households, who allocate a 
larger part of their income to sectors such as services and manufacturing (DNP 2014). 
Departments of Chocó, Amazonas and much of the Caribbean region would have the highest 
welfare losses, which are close to 4.5%. The central region of the country presents the lowest 
losses with approximately reductions in average annual consumption of 2.2% in the period 
2011-2100. 
 
In this context, adaptation to climate change, disaster risk management and local 
development represent common challenges which should focus on reducing the vulnerability 
of human populations, decreasing the level of exposure and handling the environmental 
degradation conditions. These measures will allow increasing the resilience of local 
communities, public institutions and natural ecosystems 
 

1.2 La Mojana: General profile 
 
La Mojana is a large floodplain of the Mompos Saddle sub-region, between the northern 
foothills of the Andean region and the plains of the Caribbean region. It is characterized as an 
overflow fluvial-deltaic plain that determined the presence of very diverse ecosystems with 
multiple structures and functions. Wetland systems and marshes interconnected by 
tributaries are periodically flooded, regulating and absorbing large water flows from the 
Magdalena, San Jorge and Cauca rivers, which carry flows originated in the rainy seasons of 
the Andean region.  
 
Wetlands are surrounded by complex mountain systems that determine different climate 
conditions in the region. Hills and slopes of the Ayapel Mountain Range are the predominant 
relief on the south, while alluvial valleys are located in the left bank of San Jorge River and 
the foothills of the San Jacinto Mountain Range. Other transitional ecosystems are located in 
the foothills of San Lucas Mountain Range, on the right bank of Cauca River. 
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Figure 1. Administrative map of La Mojana region 
 
La Mojana region comprise 11 municipalities, which totalize 1,089.200 ha in four 
departments (Figure 1). According to the last national census in 2005, population of la Mojana 
was 369587 and projections calculated that population is about 405,000 by 2015; most part 
of the population is concentrated in the municipality of Magangué, San Marcos and Ayapel. 
National Agrarian Census figure indicate that 50% of total population lives in rural areas, and 
25% are located in the dispersed rural area (Table 1). According to Rojas (2012) there is a 
slight majority of men (51%) and 55% of the population is between 0 and 24 years of age. 
 
 
Table 1. Population and land area of eleven municipalities of La Mojana targeted by this 
project 
 

Municipality Department 
Total 

population 

Rural 
areas 

population 

Population 
dispersed 
rural area 

Rural area 
(Ha) 

Total 
Area 
(Ha) 

Achí Bolivar 23.051 18.945 2.892 86.362 102.500 

Ayapel Cordoba 51.164 24.689 3.598 175.643 209.800 
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Municipality Department 
Total 

population 

Rural 
areas 

population 

Population 
dispersed 
rural area 

Rural area 
(Ha) 

Total 
Area 
(Ha) 

Caimito Sucre 12.077 8.730 1.385 40.156 40.700 

Guaranda Sucre 17.422 10.846 1.664 35.243 37.300 

Magangué Bolivar 123.737 38.046 2.198 110.040 156.800 

Majagual Sucre 33.258 22.375 12.362 81.716 82.600 

Nechí Antioquia 26.591 12.459 3.847 102.500 91.400 

San Benito Abad Sucre 25.442 20.128 3.033 89.997 159.200 

San Jacinto del 
Cauca 

Bolivar 13.426 9.653 1.461 54.242 54.856 

San Marcos Sucre 57.071 23.442 5.829 141.005 194.445 

Sucre Sucre 22.386 14.605 6.445 114.766 115.102 

Total 405.625 203.918 44.714 1.031.670 1.244.703 

Source: DANE, Agrarian National Census, 2014. 
 
Population in the region increased 9% in the period 1993-2011, urban population increased 
by 23%, while the rural population decreased by 2%. Achí and Magangué in Bolívar and 
Ayapel in Cordoba experienced the highest migration (Rojas 2012). Sincelejo, Cartagena, 
Monteria are the cities that receive most part of the migrant population, which work in 
domestic services, surveillance, construction and informal commerce. 
 

1.2.1 Land use 
 
La Mojana consists of a large wetland system located on the banks of the San Jorge river and 
a large adjacent portions of physiographic formations derived from sedimentation processes. 
Due to their characteristics and physiographic functions, the area is subject to periodic floods 
and sediment accumulation. Vegetation of these areas is mainly composed of lowland and 
floodplain forests (zapales), riparian forests in the margins of main rivers and stream 
channels and wetlands aquatic vegetation. The area has been suffered serious degradation 
and deforestation, derived from unsustainable productive activities and the expansion of the 
agriculture frontier, including livestock production. 
 
According to the land use map (IDEAM, 201614), wetlands, marshes, aquatic vegetation, rivers 
and channels occupy most part of the area of La Mojana (473,127 Ha) and pasturelands 
dominate the productive landscape, including mosaics with small forest fragments and crops 
(417,846 Ha). Forests, shrub lands and secondary vegetation occupy 88,858 Ha, including 
lowland and riparian forest.  Expansion of cattle-ranching, the agricultural expansion and the 
unsustainable use of wetland areas are the main conflicts of land use and represent the most 
important problems of planning (Figure 2) 

 

                                                             
14 Land cover map. 2016. Corine-Land Cover methodology. Scale 1:100.000. Period 2010-2012.  
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Figure 2. Land cover map of la Mojana. 
 

 
 

1.2.2 Ecosystems 
 
Climatic and hydrological conditions, geomorphological characteristics, among others, have 
determined the presence of highly diverse landscapes where several ecosystems are 
interrelated. Ecosystem diversity is represented in streams, marshes, fishing holes, zapales, 
patches and prairies of macrophytes, playones (temporary flood pulse areas), natural 
savannahs (known locally as open and enmeshed - with fragments of forest), anthropic 
savannahs with introduced pastures and secondary forests in different successional states15.  
 

                                                             
15 Corpomojana Action plan 2016-2019. 



 
 

23 

The floodplain maintains complex trophic networks, largely dependent on flood pulses and 
upstream inputs. The environmental offer resulting from this natural productivity is reflected 
in the various extractive activities such as fishing, hunting and logging. 
 
Main ecosystems found at La Mojana are: Marshes, swamps, riparian forests, floodplain 
forests (Zapales) and transformed wetlands (Figure 3). According to Corpomojana’s 
Environmental Management Plan for the wetlands associated with the lower San Jorge River, 
the following wetland types can be found in the area of Mojana and Bajo San Jorge subregions, 
according to the classification proposed by RAMSAR: 
 

• Permanent rivers: San Jorge river and permanent streams. 
• Seasonal/intermittent/irregular rivers/streams/creeks: intermittent streams and 

floodplains of the Lower San Jorge River 
• Permanent freshwater lakes (over 8 ha) 
• Permanent freshwater marshes/pools (below 8 ha): Permanent marshes and 

freshwater marshes on inorganic soils, with emergent vegetation whose bases are 
below the water table for most of their growing season. In the area are fishing 
holesand marshes are represented mainly in the municipalities of Caimito, San 
Marcos, San Benito Abad and Sucre. 

• Shrub-dominated wetlands: shrub marshes and weeds on inorganic soils; especially 
in the municipalities of Majagual, San Marcos, Caimito and San Benito Abad. 

• Freshwater, tree-dominated wetlands: seasonal flood forest. Currently represented 
in very small areas in the municipalities of San Marcos, Sucre, and San Benito Abad. 

• Seasonal/intermittent freshwater marshes/pools on inorganic soils: seasonal 
freshwater marshes 
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Figure 3. Ecosystems of La Mojana 
 
According to various studies and reports on La Mojana, a variety of causes that lead to 
environmental degradation and therefore water resources and ecosystem services of the 
region have been affected. Among those main causes, there is the socio-environmental lack 
of knowledge which has created a false perception of the region as a highly productive area 
from the economic point of view, promoting the development of permanent agricultural and 
livestock activities in flood-prone areas, the over-exploitation of natural resources (fishing, 
mining, agriculture, livestock), disorderly occupation of the territory, the concentration of 
land ownership in few people and conflicts over land use; the introduction of exotic species 
such as buffaloes (Bubalus bubalis) that is altering the soil of wetlands using the marsh as 
grazing site, infrastructure projects that alter ecosystem dynamics, poor management of solid 
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and liquid waste, institutional weakness (autonomous corporations, mayors, governor’s 
offices, National Government); low community involvement and little environmental 
education.16 
 
In the whole area there is a high number of species in critical condition these include: resident 
and migratory birds (Dendrocygna spp (pisingo), Ajaia ajaja, Anas discor (barraquete), 
Chauna chavarria (chavarri), reptiles: Trachemys scripta callirostris (hicotea), Cayman 
crocodylus fuscus, aquatic mammals: Hidrochaerus hidrochaeris isthmus (ponche), Otter 
longicaudis (nutria), Trichechus manatus (manatee) and terrestrial mammals: Odocoileus 
virginianus, Agouti paca (Guartinaja), Alouatta Caraya (Howler monkey), Cebus apella, 
Mazama spp. (Deer), which were affected by the floods presented in the period 2010-2012 
on the right bank of the San Jorge River17. 
 
In the natural system kernel eleven municipalities of La Mojana, fifty ecosystem services 
provided by the different ecosystems of the region were identified, taking into account the 
types of provisioning or supply services (food, materials and minerals, related plant 
resources, forest cover and fauna, etc.), regulation services (drains and treatment, 
reproduction, shelter, etc.) and cultural services (identity, enjoyment, teaching). For the first 
group, 25 ecosystem services were identified, representing 50% of the total, among which 
there are 14 regulatory services (28% of total) and finally cultural services totalling eleven 
(22% of total). 
 
These results demonstrate the importance and dependence of the local population to goods 
offered by the natural system of the region, a situation reflected in the diversity and quantity 
of services provision or supply, both for food security and for local economic livelihood and 
source of resources necessary for their survival, for agriculture, hunting and fishing, so any 
change in the conditions of the natural system is reflected in the terms of quality of life and 
sustainability of the population. Regulatory services are placed in the second level of 
importance in terms of the amount of identified services, this feature is typical of a complex 
and dynamic natural system, like flood plains with the details of the region of La Mojana, 
posing as a main condition being a regulator of flows from the basins that converge in their 
floodplain, benefiting local and surrounding communities both upstream or downstream in 
the basin in terms of flood control, coupled with a natural system that shelters and holds a 
high biodiversity based on the genesis of complex and dynamic natural cycles, which are vital 
for sustaining biodiversity and humanity. 
 
Monetary valuations of ecosystem services in the region allow us to measure in economic 
terms the local, regional and national importance of these ecosystems and activities. The 
figures suggest that ecosystem services such as hunting, used as a source of local supply for 

                                                             
16DNP & UNAL, 2012. Estudios, análisis y recomendaciones para el ordenamiento ambiental y el Desarrollo Territorial 
de la Mojana. Resumen Ejecutivo [Studies, analyses and recommendations for environmental planning and Territorial 
Development Mojana. Executive Summary.]Inter-administrative Agreement UN-DNP NO. 336/2011. 24 pgs. 
17 Corpomojana Action Plan 2016 - 2019 
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food and irregular income for rural populations18, obtained values amounting annually to US$ 
1.6 M per year. Fishing is a historic and crucial activity for local food security and as a 
permanent source of income for the population resulted in annual values to approximately 
US$ 10.5 M per year. Value of the carbon storage services was estimated in about US$ 3,535 

M per year(Hydrodynamic Modelling Team, 2015d, pp. 66–67). 
 
 

1.2.3 Infrastructure and public services  
 

Transportation 
An important road network in La Mojana is the San Marcos - Majagual - Achí - Guaranda road 
(102 km), which connects to the Los Garzones National Airport through the Cereté - Ciénaga 
de Oro – Sahagún road (Route 25). Floods in sections near to marshes and channels 
frequently interrupt traffic flows. As a result it is only during dry periods that it is possible to 
use ground transportation between municipalities. A study by the National Agency for 
Infrastructure-ANI, INVIAS and the Vía de las Américas concession between 2010 and 2013 
(cited in Hydrodynamic Modelling Team, 2015a), found 362 structures that cross the road, 
which include bridges, box culvert and sewers. Secondary roads for municipal connection, 
mainly unpaved, cross most of the channels and low lands frequent in the region. Excluding 
those on the SMMJ road, the region has 319 bridges, 34% located in Majagual (Hydrodynamic 
Modelling Equipment, 2015a). 
 
Due to ground transportation difficulties, specialty during the rainy season, fluvial 
transportation becomes very important in the region. This is the only mode of 
communication during periods of flooding for people, transportation and commercial 
exchange of agricultural products in rural areas. Rivers flow is good during the rainy season 
whereas in the dry season ephemeral rivers and streams dry up and perennial rivers 
experience low flows. 
 
In order to prevent effects of the high levels of flooding in the Cauca and reduce physical 
exposure of human populations, 65,171 meters of protective dykes, 9,451 m of retaining 
walls, 1,733 meters of shoreline protection and 36 breakwater protections have been 
constructed. These structures are located mainly in those populations more affected by the 
Cauca River dynamics: Nechí, San Jacinto del Cauca, Achí and Magangué.  
 

Energy 
Urban areas of La Mojana have a 92% of coverage of electric energy, while rural areas 
coverage is just 41%. Gas service is individual with cylinders; there are no household level 
(indoor) connections and service delivery of gas. Access to telephone services is through 
private cellular telephone services. Public and private TV services are available in the area. 
 

                                                             
18García L. Valoración integral de la biodiversidad y los servicios ecosistémicos en el núcleo de once municipios de la 
región de la Mojana [Comprehensive assessment of biodiversity and ecosystem services in the core area of eleven 
municipalities in the region of La Mojana.] Report from Contract 003 de 2014. Adaptation Fund. 
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Drinking water supply  
Poor coverage of water supply and sanitation services increases the vulnerability of the 
population in La Mojana to hydro-meteorological events. Prolonged dry periods have 
important effects on the health of the population and agricultural production to ensure food 
security.  
 
The provision of Drinking Water and Basic Sanitation services is one of the responsibilities 
assigned to municipalities.  Resources for drinking water and sanitation come from the 
national government that transfers these from the General System of Participations (GSP). 
Resources include investments and subsidies to the poorest and must be efficiently executed 
by the territorial entities 
 
Municipalities that do not meet the requirements established by the National Government in 
Decree 1040 of 2012 and the article 4 of Law 1176 of 2007 for management of such resources 
are decertified and departments assume the provision of public services of drinking water 
and basic sanitation. Drinking water supply services are normally provided by public 
aqueduct and sewerage entities at municipal or department level.  
 
Surface water and ground water sources are the most important sources in La Mojana. 
Aqueduct coverage in urban areas is about 47%. Municipal Development Plans report that 
coverage of both potable water has increased in the last years, however access is not uniform 
in the region. While municipalities of Magangué provide drinking services to 80% of its 
populations, more than 80% of the population of Achí, Ayapel and San Jacinto del Cauca 
(97%,) has no access to drinking water (Table 2). 
 

Table 2. Percentage of population without coverage of drinking water and sanitation 
services in La Mojana 
 

Municipality 
% Population with no 
access to drinking 
water  

% Population with no 
access to sanitation 
services 

Achí 82% 85% 

Ayapel 82% 67% 

Caimito 31% 71% 

Guaranda 69% 87% 

Magangué 20% 50% 

Majagual 55% 85% 

Nechí 56% 85% 

San Benito 26% 85% 
San Jacinto del 
Cauca 

97% 86% 

San Marcos 29% 72% 

Sucre 38% 94% 
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Aqueducts of urban areas of La Mojana receive water from Cauca River and other smaller 
streams feed the existing aqueduct systems. Given the flood dynamics of La Mojana, surface 
sources are very variable year to year and quality is affected by the sediment contents of the 
water bodies. However urban aqueducts will continue depending on these sources. Recently 
the national government initiated a project to increase the coverage of the aqueduct system 
in Magangué and is planning to initiate works of the aqueduct of San Jacinto del Cauca with 
funds from the National Royalties Fund before the end of 2016. 
 
Ground water systems are the main alternative for population located in nuclei rural areas 
(small rural settlements). Micro-aqueducts are operating based on wells from 60 to 120 m 
deep and 6 to 8 inch diameter. These provide water to 60 – 100 families by pipes and bombs 
that pumps water. Some of them have an elevated tank to store water and distribute directly 
to each household. Local communities manage micro-aqueducts, through community action 
groups19, which select a person responsible for the administration of micro-aqueducts.  These 
community action groups also are the main interlocutors of local government to decide 
priorities and needs of maintenance. Local users pay a specific tariff for the service. 
Maintenance is in charge of the community action groups, so in case of big damage the well 
are not operative and often work at a lower capacity. Quality treatment systems are not 
available. The MADS-AF project (Funded by the Kyoto Adaptation Fund and implemented 
through UNDP in partnership with the Ministry of Environment and Sustainable 
Development - see below) has successfully contributed to each family by providing slow sand 
filters with activated carbon to improve drinking water quality. 
 
Rural populations (in dispersed rural areas) with no access to those micro aqueducts depend 
on surface sources, mainly small streams and swamps. Due to the variability of water in those 
sources, during the dry periods these communities walk or ride long distances to find water 
sources in other streams or existing micro-aqueducts. Some households have their own 
temporary tanks to store water during the rainy season and some others dig shallow wells 
(average size of 5 to 15 m deep and 90 cm diameter). Those wells are temporary and normally 
highly contaminated because of the infiltration of households waste. Typically, water is not 
treated rendering these sources of limited use.  Rainwater harvesting is practiced in the areas 
of San Marcos, San Benito Abad and Ayapel in large part due to the MADS-AF supported 
project to reduce vulnerability of local populations to climate change.  
 

Sanitation 
Sewerage in urban centres cover around 24% of what is required (Ramirez Rojas, 2012). 
Municipal sewage systems are in bad conditions, and most part of them are very old and 
cement pipes don’t comply with the basic standards20. The majority of rural households rely 

                                                             
19  At national level, the Community Organization is the instance through which communities decide to organize 
themselves to lead and implement community processes. Communal structure is articulated around Community Action 
groups that are formed mainly by the social and political leaders of each community. According to the Law 19 of 1958 
processes for community self-management involve construction of infrastructure works required by communities, such 
as bridges, roads, health and police posts, marketplaces, aqueducts, sewage systems, electricity grids, housing 
programs for self-construction and profitable communal enterprises, among others. 
20 Caimito Municipal Development Plan 2016-2019 
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on latrines and some houses have septic tanks, often in bad conditions. There are no systems 
for management of solids, so that it is very frequent that people dispose the sewage directly 
in open areas and burn domestic and agriculture residuals. In some cases, local governments 
pay tractor services to move waste or spread in the ground mixed with soil materials to 
facilitate degradation processes. Oxidation ponds for municipal wastewater treatment are 
not functional in most part of the area and some municipalities have no such infrastructure.  
According to the municipal development plans, all the 11 municipalities of La Mojana have 
specific plans to increase the coverage of sewage systems and the improvement of 
wastewater treatment plants, however implementation would depend of availability of 
financial resources. 
 

Health services 
89% of the total population of the municipalities is affiliated to a subsidized health regime. 
This percentage only corresponds to the population registered in the SISBEN system21, which 
only includes the population in conditions of poverty and vulnerability. This percentage of 
people reliant on the subsidized health services is greater than that presented by the 
department of Bolivar, which is 65% of the population and of Sucre, which is 79% of the 
population. The more formal health services (associated with formal employment) have 11% 
coverage for all municipalities. However, the vast majority have very low levels of 
subscriptions except for the municipalities of Magangué and San Marcos that have coverage 
of 21% and 10% respectively. This is due to the higher relative importance of these 
municipalities to the overall economic development in the region (Rojas 2012). 
 
Access to clean drinking water is one of the most influential factors for the wellbeing of the 
population. At present, the quality of drinking water is the second highest cause of death of 
children under 5 years old is acute diarrheal diseases (EDA) in municipalities like Achí22.  In 
addition, water pollution with mercury from gold mining mainly in the upper basins of the 
Cauca and Nechi rivers is one of the most complex problems the population of La Mojana is 
currently suffering23. 
 

Education 
The deficiency in education, expressed in the low educational attainment, illiteracy and 
truancy has consequences, inter alia, in the low productivity of income-generating activities, 
and the low level of response to flooding threats. Illiteracy rate in La Mojana by 2005 was 
27%, higher than the rural national average that stands at 18%. The illiteracy rates are also 
higher than those registered in municipal head offices, with 13% in La Mojana compared to 
the national urban average of 6%. 

                                                             
21 SISBEN is the System of Selection of Beneficiaries for Social Programs. This tools set specific rules and procedures to 
obtain reliable and updated socioeconomic information of specific groups in all departments, districts and 
municipalities of the country. SISBEN system is by government agencies when there is a need to select beneficiaries for 
specific social programs, as health, housing, education, subsidies, etc. 
22Municipal Mayor's Office of Achí (2012.) Diágnostico de infancia y adolescencia en el municipio de Achí, Bolivar 
[Assessment of childhood and adolescence in the town of Achi, Bolivar]. Achí: Municipal Mayor's Office of Achí. 
23Marrugo, Lans, & Benítez, 2007; Marrugo, Verbel, Ceballos, & Benitez, 2008; Núñez, Negrete, Rios, Hadad, & Maine, 
2011. 
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In the region there are 249 educational institutions covering a population of 115,856 children 
between 5 and 18 years 24 . Households in the region are deprived by low educational 
attainment25 by 82%, the most serious case happening in Achí with 93% of its population 
with low educational attainment. On the other hand, the incidence of illiteracy in La Mojana 
varies between 34% in Magangue and 56% in Caimito and San Benito Abad, for a regional 
average of 42%, which is double the national average of 19% (DNP, 2011 calculated with data 
from the 2005population Census). The educational backwardness is 41%, with Magangue 
being the town having the most fallen behind population (43,399 people.) 
 

Early warning 
La Mojana population does not receive specific services related to hydrometeorological 
information to respond to the frequent climate events. The national Institute for Meteorology 
and Environmental Studies, IDEAM, operates the hydro-metereological monitoring network 
in Colombia. There are no specific local organizations that operate regional networks and La 
Mojana forecasts are prepared in Bogotá and communicated to local government, sectors and 
other interested parties. IDEAM produces monthly, quarterly and biannual Climate 
Predictions Bulletins and agro-metereological bulletins. All bulletins and reports are 
produced at national level; there are no frequent reports for specific regions. 
 
The hydrometeorological network of La Mojana is composed by 54 stations (Figure 4), which 
include:  
 

• 14 hydrological stations to measure river levels, ten of them transmitting information 
in real-time.  

• 1 automatic (real-time) principal climatological station that measures temperature, 
rainfall, evaporation and wind speed at 2 m. 

• 36 pluviometres that measure daily rainfall.  
• 1 pluviograph that measures rainfall every 15-min.  

 
Six automatic stations are located in the San Jorge river basin: Montelíbano (upstream La 
Mojana), San Pedro and Marralú along the river, one at the Ayapel Marsh, one at San Marcos 
Marsh, one at Caño Barro, a tributary of the Ayapel Marsh. Other three stations are located 
along the Cauca river: Puerto Valdivia and La Coquera (upstream La Mojana) and Las Varas 
located 60 km downstream La Coquera. 
 
There are no hydrological stations between Las Varas and the confluence of Cauca and 
Magdalena Rivers (100 km) and the area between San Marcos Marsh and the  point where 
San Jorge River joins Magdalena River in Achí (100 km). 
 

                                                             
24Projections estimated to 2015 in the 2005 census, DANE, 2005 
25A variable indicating the number of years achieved by each household member. If the average is less than 9 years of 
education, the family is deemed as deprived. 
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Figure 4. Hydrometeorological stations at La Mojana region  

 
 

1.2.4 Poverty  
 
Based on measurement of the Multidimensional Poverty Index (Figure 5), La Mojana remains 
one of the poorest regions of the country. In 2005, 83.8% of its population at that time was 
poor, compared with 49.6% of the national average (DANE, 2005). Poverty rates were at 
42.4% in 2015, a very high value in comparison with the national average. In this year, the 
region has the second highest multidimensional poverty index (MPI) (31.2), only surpassed 
by the Pacific region with an index of 33.826. MPI is determined by high rates of informal 
employment (84.1% of households undergo this hardship) and low educational attainment 
(52.4% of households undergo this hardship.)  
 

                                                             
26DANE 2015  
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In the department of Sucre, poverty reduction has been reducing slower compared to the 
department of Bolívar and the rest of the country. Between 2002 and 2010, poverty rates fell 
by 5.4% while in Colombia, it decreased by 12.2% and in Bolívar by 16.1%, respectively. This 
improvement has been slow and less pronounced than in other departments of the country, 
such as Cundinamarca, Boyacá and Santander (Rojas 2012). By 2010, 63.7% of the population 
of Sucre was below the poverty line and 28.5% below the indigence line. In the department 
of Bolívar, 49.2% of the population was below the poverty line and 14.7% below the poverty 
line. This situation is more unfavourable when compared to the national average of 37.2% in 
poverty and 12.3% of the population in indigence. In this sense, the departments of Sucre and 
Bolívar present relatively high levels of poverty and indigence in the national context (Rojas 
2012). 
 
The Index of Unsatisfied Basic Needs (NBI) for La Mojana shows, as well as the departments 
of Bolívar and Sucre and also the country, that there is a large gap between the needs of the 
urban and rural population. NBI is higher, at urban level 52.8% than that corresponding to 
departments of Bolivar 40.3% and Sucre 46.6% and urban country 19.7%. At the rural level, 
the NBI is about 75.8%, is also higher than the departments of Bolivar 67.4% and Sucre 
69.5%. 75.8% of rural households in La Mojana are in precarious conditions, with very high 
unsatisfied basic needs, in terms of inadequate housing, low coverage of basic sanitation, lack 
of public goods, school absenteeism, informal employment and high economic dependence 
on national transferences and near cities economies. 
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Figure 5. Multidimensional poverty index at La Mojana 

 
The municipal GINI index indicates a high degree of inequality in the distribution of land in 
all municipalities, with higher values in San Marcos and Sucre.  According to the GINI index 
of concentration of land ownership, 71% of la Mojana’s land is in the hands of few owners. 
San Marcos and Sucre have very high GINI ranks, over 80%. Social inequality and the exodus 
of the rural population are the main factor that influences the index.  
 

1.2.5 Production activities 
 
The economy of the La Mojana region is largely based on the agricultural sector, which is 
highly vulnerable to floods and droughts. Agricultural area, including pasturelands, crops 
mosaics and arable land is estimated at 578,000 ha. Cattle ranching activities occupy 45% of 
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the area and rice is the most important agricultural product representing the 20% of the area 
(Figure 6). 
 

 
Figure 6. Main agricultural production activities at La Mojana 

 
Most part of the labour force in La Mojana depends on agriculture activities. Employment 
prospects in processing and manufacturing activities are very limited. The informal nature of 
employment in La Mojana results in a very low access to social security (health care and 
pensions). Local tax receipts are negligible. Traditional income sources are linked to fishing, 
but with declining of fish production in lakes and swamps, local communities are forced to 
engage in other low value agriculture activities. 
 

Table 3. Municipal Area characterized by land use in the region of La Mojana 
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Municipality 
Agricultural 

Area (Ha) 

Non-
agricultural 

Area (Ha) 

Area in 
other uses 
and land 

cover(Ha) 

Rural Land Uses 

Agricultural 
Area (Ha) 

Animal 
Farming 

(Ha) 

Water body 
(Ha) 

Achí 66.49 866 3.773 5.525 8.921 1.169 

Ayapel  167.694 1.509 3.674 1.313 34.327 10.062 

Caimito 13.038 2.163 24.232 5.402 12.949 7.519 

Guaranda 28.197 516 4.591 17.539 15.524 1.276 

Magangué  28.927 11.49 66.083 11.39 - 51.019 

Majagual 62.833 2.995 8.799 59.312 22.58 168 

Nechi  63.625 138 2.156 13.836 12.772 26.523 

San Benito 
Abad 

23.452 1.261 58.031 10.02 16.28 63.697 

San Jacinto 
del Cauca 

8.249 515 7.056 14.252 13.155 27.365 

San Marcos 98.556 7.757 21.777 24.913 26.324 89.437 

Sucre 17.381 4.662 91.67 23.617 19.43 71.383 

Total Mojana 578.441 33.872 291.841 187.119 182.262 349.618 

 
Source: DANE. National Agricultural Census. 2015.  
 
 
Crops 
According to census estimates of Agricultural Production Units (UPAS) per municipality, 
farming for food production is the main activity of 33% of the UPAs. Majagual, Achí and San 
Jacinto del Cauca account for 48% of these agricultural units. Food production in the region 
relies on commodity products such as rice and corn, which are rotated according to the bi-
modal rainfall patterns. Other crops like watermelon, cantaloupe, sesame and beans are 
produced at a lesser extent, mainly for food security purposes in between of the two rainy 
periods. Other permanent crops that are frequently grown in the region include cassava, yam, 
mango, banana, cocoa and guava27.  
 
Typically, agricultural products are commercialized with no industrial transformation 
through intermediaries. Insufficient road infrastructure and poor condition of existing roads 
makes rural commercialization difficult. High production and transportation costs due to the 
dispersion of people in rural areas also limits opportunities for commercialization. 
 
 

                                                             
27Aguilera M. 2004. La Mojana: riqueza natural y potencial económico [La Mojana: natural wealth and economic 
potential.]Series Working Papers on Regional Economy No.48. Cartagena de Indias. 73 pgs. 
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Table 4. Agricultural Production Units per municipality in the region La Mojana. 2015 
 

Municipality 

Total Predominantly farming use 
Predominantly 
agricultural use 

Units 
registered in 

the census 
Area (Ha) 

Units 
registered in 

the census 
Area (Ha) 

Units 
registered in 

the census 
Area (Ha) 

Achí 1.022 87.044 861 79.258 161 7.786 

Ayapel 1.404 174.134 240 124.435 1.163 49.697 

Caimito 761 37.994 147 2.107 614 35.887 

Guaranda 600 34.727 161 4.575 439 30.151 

Magangué 2.669 98.55 338 7.325 2.33 91.224 

Majagual 3.533 78.721 1.099 17.761 2.43 60.874 

Nechí 1.118 85.496 580 62.586 528 22.605 

San Benito 
Abad 

1.833 133.249 679 33.271 1.144 99.754 

San Jacinto del 
Cauca 

1.112 53.727 828 16.71 277 25.258 

San Marcos 1.598 88.736 586 23.18 1.012 65.556 

Sucre 2.072 110.104 341 3.579 1.731 106.525 

Total Mojana 17.722 982.48 5.86 374.787 11.829 595.316 

 
Source: DANE, CNA, 2015. Adapted by PNUD. 
 
 
Table 5. Territorial Land Use of municipalities in the region of La Mojana 2015. 

Land use 
Seeded area-
transitional 
crops (ha) 

Seeded area - 
permanent 
crops (ha) 

Seeded area 
-grasslands 

(ha) 

Seeded 
area-

forests 
(ha) 

Area 
intended 
for other 
uses (ha) 

Total area 

Achí 12.57 308 42.683 6.007 935 62.502 

Magangue 2.514 36 49.641 1.008 2.183 56.382 

San Jacinto 
del Cauca 

6.812         6.812 

Nechi 2.719 35 47.901 22.746 6.533 79.934 

Ayapel 12.292 228 154.981 3.329 2.602 173.432 

Caimito 419 16 38.795 604 896 40.73 

Majagual 18.009 297 64.27 301 2.265 85.143 

Guaranda 7.464 91 25.604 612 642 34.413 

San Marcos 5.899 90 81.003 1.383 6.916 95.291 
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Land use 
Seeded area-
transitional 
crops (ha) 

Seeded area - 
permanent 
crops (ha) 

Seeded area 
-grasslands 

(ha) 

Seeded 
area-

forests 
(ha) 

Area 
intended 
for other 
uses (ha) 

Total area 

San Benito 
Abad 

5.335 490 63.367 1.832 3.17 74.195 

Sucre 2.7 171 39.558 16 3.403 45.848 

Total 76.732 1.761 607.803 37.839 29.546 753.682 

 
Source: DNP. Municipal data sheets. Primary source: Ministry of Agriculture -SIGOT 
*The total area of the categories does not correspond to the total municipal area, since 
applications are a multivariate. 
 
Rice is the most important agriculture product in La Mojana and the main income source for 
2,271 households. Annual production is about 160, 000 tons. Majagual (31%), Guaranda 
(17%) and San Jacinto del Cauca (13%) are the municipalities with the highest production of 
the region. By 2015, rice cultivation (Semester A) represented 61.16% of the total area 
cultivated in La Mojana (34,750 hectares). Most part of the rice production is commercialized 
in the municipalities of Caucasia, Sahagun, Monteria and Magangué, where facilities to add 
value to the product (threshing, drying, polishing, sorting and packing) are located. 
 

 
 
According to the National Survey of Mechanized Rice Production (ENAM) in 2014, flooding 
in the first half of 2014, and the significant reduction in the historical volume of rainfall in the 
second half, caused significant disruption to rice. 
 
Maize production is typically on flat areas and hillsides with relatively poor soils and 
environments with rainfall deficit. Maize is planted in the traditional way using spiked sticks, 
on unprepared lands, with native and commercial varieties of yellow corn. Cultivated areas 
are below 10 hectares, located frequently at the left bank of the San Jorge River, on high 
terraces in sandy loam, somewhat deep, averagely drained, highly acidic and low fertility 
soils, with flat relief from slightly inclined to runoff diffuse. Production practices normally 
don’t involve the use of agrochemicals or improved seeds and fertilizers. Productivity is very 
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low, typically 1.8 tons per hectare (FENALCE, 2010). Maize is commercialized in urban areas 
and higher volumes are sold in the municipalities of Caucasia, Monteria and Medellin. 
 
Dairy farming 
Dairy farming and beef production are the most important economic activities in terms of 
area and number of producers in La Mojana. 66% of Agricultural Production Units (APU) in 
the region of La Mojana reported livestock as the main production activity, 50% of them 
located in the municipalities of Magangué, Majagual and San Benito Abad. This activity is the 
most important activity for economic development for most of the La Mojana municipality, 
since it is the main source of local incomes and food.  
 
La Mojana bovine inventory was about 535,819 animals in 2014 (National Cattle Census). 
Magangue, Ayapel, San Marcos, Majagual, Sucre, and San Benito Abad are the municipalities 
with higher percentages of cattle, 19,28%; 17,15%; 13,61%; 12,75%; 9,65% and 11,16%, 
respectively. 
 

 
Figure 7. Historical livestock inventory by municipality in La Mojana 

 
Magangué and Ayapel are the municipalities with larger livestock inventory. In the case of 
Ayapel, this is the economic activity that occupies the greatest extent of territory in the 
Municipality, an area of approximately 125,053 hectares28. 
 
Extensive cattle ranching and pastureland expansion has led to important effects on soil 
compaction and erosion, water infiltration capacity and wetlands degradation and 
deforestation. These conditions have affected dairy and beef production. In response, farmers 
have introduced buffalo farming as a more profitable economic activity. 
 
During the dry season, the main strategy to assure food and water for cattle farmed in the 
driest locations is to move herds to areas with water. Farmers from La Mojana and dry lands 

                                                             
28 Ayapel Municipal Development Plan 2016-2019 
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of the department of Sucre (Corozal, Sincé, Betulia, El Roble, Galeras, La Union and San Pedro) 
move their cattle to the wetlands of San Jorge and La Mojana, specifically municipalities of 
Majagual, Guaranda, Sucre and San Benito, in search of food and better pasture land for their 
animals.  
 
This activity has several disadvantages. Foreign breeders do not apply sanitation practices. 
Hence, animals carry diseases and external parasites that are not known in the area and that 
can infect native cattle. Cattle ranchers do not control stocking, forages and pasturelands do 
not have any type of management practice, with no good practice codes to improve wetlands 
use. Absence of good practices results in lower rates of calving and weaning, and higher risks 
to production. In addition to low productivity, overgrazing affects growth of native forage 
species, limits soil recovering and increases soil erosion. 
 
In the region of La Mojana, there is not much experience in the implementation of sustainable 
cattle-ranching systems, but there are some other important experiences that could 
contribute to local adaptation processes. Specifically, the Colombian Sustainable Livestock 
Project29 has core work in the Valley of the Cesar River. Here, silvopastoral arrangements 
have been implemented with improved pastures, leucaena and other forage species have 
been introduced including timber species, hedges, as well as good practices for the 
production and handling of products30.  Based on those experiences,  the MADS-AF project is 
promoting the implementation of Good Cattle-Ranching Practices, which include 
recommendations for the production process and studies on biodiversity associated with 
silvopastoral schemes that could contribute to a better management of forests floodplains. 
 
Fishing 
Artisanal fishing has historically been an activity that has occupied much of the local 
population at la Mojana (about 36%.)31. Floods and seasonality have favoured fish production 
in rivers and lakes, The approximate production of La Mojana is between 2000 and 8000 tons 
of fish per year 32  which represent between 45% and 60% of the annual production 
throughout the Magdalena-Cauca basin. Bocachico (Prochilodus magdalenae) is the most 
important species and represents 68% of the total catch. 
 
Fishing activities are mainly craftsmanship; the instruments and equipment used are manual 
and rudimentary. The development plan of Ayapel reports that fishing is carried out in an 
area of 14,565 hectares corresponding to the Ayapel marsh area. This does not include fishing 

                                                             
29The Livestock Sustainable Project implemented by the Colombian Federation of Livestock Farmers of Colombia 
(Fedegan) has widely promoted the implementation of Good Livestock Practices (GLP) in order to minimize the impact 
of livestock practices on the environment, reduce contamination risks from livestock products and promote the welfare 
for livestock employees and for the exploited animal species. The GLP apply in order that the livestock industry is 
economically, socially and environmentally sustainable; they apply to different types of livestock production (meat, 
dairy and dual purpose) along the production chain, from production to the final consumer. 
30 http://www.cipav.org.co/pdf/1.Establecimiento.y.manejo.de.SSP.pdf 
31Aguilera, 2004. Idem. 
32AUNAP, 2012. Reporte de la actividad pesquera industrial y artesanal continental y marina de Colombia [Report on 
inland industrial and artisanal fishing in Colombia.] National Aquaculture and Fishing Authority. Ministryof Agriculture. 
38 pp. http://sepec.aunap.gov.co/Archivos/Informe%20SEPEC%202012.pdf  
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in the San Jorge River and the complex of swamps of the municipality. The fish species in the 
Ayapel swamp have diminished over time because of the use of overfishing, including the 
extraction of specimens below the size established by regulators and control bodies, and the 
contamination of waters by sewage and agrochemicals.  
 
 

1.2.6 Changes in climatic patterns 
 
These above development challenges are compounded by climate change. La Mojana is 
characterized by high climate variability of climate conditions. The predominant climate in 
the zone is humid warm, corresponding to zonobioma of tropical humid forest (bh-T), located 
between 0 -1000 m.a.s.l (municipalities of Sucre, Majagual, Guaranda and sectors of Caimito, 
San Marcos and San Benito Abad), with the exception of the north-western extreme that is of 
tropical dry forest (bs-T), characterized by dry warm climate with precipitation between 800 
and 1500 mm (northwestern part of San Marcos, Caimito and San Benito Abad).  
 
Average temperature of 28°C, which varies between 0.4°C and 0.6°C along the region. 
Records of temperature variations (1940-2001) show that temperature oscillates one-
centigrade degree during the year (between 27.7 and 28.3) with higher temperatures 
registered during March and April. Limitations in observed data makes it difficult to establish 
clear changes of temperature over the last ten years. 
 
The average annual precipitation within the region is 2,935 mm, based on data over the last 
10 years (2006-2015). Magangué and Caimito are the drier municipalities with an average 
rainfall of 1,818 mm and 1,937 mm respectively. Guaranda, Nechí and San Jacinto del Cauca 
present the highest rainfall figures of the region, surpassing 4,000 mm/year. Relative 
humidity is bimodal, with two peaks, one in March 91.31% and another in November 89.07%. 
Low points in humidity are recorded twice a year-- in July with 76.16% and August with 
75.09%. The solar brightness also is bimodal with maximum peaks in January and July and 
minimum records between April and October for an annual average of 5.39 hours/day, with 
fluctuations between 3.85 hours/day and 7.63 hours/day; the maximum value is presented 
in the month of January, while the minimum is recorded in April. (Corpomojana 2016). 
 
With financing from the MADS-AF, a trend analysis of precipitation and temperature from 
126 IDEAM weather stations within a 100km area around La Mojana was completed. The 
results show that precipitation regimes, according to their seasonal variability, are classified 
into two groups. A first group of seasons shows a marked seasonal character with a marked 
difference between rainy seasons, between April and November, and another season of less 
rain or dry season, covering the months of December to March. A second group of stations is 
characterized by not showing a marked seasonal differentiation and it is difficult to 
distinguish first sight between rainy season and less rainfall and its behaviour is associated 
with a more or less constant regime throughout the year (Lecanda, 201633). 

                                                             
33 Lecanda X. 2016.   análisis de variabilidad climática y evidencias de cambio climático para la región de la 
mojana.  Product of the Project: Reducción del riesgo y la vulnerabilidad frente al cambioclimáticoen la región de 
la depresión Momposina. PNUD, Adaptation Fund, IDEAM, Ministerio de Ambiente. 
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El Niño Sothern Oscillation (ENSO) has an important influence on the climate in La Mojana. 
During La Niña years La Mojana experience extreme rainfall patterns and higher flood levels, 
last ten years records trends show an important increase of rainfall by 2010-2011 due to La 
Niña event. La Mojana is also vulnerable to anomalous prolonged dry seasons during El Niño 
years. There are evidences that long dry seasons and flooding events are more frequent and 
intense according to 1970 – 2014 data. (Figure 8) 
 
 
 

 
a) prolonged dry season events in Colombia (1970-2015) 
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b) flooding events in Colombia (1970-2015) 

 
Figure 8. Number of prolonged dry seasons and flooding events in Colombia, 1970-2015 

(Source: The International Disaster Database, EM-DAT) 
 
 
 
Since 1998, floods in six municipalities of Sucre (Caimito, San Benito Abad, Guaranda, Sucre, 
San Marcos and Majagual) have affected 102,177 people and 24,981 hectares of cultivated 
land. In the department of Bolivar, 72,390 people were affected in Achí, Magangue and San 
Jacinto del Cauca. In Ayapel, 17,000 people were affected while in Nechi, 13,500 victims were 
reported. As a result of these floods, the UNGRD reported on 180,569 people affected, 19 
health centres destroyed, 180 educational sites affected, 9,395 homes destroyed and 316,641 
hectares affected34.  
 

 
Figure 9. Number of victims of La Niña events in La Mojana (1998 -2010) 

Source: National Information System for Disaster Risk Management. 
 
 
The flood risk conditions driven largely by the geographical characteristics of La Mojana and 
its flood pulses. The surrounding areas of rivers, swamps and land-water transition zones are 
areas periodically flooded by the lateral flow of rivers or lakes. These areas allow expansion 
of rivers in times of heavy rainfall, retain sediments and harbour great biodiversity, so flood 

                                                             
34 Data from UNGRD 2012 
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pulses determine the existence, productivity and interactions of most of the biota in 
floodplain systems35.  
 
According to National Unit for Disaster Risk Management’s figures, damages of “rompederos” 
"Santa Anita" and "Nuevo Mundo" in Antioquia generated the most significant flooding in the 
departments of Antioquia, Bolivar, Cordoba and Sucre, in the last 70 years. Water flows of 
Nuevo Mundo had a length of 2,900 linear meters and Santa Anita had a length of 889 linear 
meters, both of them characterized by higher speed and strength. National government 
invested nearly US $ 25 million in engineering works to close and prevent the impact of future 
events. 
 

La Niña 2010 – 2011 
"La Niña" is a natural phenomenon of climatic variability, resulting from below normal 
cooling of the waters of the Central and Eastern Tropical Pacific Ocean, off the coast of Peru, 
Ecuador and southern Colombia. This results in changes in the pattern of winds and rain. La 
Niña favours rainfall increase in most part of the country, particularly in the Caribbean and 
Andean regions. Each La Niña event is different and its intensity changes due to the 
interaction with other ocean-atmospheric phenomena of the Caribbean Sea. Increased 
rainfall determines a higher probability of occurrence of floods in different areas of the 
national territory, as well as landslides by saturation of water in the soils. 
 
The rainfall season in Colombia in 2010-2011 was a marked anomaly with respect to the 
"normal" trends. Precipitation levels and flooding recorded were far higher to those observed 
historically. Rainfall increases affected much of the country and generated severe, 
unprecedented economic, social and environmental consequences. 
 
Since April 2010, widespread precipitation levels surpassed historical averages, particularly 
in July, November and December 2010, and March and May 2011. Levels of the Magdalena 
river basin during the years 2010 and 2011, along the middle and under Magdalena, shows 
that the basin moved from levels close to the historical lows at the beginning of 2010 to reach 
the maximum levels in July 2010. In the upper Magdalena the increase in levels was not so 
pronounced, due to the influence of the climatic regime of the Amazon piedmont. Relatively 
similar behaviour occurred in the Cauca river basin, particularly in the middle and lower 
parts of the river. In general, levels responded sharply to the high rainfall contribution during 
November and December 2010, and from February to April 2011. 
 
Canal del Dique, La Mojana and the Momposina valley were the most affected regions by 
floods given the percentage of affected population and housing. Poor population suffered 
greatly the effects of these events. In general 2/3 of the populations affected presented NBI 
indexes above of 60%, while the national average is 28% 2% 3 parts of the population. 
 

                                                             
35Junk, W. J., Bayley, P. B., & Sparks, R. E. 1989.The flood pulse concept in river-floodplain systems. Canadian special 
publication of fisheries and aquatic sciences, 106(1), 110-127. 
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Floods affected 685,653 people of La Mojana and the Momposina valley, mitigation works in 
the river network in La Mojana accounted US $11 million. Invías attended different events 
that were presented by the floods of the Cauca River in La Mojana (Antioquia, Bolívar and 
Sucre). Floods caused total destruction of the road that communicates Nechí with Caucasia, 
destruction of dike in some sectors and works especially, on the left bank of the Cauca River 
between Colorado (Antioquia) and Achí (Bolívar). 
 
Floods had an important impact on agricultural production. Breaching of dikes located on the 
left bank of Cauca River affected highly productive lands. For example, rice production in 
Nechí fell from 4500 to 2000 hectares due to the floods in the lower areas of the Municipality. 
Economic and social disruption caused by flooding are still present in the region because of 
the reduction of the extension of agricultural and livestock areas and the lack of alternative 
livelihood options. In addition to the above, floods of San Marcos, Caimito, and northern San 
Benito also affected the left bank of the road until reaching the municipality of Sucre. 
 
In the Corpomojana jurisdiction, areas that are now regularly flooded has increased by 
47,000 hectares, relative to the areas normally flooded during La Niña periods. Increased 
flooding has caused losses of forest areas, displacement of wildlife, as well as displacement of 
the human population. The most affected area is the right bank of the San Jorge River between 
Boca Sehebe and the road that connects San Marcos - Majagual – Achí. The environmental 
recovery of these areas is of vital importance to the Government. In the last three years, 252 
hectares have been reforested with trees of campano, iguá and oak. However, ecosystems 
recovery needs the support of structural solutions in order to promote integrated 
management of the hydraulic dynamics of the region. 
 
 

El Niño 2015 – 2016 
In 2015 and the initial months of 2016, the effects of the El Niño Phenomenon affected the 
entire area, resulting in a reduction of the water surface of the wetlands (approximately 
70%). This has resulted scarcity of water resources for domestic and wild animals, resulted 
in forest fires, including in stilts and grasslands, as well as the disappearance and 
displacement of wildlife throughout the region. 
 
The great concern in the region is the impact on the supply of drinking water for the 
inhabitants of La Mojana. In the case of San Jacinto, the dry season and the demand of the 
communities motivated a decree the Public Calamity to take emergency measure to assist 
local populations affected. This situation has become a social and economic problem, because 
communities have to purchase water, which can be more expensive than other essential 
household items.  
 
The decline in rainfall has obviously affected the supply of water for human consumption and 
irrigation, as well as crops and livestock production. During the worse periods of drought, 
more than 200 municipalities were declared in emergency status due to water shortages. 
According to the report by the Unit for Risk and Disaster Management, 719 municipalities in 
28 departments of the country had some kind of effect and 367 were declared a public 
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emergency due to partial shortages and water rationing, in addition to impacts on agriculture 
and forest fires36. In the Caribbean region, forest fires generated economic losses of about US 
$108,778 million (0,063% of the GDP of 2015)37.  
 

Floods dynamics 
The region of La Mojana presents a modulated flood pulse. Water levels do not increase or 
decrease suddenly. The flood dynamics is unimodal with maximum values in a single peak 
per year, which can last from 6 to 9 months. Hydrological dynamics of tributary rivers (heavy 
rainfall, storms, landslides, droughts, etc.) also determine floods dynamics at La Mojana, 
affecting the region after weeks or even months. 
 
Three main streams feed the floodplain of La Mojana: Magdalena river – Loba Branch, San 
Jorge River and Cauca River. Dynamics of four major water bodies determine flood pulses and 
the system seasonality (Table 6), modified by hydro-climatologic factors such as high rainfall 
in the floodplain or macroclimatic phenomena (ENSO) of La Niña or El Niño. 
 
Table 6. Characterization of flood measurement four water bodies in the region of La Mojana 

Water bodies 
Length  
(days) 

Average 
intensit
y (m) 

Tension interval 
Initial date of 
measuremen
t 
(approx.) 

Final date of 
measuremen
t 
(approx.) 

Drought 
(m) 

Flood 
(m) 

Ayapel Marsh 
 

356 3.7 
18.5-
16.98 

22.2-
23.2 

April 2 March 24 

San Marcos 
Marsh 
 

365 6.74 
14.98-
15.9 

20.7-
21.7 

April 1  April 1  

Floodable 
system of 
wetlands of 
Pancegüita 
Tributary 
 

345 4.99 
13.2-
13.8 

18.7-
19.5 

April 12 March 22 

Floodable 
system of 
wetlands of 
Mojana 
Tributary 

342 3.199 
14.4-
15.2 

18.4-
19.3 

April 9 March 15  

Source: Hydrodynamic Modelling Team, Adaptation Fund 
 
 

                                                             
36http://www.eltiempo.com/estilo-de-vida/ciencia/impacto-del-fenomeno-del-nino-en-colombia-2016/16609985 
37 https://www.dnp.gov.co/Paginas/Los-incendios-en-bosques-por-Fen%C3%B3meno-del-Ni%C3%B1o-costaron-$476-
mil-millones-en-2015.aspx 
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A normal flood pulse in La Mojana has the following five stages: 1) beginning of filling: April-
May; 2) intermediate filling state: May – August; 3) high water or flood peak: August – 
November; 4) emptying: November – February; and 5) low flood or low water: February – 
April. Figure 10 shows the dynamics of annual flooding in the region of La Mojana by 
analysing historical records (1985-2000). 
 

 
 

Figure 10.Typical flood pulse of the region of La Mojana38 
 
Due to the lack of knowledge about the drainage system in the Mojana region, the exposure 
of the population to the risks is more evident, mainly due to the floods caused by the Cauca 
River. Common floods have constrained the region for 4 or 5 months, but in recent years, the 
so-called "breakers" caused by the river and the uninformed construction of infrastructure 
works (road) in the area have resulted in significant adverse impacts. 
 
San Jorge River, marshes, streams and other water bodies in La Mojana are experiencing a 
constant sedimentation processes from the three main tributary rivers of La Mojana. Thus 
capacity of channels is reduced, causing overflows that directly affect the territory. For 
example, the municipality of Caimito reports that 60% of its territory is exposed to floods due 
to the sedimentation. 
 

                                                             
38National Adaptation Fund 2015. Aproximación al funcionamiento hídrico y su relación con la biodiversidad y servicios 
ecosistémicos mediante el concepto del pulso de inundación en la planicie inundable del núcleo de once municipios de 
la región de La Mojana [Approach to running water and its relation to biodiversity and ecosystem services through the 
flood pulse concept in the floodplain of the core of eleven municipalities of the region of La Mojana.] Document 
prepared from contract 003 of 2014. 
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In addition to the dynamic hydro-meteorological factors, structural interventions in La 
Mojana have had an important influence on flood pulses. The focus of these interventions was 
reactive in nature to emergencies, oriented to building barriers or dams to reduce the impact 
of flooding in areas where economic losses were higher. This model, based on levees, does 
not achieve the objective of reducing the risk. On the contrary, it affects the flood pulses and 
increases exposure of other areas to flooding. These other regions have consequently 
experienced similar or greater impacts as disaster have unfolded with the breaching of levees 
(UNGRD, 2014). 
 
Traditional wetland channels 
A complex network of artificial channels of diverse dimensions and configurations that had 
different functions formed the pre-hispanic hydraulic system of La Mojana. In the lower areas 
of the San Jorge and Sinú rivers, flooding was controlled by means of major drainage axes 
formed by innumerable channels perpendicular to the main channel - the old course of San 
Jorge, the Rabón pipe, the Mojana arm in the San Jorge River, and the ancient course of the 
Sinú and the Bagre and Aguas Prietas watercourses on the Sinú River. These major axes are 
located over the border of the depressions flooded with the savannahs or cross from south to 
north the swampy areas in their quest for exit to the sea. Although along these axes are 
occasional scattered housing sites, their main objective was to dislodge the excesses of water, 
allowing the population to reside, and cultivation to take place, in the basins or intermediate 
zones. 
 
During winter periods, the long canals quickly removed excess water from the larger 
tributaries to prevent their overflow. The excess water was directed to ponds where marshes 
existed or were distributed in areas suitable for extensive cultivation. In summer, these same 
channels returned the water from the lower areas to the tributaries, facilitating the 
evacuation of the marshes and maintaining the humidity in the growing areas. By rapidly 
evacuating the waters of the major canals, the sedimentation of their beds was avoided and 
their courses remained stable, a very important fact for the conservation of houses, gardens 
and communication of a growing population. With this channelling of the waters towards the 
ponds, a greater sedimentation was favoured, diminishing the height difference between 
these and the greater dikes and counteracting the effects of the natural subsidence of the land. 
In the external margin of the meanders, the long channels adapted to the course of the 
tributary forming systems in fan. At their inner margin, the channels are joined as they move 
away from the pipe forming braided, funnel-shaped or fish-like systems. 
 

1.3 Climate change in La Mojana: risks and impacts 

Water resources vulnerability 
According to the second national communication, vulnerability of water resources has two 
main components: 1) the capacity of water systems to conserve and maintain current water 
availability due to both natural climatic variability and climate change, and 2) sensitivity of 
different user sectors, including supply and distribution systems. Taking into account 
analysis of the multi-year flow series, the high variability in regions such as La Guajira, the 
low Magdalena and the Cundiboyacense plateau have been noted. This factor is decisive in 
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inferring the sensitivity of the resource in these zones to climatic changes. The Pacific region, 
the Caribbean, the Magdalena Cauca basin, and the Eastern Plains sector are natural 
hydrological flooding regimes. 
 
Excess water is the main driver of landslides, floods and avalanches, influenced by the 
dynamics of the basins. This is the reason the balance and/or deterioration of the watershed 
is marked by the degree of influence of these phenomena, which in turn affect the water 
supply. Areas susceptible to flooding are associated with the alluvial plains and inter-Andean 
valleys. The Andean basins are the most affected by landslides. 
 

Health 
Analyses of the vulnerability of human health to climate change involve different complex 
interactions with various mechanisms by which an impact on health can be produced.  In 
general, impacts on human health are related to the living conditions (poverty, health, access 
to services) and adaptive capacity. Climate change impacts resulting from access to water 
(which in turn is affected by storage systems), can result in the transmission of certain 
diseases. As climate change has effects on different ecosystems, it can also affect vector 
populations, which in turn can increase or decrease the transmission of certain diseases such 
as malaria, dengue or leishmaniasis.  
 
Despite the lack of detailed information regarding the climatic impact on health, there is 
strong evidence from reports that some diseases, such as dengue and malaria, have a higher 
incidence during ENSO events. Higher increase in the incidence of classical and haemorrhagic 
dengue is typically also in the poorest municipalities (located below 1,800 m and on the banks 
of the main rivers). These areas are also typically affected by a decrease in water supply 
(IDEAM et al 2010).  Notwithstanding the above, it could be expected that with warming, 
dengue and malaria will spread to higher areas of the country. 
 

Climate related events 
In Colombia, the record of extreme events has increased significantly in the last two decades.. 
Most frequent reports of disasters in Colombia are associated with water dynamics (floods, 
landslides and torrential floods). 
 
During the last three decades, more than 15 million Colombians have been affected by natural 
disasters, more than 38,000 people have died as a result of this type of events and, 15 million 
people, 35% of the population, are exposed to a high level of risk and another 20 million, 47%, 
to an intermediate risk. Climate-related events, such as landslides and floods for the years 
1970 to 2000, reached damages estimated at US $ 2,227 million. Nevertheless, in the last 
decade 2000-2010, the country has surpassed the historical levels of flooding in the main 
rivers, and that some regions of the country have suffered the driest periods of the last 30 
years (IDEAM et al 2010).  
 
Disaster reports showed that between 1950 and 2007 disasters associated with rains 
increased by 16.1% in relation to the normal conditions during the months affected by La 
Nina events. Reports of disasters associated with drought show a 216% increase during El 
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Niño periods and a reduction of 99.6% during La Niña periods. In general, prolonged dry 
periods, especially in the Andean, Caribbean and Orinoquia regions, are associated with the 
El Niño, and have impacted agricultural production, electric power generation, health and 
water supply to cities and rural communities. It has also been identified that La Niña events 
have had impacts in increasing precipitation in these same regions, resulting in torrential 
floods (IDEAM et al 2010). 
 

1.3.1 Climate change scenarios 
As presented in previous chapters, La Mojana is a strategic region for the national territory. 
It  has a critical role to play with the productivity of wetland areas, with the environmental 
function of regulating the channels of the Magdalena, Cauca and San Jorge rivers, mitigating 
flooding and balancing sedimentation, and providing other critical functions for maintaining 
the ecological balance of the Caribbean Coast. In addition, the region of La Mojana is classified 
as an area of regional importance for Latin America and the Caribbean, due to its biological 
wealth (Aguilera, 2004). 
 
Analysis of climate variability and climate change evidence for the region of La Mojana shows 
spatial and temporal rainfall variations. Nechí, Achí and Magangué are those with a higher 
probability of occurrence of climatic extremes since they are located in areas with the highest 
incidence of rainfall and increased climate variability.  
 
Rainfall and temperature 
Climate change scenarios from 2010 to 2040, 2040 to 2070 and 2070 to 2100 forecast 
reductions in rainfall in most of the region of La Mojana with an average reduction of 14%, 
an increased frequency of extreme events (Figure 11). Major precipitation changes are 
expected in Majagual, Sucre and Achí with reductions up to 40%, while in the municipalities 
of San Marcos and Ayapel the precipitation will have a slight increase.  
 
The distribution of rainfall is likely to have spatial differences39. In Sucre and Cordoba, no 
significant rainfall increases are projected, while in the department of Bolivar an increase of 
10% is expected in the coastal zone and in the southeast (Mojana areas). The department of 
Sucre is likely to have an average reduction in rainfall of up to 16% compared to current 
reference value (1976-2005). This is specifically likely in the municipalities of Sucre, 
Majagual, and Guaranda, where reductions between 20% and 30% could occur40 . In San 
Marcos and Ayapel, slight rainfall increases are likely to be experienced41.  
 

                                                             
39IDEAM, PNUD, MADS, DNP, CANCILLERÍA. 2015. Escenarios de Cambio Climático para Precipitación y Temperatura 
para Colombia 2011-2100. Herramientas Científicas para la Toma de Decisiones – Estudio Técnico Completo: Tercera 
Comunicación Nacional de Cambio Climático [Climate Change Scenarios for Precipitation and Temperature Colombia 
from 2011 to 2100. Scientific Tools for Decision Making - Complete Technical Study: Third National Communication on 
Climate Change.] 
40Ibid. 
41PNUD, ADAPTATION FUND, IDEAM, MADS. 2016. Análisis de variabilidad climática y evidencias de cambio climático 
para la región de La Mojana [.Analysis of climate variability and evidence of climate change for the region] Project: Risk 
Reduction and vulnerability to climate change in the region of theMompos Saddle. 
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In the Department of Bolivar, rainfall is expected to reduce by 17% for the period 2071-2100, 
affecting the areas surrounding the mountains of San Jacinto and Santa Rosa and the 
municipalities of northern plain of the San Lucas Mountain Range42. 
 

 

 
Figure 11. Precipitation scenarios for La Mojana Region A) low emission scenario (RCP2.6: 
2010 – 2040; 2040 -2070; 2071-2100)/ Percent change in precipitation. B) high emission 
scenario (RCP8.6: 2010 – 2040; 2040 -2070; 2071-2100)/ Percent change in precipitation. 

 
 
Temperature scenarios show an increase by 0.9° of the average temperature for the period 
2011-2040 and 2.2° for the period from 2071 to 210043. 
 
 
 
 

                                                             
42Ibid. 
 
43Ibid. 
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Figure 12. Temperature scenarios for La Mojana Region A) low emission scenario (RCP2.6: 
2010 – 2040; 2040 -2070; 2071-2100)/ Percent change in temperature. B) high emission 
scenario (RCP8.5: 2010 – 2040; 2040 -2070; 2071-2100)/ Percent change in temperature. 

 
 

Floods and droughts 
Based on the analysis of the flow of the main tributary streams of La Mojana (Rios Cauca, 
Nechí, Caribona and San Jorge), projections of occurrence of future extreme events (both El 
Niño and La Niña) show that floods and prolonged dry seasons will be more severe and 
frequent.  
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a) La Coquera Station(Cauca River) b) Montelíbano Station (San Jorge River) 

  
c) La Esperanza Station (Nechí River) d) La Raya Station (Caribona river) 

 
Figure 13. Projections of river flows in scenarios of 1000 years for the four main tributaries 

streams of La Mojana.. 
 

These observed trends have a big impact on La Mojana, because the increased intensity of 
rainy seasons will increase flood areas and periods of flooding will be longer. Temperature 
increases would contribute to a prolonged and more intense dry season and problems related 
to access to safe drinking water would increase. In conclusion, although the region’s trend is 
to increase dry conditions, it is expected that extreme events related to high intensity rainfall 
will also become more intense and frequent. 
 

1.3.2 Climate hazards 
 
La Mojana is a very vulnerable area to climate change taking into account that most part of 
its population is located in flooding areas and livelihoods depend greatly on wetlands 
resources. According to climate change scenarios, the main climate hazards are floods and 
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prolonged dry periods due to projected rainfall deficits and temperature increases, heavy 
rainfall and increased river flow. 
 
Floods 
Floods and flash floods are a serious frequent problem in La Mojana, as a consequence of 
heavy rainfall and variable river flow. As La Mojana hydrological regime depends on climate 
patterns upstream, the climate variability of the Magdalena - Cauca basin have important 
effects, therefore the region needs to be prepared to respond to climate patterns, understand 
climate variability upstream and adapt to frequent floods at the local level. Extreme floods 
would also have implications in the loss and fragmentation of natural habitats, losses of 
agriculture crops, and soil erosion and sedimentation. 
 
Flooding has always been a part of La Mojana history. Ancient civilizations developed their 
own systems to manage waters and reduce negative impacts and grant water supply for their 
basic needs. Flooding along rivers, lakes, and in cities is exceeding the limits of flood 
protection infrastructure and increasing impacts on both individuals and communities have 
had social, economic, and environmental consequences. Those consequences vary greatly 
depending on the vulnerability of local populations, exposed goods and resilience capacity of 
natural environments. Some of the main negative impacts of floods at La Mojana are: 

- Damages to households and private properties 
- Loss of livelihoods due to the destruction of crop, loss of livestock and deterioration 

of animals’ health conditions, and alteration to the fish productivity.  
- Disruptions to supplies of clean water due to damages to the public infrastructure 

for water provision, especially micro-aqueducts and ground water wells. 
- Limited communication between rural and urban areas due to damages to the main 

and secondary roads and bridges limiting terrestrial transportation 
- Destruction of educational infrastructure 
- Displacement of affected population  
- Destruction of natural habitats  
- Water contamination derived from upstream sediments and lack of sewage and 

waste management 

In the case of La Mojana, floods play an important role in maintaining key ecosystem 
functions and biodiversity. Environmental benefits of flooding include fish production, 
recharge of groundwater sources and water supply for the most vulnerable populations. 
These natural systems are resilient to the effects of flooding, but largest floods have 
important impacts in the destruction of habitats and their ecosystem services. Removal of 
natural vegetation in floodplains and riparian areas, sedimentation of natural channels, dikes 
and unsustainable agriculture practices have contributed to the degradation of rivers and 
floodplains. Floods tend to further degrade already degraded systems, thus areas that have 
been highly modified by human activity tend to suffer more harmful effects. Other negative 
effects include loss of habitat, dispersal of invasive species, sedimentation, release of 
pollutants, lower fish production and in general loss of wetlands functions. 
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Prolonged dry periods 
Long dry periods have been a direct consequence of El Niño events, however projected 
temperature increases would exacerbate already dry conditions in the region, with negative 
consequences on health, water supply and food production. Extensive dry conditions would 
reduce water availability for crops, affect forage availability for husbandry and would affect 
regeneration processes of natural ecosystems, retarding succession rates, and disrupting 
natural ecosystem dynamics. Most important impacts of a prolonged dry season at La Mojana 
include: 

• Limited water access to rural and urban populations depending on surface sources 
• Dry up of groundwater sources 
• Loss of crops and limited or null agricultural production  
• Overgrazing in wetland areas and soil erosion 
• Natural habitats damages and reduction of regeneration capacity after flood season 
• Limited or null fluvial transportation and isolation of rural areas  
• Increase of vector born human diseases and gastrointestinal infections associated to 

poor water quality. 
 
Natural ecosystems of La Mojana are adapted to seasonal changes, however degraded 
habitats are less resilient to thermal stress. Removal of vegetation and soil erosion increase 
evapotranspiration and soil capacity to retain water, affecting species capacities to colonize 
environments and reinitiate successional processes after flooding. Consequently, prolonged 
dry periods have an important impact on composition, structure and complexity of natural 
habitats, therefore the health of natural ecosystems and their capacity to provide 
environmental services. 
 

1.3.3 Climate change effects at La Mojana 
 
Observations and modelling show that climate change is likely to result in temperature 
increases, precipitation decreases and higher flow levels and frequent extreme events. 
Moreover, the region could be influence by increasing frequency of cyclones in the Caribbean. 
Effects of these changes can be observed in various sectors: 
 

Natural ecosystems 
The environmental problems of the region are strongly linked to agricultural production, 
livestock farming, agribusiness, wildlife illegal hunting, fishing, logging, disposal of solid 
waste, sewage, solid waste and the use of agrochemicals, spill fuel service stations and 
outboard motors. The expansion of the agricultural frontier at regional and municipal level 
has produced environmental problems as a result of the intensification of land use and the 
use of areas such as marshes and wetlands zapales. Equally important, livestock farming has 
also had adverse effects on the environment. The activities that most affected are grazing or 
forage excessive consumption leading to further degradation of soil fertility and structure, 
exposing it to the water and wind erosion. Some municipalities face also risks associated to 
forest fires due to dry periods when grasslands in the high areas are highly susceptible of 
natural fires. Other factor is the indiscriminate burning of native forests and zapales by 
landowners to expand their agricultural frontier. 



 
 

55 

 
Production systems and human intervention have had a high impact on natural ecosystems 
affecting the resilience of local communities given the contribution of natural ecosystems to 
local livelihoods, income generation, physical connectivity the region, regulation of 
microclimates and reducing the impacts of flood pulses. In the region of La Mojana, the loss 
of courses (tributaries) and floodplains due to the construction of levees and the consequent 
involvement of the original hydrological dynamics is evident. This has caused the reduction 
of physical connectivity, the decline of fishery resources and area for cultivation, and the 
intervention or disappearance of riparian forests and natural vegetation areas. Wetlands 
degradation and deforestation of floodplain forests (zapales) have reduced also the capacity 
of these ecosystems to absorb the effects of strong winds, which have affected some 
municipal heads and rural area, generating substantial damage to the infrastructure 
(housing, educational centres, electrical infrastructure, crops, trees and other buildings). 
 
According to IPCC reports (2014), freshwater ecosystems are considered to be among the 
most threatened on the planet. Fragmentation of rivers and alteration of natural flow regimes 
have led to major impacts on freshwater biota. Floodplains and wetland areas have become 
occupied for intensive urban and agricultural land use to the extent that many are 
functionally disconnected from their rivers. As a direct consequence of these and other 
impacts, freshwaters have some of the highest rates of extinction of any ecosystem for those 
species groups assessed for the IUCN Red List. 
 
Climate change could have important consequences for La Mojana ecosystems biodiversity, 
including habitat fragmentation, erosion and sedimentation. According to the IPCC report 
(2014) rising water temperatures, due to global warming, will lead to shifts in freshwater 
species distributions and worsen water quality problems, especially in those systems 
experiencing high anthropogenic loading of nutrients. At La Mojana temperature increases 
could have determinant effects on composition and structure of key ecosystems. Growth 
rates of living forms adapted to the early ecological succession phases could be affected by 
higher temperature and evapotranspiration rates, limiting their capacities to colonize their 
natural habitats areas and leading to introduced species or pastures proliferation. Fast floods 
also could have a destructive effect on natural habitats and nursery areas.  
 
There is growing evidence that climate-induced changes in precipitation will significantly 
alter ecologically important attributes of hydrologic regimes in rivers and wetlands, and 
exacerbate impacts from human water use in developed river basins (IPCC 2014). At La 
Mojana, rivers, streams and wetlands are already experiencing severe effects due to the 
changes of hydrologic regimes which leads destructive impacts of floods and sedimentation 
processes, which have already consequences in the health of natural ecosystems. Water flows 
and hydrological regimes are likely to be further impacted by higher temperatures and 
decreased and more variable precipitation. 
 
Wetland systems are vulnerable to changes in quantity and quality of their water supply. It is 
expected that climate change will have a pronounced effect through alterations in 
hydrological regimes with great global variability (Erwin 2009). Increased temperature, 
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altered evapotranspiration, altered biogeochemistry, altered amounts and patterns of 
suspended sediment loadings, and other the physical effects of wave energy could have 
important impacts on wetlands ecosystems and its associated biodiversity (IPCC 1998). Less 
diverse habitats, with low structural complexity will affect ecosystems resilience and their 
capacities to absorb effectively impacts of climate-related events. 
 
Taking into account the analysis of scenarios for La Mojana (MADS –AF 2016), it is expected 
that declining rainfall and increased inter-annual variability will most likely increase low-
flow and dry-spell duration, leading to reduced water quality and availability, the reduction 
or loss of natural populations of permanent terrestrial and aquatic fauna and flora aquatic 
and altering freshwater food webs. Temperature increases, changes in the hydrological 
regimes, combined with unsustainable land use practices could lead drying out processes of 
permanent wetlands and channels, as is already evident in some areas of La Mojana. 
 
Health of natural ecosystems has direct consequences on ecological functions and services, 
related to fisheries, water supply, transportation, human health and absorption of potential 
effects of floods and dry periods. Human activities such as unsustainable production 
practices, contamination of water sources, sedimentation and loss of streams channels deep 
have exacerbated wetlands degradation processes reducing water infiltration capacity and 
increasing run-off, flows speed and potential of damage. Sectors will need to implement 
sound adaptation activities to combat detrimental consequences of climate change and 
human activities and assure the resilience capacity of natural ecosystems to absorb potential 
damages associated to climate-related events. 
 

Water resources and water supply 
Climate change induced changes in precipitation will substantially alter ecologically 
important attributes of flow regimes in many rivers and wetlands and exacerbate impacts 
from human water use in developed river basins (IPCC 2014). As surface and ground water 
are the main sources at La Mojana, local populations are extremely vulnerable to periodic 
prolonged dry seasons, determined by El Niño events and temperature increases. Past El Niño 
events resulted in water shortages, electricity rationed and health problems due to poor 
water quality. 
 

Infrastructure 
Floods risks are the most important for the existing infrastructure in La Mojana. Past climate 
related events have had enormous impacts on housing and constructions of most of the rural 
communities. According to Lacanda (2016), most of the houses are likely to flood in the next 
50 years with expected levels between 0.2 m and 0.5 m. Although national government is 
making efforts to promote buildings (houses, schools, hospitals) adapted to floods and 
discourage new settlements in areas at greater risk, most communities have a low degree of 
adaptive capacity. Houses are being re-built without long-term considerations and remain 
vulnerable to extreme weather events. 
 
Currently most houses, schools, institutional and commercial buildings are not adapted to 
building standards considering flood hazards. After the last la Niña event, the Adaptation 
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Fund has built schools with new standards to reduce flood risks, however most educational 
centres lack flood risk management measures.  
 
The San Marcos - Majagual - Achí - Guaranda road and the secondary roads of La Mojana are 
exposed to climate risks associate to flooding and accelerated deterioration due to extreme 
events and rising river and water bodies flows. Increase in frequency and severity of floods 
will threaten the sustainability of maintenance and construction of infrastructure, increasing 
vulnerability of local communities, due the dependence on those roads to transport goods 
produced in La Mojana. For this reason, reparation and reconstruction of bridges and roads 
is a priority for national government investments to reduce negative impacts of climate 
events on the local economy. As a result, high costs of recovering damaged infrastructure 
limit investments in other relevant areas that need attention to reduce local vulnerability, 
such as ecosystems restoration and water supply.  
 
Limited sewage and drainage systems cannot cope with excessive flows during rainy seasons, 
either for torrential rains or fast floods. Rupture of bridges and other infrastructure 
demonstrate that infrastructure is not long-term adapted to climate change scenarios. It is 
very common in the Caribbean region that roads and streets in the urban areas become 
drainage canals during very rainy days, limiting transportation and causing representative 
damages. 
 
As a summary, individual households in the rural areas suffer most climate change impacts. 
The vast majority of households have no financial resources to implement household level 
interventions to reduce vulnerability and adapt to climate change effects. As noted before, 
national government investments are mainly focused on restoration of major infrastructure 
and responding to emergencies. Under these conditions households are not able to respond 
to contingencies in the short-term or implement interventions that reduce their vulnerability 
and local communities will remain exposed to flood risks during extreme rainfall and flood 
events.  
 

Agriculture 
Agriculture at La Mojana is very vulnerable to adverse effects of climate change. Impacts of 
ENSO events, flash floods, prolonged dry periods, torrential rainfall and winds have made 
agricultural production at La Mojana increasingly challenging.  A higher incidence of crops 
and husbandry pests and diseases is expected in the long-term scenario, as well as problems 
related to water supply, irrigation and therefore productivity. 
 
Main production sectors at La Mojana, cattle ranching, fish and rice, recognize that one of the 
main factor contributing to the low productivity and economic losses is climate change. The 
main constraints on agricultural production in La Mojana are: high costs of agricultural 
inputs, inefficiency of production inputs supply chain, little access to credit services, little 
access to proper techniques and equipment, little storage capacity, low level of organization 
and business development, absence of technology transfer programs adapted to the region 
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conditions, and limited technical assistance services44,45. Moreover, La Mojana has suffered 
changes in their production systems attributable to floods and dry season, market problems 
(disappearance of sorghum46) and the lack of fodder for cattle production management. 
 
Irregular and variable rainfall is especially problematic because of the lack of irrigation 
systems and the high dependence of natural sources. Adverse dry conditions were 
manifested in different intensities in the municipalities of La Mojana being Majagual, 
Guaranda, Sucre, San Marcos, San Benito Abad, Caimito and Achí the most affected. Other 
municipalities like Nechi and San Jacinto del Cauca despite didn’t present such severe 
weather conditions also reported important losses because of maximum and minimum 
temperature affected flowering stages, reducing yields per hectare.  
 
According to the National Survey of Mechanized Rice Production (ENAM), floods in the first 
half of 2014 and the significant reduction of rainfall in the second half, causing a great 
affectation to rice causing total loss of rice crops in different growth stages. Given the climatic 
variability of the region, the National Federation of Rice Farmers, conducted a field research 
in order to estimate the losses in area and rice productivity in La Mojana (2014). 3,834 
hectares, corresponding to 143 parcels in nine municipalities, in the departments of Bolivar, 
Cordoba and Sucre, were sampled. Results showed that in La Mojana, 73.4% of the rice crops 
area was affected by the prolonged dry period; the largest compromised areas were located 
in Sucre and Bolivar.  
 
Climate variability means also greater incidence of pests and diseases, which means 
reductions of productivity, quality and quantity of agricultural production. Cattle ranching 
sector reported diseases derived from lack of good quality water and forage for the animals, 
resulting in higher rates of mortality during El Niño event.  Limited food and water for cattle 
also has a direct effect on ecosystems health, since cattle is transported to the areas with some 
water remnants, overpopulating La Mojana wetlands, increasing pressure on natural 
ecosystems and exposing human population to poor health and sanitation conditions. 
 

Health 
Climate change is projected to exacerbate climate-sensitive diseases. National climate change 
projections indicate that water-borne diseases could widespread in different regions, so it is 
important to establish surveillance systems in the most vulnerable areas.  
 
La Mojana has no a system to report patients health problems related to climate events. 
However there is a trend to increase human diseases associated to the poor quality of 
stagnant water, that in dry seasons are the main available source for the poorest. 
Gastrointestinal infections are maybe the most frequent health problems, not registered 
because they are often treated individually, die to the little access to health services. Vector – 

                                                             
44 Guaranda development plan 2016-2019 
45 Majagual development plan 2016-2019 
46Economia y Desarrollo rural [Economy and Rural Development], Corpoica Cienc, Tecnol,Agropecu (2013)14,(2), 165-
185 
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borne diseases such as dengue or leishmaniasis need more attention in terms of control 
attention due to conditions that could lead proliferation of mosquitos in the region. 
 

2 National political and institutional framework related to 
resilient development to climate 

 
The Climate Change Convention constitutes the general framework of work for the on-going 
efforts of the country climate change adaptation and mitigation.  

2.1 National Development Policies and Strategies 
 

2.1.1 National Development Plan 
 
The National Development Plan (PND) 2014-2018 “Todos por un nuevo país” [Everyone for 
a new country], aims to build a Colombia in peace, equitable and educated, in harmony with 
the purposes of the National Government, with the standards of the Organization for 
Economic Co-operation and Development (OECD), and the vision of long-term planning 
provided by the Post-2015 Development Agenda. The PND development is based on three 
pillars: peace, equality and education, which incorporate six crosscutting strategies for 
consolidation: Competitiveness and strategic infrastructure, social mobility, transformation 
of the countryside, security, justice and democracy for peace building, good governance and 
green growth. The green growth strategy includes three goals; one of them focused on 
achieving a resilient growth and reducing vulnerability to disaster risks and climate change. 
 
Climate change adaptation 
The PND provides for the formulation and implementation of sector plans for adapting to 
climate change and sector mitigation action plans of the Colombian Low Carbon Development 
Strategy under the responsibility of the Ministries of Agriculture and Rural Development, 
Mines and Energy, Transportation, Health and Social Welfare, Housing, City and Territory and 
Commerce, and Industry and Tourism. 
 
Risk reduction 
As for risk reduction, the PND provides that the Adaptation Fund may structure and execute 
comprehensive projects for risk reduction and adaptation to climate change, identified 
through the system, in order to strengthen its competencies and contribute to the reduction 
of fiscal vulnerability of the state. The national and territorial entities benefiting from the 
projects, in charge of the Adaptation Fund, will be responsible for ensuring their 
sustainability and implementation of the technical, financial and operational necessary for 
proper implementation. 
 
Caribbean region 
The NDP includes a chapter for the Caribbean Region Program dedicated to those actions 
targeted to pursuing prosperity and eradication of extreme poverty in this region. This plan 
includes the region of La Mojana due to the great challenges of development observed there 
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and the fact that is conjunction with La Guajira, is the area with the worst indicators of 
economic in the last decade. Aware of this situation, government prioritized four main 
objectives for this region and some associated strategies. One of the main objectives of this 
plan is the implementation of different models of sustainable socioeconomic development to 
increase competitiveness, articulated with the national goals associated with development 
and reduction of vulnerability to climate change. 
 
Moreover, the plan includes a special mention to the region of La Mojana regarding the 
implementation of strategies to improve welfare and quality of life of the population through 
actions to mitigate risks of the most vulnerable; with the worst socio-economic indicators, 
the lowest progress in reducing poverty gaps and the regions most affected by climate change 
related events. 
 
Rural development 
The chapter on comprehensive transformation of the rural territories promotes a territorial 
approach and builds on the recommendations of the Mission for Transformation of the 
Countryside47 and on the inputs of participatory processes that were conducted in the past 
two years. A rural territory is recognized as a space where equal opportunities for people 
converge with the growth and competitiveness of rural economic activities, mainly the 
agricultural ones, thus recognizing the regional and urban-rural differences.  
 
The targets set for the four-year period of the PND are: 
 

• Organize rural territory seeking greater access to land by farmers who do not own or 
who have insufficient land, the efficient use of land and legal security of property 
rights with a focus on green growth. 

• Close the urban-rural gaps and lay the foundation for social mobility through the 
provision of public goods and social services that support human development of 
rural people. 

• Accelerate the eradication of poverty and the expansion of the rural middle class by 
taking a stand for productive inclusion of farmers. 

• Boost rural competitiveness through the provision of goods and services that allow 
making sector agricultural activities a source of wealth for rural producers.  

• Have a comprehensive and multi-sector institutional arrangement that has territorial 
presence according to the needs of rural people and the attributes of the territory, in 
order to correct breaches of welfare and development opportunities between rural 
regions. 

 
Green growth 
Green growth strategies taking a chance on equity and poverty reduction and which are 
aimed at promoting a climate compatible development that contributes to the 
competitiveness of sectors, ensure the base of the natural capital in quantity and quality, 

                                                             
47 https://www.dnp.gov.co/programas/agricultura/Paginas/mision-para-la-transformacion-del-campo-
colombiano.aspx 
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prevent the external factors associated with the degradation costs and disaster impacts and 
climate change focus on the poorest and most vulnerable population. For the agricultural 
sector these strategies focus on the efficiency of land use, water management and reduction 
of emissions of greenhouse gases; taking into account that the agricultural sector covers 
about 35 million hectares which are occupied by pastures and grassland for livestock, 
consumes 54% of water in the country and contributes about 38% of total GHG (excluding 
those related to changes in land use.) 
 

2.1.2 National Climate Change Adaptation Plan (PNACC) 
 
The National Policy on Climate Change Adaptation (PNACC) is an initiative led by the National 
Planning Department (DNP) supported by the Ministry of Environment and Sustainable 
Development (MADS), the Institute of Hydrology, Meteorology and Environmental Studies 
(IDEAM) and the National Unit for Disaster Risk Management (UNGRD), and the active 
participation of the productive sectors, territories and population. It will be developed and 
implemented under the National Climate Change System (SISCLIMA), which will coordinate 
the actions related to climate change and the different levels of government investment, the 
productive sectors and the civil society within the Colombian territory48. 
 
The objective of the National Plan for Adaptation to Climate Change (PNACC) is reducing risk 
and the socio-economic and ecosystem impacts associated with variability and climate 
change in Colombia. In order to attain that, the national government aims to provide a series 
of methodological inputs to guide sectors and territories to: (a) generate a better 
understanding of the potential risks and actual impacts, which includes its economic 
assessment; (B) seize the opportunities associated with change and climate variability; (C) 
incorporate climate risk management in the planning of sector and territorial development; 
and (d) identify, prioritize, implement, evaluate and monitor adaptation measures to reduce 
vulnerability and exposure of socio-economic systems to climatic events. The PNACC includes 
five strategic lines for a planned adaptation, which should serve as general guides work for 
different sectors and territories in developing adaptation plans. 
 

1. Raise awareness about climate change. 
2. Generate information and knowledge to measure climate risk 
3. Conduct land use planning 
4. Implement adaptation actions. 
5. Strengthening the reaction capacity. 

 
The PNACC seeks to advance towards a new management model for sustainability including 
climate challenges, a more cost-effective planned adaptation, incorporation of climate change 
management in planning tools, take steps for the provision of public goods and protection of 
the more vulnerable population and ensure long-term competitiveness. Adaptation should 

                                                             
48DNP. 2012. Plan nacional de adaptación al cambio climático. ABC Adaptación Bases Conceptuales [national plan for 
adaptation to climate change. ABC Adaptation Conceptual Bases.]National Planning Department, Bogotá D.C., 
Colombia. 80 pgs. 
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be local, participatory, focused on the priorities of the territories, including all the regional 
and sector levels, and based on a comprehensive vision. The PNACC considers the disaster 
risk management and climate change adaptation as complementary strategies to deal with a 
changing climate. 
 
The policy promoted Integral Regional Plans of Climate Change as a mechanism that 
acknowledge the cross-cutting nature of climate change between mitigation and adaptation 
and furthermore, between public and private sector as well as civil society. Hence, their 
implementation requires a vertical alignment between the national, the regional and the local 
conditions when executing mitigation and adaptation actions. In that sense, the Mojana 
Project will contribute to the local community level adaptation goals of this region, while 
supporting the broad guidelines of the national policies, through an inter-institutional 
coordination of activities.  Hence, this initiative opens the space for the future 
implementation of such regional plans and presents a strategy for integrating climate needs 
at all levels.  
 
 

2.1.3 Colombian Low Carbon Development Strategy (ECDBC) 
 
The ECDBC is a short-, medium- and long-term development-planning program that seeks to 
halt greenhouse gas (GHG) emissions derived from national economic growth. The policy 
promotes the design and implementation of sectoral mitigation measures that maximize the 
carbon-efficiency of the country's economic activity by contributing to national social and 
economic development. The objectives of the ECDBC are to identify and evaluate actions 
aimed at avoiding the accelerated growth of GHG emissions supporting the development of 
mitigation action plans for each productive sector of the country, promoting tools for its 
implementation, and implementing monitoring and reporting system. The ECDBC is led by 
the Ministry of Environment and Sustainable Development (MADS), with the support of the 
National Planning Department (DNP), and the Sectoral Ministries of Colombia, which include 
industry, energy and mining, transport, housing and agriculture. 
 

2.1.4 National Risk Disaster Management Plan 2015 – 2025 - PNGRD 
 
The objective of the PNGRD is to guide the national actions of the State and civil society in 
terms of risk awareness, risk reduction and disaster management, in compliance with the 
National Risk Management Policy, which contribute to the security, well being, quality of life 
of people and sustainable development in the national territory. The risk management 
approach of the PNGRD takes into account the exacerbation of the hydroclimatic phenomena 
and their concatenated ones at territorial and sectoral scales, focusing on reducing 
vulnerability and improving resilience through mitigation and adaptation measures that have 
been promoted in the planning development and environmental sustainability frameworks.  
At local level the National Plan is implemented through local councils at departmental and 
municipal level, which also include specific activities in their risk management plans and 
development plans. 
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2.1.5 Financial protection strategy against climate-related disasters 
 
This strategy was formulated with the aim of reducing fiscal vulnerability of the state by the 
occurrence of an event of natural origin. The implementation of the financial strategy is based 
on the adoption of the following:  
 

• Strengthen risk reduction measures 
• Collective Assurance of Public Goods 
• Implementation of the disaster risk management Act 
• Contingent financing for future events 
• Assessment financial protection instruments: instruments in the capital market, 

enabling transferring and optimally mitigating fiscal risks. 
 

2.1.6 Intended National Determined Contributions (INDCs) 
 
The Republic of Colombia is committed to reducing its greenhouse gas emissions by 20% 
compared to projected emissions by 2030. Colombia assumed its INDC as an opportunity to 
strengthen the work done and built in the sectors and territories, for both mitigation and 
adaptation to climate change. This will allow formulating climate change policies, programs, 
plans and projects in an articulated manner among different productive sectors, public and 
private institutions, non-governmental organizations and the civil society in general. 
 
The adaptation component builds on the country's progress on adaptation under the National 
Plan for Adaptation to Climate Change, (PNACC), whose formulation began in 2011 and has 
been implemented through different regional and sectoral efforts. It was determined that the 
country will focus its efforts to 2030, in coordination with other global goals related to 
increasing resilience, such as the Convention on Biological Diversity (CDB), the 2030 
Development Agenda, the United Nations Convention to Combat Desertification (UNCCD), 
and the 2015-2030 Sendai Framework for Disaster Risk Reduction. 
 
Specific actions that are prioritized to 2030 for Colombia are: i) 100% of the national territory 
covered with climate change plans formulated and implemented; ii) A National System of 
adaptation Indicators that allows monitoring and evaluating the implementation of 
adaptation measures; iii) Instruments for water resource management with considerations 
of climate variability and change for priority watersheds; iv) Six priority sectors of the 
economy (transport, energy, agriculture, housing, health, trade, tourism and industry) will 
include climate change considerations in their planning instruments, and will be 
implementing innovative adaptation actions; v) Strengthening the sensitization, training and 
public education on climate change, focusing on the different stakeholders; vi) Delimitation 
and protection of the 36 paramo complexes in Colombia (approximately 3 million hectares); 
vii) Increase in more than 2.5 million hectares of new protected areas coverage in the 
National System of Protected Areas–SINAP-, in coordination with local and regional 
stakeholders; viii) Inclusion of climate change considerations in National Interest and 
Strategic Projects -PINES-; ix) Ten agriculture sector associations such as rice, coffee, 
livestock and silvo-pastoral will have improved capacities to adequately adapt to climate 



 
 

64 

change and variability; x) Fifteen departments participating in the agro-technical 
roundtables, articulated with the national committee, and 1 million farmers receiving agro-
climatic information to facilitate decision-making in agricultural activities. 
 

2.1.7 National Policy on Water Resources Water Resource Management 
 
The National Policy for Integrated Water Resource Management49 is the directing tool of the 
integrated resource management, including groundwater. This tool establishes the objectives 
and strategies of the country for water use and efficiency; the objectives for the prevention 
of water pollution, considering the harmonization of social, economic and environmental 
aspects; and the development of the respective economic and policy instruments. The 
implementation term is 12 years (2010- 2022) and it establishes eight principles and six 
specific objectives for its development.  
 
The aim of the policy is to ensure the sustainability of water resources through management 
and an efficient and effective use, articulated to the land planning and use and the 
conservation of ecosystems that regulate water supply; considering water as a factor in 
economic development and social welfare, and implementing equitable and inclusive 
participation processes. The specific objectives are: 
 
Objective 1. Supply: Conserve ecosystems and hydrological processes that depend on water 
supply for the country  
Objective 2. Demand: Characterize, identify and optimize water demand in the country. 
Objective 3. Quality: Improve quality and minimize pollution of water resources. 
Objective 4. Risk: Develop comprehensive management of the risks associated with water 
supply and availability. 
Objective 5. Institutional strengthening: Create conditions for institutional strengthening in 
the integrated management of water resources. 
Objective 6. Governance: Consolidate and strengthen governance for the integrated 
management of water resources. 
 

2.1.8 National Policy for Integrated Management of Biodiversity and its Ecosystems 
Services (PGIBSE) - 2014 

 
PGIBSE aims to promote the comprehensive management of biodiversity and its ecosystem 
services, in order to maintain and improve the resilience of socio-ecological systems, at 
national, regional, local and transboundary scales, considering scenarios of change and 
through coordinated and concerted action of the State, the productive sector and civil society. 
PNGIBSE will frame and orient conceptually and strategically all the other environmental 
management instruments (policies, norms, plans, programs and projects), existing or 
developing, for the conservation of the biodiversity in its different levels of organization, as 
well as being a basis for inter-sectoral coordination and a fundamental part of the country's 
development. 

                                                             
49  http://www.minambiente.gov.co/index.php/component/content/article/1932-politica-nacional-para-la-gestion-
integral-del-recurso-hidrico 
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2.2 Regulatory Framework 
Environmental regulatory framework:  The most important regulatory instruments related 
to environmental management are the following: 
 
National Code of Renewable Natural, Resources: The Decree Law 2811 of 1,974 regulates the 
management of Renewable Natural Resources, the defence of the environment and its 
elements. The objectives of this instrument are: 1) Achieve the preservation and restoration 
of the environment and the conservation, improvement and rational use of renewable natural 
resources, according to criteria of equity that ensure the harmonious development of man 
and of these resources, their permanent availability and maximum social participation, for 
the benefit of the health and well-being of the present and future inhabitants of the national 
territory; 2) Prevent and control the harmful effects of the exploitation of non-renewable 
natural resources on other resources; and 3) Regulate the human behaviour, individual or 
collective and the activity of the public administration, with respect to the environment and 
renewable natural resources and the relations that arise from the use and conservation of 
such resources and environment. 
 
Creation of the Ministry of the Environment and organization of the National Environmental 
System (SINA): Law 99 of 1993 created Ministry of the Environment and reorganized the 
Public Sector in charge of the management and conservation of the environment and 
renewable natural resources (the National Environmental System, SINA). This Law reformed 
the environmental management public sector, defines the composition and functions of the 
National Environmental System and rules the planning of environmental management. The 
Ministry of the Environment is created as a governing body for the management of the 
environment and renewable natural resources. The Ministry must define the policies and 
regulations to which the recovery, conservation, protection, management, management, use 
and use of renewable natural resources and the environment of the Nation must be defined. 
Likewise, the Ministry must formulate the national environmental and renewable natural 
resources policy so as to guarantee the right of all people to enjoy a healthy environment and 
protect the natural heritage and sovereignty of the Nation. 
 
The SINA was created as the set of guidelines, norms, activities, resources, programs and 
institutions that allow to implement the general principles already mentioned. The SINA is 
composed of State entities responsible for environmental policy and action; community and 
non-governmental organizations related to environmental issues; sources and economic 
resources for the management and recovery of the environment; public, private or mixed 
entities that carry out activities of information production, scientific research and 
technological development in the environmental field. 
 
National System for Disaster Risk Management: Law 1523 of 2012 created the National System 
for Disaster Risk Management corresponding to the set of public, private and community 
institutions, pertaining policies, standards, processes, resources, plans, strategies, tools, 
mechanisms, and information on the issue, which is applied in an organized manner to ensure 
risk management in the country.  
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The Law redefined the institutional platform that supports the actions at the national, 
departmental and municipal levels to optimize the management of disaster risk, and defined 
the planning and management instruments, and information systems and finance funds to be 
structured. The system's general objective is to carry out the social process of risk 
management for the purpose of providing protection to the population in the Colombian 
territory, improve safety, welfare and quality of life and contribute to sustainable 
development. The specific objectives set are:  
 
2.1. Develop, maintain and ensure the process of risk awareness through actions such as the 
identification of scenarios and risk factors, analyses and risk assessments, monitoring and 
communication to public and private entities and to the population in general. 
 
2.2. Develop and maintain the risk reduction process through preventive actions to avoid the 
generation of new risk conditions, corrective intervention through mitigation actions and 
financial protection. 
 
2.3. Develop, maintain and ensure the disaster management process through actions of 
preparation for disaster response (organization, warning systems, training, equipment and 
training, among others), preparedness for recovery, attention to the affected population and 
rehabilitation and reconstruction of socio-economic, environmental and physical conditions, 
under the security and sustainable development criteria. 
 
National System of Climate Change (SISCLIMA); The document CONPES 3700 of 2011 created 
the NSCC which proposes a framework of coordination that involves sectors, territories and 
communities. The objective is to facilitate and encourage the formulation and 
implementation of policies, plans, programs, incentives, projects and methodologies in the 
field of climate change, achieving the inclusion of climate variables as determinants for the 
design and planning of development projects. This scheme must permeate the current model 
of social and economic development across all levels and in all institutions. In addition, it 
must permeate the highest levels of decision-making in each of the sectors and communities.  
 
The Decree 298 (24 Feb 2016) establishes the organization and functions of the National 
System of Climate Change (SISCLIMA), aimed to coordinate, articulate, formulate, monitor 
and evaluate policies, norms, strategies, programs, projects and actions related to climate 
change adaptation and mitigation of GHG.   The framework of actions is based on four 
instruments: 1) the Colombian low carbon development strategy; 2) the national strategy for 
reducing emissions from deforestation; Financial protection against climate-related 
disasters; and (4) the national plan for adaptation to climate change, as well as other 
strategies that SISCLIMA consider important for their work. 
 
Technical Regulation of the Drinking Water and Basic Sanitation Sector – RAS: This regulation 
establishes the technical requirements to be met by the designs, works and procedures 
corresponding to the drinking water and basic sanitation sector and complementary 
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activities implemented by entities that provide the municipal public services of aqueduct, 
sewage and cleaning services. 
 
Land planning Law: Law 1454 de 2011 prescribes norms for the political and administrative 
organization of Colombian territory; establishes guiding principles; defines the institutional 
framework and instruments for territorial development; establishes competences in terms 
of territorial planning of territorial entities and metropolitan areas, and rules territorial 
organization. 
 
The purpose of the territorial order is to promote the increase of the capacity of 
decentralization, planning, management and administration of its own interests for the 
entities and instances of territorial integration, and promote transfer of competences and 
decision responsibilities of the central or decentralized government organs. The Law 
establishes functions of the nation, departments and municipalities are established in the 
areas of land management, based on the principles of competition, complementarity and 
subsidiarity between these entities, opening the path for the formulation of the general policy 
of regional planning and formulating departmental plans to guide the formulation of land use 
plans. In addition, this act opens the possibility of the formation of municipal and 
departmental partnership schemes in order to establish strategic alliances.  

 

2.3 National programs 
 

2.3.1 Plan Contracts 
 
Framed in Laws 1450 and 1454 of 2011, Plan Contracts aim to articulate State efforts for the 
comprehensive planning of territorial development with a long-term vision, in accordance 
with the provisions of Article 339 of the Political Constitution. Plan Contracts promote inter-
institutional and intergovernmental coordination with the different territorial entities in 
favour of regional development. The Plan-Contract is a planning instrument for territorial 
development that is materialized through an agreement of intentions between the different 
levels of government. It is structured around a shared vision of regional development, from 
which a central strategic axis is defined. This axis acts as an articulator of territorial, national 
and sectoral needs identified as priorities in the respective development plans. The Plan-
Contract frame will serve to promote the replication and up scaling of the experience from La 
Mojana integrated climate change adaptation approach.  
 

2.3.2 Colombia siembra 
 
“Colombia Sowing”, is a program of the national government aiming at revitalizing Colombian 
rural areas. This initiative will promote, between 2015 and 2018, the development of the 
agricultural sector. It will increase the supply of agricultural products for the country and will 
promote agricultural exports with added value, through the increase of the planted area and 
productivity of agricultural sector. 
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This initiative will benefit all agricultural actors (Family Farming, individual farmers and 
Agro-entrepreneurs), providing them with financial instruments adequate to the needs of 
their productive activities. Colombia Sowing will create a favourable environment to boost 
the investments required in the new areas, technological packages, water solutions, 
infrastructure, machinery, research and technology transfer. The program is implemented 
nationally based on farmers’ demand. Beneficiaries can apply to get funding for production 
activities. The Caribbean region is one of the regions that received more applications of 
potential beneficiaries for the first phase. 
 

2.4 Institutional framework 
 

2.4.1 National Planning Department (DNP) 
 
The National Planning Department is the leading national public entity in order to guide 
development planning in Colombia.  As an entity responsible for the National Planning 
System, DNP coordinates the design of the National Development Plan, which is the main tool 
for prioritization and targeting of public spending in the country. 
 
According to the Current Development Plan of Colombia, the National Planning Department 
in coordination with the Ministry of Environment and Sustainable Development, are 
responsible parts of leading the formulation of a public policy that incorporates a green 
growth approach in planning development of the country which should: a) promote 
economic competitiveness, b) protect and ensure the sustainable use of the natural capital 
and ecosystem services, c) promote resilient growth against disasters and climate change d) 
ensure welfare and social inclusion.  
 

2.4.2 National Adaptation Fund (NAF) 
 
The National Adaptation Fund (NAF) is a public entity responsible for the execution of 
comprehensive risk management projects and adaptation to climate change in regions where 
the most vulnerable populations in Colombia are located. It was created in 2010 in response 
to the 2010-2011 "La Niña" phenomenon, the worst rainy season emergency that the country 
has suffered in its history. This episode demanded a declaration of economic, social and 
ecological emergency and left nearly four million people affected in one four thousand 
(1,004) municipalities, representing 97% of the affected country. The NAF has the mandate 
to structure and implement integrated projects for risk reduction and adaptation to climate 
change, in order to strengthen its competencies and contribute to reducing fiscal 
vulnerability of the State. In this context, with the National Development Plan 2014-2018 
“Todos por un nuevo país” ("All for a New Country") Colombia seeks to build a peaceful, 
equitable and educated country, in harmony with the purposes of the National Government 
and the vision of long-term planning provided by the post-2015 Development Agenda. 
 
The NAF executes public long-term investments, with an annual performance of around USD 
359 M. Actions are targeted to mitigate risks of disasters and help regions to prepare to resist 
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a similar or greater events, over the next 50 to 100 years, preventing future tragedies, which 
involve high fiscal costs to assist affected populations and rebuild public infrastructure. 
 
The Adaptation Plan of La Mojana is one of the NAF strategic projects”, which aims to reduce 
flood risk in eleven municipalities in the region, through the management of water resources 
and the adoption of structural and non-structural measures. The Fund has allocated a total of 
US $ 134 million to be invested in this plan over the next 3 years. Additionally, a public policy 
document is being drafted, which will help to frame all investment resources in La Mojana 
with the articulation of the national government and regional and local authorities so that the 
continuity and sustainability of the development model adapted is guaranteed.   
 

2.4.3 Ministry of Environment and Sustainable Development (MADS) 
 
The Ministry of Environment and Sustainable Development is the governing entity managing 
the environment and renewable natural resources, responsible for guiding and regulating the 
environmental planning and defining the policies and the regulations related to restoration, 
conservation, protection, planning, management, use and sustainable exploitation of 
renewable natural resources and environment of the country. The Ministry promotes the 
development of eight sectors of the country, decoupling the growth of greenhouse gas 
emissions (GHG) from the national economic growth through the Colombian Low Carbon 
Development Strategy ECDBC. 
 
MADS also assists in the formulation of sector and territorial plans for adaptation to climate 
change as a strategy to reduce the risk of climate impacts on populations and Colombian 
ecosystems, and with a view to conduct activities on Emission Reduction by Deforestation 
and Degradation of Forests, it is developing the National REDD+ Strategy. Likewise, the 
Ministry leads the biodiversity policy and regulation and its monitoring and assessment. The 
proposed policies associated with the priority restoration and conservation in the greatest 
environmental relevance areas.  
 
The Ministry of Environment and Sustainable Development in coordination with the Ministry 
of Housing, City and Territory are responsible for coordinating the relational regulation with 
water management, with the economic and financial instruments that guarantee the supply 
of water resources and pollution control, pursuing their consistency with sector and regional 
needs and to encourage the investment required from providers, local authorities and 
environmental authorities.  
 
The Action Plan for La Mojana project, led by the Adaptation Fund and integrated to the 
Ministry of Treasury, is articulated to the National System of Climate Change (SISCLIMA50). 
This Ministry together with the Ministry of Agriculture, the Ministry of Energy, the Ministry 
of Transportation, the Ministry of External Affairs, the Ministry of Internal Affairs and the 
Department of National Planning, conform the Inter-sectorial Committee that is one of the 
consultative organs of the SISCLIMA.  Likewise, the project will be directly coordinated with 

                                                             
50 Sistema Nacional de Cambio Climático 
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the strategy of regionalization51 of the system, represented by the Regional Nodes and in 
particular, with the Caribbean Node.   
 
The joined articulation of the project to the SISCLIMA will facilitate its alignment with the 
national policies constituting the frame upon which the system operates. This includes the 
National Policy of Climate Change, the National Adaptation Plan, the Colombian Strategy of 
Low Carbon Development and the Policy Strategy for Public Financial Management of Natural 
Disaster Risk as well as the Integral Regional Plans of Climate Change.  
 
The Ministry of Environment and Sustainable Development (MADS) supports the formation 
and consolidation of the Regional Nodes of Climate Change (RNCC), a process that began in 
2010 as a measure of decentralization of national actions and empowerment of local 
authorities and local populations to strengthen the management of climate change in 
Colombia. In the case of La Mojana is part of the Caribbean node. 
 
 

2.4.4 Ministry of Housing, City and Territory 
 
The Ministry of Housing, City and Territory is the public entity of the national order that, in 
accordance with the conditions of access and financing of housing, and the provision of public 
water and sanitation services, is responsible for formulating, adopting, directing, 
coordinating and executing public policy, plans and projects in urban housing, drinking water 
and basic sanitation, planned territorial and urban development of the country and the 
consolidation of the city system, with patterns of efficient and sustainable use of the soil.  
 
The Vice Ministry of Water and Basic Sanitation is responsible for promoting sustainable 
development through the formulation and adoption of policies, programs, projects and 
regulation for access of the population to drinking water and basic sanitation. The Ministry 
issues regulations, formulate programs and financially supports municipalities that cannot 
directly attend the investments that are required. Part of its functions are: Coordinate with 
the National Planning Department and the Superintendence of Public Services, the definition 
and application of the variables and criteria for the distribution of the resources of the 
General System of Participations - GSP for drinking water and basic sanitation; Lead the 
preparation of studies and reports for the development of policies, plans, programs and 
projects promoted by the Ministry related to drinking water and basic sanitation; and 
propose policies, plans and programs of drinking water and basic sanitation. 
 

2.4.5 Presidential Agency for International Cooperation of Colombia (PAC-
Colombia) 

 
PAC-Colombia is the organization that guides Colombia's international cooperation. The 
Agency's value proposition is to increase the benefit that Colombian and international society 
obtain from development-related cooperation according to the country's priorities. PAC-
Colombia focuses and invigorates the international cooperation that Colombia receives, 
                                                             
51 Regional Nodes of Climate Change 
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prioritizing the territories that need it the most, specifically in three thematic areas: peace-
building, sustainable rural development and conservation and environmental sustainability. 
The agency also has developed mechanisms and methodologies to facilitate knowledge 
management processes and promote South-South (CSS) and Triangular Cooperation (CTr) 
aimed at contributing to the sustainable development and positioning of Colombia in the 
world. 
 

2.4.6 National System for Risk Management (SNGR) 
 
The SNGR is the set of national entities of the public, private and community order that 
implement the social process of the risk management with the purpose of offering protection 
to the population in the whole national territory in search of improving the quality of life, 
safety and well-being of all Colombian communities. The three bodies of the SNGR are: 1) 
National: National Council for Disaster Risk Management 2) Departmental: Departmental 
Management Councils for Disaster Risk, and 3) Municipal: municipal Councils for Disaster 
Risk Management. 
 
Councils provide a platform for coordination of policies, regulations and activities, among 
different stakeholders of the territory such as:  
 
1. Governor or Mayor or his or her delegate, to preside the council. 

2. The Director of the risk management agency or entity. 

3. Directors of public institutions or their delegates. 

4. A representative from each of the regional autonomous and sustainable development 

corporations within the respective territorial jurisdiction. 

5. The director, or his or her alternate, of the Colombian civil defence within the respective 

jurisdiction. 

6. The director, or his or her alternate, of the Colombian Red Cross within the respective 

jurisdiction. 

7. The fire department delegate or the commander of the respective Fire Department of the town. 

8. A secretary from the departmental or municipal office, appointed for that purpose by the 

Governor or Mayor Department. 

9. Police Commander or his delegate of the respective jurisdiction. 
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Figure 14. Institutional structure for Multilevel Disaster Risk Management 

Source: UNGRD 2016 
 

2.4.7 National Unit for Disaster Risk Management (NGRD) 
 
The NGRD directs the implementation of disaster risk management, addressing sustainable 
development policies, and coordinates the operation and continuous development of the 
national system for disaster prevention and response - SNPAD. Functions of this Unit include: 
1) To direct and coordinate the National System for the Prevention and Attention of Disasters, 
- SNPAD, 2) Coordinate, promote and strengthen capacities for risk awareness, disaster 
reduction and disaster management; 3) propose and articulate national disaster risk 
management policies, strategies, plans, programs, projects and procedures; 4) promote the 
articulation with other administrative systems; 5) Formulate, coordinate, monitor and 
evaluate the execution of a national plan for disaster risk management, and 6) Support 
national and territorial entities in their institutional strengthening for the management of 
Disaster Risk; among others. 
 

2.4.8 Regional Autonomous and Sustainable Development Corporations 
 
The Autonomous Regional Corporations are public national entities that act as environmental 
authorities at the regional level. In Colombia, there are thirty-three (33) Corporations located 
throughout the country. Out of the thirty-three corporations, seven (7) are called Sustainable 
Development Corporations, given the high extensions of natural areas, the importance of the 
ecosystems they manage and the provision of environmental goods and services for the 
region. 
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The main Planning instruments of the Corporations are the Regional Environmental 
Management Plan and the Institutional Action Plans; being the latter is the main planning tool 
for the implementation of resources in each three years administration. Within La Mojana 
area, there are four Environmental Autonomous and Sustainable Development Corporations:  
 
• Corporation for Sustainable Development of La Mojana and San Jorge River – 

Corpomojana: Caimito, Guaranda, Majagual, San Benito Abad, San Marcos and Sucre  
• Regional Autonomous Corporation of Valleys of Sinú and San Jorge Rivers - CVS: Ayapel 
• Regional Autonomous Corporation of South of Bolivar – CSB: Magangué, Achí and San 

Jacinto del Cauca  
• Regional Autonomous Corporation of South of Antioquia – Corantioquia: Nechí 
 
Corpomojana is the corporation with more incidence in the environmental management of 
La Mojana, Its objective is to promote the conservation and sustainable use of renewable 
natural resources and the environment, the watershed ecosystem of the Magdalena, Cauca 
and San Jorge Rivers, to direct the regional land use planning process to mitigate and control 
the main human pressures on the territory, related to inadequate exploitation of the territory, 
and promote, with the cooperation of national and international entities, the generation of 
appropriate technologies for the use and conservation of the resources of La Mojana and San 
Jorge sub-regions. 
 
Responsibilities of Corporations include ensuring the conservation, restoration and 
sustainability of the wetlands of La Mojana and San Jorge sub-regions by safeguarding the 
environmental supply of natural ecosystems. Corpomojana is in charge of leading and 
strengthening environmental planning and administration processes through close 
articulation with other entities and social organizations in the region. This function implies 
great effort of institutional coordination to consolidate the environmental processes of the 
region.  
 
It is also a function of Corpomojana to implement actions and mechanisms to promote 
environmental planning of the main productive activities of the region, seeking to harmonize 
economic development with the sustainable environmental development of the region.  
Regarding waste management, Corpomojana has the responsibility to design and manage, in 
conjunction with territorial entities, actions for a comprehensive solution to the problem of 
management and final disposal of waste, with the aim to reducing the risks of environmental 
pollution and contributing to the improvement of the quality of urban life. 
 
 

2.4.9 Ministry of Agriculture and Rural Development (MADR) and ascribed bodies 
 
The mission of the Ministry of Agriculture is to formulate, coordinate and evaluate policies 
that promote the competitive, equitable and sustainable development of the agricultural, 
fishery and rural development processes though decentralization, coordination and 
participation criteria, which contribute to improving the level and quality of life of the 
Colombian population.  
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MADR is the entity in charge of the formulation of policies, plans, programs and projects for 
the development of the Agricultural, Fishing and Rural Development Sector.  
 
 
Rural Development Agency (ADR) 
The National Development Plan (for the period 2014-2018) established the need to adapt the 
institutional framework of the Agricultural, Fisheries and Rural Development Sector to 
ensure the most efficient execution of its resources and improve its capacity for intervention 
in the territory. In consequence the national government created an entity responsible for 
implementing agricultural and rural development policies with a territorial approach 
formulated by the Ministry of Agriculture and Rural Development. The ADR was created as a 
state agency of a special nature, of the decentralized sector of the Executive Branch of the 
National Order, with legal personality, own property and administrative, technical and 
financial autonomy, attached to the Ministry of Agriculture and Rural Development. 
 
The objective of the ADR is to implemented the agricultural and rural development policy 
with a territorial approach formulated, through the structuring, co-financing and execution 
of rural and agricultural development projects and contribute to territorial initiatives. 
Functions of the ADR include adoption of action plans for agricultural and integrated rural 
development policies; formulate, structure and co-fund national strategic projects; execute 
policies related to family farming and small farmers assistance; promote the execution of 
agricultural and rural plans and projects with a territorial approach; design and manage the 
Bank for Agricultural and Rural Development Projects; and support formalization of social, 
community-base and production rural organizations, among others. 
 
Rural and agricultural planning unit (UPRA) 
 
UPRA is the national entity in charge of guiding the formulation, execution, monitoring and 
evaluation of the land management policy for agricultural uses, through the planning of the 
production areas, social ordering of rural property, and the definition of guidelines, criteria 
and instruments that promote the efficient use of land for rural development with a territorial 
approach. Main function of UPRA are 1) plan the efficient use of the soil, to define the criteria 
and to create the instruments required; and 2) plan the land adjustment processes for 
agricultural purposes. UPRA works nationally and provide information to municipalities, 
departments and economic sectors. 
 

2.4.10 Ministry of health and social protection 
 
The mission of this Ministry is to direct the system of health and social protection, through 
policies of health promotion, prevention, treatment and rehabilitation of disease and 
insurance, as well as inter-sectoral coordination for the development of policies on the health 
determinants. Its objectives are formulate, adopt, direct, coordinate, execute and evaluate 
public policy on health, public health, and social health promotion, and participate in the 
formulation of related policies. The Ministry of Health and Social Protection shall direct, 



 
 

75 

guide, coordinate and evaluate the General System of Social Security in Health and the 
General System of Occupational Risks, within its competence, additionally formulate and 
establish guidelines related to information systems Of Social Protection. At Municipality and 
Department level the Ministry Health coordinate action with Health Secretariats, which 
implement the national policy according to local priorities. 
 

2.4.11 Departments, municipalities and indigenous territories 
 
According to Article 298 of the Constitution, the departments have autonomy for the 
administration of sectional matters and planning and promotion of economic and social 
development within its territory. Departments exercise actions on administration, 
coordination, complementarity of municipal action, intermediation between the national 
government and municipalities and the provision of services determined by the Constitution 
and laws. 
 
The departmental governments administer directly and coordinate  actions related to the 
management and promotion of comprehensive development of its territory, in accordance 
with the Constitution and laws. Environmental issues in the departments shall issue special 
provisions relating to the environment; give technical, financial and administrative 
budgetary support to existing environmental authorities in their territory; coordinate and 
direct the environmental control and monitoring activities between municipalities supported 
by the security forces in connection with the mobilization, utilization and commercialization 
of renewable natural resources; among others. 
 
As it appears in Article 311 of the Constitution, "Municipalities as a fundamental entities of 
the political administrative division of the State are responsible for providing public services 
specified by law, build the works required by local progress, order the development of its 
territory, promote community participation, social and cultural improvement of its people 
and fulfil other functions assigned by the Constitution and laws.  
 
According to Article 317, only municipalities can tax property. A percentage of taxes is 
allocated to the entities responsible for the management and conservation of the 
environment and renewable natural resources, according to the development plans of the 
municipalities units area of jurisdiction (CAR, CDS, and Administrative Departments). In this 
context, municipalities can make decisions on incentives for farms that reduce deforestation 
and promote sustainable processes. 
 
In the case of indigenous territories, councils created and regulated according to the customs 
of their communities shall exercise the functions related to the application of legal rules on 
land use and settlement of their territories, receive and distribute resources, policy and plans 
and programs of economic and social development, promote public investments in their 
territories and ensure its proper implementation, among others (Art. 330 Political 
Constitution of Colombia) .The indigenous territorial entities have the same functions and 
duties defined for municipalities environmental matters (Act 99 of 1993.) 
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2.4.12 Agriculture sector associations 

 
Agricultural industry in Colombia is organized in formal supply chains represented by 
farmers associations, which involve producers, traders, and exporters. Sectoral associations 
support implementation of policies and regulation. Depending on financial resources 
available, these associations provide technical assistance to producers and represent 
member in political and technical contexts. Funds for technical support come from parafiscal 
charges, created by the General Law on Agricultural and Fisheries Development (Law 101 of 
1993). Currently there are fifteen agricultural and fishing funds, which managed between 
2008 and 2012 US $ 5.1 trillion, 91% managed by the National Coffee Fund.  
 
The most important agriculture sector organization at La Mojana are the Federation of Cattle-
ranchers of Colombia (Fedegan) and the National Federation of Rice Farmers (Fedearroz).  
 
Fedearroz 
The National Rice Federation is the association comprised by rice producers. Its main mission 
is to work for the welfare of rice farmers, through mechanisms aimed at encouraging 
technological development, efficiency and competitiveness. This entity provides reference 
information for local producers by constantly updating market prices for each of the rice 
varieties at national and international level. 
 
Fedearroz has conducted research on climate, environmental change, soil, water, seed, 
agricultural work and social aspects (225 and 287 researches in 2014 and 2015, 
respectively). Results showed climate is the main factor affecting rice production in the 
country. In response Fedearroz designed an innovative Technical Assistance System under 
the program Massive Technology Adoption (AMTEC).  This program has been implemented 
since four years ago with successful results, increasing production per hectare and reducing 
costs per ton of up to 28%, reaching similar costs to those in the United States (National Fund 
Rice, 2016.) 
 
Fedegan 
Fedegan is the main livestock trade organization of Colombia. Its main function is promoting 
initiatives aimed at meeting the expectations and interests of Colombian farmers and to 
protect the guild of unfavourable situations for the sector.  
 
It offers programs oriented to care for animal health, boost the science and technology of the 
industry, breeding and modernization programs for Dairy and Meat Chains in the country, 
focused on promoting the consumption of meat and milk as pillars of human development 
and socio-economic studies providing permanent knowledge of the livestock environment. 
Additionally, it serves as a reference tool for farmers who want to venture into the 
international market. 
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2.4.13 Research Institutes  
Article 16 of Law 99 of 1993 that created the Ministry of Environments as the public sector 
responsible for the management and conservation of the environment and renewable natural 
resources, and regulated the National Environmental System –SINA made provisions to 
create the following scientific entities: 
 

• Institute of Hydrology, Meteorology and Environmental Studies -IDEAM-; 
• Institute of Marine and Coastal Research "José Benito Vives de Andreis" -INVEMAR-; 
• Institute of Biological Resources Research "Alexander von Humboldt"; 
• Amazon Institute of Scientific Research "SINCHI"; 
• Pacific Environmental Research Institute "John von Neumann". 

 
Research institutes functions (Alexander von Humboldt, Sinchi and John von Neuman) 
include the development of scientific and technological research that contributes to the 
improvement of the population's well-being, preservation of the quality of the environment 
and sustainable use of natural resources and provide scientific and technical support to the 
Ministry of the Environment for the fulfilment of its functions (Decree 1603 27 July 1994). 
The most relevant institute for La Mojana are IDEAM and Alexander von Humboldt. 
 
Institute of Hydrology, Meteorology and Environmental Studies - IDEAM 
IDEAM is a public institution in charge of providing technical and scientific support to the 
National Environmental System, which generates knowledge, produces reliable, consistent 
and timely information on the state and dynamics of natural resources and the environment. 
IDEAM also facilitates the definition and adjustment of environmental policies and support 
public and private sectors and citizens in general in decision-making processes.  
 
The IDEAM is in charge of surveying and handling scientific and technical information on 
ecosystems that are part of the environmental heritage of the country, and to establish the 
technical basis for classifying and zoning the use of national territory for the purposes of 
planning and ordering the territory, and it is the competent body for generating information 
for the development of early warning. IDEAM supports the hydrometeorological network at 
La Mojana and coordinates the national warnings related to climate events. 
 
Through Decree 291 of 2004, IDEAM was appointed as the entity responsible for coordinating 
the preparation of National Communications to the UNFCCC and is responsible for the 
monitoring of forests in Colombia.  
 
 
Alexander von Humboldt Institute 
The Humboldt Institute's main function is conducting scientific and applied research of biotic 
and hydro-biological resources in Colombia in order to promote knowledge in order to 
ensure the conservation and sustainable use of biodiversity as a factor for sustainable 
development and welfare of the Colombian population. Because of its importance, it has the 
ability to influence decision-making and public policy. 
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As part of its functions, the Institute is responsible for conducting, scientific research on 
biodiversity, including hydro-biological and genetic resources. It also coordinates the 
National Biodiversity Information System (SIB Colombia) and the establishment of the 
national inventory of biodiversity. In addition, the Institute implement actions related to the 
monitoring of climate change effects, environmental degradation and deforestation on 
biodiversity. 
 
The main lines of research of the institute are: Conservation Biology and Use of Biodiversity, 
Socio-Economic dimensions of Conservation and Use of Biodiversity, Policy, Legislation and 
Support on Decision Making and Management of information and knowledge about 
biodiversity. At national level Humboldt has supported processes like the wetlands national 
policy, the national biodiversity policy, the mapping of wetlands and paramos and others 
processes related to monitoring and support to biodiversity conservation plans The 
Humboldt Institute has supported the design and implementation of the wetland restoration 
protocol for La Mojana, as part of the activities of the MADS-AF project. 
 

2.4.14 Universities 
 
The four departments with jurisdiction in the area of Mojana currently have 74 universities, 
17 public and 57 private. Since most of them located in Medellin and Envigado (Antioquia), 
because of its proximity, the universities present in Bolivar, Sucre and Cordoba are those that 
will have the greatest impact on local or regional processes related to the region of La Mojana 
with more municipalities in the region have fewer universities and little presence on issues 
related to climate change, environment or risk reduction (Table 7.) In the case of the MADS-
AF project, University of Cordoba has supported the implementation of technical assistance 
and education programs on climate change adaptation in La Mojana, and has been involved 
in the identification of needs to consolidate an early warning system and the support the 
planning instruments at department and municipal level.  

 
Table 7. Universities and education institutions near the region of La Mojana  

PUBLIC PRIVATE 

Antioquia National Open and Distance University 
(UNAD) 

 

Bolivar Univ. Inst. Of Fine Arts and Sciences of 
Bolivar (ESBA) - Cartagena 
University of Cartagena - Cartagena 
Technological University Foundation – 
Comfenalco -  Cartagena 
NNaval Cadet School "Almirante Padilla" 
– Cartagena 
 University Corporation Rafael Nuñez 
(CURN) – Cartagena 
Major College of Bolivar - Cartagena 
Technological Foundation Antonio de 
Arevalo (TECNAR) - Cartagena 

Colombian International 
University Foundation  
(UNICOLOMBO) - Cartagena 
Technological University of 
Bolivar - Cartagena 
Regional University Corporation 
of the Caribbean (IAFIC) -
Cartagena 
University of Sinu (UNISINU) - 
Cartagena 
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Cordoba University of Cordoba - Monteria University of Sinú  - Monteria 

Sucre University of Sucre  - Sincelejo 
Naval Infantry Training School (EFIM)  - 
Santiago de Tolú 

University Corporation of the 
Caribbean (CECAR)  - Sincelejo 
University Corporation of Sucre 
(CORPOSUCRE)  - Sincelejo 

 
University of Cordoba 
The University of Cordoba is a National Autonomous University created in 1962. It is located 
in the city of Monteria, within the La Mojana, and is accredited by national law to the Ministry 
of Education as an institute of higher learning. It currently has 7 Academic Departments, 28 
undergraduate degrees (among them Agronomy and Medical Veterinarian), 11 master 
programs and 2 doctoral programs along with various certifications and specializations (for 
detailed information please refer to co-financing letter). It provides its learning program both 
in campus and off campus as needed. All academic and teaching personal has a master or 
doctoral (PhD) background from accredited highly regarded national and international 
universities.  
 
The University has provided higher learning to students for over 50 years, particularly in the 
agriculture and livestock sector, and has developed research and technology transfer with 
the view to improve conditions of life and society, particularly in the La Mojana region. Its 
presence and research experience in the region, has allowed the University to provide 
contributions to regional development applying investigation and methods from its Scientific 
Faculty of Agronomy and through the development of academic programs aimed to the rural 
and urban sector. This has been done individually and via alliances with other universities, 
national and international organizations such as the FAO and IICA, and other strategic 
alliances with the rural productive sector. This has included providing training programs 
using the IICA participatory field school approach. The University is also in charge of a local 
radio and television station and have agreements in place to be able to reach wider (national) 
audiences when needed. 
 
The university is in charge of generation new knowledge and applied investigation through 
its 42 investigation/research groups that are classified and recognized by the Government of 
Colombia’s National Administrative Department of Science, Technology and Innovation. For 
further information on these as they apply to the project, see list with a sampling of current 
and recent research projects and publications.  
 
The development of knowledge in environmental, hydrometeorology, ecosystems, climate 
change analysis and observations has been classified and organized by research and 
investigation provided by its Environmental Engineering Program along with the 
Departments of Agronomy, Physics, Geography, Food Sciences (Ingeneria en Alimentos) as 
well as with the original researched developed through its Master Programs on 
Environmental Sciences, Agronomical Sciences, Biotechnology and partnering their work and 
application of research through institutions and associations involved in crop and livestock 
development. The University has developed learning programs on the following: applied 
remote sensing to agriculture studies, environmental remote sensing (wetlands, vegetation 
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cover, water management, rural and coastal development), research on global warming and 
its immediate impact in agriculture and livestock, climate and atmospheric modeling. 
 
It should also be noted that the University has worked with the baseline Kyoto Protocol 
funded project, particularly in providing training to its 35 extension workers. As mentioned 
above, the University is currently active in developing research in agroclimatic issues 
including the use and development of improved crop varieties and has developed an 
approach relevant to La Mojana which includes the use of biotechnology. This investigation 
and methodology could be leveraged by the project. The University of Cordoba is among the 
few national learning centers that develops in-field research working directly in crop areas. 
They are also firmly rooted in the La Mojana community and are part of the climate 
adaptation working groups that have been developed by the local environmental ministries.  
 
https://unicordoba.edu.co 
 
Universidad de Sucre 
The University of Sucre was created in 1978 as a public institute of higher learning accredited 
by the Colombian National Ministry of Education. It is based in the department of Sucre in the 
city of Sincelejo, within La Mojana. It has 5 academic departments (Health Sciences, 
Engineering, Science and Education, Political Science and Agriculture and Livestock Sciences) 
which house 15 undergraduate programs, 8 master level programs and 1 doctoral (Phd) 
program. These include: agricultural engineering, zoology, agro-industrial processes, biology, 
and physics, among others.  
In terms of research, the University of Sucre has within its mission the strategic objective of 
developing high level research based on scientific development, innovative technology and 
knowledge management that has practical impacts in productive, political and social 
development within the region and country. All research is held to international scientific 
standards. It currently invests 6-8% of its budget to research.   
The University has oriented and organized its University Research and Investigation System 
composed by the following: 
- Research and investigation groups that is made up of academia and post graduate 
students. 
- Faculty boards 
- Research Committees within each academic department 
- Central Research Committee  
- Academic Board 
The University of Sucre has 25 research groups that have been accredited by Colciencias. 
These include: 
- Animal Reproductive and Genetic Enhancement 
- Research in plant biotechnology 
- Comprehensive management of environmental processes 
- Biology of Microorganisms 
-  Conservation of Hydric and Food Resources 
- Agro-industrial Processes and Sustainable Development 
- Evolution and Tropical Systematization  

https://unicordoba.edu.co/
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- Research on Water and Environment  
- Research on Tropical Biodiversity 
- Healthcare 
- Investigation on Zoology and Ecology 
- Agriculture and Livestock Bioprospecting 
The University has a dedicated laboratory center that provides ongoing research and 
development on the following: 
- Biology 
- Chemistry 
- Physics 
- Plant biology 
- Groundworks and water (also provides extension servies) 
- Microbiology (also provides extension services) 
- Biotechnology (machinery and agricultural mechanization) 
- Phytochemistry 
- Physical chemistry 
- Animal nutrion 
- Animal reproduction 
- Lactose and Food Production 
- Wildlide 
- Aquatic reproduction 
http://www.unisucre.edu.co 
 

3 Projects implemented to respond to extreme events La Mojana 
 

3.1 Overview of the past projects aimed at promoting adaptation  
 
National government agencies and international cooperation have developed multiple 
studies, plans, policies, programs and projects for La Mojana, which have emerged in 
response to extreme events in the region. Most part of the past projects were targeted to 
design and implement specific measures for flood control, especially infrastructure such as 
dikes and shores protection structures. However there has been some initiatives targeted to 
evaluate sustainable agriculture measures and adapted infrastructure, promoting a more 
integrated approach to address disaster risks at La Mojana. Those initiatives starts in 1998 
with an initiative of Corpoica to identify sustainable production strategies for La Mojana as 
an input to design a development plan for the regional, which was further developed by a 
project implemented by National Planning Department and FAO. Based on these experiences 
in 2006, a policy document (CONPES52) was formulated for La Mojana, aimed at improving 
life conditions of local populations. The CONPES proposed a set of short, medium and long-
term strategies aimed at contributing to the economic and social reactivation of the La 

                                                             
52 The National Council of Social and Economic Policy (CONPES according to its initial in Spanish) is an advisory 
institution of the national government that studies and recommends specific policies targeted to achieve specific 
development objectives. The Planning National Department is the Secretariat of the Council and the entity in 
charge of preparing the policy proposals for discussion and approval. 

http://www.unisucre.edu.co/
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Mojana Region and improving the living conditions and well being of the community through 
environmental management and proper measures to adapt to the hydrological dynamics. 
This policy allocated US $69 million to short-term strategies that included plans to assist 
population in emergency situation, disaster prevention measures, agricultural and social 
development, recovering of affected housing and infrastructure, territorial planning and 
natural resources management. Activities implemented were mainly the construction of the 
road and the protection dike to reactivate the economy and prevent future disasters in the 
most exposed areas.  
 
In 2012, due to the impacts and lessons learned from La Niña event, the PND led the 
formulation of an “Integrated plan for environmental ordering and territorial planning of La 
Mojana”, which re-evaluated the strategies contained in the CONPES as well as the results 
derived from previous projects. This initiative highlighted the need for a new and more 
integrated approach to address the vulnerability of La Mojana Region to extreme events and 
create a specific program to support the 11 municipalities of La Mojana and their inhabitants. 
This integrated plan was the foundation of the current La Mojana Action Plan, coordinated by 
the NAF. Table 8 lists the past projects implemented at La Mojana, their objectives and 
emphasis. 
 
Table 8. Projects implemented at La Mojana (1972-2016) 

Name of the project 
Years of 

execution Main objective/results Emphasis 
Magdalena – Cauca 
Basin Project 
(Colombian-Dutch 
Technical Mission 
(MITCH),  

1972 - 1977 

Cooperation agreements between Colombian 
government and the Dutch government for the 
preparation of a Master Plan for the rational use of 
natural resources in the basin of the Magdalena-
Cauca, mainly water and soil 

Technical assistance. 
Hydrological models 
and recommendations 
for risk management 

Construction of the 
first craft dock - Nechí 

1978 
Craft levee to reduce impacts of water level 
increases of the Cauca and Nechi Rivers. 

Infrastructure for flood 
control 

Edge levee design at 
the Cauca River and 
complementary works 

1984 - 1985 

Design of a shore levee for on the left bank of Cauca 
river between Colorado (Antioquia) and the site Las 
Brisas in the town of San Jacinto del Cauca (Bolivar), 
with a total length of 54 km and an average height 
of 5.0 m. The levee was designed to function as an 
unpaved road to facilitate communication between 
these municipalities. 

Infrastructure for flood 
control 

Corpoica –INAT 
Agreement 
“Adaptability of 
sustainable 
agricultural production 
to the ecosystems of 
the region La Mojana 

1998 

Development of a model to understand the 
hydrological dynamics of the ecosystems of La 
Mojana. As a result, the National Planning 
Department (DNP) approved a Development Plan 
for the region. Results of this agreement were the 
base to formulate the project for Sustainable 
Development of La Mojana (DNP-FAO) 

 Adaptation and 
sustainability  

Study for flood control 
in the region of la 
Mojana. Ministry of 
Transport Contract 
073-2002. National 
University of Colombia, 
Medellin Campus 
(2002). 

2002 

Identification of infrastructure needed for flood 
control in the middle region of La Mojana. The main 
result was the design of a shore protection levee on 
the left bank of the Cauca river between the 
municipalities of Colorado and Guaranda (52 km) 
and other small levees to prevent the inflow of 
water by the end of the levees. It is important to 
highlight that the levee built did not follow the 
design and differs significantly from the levee 
designed. 

 Infrastructure for 
flood control  



 
 

83 

Program for 
Sustainable 
Development of the 
region of La Mojana 
(DNP & FAO):  

2003 

Formulation of a program aimed at improving the 
quality of life and social welfare of the inhabitants 
of the ecoregion of La Mojana by means of an 
equitable and sustainable use and use of the natural 
supply, having as a development axis water, and 
integrating and Articulating territory and nation 
through the construction of common agendas.  The 
project formulated actions that were never 
implemented in the region. 

 Adaptation and 
sustainability  

CONPES 3421 
“Strategies for 
economic and social 
revival of the region of 
La Mojana” 

2006 

Improvement of living conditions and welfare of the 
local communities and support to municipalities 
affected by the 2005 rainy season. The CONPES 
allocated resources by US$ 69 million, out of which, 
a big percentage, US$ 42 million focused on the 
construction of the levee. Later they contributed US 
$ 20 million for the National Endowment Fund and 
an additional $ 14 million from the National Roads 
Institute, INVÍAS for construction (DNP & UNAL, 
2012). Other strategies set out in CONPES didn't 
have the expected development. 

 Adaptation and 
sustainability  

Design and 
construction of the 
levee with gates, 
hydraulic control 
structure and the 
embankment for the 
San Marcos-Majagual-
Achí road, INVÍAS 

2007 - 2009 

Flood control by building a shore levee on the left 
bank of the Cauca River, between Colorado 
(Antioquia) and the population of Achí (67.8 km); 
shore recovery through hydraulic rams, 
construction of closing works for the "ossuaries" 
with the use of double row metal or wood piles 
kneeling between these two rows of piles; 
protections for the municipalities of Nechi, San 
Jacinto del Cauca, Guaranda and Achí through 
reinforced concrete structures spliced into the edge 
levee. 

 Infrastructure for 
flood control  

Regional plan of 
priority actions for 
sustainable 
development of La 
Mojana (DNP, PNUD, & 
DPAD) 

2008 

Formulation of the Priority Regional Action Plan for 
the sustainable development of La Mojana, which 
includes a set of guidelines, strategies, actions and 
integrated regional projects, prioritized and 
arranged by local stakeholders to achieve recovery 
and sustainable development of La Mojana. The 
plan was not implemented. Inputs for the "Design 
and construction of the levee with gates, hydraulic 
control structure and embankment of the San 
Marcos-Majagual-Achí Road" were included in the 
CONPES implementation. 

 Adaptation and 
sustainability  

Integrated plan for 
environmental 
ordering and territorial 
planning of La Mojana 
(2012) 

2012 

Integrated plan for the design and development of 
structural and non-structural interventions leading 
to a change in the approach to the development of 
the region to promote adaptation to environmental, 
and hydrological conditions, and to the social and 
economic characteristics of the area in the current 
context of global warming. This project seeks to 
benefit the approximately 400,000 inhabitants of 
the 11 municipalities within the core of La 
Mojana.  This plan was the basis of the Integrated 
Action Plan for La Mojana, currently under 
implementation. 

 Adaptation and 
sustainability  

Risk reduction and 
vulnerability to climate 
change in the region of 
The Mompos Saddle in 
Colombia” – (MADS-
AF) 

2013 

Project to reduce the vulnerability of communities 
and wetlands in the region of the Mompos Saddle to 
flooding and drought risks associated with climate 
change and climate variability. 

 Adaptation and 
sustainability  
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Investments distribution 
As described before, floods have led to emergency investments to solve immediate needs of 
hydrological mitigation works, economic reactivation and victims’ assistance.  Between 2005 
and 2014 a total of US $528,000 was invested in La Mojana, 90% in flood control 
infrastructure (Figure 15).  
 
 

 
 
 

Figure 15. Distribution of investments in response to disasters generated by floods in the 
region of La Mojana 2007 – 2015 

 
According to the National Adaptation Fund, those investments can be divided into two stages. 
Firstly, works executed before 2011 focused on infrastructure development and 
humanitarian aid, which unfortunately were not enough to help mitigate the impact of 
disasters in 2007 and 2010. As those investments have been targeted mainly to assist 
emergency situations, solutions have not been implemented based on sufficient knowledge 
of the natural system dynamics, resulting in important alterations to the natural 
hydrodynamic behaviour of the floodplain. This condition, together with the increase in the 
frequency and intensity of extreme hydrometeorological events, has resulted in an erratic 
behaviour of the system, affecting the occurrence, magnitude and permanence of the flood 
pulse and exacerbating impacts of floods and long dry periods. 
 
Investments after 2011, which involved the participation of multiple state institutions, 
generated more positive results not only because they were framed within a strategic plan of 
action with a holistic vision, but also because the area traditionally affected by floods was not 
affected during the first rainy season of 2016. The National Road Institute (Invías) has been 
the public institution with the largest investment in the area, especially in the area of 
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hydraulic works for mitigation, while the UNGRD prioritized investment in the area of 
humanitarian aid to all people in the region (Figure 16). 
 

 
 

Figure 16. Investments made at La Mojana between 2003 and 2014. 
Source: National Adaptation Fund. 2015 

 

3.2 La Mojana Action Plan 
 
Within the framework of the powers assigned to the Adaptation Fund as a result of the 
application submitted by the National Planning Department to the Board of the Adaptation 
Fund called “Comprehensive Environmental Management Plan and Territorial Development of 
La Mojana, component: socioeconomic and climatic Contribution to the updating of the 
environmental zoning and pre-feasibility of escalating species resilient to the agro-ecological 
conditions of La Mojana", in February 2016, the Action Plan to reduce flood risk and 
adaptation to climate change in La Mojana was proposed, which aims to achieve a 
comprehensive, sustainable and adapted development to climate change in this region, based 
on proper management of flooding threats and reducing vulnerability of communities, people 
and assets. 
 
This Action Plan includes five programs:  
 

i) A safer and sustainable infrastructure which aims to reduce exposure and 

physical susceptibility through works to ensure flood control in urban areas and 

housing construction, institutional offices, educational institutions adapted to 

flooding, works for which have already made progress, as it indicated in the 

following paragraph.    

 
ii) A healthy habitat, which seeks to ensure adequate environmental conditions in 

the environment of the inhabitants of Mojana allowing for a healthy development. 

iii) A dynamic environmental recovery, on the understanding that the greatest 

resource of La Mojana is water and it must be managed following the cyclical 

dynamics of hydrological pulses, the load capacities of the marshes and avoiding 
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to overcome some critical thresholds of abundance and scarcity of water leading 

to similarly catastrophic events.  

iv) Governance and local capacity building with a view to strengthening the planning, 

land use planning and management capacities of local authorities.  

v) Adapted socio-economic development, through which, among others, significant 

interventions are proposed that aim to the reduction of poverty and changing 

production systems better adapted to climate variability and change. Through 

this initiative, it is pursued to carry out an ambitious project to adapt agricultural 

modernization oriented to adapt food production in the region with particular 

emphasis on rice and corn. 

In order to ensure that the interventions respond to an integrated model, the action plan 
prioritized execution of actions targeted to: i) reduce physical risk and ii) reduce vulnerability 
and improve responsiveness (resilience).  
 
In relation to physical risk reduction actions arising from the best alternative, the plan 
proposes actions such as the construction of infrastructure to protect urban centres of San 
Marcos (Sucre) and Magangue (Bolivar); building of gate bridges in the Achí-Nechí unpaved 
road; construction of two schools and four health centres adapted to floods and 
reconstruction; and adaptation of about 5,000 households (representing half of all 
households.) 

 
Moreover, from the point of view of reducing vulnerability and improving resilience and 
based on the available resources, the action plan prioritizes the recovery of 40 km of 
tributaries and 800 ha of wetlands, productive economic development projects adapted to 
benefit 8,000 families, updating of Land Management Plans (POT) and municipal cadastres, 
and the construction of ground water wells to supply water for human consumption and 
supplemental irrigation.  
 
The plan also advises the design and implementation of an agro-climatological centre for 
adaptation that allows anticipating the occurrence of extreme events. 
 
As National Government does not have the financial capacity to attend all these priority 
interventions, the action plan recommends addressing urgent and immediate needs to tackle 
long-term challenges such as infrastructure investments related to reduce impacts of floods. 
The plan also recommends to work with national agencies and international cooperation 
agencies to find financial resources to address other priority activities that will contribute to 
promote a more holistic intervention at La Mojana. 
 

3.2.1 Formulation of La Mojana Action Plan 
 
In order to ensure adequate disaster risk management in La Mojana Region the NAF designed 
the Action Plan for La Mojana based on a holistic approach that takes into account physical 
risk, the socioeconomic fragility and the institutional, environmental and adaptive resilience. 
This holistic approach aims to generate adaptation processes at the local level, so that 
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communities and institutions can plan their development according to the environmental 
dynamics of the territory and creating strategies to adequately respond to prolonged dry 
periods and floods.  The planning and formulation of the actions in La Mojana Action Plan was 
a process of three years between 2013 and 2016 following five relevant steps: 
 
1. Surveying primary and secondary information 
2. Threats modelling 
3. Design of intervention alternatives 
4. Risk modelling and prioritization 
5. Formulation and implementation of the action plan 
 
The National Adaptation Fund in collaboration with the MADS, IDEAM, Cormagdalena, DNP 

and the Dutch government developed an evaluation of hazards and risks based on Holistic 

Approach to the Risk (Cardona, 2001; Cardona & Barbat, 2000). The proposed methodology 

included three main phases: (1) data collection and analysis, (2) risk and hazard modelling 

and (3) risk evaluation and cost-benefit analysis.  In the first phase, previous studies (136) at 

the study area were collected and analysed, together with existing planning and management 

instruments. Finally, a land management and land ownership analysis was performed that 

included estimation of the commercial value of properties. 

 

A comprehensive topographic and bathymetric survey was developed over the 1.1 million 

hectares to build a 1 m resolution DTM that allow to re-define the hydrography of the region. 

Aerial photos were also taken for the whole area and used to build 1:2.000 and 1:10.000 

cartography that included local visits to describe construction materials and structural 

characteristics of main exposed elements within La Mojana. Then, a 2-D hydrodynamic model 

that considered 238 sub-basins was build and calibrated using information from hydrological 

stations and satellite images. A probabilistic risk model that includes losses for different 

portfolios was used to estimate risk for different return periods (i.e. 5, 25, 50, 100, 500 and 

1.000 years). 10.000-yr flow series for main input rivers were generated so that 1.000-return 

period could be considered.   

 

Hydraulic intervention alternatives were conceptually designed and simulated. Hazard 

simulations were used to evaluate benefit of the interventions in terms of losses. A parametric 

risk model was used to incorporate soft measures (e.g. Early Warning System) and 

environmental and socio-economical benefits of the different measures considered. From 

this perspective, a combination of hard and soft measures was prioritized in the context of 

the NAF Action Plan, using the risk management holistic model proposed by Cardona & 

Barbat (2000). This model combines physical risk in terms of losses with amplifying risk 

factors based on socio-economical and environmental variables. Five main programs were 

proposed: (1) More Sustainable Infrastructure, that includes towns protection, stilt housing 

and safe schools and hospitals,  (2) Healthy Habitat, that includes improved water provision 
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and contamination control, (3) Adapted Socio-economical Development, that includes 

technical programs, improved fishery and cattle, (4) Environmental Dynamics Recovery that 

includes wetland restoration and wetland channel recovery, and (5) Strengthen of Local 

(adaptation) Capacities that includes early warning system and improved ordering and 

planning instruments. 

 

Regarding water availability, the NAF developed a conceptual model of subsurface-surface 

water interactions was considered in terms of groundwater (i.e. a stable isotopes 

investigation and hydrogeological conceptual model).  More research would be needed to 

design a comprehensive water provision program (i.e. numerical hydrogeological flow and 

transport model). On the other hand, a characterization of the existing micro-aqueducts is 

also missing as only statistical data from DANE was used in the construction of the Action 

Plan.  

 
Based on base line studies an analysis and prioritization of actions was carried out including 
physical risk, socioeconomic fragility, institutional capacities and environmental and 
adaptive resilience (Table 9) 53  Each of these factors was weighted using a hierarchical 
analysis model54 that assigns relative weights to each factor through comparative judgments 
between variables, establishing what is most important among them and how often one is 
more important than the other. The results of the analysis conducted by the formulation team 
of the Action Plan determined the following weights for each risk factor: i) physical risk: 25%; 
II) Socioeconomic Fragility: 55%; and III) Institutional, environmental and adaptive 
resilience: 20%. 
 

Table 9. Variables considered in the analysis of socioeconomic fragility factors and 
institutional, environmental and adaptive resilience 

Socioeconomic fragility factors Institutional, environmental and adaptive 
resilience factors 

Incidence of Educational Backwardness Life quality index 

Incidence of Illiteracy Land Use Conflicts (%) 

Incidence of the Lack of Health Coverage Legal coherence of the POT, EOT and PBOT (%) 

Incidence of the Lack of Access to an 
Improved Water Source  

Cadastre outdating index (%) 

Incidence of the Inadequate Disposal of 
Stools 

GINI Land Index (%) 

Municipal per capita GDP (in millions of 
pesos) 

Coverage Diversity Index (-) 

                                                             
53 The selection of factors is related to the baseline described in Chapter 2 of this document, in which all these 
factors show conditions well below the national average. 
54  The analytic hierarchy process (AHP), which is one of the techniques used in decision making processes, 
specifically in the definition of strategic options for intervention. (Pacheco & Contreras 2008) 
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Agricultural Productivity (Ton/sowed Ha) Income from property tax (-) 

Livestock Productivity (heads/Ha) Comprehensive performance index (-) 

Road Coverage Index per Town Archaeological Influence Area 

 
The results show that weighting factors such as health insurance, education and agricultural 
productivity have important relative weights regarding the socio-economic fragility. 
Institutional, environmental and adaptive resilience is determined by coverage, land use, 
ownership of land and inequality factors (Figures 17, 18).  
 

 

 
Figure 17. Weights of the socioeconomic fragility factors 
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Figure 18. Weights of institutional, environmental and adaptive resilience factors 

 
Actions were prioritized based on the previous results by assigning a level of impact (1 to 3) 
to each project for all the factors included in the three dimensions of the analysis. Projects 
with a higher level of impact (1) received a score of ten points; (2) for medium impact 
projects, which received five points and; for (3) low impact projects granted with 1 point. 
Projects prioritized are presented in the Table 10, all of them included in the Action Plan of 
La Mojana. 
 

Table 10. Projects prioritized per program according to the prioritization model 
 

Programs and Action Lines Projects 

Safer and sustainable infrastructure 

Protection of urban seats Protection of urban seats 

Rural housing adapted 

Housing units affected by the 2010-2011 
Rainy Season 

Rural housing adapted 

Safe schools and health centres 
Educational centres 

Hospitals and health centres adapted 

Road and river connectivity Yatí-Bodega Bridge 

Healthy habitat 

Basic sanitation for rural areas Basic sanitation for rural areas 

Monitoring system for mercury pollution Monitoring mercury contamination 

Socio-economic development 

Overcoming poverty of rural families (DPS) 
Food Security Network (ReSA) 

Producing for my Future 
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Programs and Action Lines Projects 

Access to banking services, local credit 

Business Micro Capitalization 

Early childhood care (ICBF) 

Sustainable Livestock: Adaptation of livestock 

Natural regeneration and scattered trees 

Hedges 

Intensive Silvopastoral Systems 

Agricultural Modernization: Adaptation of rice and 
corn crops 

AMTEC: Massive adoption of technology for 
adaptation to Climate Change 

Deep wells for irrigation 

Drying, Storage and Threshing Plant 

Good Fishing Practices: Administration and 
promotion of fisheries and aquaculture 

Regional Heritage Watcher Network  

Park, Centre for Research and archaeological 
museum 

Regional Research Centre of Archaeology and 
Archaeological Museum of La Mojana 

Capacity building for tourist services 

Good Fishery Practices: Administration and 
promotion of fisheries and aquaculture 

Study on sustainable use of fishery resources 

Implementation of management measures 
and promotion 

Development and strengthening of fish 
farming 

Training for development: New agricultural centre 
of SENA 

La Mojana Agricultural Training Centre 

Dynamic environmental recovery 

Recovery of the river - tributary - wetland 
drainage system at La Mojana 

Restoration of the wetland ecosystem of La 
Mojana 

Recovery of the main tributary system of the 
Cauca - San Jorge rivers 

Cauca River reconnection with the floodplain 

Governance and local capacity strengthening 

Assistance on the update of Territorial Land Use 
plans 

Assistance on the update of Territorial Land 
Use plans 

Formulation of Land Use Plans and Course 
Management (POMCAS) 

Formulation of POMCAS 
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Programs and Action Lines Projects 

Hydro-meteorological early warning system Hydro-meteorological early warning system 

Water governance agreement 
Agreements and resolution of conflicts on 
water governance in La Mojana 

Update of urban land and rural cadastre Multipurpose cadastre 

 
 
 
 

3.2.2 Hydrological modelling and risk assessment of La Mojana (2016) 
 
As part of the design of La Mojana action plan a specific project on hydrological modelling 
was implemented to understand the dynamics and identify needed intervention to reduce 
flood risk, this being the phenomenon that has caused major social, environmental and 
economic impacts. 
 

Methodology 
Risk assessment was made following the methodology of probabilistic analysis that aims to 
estimate the probability distribution of loss that can occur in a set of exposed elements, 
following the occurrence of a natural phenomenon. The probabilistic modelling was used to 
predict future levels of loss, considering vulnerability of the exposed elements and its 
uncertainty. 
 
Overall, the threat analysis is developed based on the identification of scenarios, 
stochastically generated, which represent holistically, and in terms of probability, the threat 
of a region. Each scenario had an associated frequency of occurrence and a set of parameters 
spatially distributed to establishment the most probable distribution of the flood intensities 
produced by their occurrence.  
 
For the assessment, the exposed elements were considered as the set of goods or assets 
(buildings or crops in the case of La Mojana) susceptible to damage/losses. These elements 
were characterized according to their geographic location, value of replacement and the type 
of structure.  The vulnerability was understood as the characteristics of the environment, 
which determine the degree of integrity of the environment and the lives and livelihoods of 
those who inhabit this environment. Vulnerability is an intrinsic characteristic of the exposed 
elements that characterize the behaviour of the exposed elements (construction or culture) 
during the occurrence of a hazardous event (in the case of La Mojana, floods). It is defined by 
vulnerability curves, which relate the probability moments (expected value and variance) of 
the loss in the exposed element as a function of the intensity of the threat occurring. Thus 
physical vulnerability was associated with direct economic losses, which are the main subject 
of the modelling. 
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The risk was determined by the relationship between the threat and the vulnerability in the 
location occupied by the exposed elements and the whole set thereof. In the probabilistic 
calculation of losses, threat and vulnerability were also represented in a probabilistic way. 
The occurrence in time of threat scenarios was modelled as a Poisson process, which entails 
modelling the time between the scenarios through an exponential probability distribution. 
Moreover, the intensity measurement at each location is modelled as a random variable with 
normal log distribution, defined by its first two moments of probability. Finally, vulnerability 
was also established through two moments of probability, which defines the Beta probability 
distribution assigned to loss.  
 
The uncertainties, associated with the threat and the vulnerability, are then defined in their 
own nature; time and space for the threat and dependent of the vulnerability intensity. Thus, 
the main result of the model was a specific probability distribution of loss for each risk 
scenario. 
 
The physical risk is commonly described by the so-called loss exceedance curve which allows 
calculating the frequencies, expressed in the number of times per year, in which events 
equalling or exceeding a specified value of monetary loss will occur. This annual frequency of 
exceedance is also known as the exceedance rate. Other specific estimators, used to represent 
the loss are the expected annualized loss (EAL), the Probable Maximum Loss (PML) and the 
probability of exceedance.  
 
 
The Expected Annualized Loss (PAE) is the expected value of the annual loss, also called pure 
premium in the insurance sector; since it is the annualization of all losses that there will be 
in the future and; therefore, it would be equivalent to the value that would have to be paid 
each year to cover such losses. In the context of disaster risk, it is common practice to express 
the EAL in thousands and not in percentage since these values are usually small and when 
seeing this percentage, the reader may dismiss it. This value was determined for a complete 
set of exposed elements (conventional constructions in La Mojana); for a set of elements 
(industrial or residential buildings) or for a single item (a school).  
 
The Probable Maximum Loss (PML) relates to a return period. In the case of flood risk, in La 
Mojana, the PML was calculated for return periods of 50, 200, 500 and 1,000 years. Selection 
of a return period depended on the level of tolerable risk for the decision maker. 
 
The exceedance probability curves associate monetary loss with the likelihood of having or 
exceeding that value for different exposure times of the portfolio considered. These curves 
were useful to determine the level of security that the exposed elements would have for a 
given exposure period and level of loss. 
 
The risk assessment was developed based on the identification of five potential interventions 
aimed at reducing vulnerability and exposition, which derived from a set of alternative 
proposals emerged from the analysis of more than 100 possible specific interventions. 
Intervention proposals were identified based on previous studies in the region and 
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innovative solutions based on the experience gained by the team of hydraulic experts hired 
by the Adaptation Fund during the characterization and modelling of different hydro-
climatological variables relevant in the region. 
 
All interventions analysed were grouped into families of interventions that range from not 
performing any intervention on the regulatory structures of greater relevance in the region 
until the full involvement of the left bank of the Cauca River to avoid overflow and 
connectivity to La Mojana, including intermediate alternatives in which specific works that 
allow controlled flooding of low areas and plains are designed. From an exercise that was 
attended by the entire modelling team, a purge of the alternatives was made until a small 
number, technologically feasible, of alternatives was obtained; considering that each one 
requires about 80 simulations that take between 12-14 hours each. The selection criteria 
were associated with technical and environmental factors. The following interventions were 
proposed based on the intervention model that has been used traditionally in La Mojana 
including flood protection infrastructure: 
 
1. Adaptation and protection measures of urban centres without interventions in the levee on 

the Cauca River: This alternative is intended to minimize the works on the structures of 
protection against the threat, while adaptive measures are prioritized in the region of La 
Mojana. These include structural adaptation of homes using techniques such as 
underground stilts, or houseboats as well as agricultural adaptations using more resilient 
crops to flooding, short-cycle crops or adaptive structures such as high hanging gardens 
or rice crops. This intervention is considered as La Mojana has been for decades a flood 
plain, which has been subjected to hydraulic interventions for more than 60 years that 
have worsened their condition in terms of risk.  

 
2. Enhancement and reinforcement of the existing levee on the Colorado – Las Brisas road:  

This alternative allows the inflow of the waters from the Cauca River to La Mojana in the 
sectors Astilleros - Puerto Isabel and Puerto Guacamayo - Pinillos, where mainly shore 
overflows occur, causing the flooding of the plains located in the sectors of Palmarito, 
Sucre, Nariño, La Mojana and Pancegüita tributaries and lower San Jorge. Because the 
urban centres of Achí, Guaranda, Majagual, Sucre and Magangue are more exposed, 
intervention and reinforcement of the respective protection walls is necessary. While for 
the town seats of San Marcos, Caimito and San Benito Abad, it is not necessary to increase 
the height. 

 
3. Strengthening and enhancement of the current Cauca River levee in the Colorado -Las Brisas 

and continuation of the levee from Las Brisas to Pinillos: The purpose of this third 
alternative is focused on trying to prevent the inflow of the waters from the Cauca River 
to the region of La Mojana, so that the inland areas of La Mojana are protected from 
flooding coming from the Cauca River, as well as the structures in urban areas with higher 
risk such as San Marcos, Ayapel and Caimito. This alternative also seeks to reduce the risk 
of affecting the San Marcos - Majagual - Achí road. 
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4. Current shore levee reinforced with the construction of bypassing structures: The objective 
of this fourth alternative is reconnecting, in a controlled manner, the Cauca River with the 
floodplain so that the water within the region of La Mojana is distributed through the 
tributaries that have a greater hydraulic capacity. In order to allow connectivity between 
the Cauca River and La Mojana, three bypassing structures would be included in the 
current levee, such as landfills or gates, which would be operated according to the levels 
in the Cauca River, so that there is continuity to the flow of water and nutrients to La 
Mojana, marsh complexes are conserved and flooding of low lying areas is allowed. Inside 
La Mojana, in order to facilitate the flow of water to the marsh complexes and towards 
the lower areas, the refurbishment of existing tributaries and channels is necessary, 
extending the hydraulic section and eliminating controls and narrowing.  

 
5. New parallel levee outside the scope of the Cauca River major course with bypassing 

structures: In order to reverse the morphological alteration of the Cauca River and 
recover the major course, which was restricted after construction of the levee between 
Colorado and Las Brisas, this fifth alternative evaluates the construction of a new levee 
parallel to the existing one, located more towards the west, so that a new floodplain is 
created.  

 

Results 
 
The comparative results of the threat integrated for the assumption of implementing the 
alternatives 2 through 5, visualized using maps indicating the intensity of the threat posed in 
water height (in meters) for different backflow periods using an exposure period of 50 years, 
allow us to identify areas where the water level is lower because of the intervention and the 
areas where it increases. Figure 19 shows a backflow period of 500 years. 
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a) Alternative 1. Existing dike b) Alternative 2. Existing dike reinforced 

  
c) Alternative 3. Existing dike reinforced and new dike 
built. 

d) Alternative 4. Existing dike with connectivity 
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Alternative 5. Parallel levee 

 
Figure 19. Integrated flood threat to different alternatives (T=500 years) Source: Cardona 

ET. al. (2016)55 
 
An analysis of probabilities of exceedance assessed the extent of flooding for each of the 
alternatives, increasing the height of hypothetical flood each 0.5 meters (as if the elements 
present in La Mojana were elevated at 0.5 meters each time). Results of this analysis indicate 
that all five alternatives help to reduce risks in some sectors, while worsening flood effects in 
others (Figure 20). 
 

 
 

                                                             
55 Cardona O.D., G.A. Bernal, D.Z.Romero, M.A: Escobar, J.F.Molina, J.C.Olaya, D.C. Suarez, M.P.Perez y C. Villegas. 
2016. Flood risk assessment in the region of "La Mojana" for the formulation of the Action Plan for Risk 
Management and Adaptation to Climate Change 
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Figure 20. Probability of exceedance of 1.0 m flood in 50 years 

Source: Cardona et. al.(2016). 
 
Characterization of annualized loss (EAL) by (i) full portfolio, (ii) by municipality, (iii) by the 
material of buildings, (iv) by structural system (and (v) by use of the building results show 
that in comparison with the Alternative 1 - do nothing there would not be a significant 
reduction of losses in any of the alternatives evaluated, alternative 2 being the one that could 
increase physical losses (Figure 21). 
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Figure 21. Comparison of Total and relative EAL for the entire portfolio of buildings 
 

The analysis of percentage change in relation to alternative 1 (do nothing) shows that 
Alternative 2, Alternative 4 and Alternative 5 cannot be considered as effective measures to 
reduce flooding risk because the expected annualized losses, compared to the current 
condition (with the second being the most damaging of all,) are increased. On the other hand, 
Alternative 3 results in expected annualized losses lower than those obtained in the present 
condition, so it can be considered a measure of risk reduction (from this global perspective 
of La Mojana). However, when disaggregating the results by municipalities, results show that 
the local effect of the implementation of alternatives changes locally and losses are 
aggravated in some municipalities while reduced in others. It is inferred from this that it is 
essential to analyse the alternatives proposed at the municipal level in order to compare their 
impacts differentially (see Figure 22).   
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Figure 22. Percentage change of annual losses by town 
Source: Cardona et. al.(2016) 

 
 

3.2.3 Lessons learned 
 
• The action plan of La Mojana must promote an integrated (holistic) approach to address 

all relevant threats associated to climate events, as well as other socioeconomic and 
environmental resilience factors. 
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• The Action Plan must be the instrument to articulate other related initiatives, projects 
and local planning instruments. Initial investments would be focused on more priority 
actions but NAF and PND need to coordinate with other national institutions and 
international cooperation to assure implementation of the whole action plan and 
promote the implementation of complementary projects and interventions.  

• The main lesson learned of the risk assessment is that there is no specific intervention 
that addresses the flood threats of La Mojana, thus continuing the traditional model of 
interventions of La Mojana based on dikes would promote the occurrence of more future 
disasters. For this reason, it is essential to change the development model and promote a 
paradigm shit to support the municipalities of this region to adapt to the natural dynamics 
of the region, and the future dynamics related to climate change. In this context it is 
essential to formulate an integrated plan that promote a combination of different 
measures to significantly reduce the flood risks and address others development issues 
that increase the vulnerability of local populations. 

• More detailed analyses of how ecosystem connectivity and flood pulse dynamics are 
affected need to be included in risk assessment processes, bearing in mind that 
infrastructure investments must maintain ecosystem states, characteristics and services 
And therefore determine how they are affected with each alternative. 

• The probabilistic modelling of flood risk in the region is fundamental for well-informed 
decision-making processes, together with the cost-benefit analysis of physical 
interventions in the area.  

• The modelling and the analysis of scenarios is limited by the lack of reliable information 
on the hydrological dynamics of the region, so it is necessary to improve the 
infrastructure for the data collection, as well as the analysis and the dissemination of 
information for decision-making. 

• It is necessary to take into account social, economic and institutional aspects, as well as 
the analysis of the historical dynamics to formulate a definitive action plan for La Mojana, 
which should involve a comprehensive approach that allows to articulate current and 
future initiatives that promote transformation processes at territorial level. 

• A comprehensive plan requires the identification of a set of projects and strategies that 
should be formulated, valued and prioritized in coordination with all the relevant actors 
of La Mojana. 

• It is important to formulate a new policy document (CONPES) to articulate to the relevant 
national institutions and in particular those that are part of the National System of 
Disaster Risk Management. 

 
 
 
3.3 Project for “Risk reduction and vulnerability to climate change in the 

region of The Mompos Saddle in Colombia” – (MADS-AF) 
 
This project is funded by the Kyoto Adaptation Fund, and implemented through UNDP in 
partnership with the Ministry of Environment and Sustainable Development (MADS) The 
objective of this project is reducing the vulnerability of communities and wetlands in the 
region of the Mompos Saddle to flooding and drought risks associated with climate change 
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and climate variability. For this purpose, the objective of the project includes four 
components. The MADS is the national executing entity,  with the support of partners such as 
the IDEAM and the Humboldt Institute, the Social Pastoral, the Deacon's Office for Peace, 
Fundación SAHED and the involvement of the National Adaptation Fund, the IDEAM, the 
Humboldt Institute, the Mayor's Offices of Ayapel, San Marcos and San Benito, the 
Autonomous Corporations, DNP, Corpoica and Regional universities, the University of 
Cordoba, Sucre and the Pontificia Bolivariana University - Monteria Campus. 
 
The project is located in Ayapel, San Marcos and San Benito Abad; these municipalities are 
located in the La Mojana sub-region, at the Mompos Saddle. The project is being implemented 
based on four components, which contribute to the implementation of La Mojana Action Plan, 
lead by the NAF:  
 

• Component 1 - Strengthening the current Environmental Information System (Suiá), 
which is used by stakeholders at the local and regional level, improving their 
resilience to the impacts of climate change. 

• Component 2 –  Rehabilitation of wetlands and its hydrology in the target area, in 
order to reduce the risk of flooding and drought associated with climate change and 
climate variability. 

• Component 3 - Introduction of agro-ecological practices resilient to climate change 
and the building design help local communities reduce their vulnerability to the 
impacts of climate change. 

• Component 4 - Strengthening institutions and relevant social structures to implement 
climate risk management and adaptation measures to the planning and decision-
making processes.  

 
3.3.1 Main results of MADS-AF project 

This project has been implemented for three years in three municipalities of La Mojana, but 
has already generated some results and lessons learned that can be  scaled-up to the other 9 
municipalities of the region.   
 
Component 1 has generated processes to obtain up-to-date information on environmental 
dynamics and identified the gaps in the implementation of early warning systems to mitigate 
the vulnerability of the population to new flood events. In its three (3) years of operation the 
project has provided the necessary information for the formulation of the hydrological and 
hydrodynamic model of the Mojana and the lessons learned have facilitated the inclusion of 
the theme of adaptation to climate change in the plans and Development programs with 
emphasis on the well-being of the population in the direct area of influence of the project, 
involving the key partners of the regional and national level, specifically the national 
hydrological network of IDEAM. Existing conventional (mechanical) hydroclimatological 
stations were replaced with automated stations: two (2) automated hydrological stations, 
two (2) automated weather stations and five (5) automated rainfall stations with satellite 
transmission. 
 



 
 

103 

As part of the component 2 the project has initiated the restoration of 34 hectares of 
wetlands, by repopulating the area with forest species with seeds and seedlings obtained 
from the natural ecosystems of the region, which were adapted community forest nurseries. 
The promoted restoration protocol implemented includes the following phases: 1) Re-
vegetation; 2) Silvicultural management; 3) Soil conservation works; 4) Works to improve 
wildlife habitat; 5) Hydraulic works; 6) Stabilization of lands and slopes; 7) Topographical 
reconfiguration; 8) Application of organic amendments to the soil; 9) Elimination of invasive 
species and; 10) Bio-remediation. Forest seeds are also collected to implement community 
seed banks, which will later be taken to germination banks and its first stage of development 
will take place in community nurseries, with emphasis on the restoration of wetlands. 
 
Component 3, on resilient ecological practices is the most important for the generation of 
incomes, since recognizes the urgency of addressing extreme poverty and inequality in the 
area and include specific actions targeted to elements to meet the basic needs of the 
beneficiary population, such as: filters for obtaining potable water; rainwater harvesting; 
implementation of organic family gardens; cultivation of local varieties of rice, establishment 
of rice mills, with projection towards the construction of the a post-harvest facility for each 
of them (drying yards and storage warehouses). The project has supported the 
implementation of terrified community gardens in a total area of 35 square meters, in which 
cassava, banana, eggplant, yams, peppers, paprika, cucumber and other vegetables were 
planted. The seeds come from processes of exchange between beneficiaries and based on the 
knowledge of people about times of planting, management of seed banks, management needs 
and others. The agronomic model implemented is essentially organic, for which capacities 
have been generated for the preparation of bio-inputs. The project has supported 440 
hectares cultivated in rice with 25 kg of native seeds, which have been rescued in the region 
delivered to the 1,300 beneficiary families. In addition, the project provided three (3) rice 
mills, one for each municipality, to improve post-harvest management and reduce crop loss 
due to lack of processing facilities. The beneficiaries express satisfaction for this type of 
support, showing a better level of association with this type of infrastructure and equipment, 
and presenting an appropriate management of the same. In order to manage impacts of cattle 
ranching, the program supported the implementation of agro-silvopastoral systems including 
native forest species and building on the lessons learned from the sustainable Colombian 
livestock program. 
 
Component 4 has achieved significant progress in involving local governments (Department 
and Municipal), environmental authorities, Universities, local communities. A Diploma in 
Climate Change was implemented with the Pontifical Bolivarian University targeted at 
community leaders and technical personnel who were involved in the formulation and 
development of activities related to climate change. The project had a positive impact on the 
inclusion of issues related to climate change management in the Institutional Action Plan 
2016 - 2019 of the Autonomous Regional Corporation of the Valley of Sinú - CVS and 
CORPOMOJANA, in the Development Plans 2016 - 2019 of the municipalities of San Marcos, 
San Benito Abad and Ayapel; As well as in the Development Plans of the departments of Sucre 
and Córdoba 2016 – 2019. Land use working groups were supported in close coordination 
territorial entities of the region and the MADS has developed guidelines containing the 
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climate change considerations that must be taken into account in territorial planning tools of 
the municipalities of Ayapel, San Marcos and San Benito Abad, within the framework of the 
execution of component 4 of the project. Main results of the project are presented in the Table 
11. 
 
 
Table 11. Main results of the Project for the Reduction of risk and vulnerability towards 
climate change in the region of the Mompos Saddle in Colombia as of 2016 
 

Outputs Results (August 2016) 

Output 1.1 - Hydrologic and 
hydraulic models for the 
Mompos Saddle region and 
the project’s target area 
support medium- and long-
term decision-making. 

Coordination with the NAF to dissemination of information 
resulting of the hydrological modelling with local governments, 
environmental authorities and Universities. 

Output 1.2 - Climate 
scenarios, trends in climate 
variability, and vulnerability 
analysis for the target area 
support decision-making for 
planning instruments and 
the implementation of 
adaptation measures 

Climate change scenarios were generated for Ayapel, San Marcos 
and San Benito based on a variability analysis, and a climate change 
analysis, which identified  observable trends for precipitation, 
maximum temperature and minimum temperature.  

Output 1.3 - Mechanisms for 
gathering, processing, and 
managing hydro-
climatological information 
at the regional and local 
levels are strengthened and 
coordinated with the 
national hydro-
climatological network. 

Two (2) hydrological stations, two (2) climatological stations and 
five (5) rain gauge stations are currently operational.  The 
regional network of stations monitors the places with the highest 
precipitation, which cause increased flows in bodies of water, 
both hourly and in real time. This information is transmitted by 
satellite to the IDEAM system, where it is automatically processed 
and stored. 

Output 1.4 - An early 
warning system developed 
at the local level prepares 
local communities to reduce 
their vulnerability to 
extreme weather events. 

 Progress has been made in the strategy for the implementation 

of the Hydrometeorological Early Warning System (EWS).  

*Real-time transmission of data. Equipment integrated into 

IDEAM’s hydroclimatological network. 

*Tests with forecasting and alert bulletins for La Mojana 

*11 community workshops (with 444 participants) to update the 

mapping of flood threats, evacuation routes, safe zones and sites 

for installation of minor monitoring equipment. 

*Definition of strategic points for the location of the community 

monitoring equipment (rain-gauge stations). Installation of this 

equipment has been completed in May 2016.  

*Drafting of an agreement with the University of Cordoba to 

collaborate on the implementation of a regional forecasting 
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Outputs Results (August 2016) 

centre where the regional EWS can be coordinated with the local 

and national levels.  

Output 2.1 - Hydraulic works 
for flood control and 
hydraulic management are 
in place. 

Analysis of both hydraulic-modelling information and threat and 

vulnerability scenarios provided by the National Adaptation 

Fund is to be carried out, in order to decide on the methodology 

for unblocking streams currently not functional. 

A total of 21.11 ha of forest land which protects wetlands have 

been rehabilitated 

Output 2.2 - Ecosystems 
associated with the 
hydrodynamics of the target 
area are restored. 

• Restoration program initiated, with active-participation of 950 
students from schools in the 3 municipalities.
Establishment of 21.11 ha of riparian forest (51,000 tree). 70 
native, climate-adapted species recovered. 
12 community seedbeds established and operating 
• Training programs to communities managing the nursery and 
expanding the restored area. 
• Local community highly involved

Output 3.1 - Production 
practices resilient to climate 
change are adopted in the 
target area. 

1800 families involved  
44 communities 1,333 home gardens in place including 
11 Seeds banks for propagation of around 50 adapted varieties, 20 
of them targeted to food security 
13 nurseries for propagation of plants for restoration and 
silvopastoral systems. 
1 aquaculture pool producing two fish species 
Plans to promote climate-adapted production practices along 
supply chains of cocoa, fish farming and rice.  

Output 3.2 - Adaptive 
architecture programs 
developed in flood-prone 
areas of the target area. 

• Rainwater-capture kits installed (capture, storage and water 
filters) in 488 households and 4 schools.
• Training programs for solid waste management.
• Radio campaign promoting environmental management 
• Participatory proposals of socially acceptable solutions for 
adaptive housing design based on existing local knowledge

Output 3.3 - Agro-
silvopastoral models 
incorporated into the 
multiple-use fluvial 
landscape contribute to the 
reduced vulnerability of 
local farmers. 

Proposal of silvopastoral systems adapted to La Mojana conditions 
ready  
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Outputs Results (August 2016) 

Output 4.1 - Platforms for 
association and 
strengthening local 
communities are established 
for their appropriation and 
replication of the adaptation 
measures developed by the 
project. 

*Assessments of 11 farmers’ associations in order to identify 

needs of improvement of their leadership, resource management 

and organizational structure skills. 

*Strengthening of 11 associations on climate change, climate 

variability, management and administration.  

*5 associations trained and formalized. 

*Articulation spaces among communities and new authorities to 

consolidate a multi-stakeholders platform.  

* San Marcos government donated 1 ha of land to the Las Flores 

community association so that they can implement a productive 

initiative.  

*Universidad of Cordoba trained of "rural promoters on CC 

adaptation" by developing 3 specialized seminars 

*Graduates from the environmental science faculties of 

Universidad de Córdoba and Sucre have visited the communities 

to give technical support to the restoration activities.  

Output 4.2 - Training 
program for the local 
communities and civil 
authorities for the 
implementation and 
sustainability of the climate 
change adaptation measures 
of project components 1, 2, 
and 3. 

The following training plans have been drawn up and initiated: 

*A training plan to strengthen the communities in social matters, 

with the objective of giving the families participating in the 

project the tools to resolve conflicts peacefully, and in a manner 

that allows them to carry out their collective work in harmony 

and solidarity. To date, 11 workshops have been held, one per 

community.  

*An agro-productive training plan for climate change adaptation 

aimed at the rural awareness raisers, community leaders and 

families participating in the project, in order to give the technical 

and educational tools for the "Rural CC-A Promoters" to provide 

support to the families. To date, 11 workshops have been held in 

agro-productive training:  

*A course has been scheduled for April 2016 to give tools for 

climate change management in local circles. The aim of the 

course is to develop conceptual and operational skills in local 

stakeholders for the incorporation of climate change information 

in land-use planning. It is aimed at professionals who are 

currently working in administrative roles and in land-use 

planning, employees of service-providing companies, 

environmental corporations, those in charge of resource 

management and journalists in the region.   
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Outputs Results (August 2016) 

Output 4.3 - Climate risk 
management considerations 
built into regional, local and 
environmental planning 
tools are coordinated with 
national planning guidelines 

*Support to the process of reviewing and updating San Benito’s 

Territorial Planning Scheme (EOT) incorporating spatial 

information generated by the National Adaptation Fund and the 

project.  

*Support San Marcos - Sucre with spatial on hydrodynamic 

modelling, to be incorporated into the updating of its land-use 

planning.   

*Support and participation in discussion groups regarding 

drawing up development maps of the municipalities of Ayapel, 

San Marcos and San Benito. 

*Provision of technical inputs to municipalities on climate and 

spatial information relevant for the revision for their land-use 

planning instruments.  

Output 4.4 - Coordination 
among national, regional 
and local institutions 
guarantees sustainability of 
adaptation actions.                

Technical Committee meetings and other relevant to facilitate the 

implementation of the project.  

The project has participated in the monthly meetings of the 

committee of the National Adaptation Fund; this committee is 

drawing up an action plan for comprehensive assistance to the La 

Mojana region. The project has contributed by providing 

information on good adaptation practices, which are being 

included in La Mojana’s Action Plan. Collaboration with local 

and national organizations is continuing, including the 

universities of Córdoba, Sucre and Pontificia Bolivariana, the 

National Federation of Ranchers, National Heritage, mayoral 

offices and governor’s offices. 

 
 
 

3.3.2 Lessons learned through MADS-AF project 
 
As presented above, the PNUD-AF project has achieved important progress in developing 
activities to reduce local vulnerability to climate change and generated specific lessons 
learned for adaptation to climate change in La Mojana.  
 
Importance of local communities participation 
Direct support to local communities is necessary to achieve a better understanding of 
adaptation measures to climate change. Community – based organizations at La Mojana 
involved in the MADS-AF project have been motivated to lead transformation processes and 
help other members of their community to actively participate in the implementation of 
activities targeted to reduce impacts of floods and long dry periods in their livelihoods. 
Community organization is a key factor, which helps to build resilience to the effects of 
climate change.  
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Selection of adapted varieties for home-gardens and restorations has been made directly by 
the community, based on their knowledge. Building on existing knowledge of local 
communities have had a greater impact and offers significant opportunities for adaptation. 
Local communities by themselves are currently promoting the implementation of home 
gardens, rainwater harvesting systems and wetlands restoration activities.  
 
Support to activities socially relevant at local level, as those related to their own livelihoods, 
strengthens communities’ capacities to address social issues and conflicts..   
 
Regarding water management communities are implementing water harvesting practices 
and learning about the use of water in home-gardens and other production systems, as well 
as the king of treatment that is needed to avoid infections and other diseases.  Local 
communities are also leading diversification of production systems processes by identifying 
and trying other species, and evaluating opportunities to access markets or produce for self-
consumption. All those activities have motivated community organizations to lead wider 
processes, look for support of local authorities and promote local processes.  
 
By empowering local communities the MADS-AF project has made significant progress in 
changing attitudes and behaviours related to water management, agricultural production and 
associativity 
 
Importance of technical assistance programs that promote an integrated approach 
Training rural promoters of adaptation to climate change is a strategy that favours the 
development of local processes and ownership practices and strategies for adaptation. 
Existing programs of agricultural sector associations offer an opportunity to design rural 
extension programs with a more integrated approach that includes relevant aspects such as: 
wetlands dynamics, impacts of production practices on wetlands and restoration needs, good 
water management practices, analysis and management of climate information for making 
decisions, sustainable production practices, crops varieties adapted to flood or long dry 
periods, field essays to identify best crops varieties and monitoring. 
 
Importance of improving local governments and authorities technical capacities for land 
planning and climate change adaptation 
Local planning decisions are determinant of the local priorities to address impacts of climate 
related events, disaster risk management and wetland degradation at La Mojana. Although 
local authorities efforts to promote transformation processes to respond to the impacts of 
climate related events, budgetary restrictions influence decisions about which activities are 
promoted at the local level. Promoted activities are often those more urgent and immediate, 
putting aside others that could have long-term impacts. The MADS-AF project and the 
interventions of organizations such as the UNGRD and the Adaptation Fund demonstrate the 
relevance of involving local authorities and strengthening their capacities to include more 
effectively climate change and water management in all their planning instruments and 
public policies. 
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Further involvement of academy and local institutions to implement and monitor adaptation 
actions 
As referred in the Table 8, some projects have involved Universities and academic bodies in 
the design of projects and programs to reduce floods impacts on La Mojana. However 
proposals are normally implemented by public sector agencies with not much monitoring or 
follow up to the results of the investment. In the case of the MADS-AF project, involvement of 
Universities in the design and implementation of actions have generated better results and 
greater credibility vis-à-vis the communities. The training processes developed by the 
Universities of Cordoba and Sucre have not only brought these universities closer to the 
territory, they have also motivated community leaders to participate in training and to be 
multipliers of the knowledge acquired. 
 
 
Home gardens strategy to reduce food security risks and promote water management practices 
Agro-ecological home-gardens adapted to floods and dry seasons have generated benefits for 
local communities. Promotion of home-gardens has been an important strategy to improve 
local communities capacities to understand the impacts of climate change, improve 
management of soil and water resources and reduce dependence of on a few high vulnerable 
crops. Communities benefited by the project have improved their capacities to select 
resistant native crops varieties adapted to dry conditions, implement practices to reduce 
water evapotranspiration, manage properly surface water sources and irrigation systems 
and improve waste management. 
 
Increase women participation by implementing practices that they value more 
Home-gardens, nurseries and wetland restoration activities are a good strategy to promote 
active participation of women groups in climate change adaptation. Women have been very 
active in the identification of local varieties for home-gardens and wetland restoration, the 
creation of seeds banks based on their own knowledge and the development of nurseries in 
their homes to support community activities.  
 
Wetland restoration  
Ecological restoration represents a big challenge at local level due to little information about 
composition and structure of original ecosystems and limited knowledge of restoration 
techniques for wetlands. Implementation of restoration activities implies an adaptive 
management approach, supported by a strong monitoring system that produces valid 
scientific information to improve the restoration process. 
 
Rainwater harvesting strategy to promote integrated water management 
Given the absence of a water management culture at La Mojana, promotion of rainwater 
harvesting systems requires the design of a well-structured strategy of intervention that 
combines implementation of good practices and training programs. Thanks to the project 
activities local communities benefited are able to identify alternative sources of water, 
implement water treatment practices, increase water storage capacities and improve 
community organization around water management objectives. Communities are able to 
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analyse climate variability impacts and make decisions on water sources management and 
prevention of related human diseases. 

Early warning system 
There is a need to consolidate an Early Warning System at La Mojana to generate alerts and 
provide relevant stakeholders to make on-time decisions and adapt government and sectoral 
plans.  
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4 Challenges to promote an integrated approach to water 
management and climate change adaptation at La Mojana 

 

4.1 Project potential and paradigm shift 
 
The Government of Colombia through NAF has prepared the Climate Change Action Plan for 
La Mojana that has envisaged a radical change from the past retroactive and disaster recovery 
investments solely focusing on flood protection infrastructure that proved to be inefficient. 
The new direction is an integrated model with a preventive approach that combines adaptive 
infrastructure, resilient water supply, sustainable agricultural productive activities, 
restoration of wetlands for enhanced ecosystem functions, and effective EWS combined with 
institutional strengthening. 
 
The paradigm shift potential of this project lies in implementing a model that shifts from a 
flood protection infrastructure focus with a retroactive disaster recovery approach, to a 
preventive risk management, holistic and integrated approach. This represents a new model 
for climate resilient regional development in the country that combines structural measures 
with livelihood-focused and ecosystem-based adaptation solutions. In the case of La Mojana 
this integrated model will mean complementing baseline infrastructure investments 
(adaptive housing, flood protection structures) with the proposed community managed 
water supply solutions for year-round access of safe water, adaptive measures in a set of 
agriculture production activities by smallholders, wetland restoration for enhanced flood and 
drought regulation functions, as well as institutional capacity building for climate early 
warning processes. Another key feature of the holistic approach is the integration of actions 
in various levels, from site specific to landscape level, and from community to local, regional 
and national institutional levels. 
 
Government of Colombia through NAF has allocated 134M USD baseline funding to cover the 
immediate adaptive infrastructure investment, but it is only through additional GCF funding 
combined with NAF co-financing that the envisaged integrated and holistic model can be 
implemented, covering the other intervention areas mentioned above. In this framework the 
MADS-AF project has been implementing adaptation measures in the envisaged adaptation 
topics, its outreach is limited only to 3 of the 11 municipalities and only part of its vulnerable 
population, given funding limitations and its pilot nature.  Therefore, GCF funds will be critical 
to: 
 

• Scale up resilient solutions for the provision of safe and year round water supply 
• Scale up rehabilitation of wetlands and their hydrology in the target area as a means 

to reduce risk to flooding and drought associated with climate change and variability; 
• Strengthen climate change-resilient agroecological practices that enable local 

communities to reduce their vulnerability to the impacts of climate change; 
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• Strengthen existing hydroclimatological and environmental information system for 
use by local and regional stakeholders; 

• Strengthen the capacity of relevant institutional and social structures for 
mainstreaming climate risk management and adaptation measures into planning and 
decision-making processes. 

 

4.2 Theory of change 
 
The theory of change below presents how each of the four outputs of the proposed project 
contribute to the long-term objective and how interventions suggested to address problems 
and barriers for water management and climate change adaptation contribute to strengthen 
resilience of vulnerable communities in La Mojana region to climate variability and risks 
through integrated water resource management.   
 
 

 
Figure 23. Theory of change 

 
As presented in the theory of change (Figure 23) main problems include several aspects 
related to the lack of safe water sources, the impacts of climate risks on existing water sources 
and livelihoods, and the impact of unsustainable practices and lack of planning on the water 
resources of the region.  
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Barriers to address existing problems are associated with limited capacities and knowledge 
of local communities and local governments to respond to the climate change risks and 
manage water resources; the insufficient coverage of drinking water services and waste 
management; limited capacities control and governance of natural resources of local 
government and community based organizations; and alteration of the resilience capacity of 
ecosystems due to maladapted infrastructure and degradation of natural ecosystems. 
 
GCF funding could support national government and specifically the action plan of la Mojana 
to tackle barriers related to limited knowledge on relevant issues such as drinking water 
solutions, the design of an Early Warning System, the identification of strategies to adapt 
agro-ecosystems and livelihoods to climate variability, and the implementation of a 
knowledge management program to generate and scale lessons learned on water 
management and climate change adaptation with a territorial approach.  These activities will 
contribute to strengthen understanding and systemizing knowledge of the impacts of climate 
change on water management (Output 1). 
 
Barriers associated to safe water access and wetlands degradation could be addressed 
though the implementation of specific activities to improve access of local population to safe 
water sources and increase resilience of natural ecosystems and ecosystem based livelihoods. 
These activities would contribute improved water resources management by vulnerable 
households and communities (Output 2). 
 
To attend barriers related to the limited access and awareness of early warning services, 
climate variability and risk information GCF funds could support the strengthening of 
monitoring and early warning systems and improvement of the existing hydromet network 
of La Mojana. These activities will improve climate-resilient Early Warning Systems (Output 
3). 
 
Activities to improve water resource management in household-level food production would 
help to tackle barriers related to unsustainable management practices and adaptation of local 
livelihoods to climate variability. In addition to that enhancement of climate resilient agro-
extension programmes would generate local capacities and increase local knowledge to 
respond to climate risks and improve wetland management practices,. These activities will 
enhance climate-resilient agroecosystems-related rural livelihoods (Output 4) 
 

4.3 Identified problems in La Mojana which need addressing when increasing 
resilience of vulnerable communities 

 
Lack of year-round availability of safe water  
Safe drinking is on of the most important development needs at La Mojana. Coverage of 
drinking water in the rural areas is very low. Rural populations depend on surface water and 
deep wells; both with serious problems exacerbated by floods and long fry seasons and 
people have to travel longer distance to either accessing water from remnant aquifers or 
buying water in the urban areas.  
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Local governments have been building rural and urban aqueducts based on ground water 
wells and local landowners have been digging ground water wells to assure water provisions 
for their lands without permissions of environmental authorities. There is no information 
about the aquifer dynamism size and quality and the sustainability of local aqueducts based 
on ground water systems.  There are no inventories of the number of wells, quantity and 
quality of the water, thus local authorities have no proper information to make decisions and 
plan the water management of the region in an integrated way. 
 
Microbiological analyses carried out in catchment waters, treatment plants and users 
households recorded the presence of microbiological contamination related environmentally 
to the lack of sewerage and improper treatment of wastewater. Deep well systems sampled 
also presented microbiological contamination, so it is hypothesized that these waters could 
be contaminated in some way either from septic tanks or infiltration, due to micro-aqueducts 
that do not meet reliable technical parameters.  
 
The existence of an alternative source through an integrated water resource management 
approach, such as rainwater tanks, reduces the vulnerability of households to impacts of risks 
such as floods on superficial wells or aqueducts. Alternatively, at times of prolonged dry 
periods, households can alternate between rainwater and groundwater when there are 
alternative options available.  Furthermore, the rehabilitation and recovery of wetlands and 
creeks is required to improve the quality and availability of surface water sources. 
 

Current water infrastructure is negatively affected by flood and prolonged dry 
periods 
 
Supply infrastructure is not adequately designed to avoid flood impacts, consequently flood 
events have caused irreversible damage to supply water infrastructure, especially the wells 
and micro-aqueducts rendering them unusable. Aqueducts that have not been damaged by 
floods are subject to additional pressures, especially during prolonged dry seasons, of over-
extraction as more families, including those from further distances away, are dependent on 
these sources. The impacts on the existing sources of water due to the extreme events, such 
as prolonged dry periods and flooding, means that additional pressure is placed on the 
available sources of water. The fact that the existing water sources are not adapted to various 
climate risks increases the vulnerability of these households to prolonged dry periods and 
other impacts derived from floods, such as poor water quality and related diseases. 

Flood events affect ground and surface water quality due to sedimentation 
There are limited alternative sources of water available for most households. The main 
source of water for the households are ground (through micro-aqueducts or shallow wells) 
or surface water accessed from nearby creeks. Quality of ground water sources is affected 
due to the infiltration of sediments in wells, which previously could have been affected by 
flooding or have maintenance problems.  
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Unsustainably high pressure on existing water sources 
In general, all La Mojana swamps have a high tendency to eutrophication due to the 
concentration of organic matter and dissolved solids. Wetland areas that have been isolated 
by embankments, dikes or agriculture activities present higher problems of eutrophication, 
overpopulation of macrophytes and high concentration of organic matter.  Eutrophication 
problems are exacerbated during dry seasons due to farming and overgrazing.  
 
The over-extended use of livestock activities has had a negative impact on the wetlands as 
extended dry periods have caused water scarcity, driving more and more cattle farmers into 
the wetlands. Currently an estimated 8,000 cattle-farmers and 500,000 heads of cattle reside 
in La Mojana. As water has become scarce and dry seasons have become more extended due 
to climate change, impact of transhumance (traditionally cattle farmers from adjoining areas 
to region drive their own cattle into the wetlands) is higher on the wetland system from 
overgrazing and erosion. This provides a long-term threat to the environmental services 
provided by the wetlands and it also has the potential to reverse any restoration or recovery 
activities that may be undertaken in the future.  
 

Diminished flood mitigation capacity of ecosystems due to the degradation of natural 
ecosystems and alteration of natural water flow 
La Mojana wetlands are subject of increasing degradation, fragmentation and habitat loss 
processes. Expansion of the agriculture frontier and drained of swamps for colonization have 
been the main causes, which are directly related with the unsustainable land management 
and the lack of control capacities of local authorities. The continued degradation of natural 
resources in the region adds uncertainty to the ability of ecosystems and local communities 
to face climate change and variability. As flooding becomes more prevalent due to extreme 
climate events including La Niña, the capacity of wetlands to serve as hydrology regulators 
and to mitigate floods becomes more important.  
 
The natural ecosystem and water flow has been impacted by past development of flood 
control infrastructure lead by the Government of Colombia.  Preventing the entry of water to 
the land became the main goal of the interventions, for which marshes were drained and 
hundreds of channels were blocked. The loss of the natural hydrodynamics in the region, 
exacerbated by the increase in cattle-ranching which has had a detrimental impact on the 
wetlands, means that the local communities have lost much of the “amphibious” roots of 
living in harmony with the natural flood pulse of La Mojana. The loss of the adaptive capacity 
of the communities as a result of the change in the past decades has made the communities 
more vulnerable to the impacts of climate change and more frequent extreme hydro-
meteorological events.  
 
Increasing wetland degradation processes have affected natural hydrodynamics, which also 
means that the capacity of the wetlands to mitigate floods have reduced drastically. It has also 
impacted productive activities depending of natural ecosystems like fishing, which represent 
one of the main livelihoods of the most vulnerable people. Historically, artisanal fishing had 
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occupied approximately 36% of the population in La Mojana 56  with a production of 
approximately 2000 and 8000 tons of fish per year57. The economic valuation as a historic 
and important activity for local food security and source of income resulted in an annual value 
of approximately 10.5 M USD/year (Hydrodynamic Modelling Team, 2015d, pp. 66–67).  

Unsustainable development and production practices affecting ecosystems health 
and their resilience capacity 
Production activities and flood mitigation infrastructure has had a high impact on natural 
ecosystems. The over-extended use of livestock activities has had a negative impact on the 
wetlands as extended dry periods have caused water scarcity, driving more and more cattle 
farmers into the wetlands. Currently an estimated 8,000 cattle-farmers and 500,000 heads of 
cattle reside in La Mojana. As water has become scarce and dry seasons have become longer 
due to climate change, impact of transhumance (traditionally cattle farmers from adjoining 
areas to region drive their own cattle into the wetlands) is higher on the wetland system from 
overgrazing and erosion. This provides a long-term threat to the environmental services 
provided by the wetlands and it also has the potential to reverse any restoration or recovery 
activities that may be undertaken in the future.  
 
The loss of wetland channels and floodplains is evident due to levee construction and the 
impacts on the original hydrological dynamics. This has caused the reduction of physical 
connectivity, the decline of fishery resources and area for cultivation, and the intervention or 
disappearance of riparian forests and natural vegetation areas.  

Crop losses due to floods and prolonged dry periods 
Lack of water management practices have affected agriculture productivity in La Mojana, 
especially during prolonged dry seasons. Most part of households don't have access to 
irrigation systems, water reservoirs are not well managed and pressure on surface water 
sources is very high. Extreme events have affected seriously the productivity of those crops, 
for example during the past La Niña and El Nino events rice producers lost most part of the 
seasonal harvest.   
 
The National Federation of Rice Farmers, in 2014, conducted a field research in order to 
estimate the losses in area and rice productivity in La Mojana. Results derived from a sample 
of 3,834 hectares, corresponding to 143 parcels in nine municipalities, in the departments of 
Bolivar (3%), Cordoba (9%) and Sucre (88%), showed that in La Mojana, “secano” rice crops 
were affected by long dry periods in 73.4% of the area, the largest area being compromised 
in Sucre and Bolivar. Average yields obtained by farmers in this sub-region were at 1.25 tons 
per hectare, well below historical averages (3 - 4 tons/ha approx.). 
 
Based on the calculation of the lost area in the sub-region of La Mojana and taking into 
account the different cultivation stages, production costs incurred by producers who planted 
rice in the first half of 2014 and whose crops were affected by drought were calculated. For 

                                                             
56Aguilera, 2004. Idem. 
57AUNAP, 2012. Reporte de la actividad pesquera industrial y artesanal continental y marina de Colombia [Report on 
inland industrial and artisanal fishing in Colombia.] National Aquaculture and Fishing Authority. Ministry of Agriculture. 
38 pp. http://sepec.aunap.gov.co/Archivos/Informe%20SEPEC%202012.pdf  
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parcels in the vegetative phase, it is estimated that the costs were COP$ 1,282,125, and for 
those in the reproductive and maturation phase, the costs were COP$ 1,504,475. According 
to this analysis, the estimated losses totalled COP$ 17,162,478,914 and for the plantings 
whose production is still recoverable, but also may lose, they totalled COP$ 671,011,402. In 
the worst case, farmers would lose COP$ 17,833,4902,316. 

Fewer variety of crops resulting in high dependence on a few products 
The livelihoods of the communities are further impacted by the changing hydro-
meteorological conditions. Few varieties of crops are grown in different seasons along the 
year, depending on the local knowledge on climate variability. Changes in duration of climatic 
seasons, rain intensity and extreme events have led to damage and loss of crops and 
uncertainty has increased the dependence on some varieties that local populations consider 
less affected or more adapted to the climate conditions and have better returns, such as rice.  
 
The MADS-AF project has been promoting home-gardens aiming to build on the local 
knowledge about climate adapted species and increase the variety of crops to reduce 
dependence of rice and dairy incomes. Home gardens are aimed to produce vegetables and 
some other crops for families’ self-consumption such as eggplant, chilli pepper, varieties of 
beans, tomatoes, chives, pumpkin, watermelon, white cucumber, yucca, yam, among others. 

Health impacts due to floods and prolonged dry periods 
Communities experience water quality issues exacerbated during the rainy season due to 
turbidity caused by sediments and soil erosion, lack of sanitation systems, absence of 
wastewater treatment systems, and upstream pollutants. According to the National Institute 
of Health, the rural population from 7 of the 11 municipalities in La Mojana ingest polluted 
water (Achí – San Jacinto del Cauca – Caimito – Guaranda – San Benito Abad – San Marcos – 
Sucre), unfit for human consumption. For the remaining 4 municipalities, it does not even 
exist information of water quality. Drinking water treatment systems present serious 
failures. Contaminated water is the best means of propagation of diseases associated with 
morbidity indicators such as diarrheal water diseases (EDA), viruses, skin conditions by 
primary contact (scabies, fungi,), which are very common in the area. Current inappropriate 
water management practices are favourable for development and manifestation of diseases 
such as cholera, dengue and malaria, among others.  
 
The specific threat to health relating to climate events places significant burden on health 
resources. As an example, large bodies of stagnant water cause an increase in mosquito 
populations and a greater likelihood for these mosquitos to transmit diseases such as, Dengue 
Fever, Chikukunya, Malaria, Zika, Diarrhea as well as a number of other gastrointestinal 
infections.  Another important public health issue resulting from extreme rainfall events is 
the overflow of riverbanks, drainage systems that give rise to pathogenic diseases such as 
Typhoid, Leptospirosis, E-coli and non-pathogenic diseases such as malnutrition. Flash 
flooding associated with extreme rainfall events can also result in serious injuries and loss of 
life. To-date, the Ministry of Health as an end-user is unable to integrate and interpret health 
and climate information to develop timely responses to water- and vector borne diseases. 
Continuous monitoring of public health threats along with health service capacity is essential 
to track disease trends and possible outbreaks caused by flooding and the lack of drainage 
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system. La Mojana’s access to data and information together with weaknesses in a shared 
surveillance system across health sector partners is severely limited.  

Inability of local communities to prepare to future climatic events 
There is an overall inability of local communities to prepare for future climatic events and 
changes that affect their lives and livelihoods. This is caused by a lack of knowledge and 
capacities of the communities and the authorities to predict and adapt to the impacts of 
climate change that are already felt in the La Mojana region.  

 
Climate data processing and weather modelling is made at national level. Although its high 
risk level, la Mojana (either directly or through IDEAM and University of Cordoba) has no 
access to weather models which can forecast at the sub-regional or local scale and which 
could facilitate weather modelling and early warnings. Besides the actions promoted by the 
MADS-AF there is no specific experience in the region to analyse and process basic data to 
produce information at local level accessible to relevant stakeholders.  
 
Currently, flood alerts are provided via IDEAM in the form of bulletins that are provided 
through its website or to local authorities on a regular basis. These communications are sent 
to stakeholders but do not contain the information nor are packaged in a way that is easily 
understandable by them to have an impact in the decision-making process nor made relevant 
towards their daily activities (for example alerts received by the local population contain 
information such as ‘increased La Nina activity projected for the year’) thus not providing 
actionable advice.  
 
IDEAM uses national and regional radio and TV stations and mobile apps to disseminate 
national alerts generated by the Forecast and Alerts Division. These instruments could be 
adapted to produce local warning for La Mojana, using existing radio stations and regional 
TV channels. Given the limited access to cellular networks and the highly dispersed rural 
areas, there is a need to identify other innovative mechanisms to assure that the whole 
population on risk has access to on time information to respond to the risks.  
 
Management of information for decision- making processes at the regional and local levels 
need the consolidation of a local institutional set-up to lead the implementation of an Early 
Warning System, which requires qualified experts, hardware and software, as well as 
improving the hydromet monitoring network. The MADS-AF project, however, has made 
some progress in promoting the coordinated work between IDEAM and universities to design 
an Early Warning System to generate information for planning and risk management of three 
municipalities of La Mojana. 
 

4.4 Technical, financial and institutional barriers 
 
Although there are past and on-going initiatives to address some of the above-mentioned 
problems in the La Mojana region, there are several barriers that need to be addressed in 
order to create a more resilient region to climate variability and risks associated with water 
resource management.  
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4.4.1 Limited capacities of governments to include climate adaptation and risk 

management in planning instruments  
 
The limited technical, institutional and financial capacities of the local governments severely 
affect the ability of the region to become more resilient to the impacts of climate change and 
climate variability. Deficiency in the provision of basic services, such as drinking water and 
sanitation, in rural areas is directly linked to the financial capacity of local authorities to 
address pressing development needs. 
 
While information and knowledge on climate change impacts on the lives and livelihoods of 
the people of La Mojana, including future scenarios of climate change are available, they are 
not adequately used in local planning processes as there are no clear technical or institutional 
guidance on this. The MADS-AF Project has made significant progress in training local 
authorities on climate change adaptation and planning, providing local governments with 
information for planning and supporting local planning processes in three municipalities. 
This process has led the conformation of municipal multi-stakeholders platforms, which 
address climate change, risk management and planning related issues. 
 
Firstly, the data and information are often limited in the extent to which it is downscaled to 
the specific region or municipality. Given that the municipalities are diverse in their 
livelihood practices as well as natural geography, and local planning is done at multiple levels, 
including at the municipal level, this downscaled locally specific climate information is 
important. There is a distinction between authorities involved in local planning and those 
that manage and collect data and information related to climate change impacts.  
 
Secondly, while national departments and entities may have the technical and operational 
capacity to formulate Risk Management Plans, there are limited capacities at the municipal 
level for the formulation of locally specific plans and instruments as well as to implement 
them. The limited technical and human capacities of local governments mean that where 
specific information is available on climate adaptation and risk management, it is not often 
integrated into the planning instruments.  
 
Thirdly, the fragmented nature of the institutional framework leads to inadequate integrated 
planning. The territorial planning takes place at regional, municipal and local-levels but local 
and regional authorities have different priorities and approaches for planning. Risk informed 
local planning is not possible without proper mechanisms to integrate these institutions and 
without a mechanism to combine local and traditional knowledge as well as scientific 
information. This fragmented approach to local planning inhibits the extent to which climate 
change impacts and adaptation options can be integrated into the longer-term local plans. So 
it is necessary to generate regional processes to address common problems in La Mojana, 
taking into account that wrong decisions of one municipality affect other areas.  
 
According to the Colombian legal framework, there are several planning instruments that 
have to be developed for municipalities, including land-use planning (at departmental-level 
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and municipal-level, risk management plans and watershed management plans). The 
municipalities have the mandate of “land-use planning” as per the Constitution of Colombia 
(paragraph 7, Article 313) and is further supported by various legal instruments including 
Act 388 Article 10, which governs the determinants of land use planning to include “those 
relating to the protection and conservation of the environment. These municipal land use 
plans end up being the instrument that articulates and gives all planning instruments that are 
related to the conservation and sustainable land use, risk management and climate change a 
place within the territory and becomes a determining instrument for the formulation of 
municipal development plans. However, Table 11 shows existing gaps regarding the status of 
Land Use Plans of La Mojana. 
 
Table 11. Current Status of Land Use Plans of La Mojana 

Department Town 
Planning 

instrument 
Approval date 

Revision and 
adjustment date 

Term status 

Bolívar Achí EOT 
Agreement 
003/2000 

Update proposal 
2012 

Long term expired 

Bolívar Magangué POT 
Agreement 004 
/1999 

Not conducted yet Long term expired 

Bolívar 
San Jacinto del 
Cauca 

EOT 
Agreement 
008/2003 

Not conducted yet Long term expired 

Sucre San Benito Abad EOT 2003 Not conducted yet Long term expired 

Sucre Caimito PBOT 2001 Adjusted in 2009 Long term expired 

Sucre San Marcos PBOT 2008 Not conducted yet 
Medium term 
expired 

Sucre Guaranda EOT 2006 Not conducted yet 
Medium term 
expired 

Sucre Sucre EOT/PBOT 2001/2007 
Adjustment 
leading to change 
to PBOT in 2007 

Medium term 
expired 

Bolívar Majagual PBOT 2004 Not conducted yet Long term expired 

Córdoba Ayapel PBOT 2002 Not conducted yet Long term expired 

Antioquia Nechí EOT 2001 Not conducted yet Long term expired 

 
Source: Land use plans available at municipal and department level. Source: shttp://cdim.esap.edu.co/, and 
http://www.planesmojana.com/ (EOT: Territorial Planning Scheme, POT: Territorial Ordering Plan, PBOT: Basic 
Plan of Territorial Ordering) 
 

 
Where plans exist at the municipal level, there is ad hoc application of risk management but 
does not adequately involve elements of climate change in the current and future context. 
Municipal development plans include actions to address water and sanitation, environmental 
and risk issues, but there are no integrated programs that include elements of land 
management, climate change adaptation and risk management. This limited capacity of the 
local governments and the fragmented approach also leads to gaps and delays in 
communicating climate information, such as in the case of severe climatic events such as 
floods.  
 

http://www.planesmojana.com/
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4.4.2 Maladapted water supply infrastructure to floods and prolonged dry periods 
 
The existing supply infrastructure has been seriously damaged by flood events, affecting 
drinking water supply and quality. The existing aqueducts and wells are extremely 
vulnerable to floods as well as the increased pressures from production activities (cattle- 
ranching, extensive rice production). They are not covered and therefore are not able to stop 
sediments from prolonged dry periods and over-usage. Furthermore, pumps used in the 
micro-aqueducts have issues with pipe or accessories that make them vulnerable to not 
flood-proofed and therefore easily damaged during floods, 70% have none or have vulnerable 
regulation tanks and purification systems, while 37% of the total needs a new pumping 
systems (pumps and solar panels). Similarly, the shallow wells that some communities and 
households are not adapted to the threats of contamination due to groundwater 
contamination arising from poor sanitation as well as floods and prolonged dry periods.  
 
Current maintenance for the mini aqueduct systems requires frequent interventions as these 
have not been adapted to endure current climate projection and are not built to be resilient 
to flood conditions. Adaptation of the mini aqueducts would require the use of sturdier 
piping, the installation of enclosed solar water pumps to replace current fuel based pumps, 
enhanced and elevated water tanks to protect them from flooding and in some cases the need 
for the existing ground water wells to be dug deeper. The National Adaptation Fund 
commissioned a study that stated that wells from aqueducts would benefit from being dug 
deeper (70 -90 m vs. 5-10 m) to ensure that ground water and wells are resilient to 
contamination and seepage that is exacerbated from over flooding. It should also be noted 
that current mini aqueduct systems do not treat the ground water. As little information 
includes on the long term and quality of ground water, this presents a health risk to the 
communities. Increased flooding and drought pose an increased threat to the quality of the 
water supply as seepage from human activity will become more likely as the current water 
infrastructure has not been constructed to withstand increased climate impacts.  
 

4.4.3 Limited capacities and knowledge for treatment of potable water at 
household and local level 

 
The lack of a sanitation system and waste management in the region is a current threat of 
contamination of surface and ground sources of water particularly as the region becomes 
increasingly impacted by floods and prolonged dry periods. Reliance of ground water through 
the drilling of wells for water access and the creation of mini aqueducts has been the current 
main source of water supply in densely populated regions (urban and rural nucleate). 
However, little is known on the real long-term sustainability of this approach in terms of 
water quality, quantity and environmental impact. While the National Adaptation Fund (NAF) 
has carried out a preliminary and conceptual hydro-ecological assessment, the region lacks 
proper and accurate information on the aquifer characteristics in terms of its size, location, 
water recharge capacity, water quantity and quality to meet supply demand. This poses a 
threat, as mini aqueducts currently do not have a water filtration system. Communities also 
do not currently have the capacity to treat water at a household level other than boiling it. 
Little information is provided at a household level in a timely manner regarding the proper 
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protocols on water treatment during emergency situations (flooding or extended drought) 
when water quality can become compromised.   
 

4.4.4 Limited access and availability of alternative sources of water for vulnerable 
households and communities  

 
At the present time, the communities in La Mojana rely on water supply from the wetland 
areas and canals, micro-aqueduct and superficial/shallow wells as sources of water for 
drinking, household needs and agricultural purposes. These current practices are challenged 
by the changes in precipitation rates as well as the extreme events the region is, currently 
and, projected to experience as a result of climate change. Current water supply access in La 
Mojana has grown scarcer particularly during prolonged dry periods, which currently last 80 
days but are projected to last up to 120 due to climate change.  
 
The existing water infrastructure is currently insufficient (covering only 50% of the 
communities’ needs) to meet the existing demand and while the drilling of wells for ground 
water access via mini aqueducts has been used in the past to address water supply in densely 
populated areas in La Mojana this has not been used as an option in rural disperse areas due 
to cost and the lack of knowledge regarding its long term sustainability (aquifer dynamism) 
and overall quality.  
 
Households in rural disperse areas have in the past used water from the closest natural 
sources, however, with longer dry seasons many perennial water sources have become 
intermittent. When this occurs, rural disperse households, rent motorbikes to gain access to 
the nearest mini aqueduct in areas located within a radius of 60 km every third day. For this 
solution each family invest up to USD 600 every year.  
 
These communities’ vulnerability has been further impacted by the diminished capacity of 
the wetland systems to provide them with valuable environmental services that in the past 
sustained their livelihoods. There is extensive literature globally regarding the 
environmental services provided by wetlands systems58, particularly in relation to water 
management (replenishing aqueducts, water purification and surface water supply), 
restoration is seen as a long term strategy to ensure sustainable water management for the 
region, including water purification services and water supply.  
 

4.4.5 Limited capacity (technical, financial) of communities and local government 
on water and natural resources management (including wetlands) 

 
The lack of technical knowledge on how to manage wetlands properly has led to practices 
that has contributed to the degradation of the wetlands, by planners, policy-makers and the 
agroproductive sector. Furthermore, the capacity of the local governments to disseminate the 
necessary knowledge and awareness has also contributed to the degradation of wetlands as 
well as limitations in the ability to restore and recover the wetlands and water causeways.  
 

                                                             
58 CBA STUDY ON ECOSYSTEM SERVICES 
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Efforts to enhance wetlands functions through their protection, rehabilitation, and reduction 
of stressors caused by human activities have been limited. The relationship between 
increases in flooding and opportunities for having healthy wetlands, as part of an adaptation 
and mitigation strategy has not been implemented consistently or at a large enough scale to 
ensure impact. While restoration through local initiatives has been occurring in La Mojana, 
these have been mainly funded through municipal funds and some international cooperation, 
their limited scale has not transformed into a widespread strategy for disaster risk 
management as these have been mainly focused on heavy infrastructure solutions (dykes and 
levees). GCF funds will allow for a larger scale approach to restoration as a risk management 
solution that focuses both on the main wetlands themselves as well as in water cause 
restoration. The latter has yet to be approached by the KAF.  
 
Proper wetland management will also be required to ensure that wetland restoration is 
sustainable in the long term and delivers the environmental services the region needs to 
adapt to climate projections. This will in turn require a modification of agro productive 
practices from the communities residing along the wetland restoration areas and whose 
livelihoods will be immediately impacted. This strategy has yet to be implemented in parallel 
to restoration activities as it requires more complex actions that go beyond immediate 
restoration.  
 
Community and local association involvement and empowerment in management of 
wetlands is minimal. Local and traditional knowledge on wetland management and use is 
diminishing within the local community as the wetlands lose its natural dynamics. 
 

4.4.6 Limited access and awareness of early warning services, climate variability 
and risk information 

 
A regional hydromet network already exists in the region. It is currently comprised of 54 
weather stations plus nine automatic weather stations that have been invested through the 
MADS-AF project. The existing early warning system is limited to flood-related warnings, 
does not cover the entire region of La Mojana.  
 
According to IDEAM forecasts and early warning for high-risk regions, like La Mojana, need 
stronger networks with a maximum distance between meteorological stations of 15 km in an 
ideal scenario. Distance between hydrological stations in big rivers must not overpass 20 km; 
currently, stations in the Cauca River are separated up to 80 km and in San Jorge River up to 
100 km.  Rainfall forecast represents a big challenge due to the high variability of La Mojana; 
rainfall measurements would be more accurate using a radar to produce regional forecasts 
and warnings, however this is expensive to operate and maintain, as well as being reliant on 
solid technical skills. Information produced by the hydromet network does not allow for real 
time processing of data collected. Most part of the information produced by weather stations 
takes between 24 and 72 hours arriving to the data centre of IDEAM. The MADS-AF automatic 
stations do have the capacity to monitor rainfall data in real time and relate it to flooding, 
however they are insufficient observing stations in the region as they only provide coverage 
of 3 of the 11 municipalities in La Mojana. In addition, they fail to measure the discharge flow 
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of the three rivers that converge in La Mojana (Cauca, Magdalena and San Jorge) and that can 
cause rapid flooding as a result of high rainfall from converging areas. 
 
While La Mojana currently has a flood early warning system, it relies on national information 
(not region specific) to predict oncoming floods, thus decreasing the timeliness and accuracy 
of the oncoming alerts. This gap is particularly relevant due to the wetlands compromised 
capacity to absorb flooding (as a result of degradation) and La Mojana’s location at a river 
delta where flooding can escalate in a short time period. If no action is taken, the likely impact 
from flood damage in both lives and livelihoods will be exacerbated as climate projections 
demonstrate increased rain intensity during rainy seasons.    
 
Furthermore, despite the frequent extension of dry periods, the region does not have an early 
warning system to protect farmers and agro systems from drought and productive loss. There 
is also no health early warning system to alert communities and health officials of water and 
vector borne diseases in the region that will be more frequent as a result of projected 
flooding.  
 
In addition, the National Government currently lacks a monitoring system that provides 
information on water quality. This is critical for La Mojana as local populations are faced with 
little access to quality drinking water, particularly in remote rural areas (rural disperse). 
Information is also not provided on the proper protocols on treating water during drought 
and flooding emergencies when water contamination becomes more probable. A monitoring 
system would provide local and national authorities the opportunity to alert populations on 
water risk and design a system that can provide alerts in a manner that provides communities 
the opportunities to enact proper water management actions.  
 
Investment in enhanced early warning systems with access to local data, that is integrated 
into the national network, with clear standard operating procedures and that provides 
regionally relevant alerts and data products is necessary to enable the communities and 
authorities in La Mojana to prevent risk, and enable smart adaptive decision making. 
 

4.4.7 Limited knowledge of management best practices and their implementation 
on wetland dynamics and climate smart agriculture by local communities, 
productive associations and government 

 
Reduced access to sustainable water sources has created a negative impact in the agro 
productive capacity of La Mojana, which has traditionally relied on income derived from rice 
production and livestock- both water intensive activities- and from fishing. Traditional 
agricultural practices employed by rural communities (small scale agriculture and cattle 
ranching) and that are finely tuned to seasonal climate variations have been placed under 
increasing pressure from prolonged and unpredictable flooding. According to Corpoica 20-
25,000 ha of rice and 160,956 heads of cattle were lost due to recent flooding. Currently little 
information has been developed on productive alternatives that can be adapted to the region 
to improve water use and compensate lack of productivity in the region.  
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Efforts from the government and development agencies to help local communities sustain 
food production under climatic uncertainty have not successfully addressed the need for 
combining traditional knowledge with climate resilient soft and hard technologies and 
practices in a manner that is suitable for small-scale landholders. This includes the 
application and access to flood and drought resilient best practices such as the use of mulch 
for soil cover, elevated gardening techniques, drought and flood resilient crops, improved 
livestock management techniques, as well as alternative methods for food production for 
those communities that will face extreme flooding or reduced precipitation rates.  Presently, 
technical assistance or rural extension programs are limited to the efforts that producer 
associations have in the region and that they develop according to the number of members 
and local production. These support schemes are based on the needs of each value chain, and 
there are no integrated programs that include elements of land management, climate change 
adaptation or risk management.  
 
Existing rural extension programs are normally focused on increasing productivity or 
sanitary aspects and don't include specific considerations about water management, climate 
change impacts or wetland conservation. Smallholders have no capacities to implement good 
production practices to avoid negative impacts on wetlands and water quality. Sector 
association are aware of the need to implement specific plans to promote sustainable 
production but they need more specific support to design and implement technological 
packages adapted to La Mojana conditions. At the national level, Fedearroz has developed a 
technological package to improve the efficiency of rice production, ensure the inclusion of 
small producers in supply chains and reduce crop vulnerability to drought. The AMTEC 
program is based on the principles of Intelligent Agriculture as a strategy to overcome effects 
caused by climate change, integrating research, technical farm-to-farm assistance, technology 
transfer, modification of tillage, crop rotation, monitoring, etc. This experience could 
contribute to promote more integrated rural extension programs targeted to generate local 
capacities for water management and address potential climate change impacts in La Mojana. 
 
Fedegan, the Ministry of Environment and other partner organizations have been 
implementing the Colombian Sustainable Cattle Ranching Programme, which promotes 
sustainable production systems as a strategy to improve the quality of cattle production by 
promoting environmental management and ecosystems conservation. With this model, 
grasslands are improved by involving forest species rich in protein for grasslands in 
traditional or improved pastures. There are no specific experiences in La Mojana, but 
experiences from other parts of the country could contribute to define a set of cattle-ranching 
good practices for La Mojana and promote farmers’ commitments to reduce pressure on 
wetlands ecosystems and contribute to the restoration of strategic areas 
 
The MADS-AF project has experimented at a small scale with crop rotation and through use 
of seeds such as sesame, cantaloupe, and beans. However, the information derived from these 
small projects has not been systematized nor socialized through extension services to the 
community and an adapted agro productive map has not been created to facilitate productive 
planning and guide water use management.  
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4.4.8 Limited participation and empowerment of local communities (especially 

women) and associations on proper wetland management  
 
Despite the high vulnerability of the region Mojana and frequency of flood and long dry 
periods there is a low level of participation and ownership from local communities As 
mentioned above, past interventions in the region focused primarily on heavy infrastructure 
while failing to attend the overall climate vulnerabilities of the region’s inhabitants whose 
livelihoods had been affected as a result of frequent flooding. While the 2003, FAO project 
included sustainable development for the region among its objectives and identified up to 57 
projects targeted at local development these were not carried out as efforts were primarily 
geared towards the enhancement of infrastructure. A similar situation was faced during the 
2006 government effort geared at reactivating the economy in the region were 90% of project 
fund were destined for the construction of a dyke leaving little left over for community 
activities. 
 
There is a low level of participation and ownership of local communities in the development 
and implementation of planning instruments and risk management in the region. While the 
region has unique hydro-meteorological dynamics, there is low recognition of the local 
implementation modalities given that the planning instruments are often generic and not 
adjusted to regional and local government/community structures. Furthermore, there is 
limited capacity within the local authorities and local associations to analyse and use the 
climate and hydrological information and integrate the information in their making decisions 
processes, action plans or other planning instruments. These limitations also have impacts 
on the capacity of the local governments in wetlands management, recovery and restoration.   
 
It should also be noted that in the past, the abundance of water for economic activities created 
a past sense of security regarding the permanence of this resource. As climate change has 
progressed and total precipitation has begun to decrease and the extension of dry periods to 
increase has its importance become truly apparent to the region’s inhabitants. Informal 
consultations cited by the MADS-AF Project demonstrate the recent sense of urgency to this 
matter.  
 
According to MADS-AF lessons, involving communities directly in wetland management, 
build on the local knowledge and providing them with the capacities to ensure maintenance 
is critical for the long-term success of wetlands management activities. While communities 
may be aware of the services provided by the wetlands, particularly in the supply side, their 
immediate needs may force them to undertake actions that enhance their degradation such 
as the case of livestock over grazing. By acknowledging community needs and providing 
adaptive actions that are compatible to livelihood actions the communities will no longer 
have to face this complicated trade-off at the expense of the wetlands.  
 

4.4.9 Limited control capacity of local government and communities on 
unsustainable water and agricultural/farming practices 
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Rice and livestock compromise an estimated 94% of the productive land use in La Mojana, 
with rice accounting for 20%. Floods and drought have created a loss of around 50% of 
agriculture production in the region and in 2014 flooding and an overly extended dry season 
caused the total loss of rice production in the region through its various stages.  
 
Climate projections indicate that dry periods in La Mojana will become longer and more 
pronounced. Extended dry periods have a direct impact in water management as water 
resources will need to last longer (from 80 to 120 days), agriculture and livestock will need 
to adapt and become more water efficient, harvesting and planting patterns will also need to 
shift.  
 
On the other hand, a reduced variety of crops in the region has created a high dependence on 
a few products thus decreasing crop resilience to climatic events. Currently, rice, corn and 
fish make up the main diet of the population in La Mojana. Climate change is affecting the 
capacity of the population of La Mojana to have access to these products. As mentioned above, 
flooding has in the past wiped out entire crop productions of rice and corn and has also had 
a detrimental impact in wiping out native seeds. Drought is depleting the stock of fish and has 
reduced the availability of water for agricultural home consumption and agroproductive 
activities. Access to more climate resilient crop varieties will improve the adaptive capacity 
in the population during dry periods and flooding while the introduction of both flood and 
drought resilient home productive practices will increase food security during the extreme 
climatic events that are becoming more common. 
 
 

5 Climate-smart investments to improve resilience and promote 
an integrated water management approach  

 
The recommended interventions presented in this chapter to address the above-mentioned 
gaps and barriers are designed to increase the resilience and enhance the livelihoods of the 
most vulnerable people and communities in La Mojana. This will be achieved through 
increasing the resilience of vulnerable communities in the region to climate variability and 
risks through integrated water resource management solutions.  
 
The preceding chapters have identified the current and future impacts of climate change and 
climate variability on the lives and livelihoods of the people in La Mojana, as well as the 
underlying institutional and socio-economic constraints to development. Through increased 
and more intense hydrometeorological events such as flooding and prolonged dry periods, 
the lives, property and livelihoods, which are mainly dependent on agro-farming, of the local 
communities and households in La Mojana are under threat. These multiple impacts require 
an integrated approach that focuses on managing the water resources (groundwater, 
freshwater, surface water and rainwater) to provide comprehensive solutions that have a 
widespread impact on the capacities of local governments, communities and associations to 
adapt and become more resilient to climatic impacts. 
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The gaps in the availability of year round safe drinking water at the household level, 
degradation of the natural wetlands and ecosystems and the subsequent limitations in the 
ability of these wetlands to continue its role in flood mitigation as well as livelihoods support, 
and the gaps in local knowledge and capacities to plan and integrate climate information in 
decision-making all contribute towards a less-resilient region within La Mojana. Technical, 
institutional, knowledge-based and financial limitations at all levels, from the Government, 
municipal to community and household-levels, require interventions that cater to these 
limitations in a strategic manner. 
 
Regarding the GCF performance framework, the proposed interventions will most likely 
relate to the GCF paradigm shift objective “Increased climate resilient sustainable 
development” with a specific objective or GCF outcome for the project: “Strengthened 
adaptive capacity and reduced exposure to climate risks of vulnerable communities, 
livelihoods and infrastructure”. 
 
In order to address the main barriers and gaps analysed in the previous chapter, the project 
would focus on promoting an integrated approach to water resource management, that 
complements interventions of the Action Plan for La Mojana 59 , led by the national 
government through NAF. In order to be effective interventions would aim four main results: 
 
5. Systemizing knowledge of the impacts of climate change on water management for 

planning: This output would ensure that resulting knowledge of the project is managed 
and disseminated effectively to enhance decision making at local level, log term planning 
to streamline adaptation in the region and provide relevant lesson learned and 
instruments that contribute to public policy on adaptation to climate change and 
wetlands management at national level. This output will also support developing a 
ground water flow and quality model to cover current institutional barriers on 
knowledge of aquifer dynamism for longer term planning and use of ground water 
resources. These activities will also complement the governmental efforts to develop a 
multipurpose land registry to serve as a land management and territorial database for La 
Mojana. 
 

6. Promote climate-resilient water resources infrastructure and ecosystem restoration by 
vulnerable households and communities: This output would be focussed on providing 
regional long-term water management solutions to the rural communities in La Mojana.  
The output would combine solutions to ensure long-term water supply and reduce local 
population vulnerability to floods and prolonged dry periods by increasing access of rural 
populations access to drinkable water sources and improve wetlands management, 
including the implementation of practices to reduce impacts of unsustainable agriculture 
on wetlands. 

 
7. Improved early-warning systems for climate resiliency: This output will enhance existing 

early-warning and forecasting infrastructure, improve monitoring and forecasting local 

                                                             
59 http://sitio.fondoadaptacion.gov.co/index.php/el-fondo/macroproyectos/la-mojana/plan-de-accion 
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and national capacities and promote tailored mechanisms to disseminate and 
communicate relevant climatic information. 

 
8. Enhance rural livelihoods through climate resilient agroecosystems: This output will 

focus on improving water management practices by increasing efficiency of water use for 
agroecosystems, promoting agro-diverse and climate resilient crops, supporting research 
on varieties adapted to prolonged dry seasons and implementing a rural extension 
program to increase local capacities for integrated management of water in La Mojana.  

 

5.1 Systemizing knowledge of the impacts of climate change on water 
management for planning 

 
The Government of Colombia through multiple initiatives, including the current MADS-AF 
project has contributed immensely to the knowledge on the impacts of climate change, 
including the changes to the precipitation rates, seasonal shifts causing prolonged dry 
periods and the intensity and increase in frequency of more extreme hydro-meteorological 
events on the country overall and La Mojana more specifically. NAF has done important 
efforts in supporting a platform to share information about La Mojana 
(http://www.planesmojana.com), as a tool to systemize existing knowledge, support 
planning decisions and made it available to relevant stakeholders. 
 
In order to enhance decision making and long term planning, the project would use GCF funds 
to enable decision making for long term water planning and management and ensure that 
knowledge resulting from the project implementation and lessons learned are managed and 
disseminated effectively. Existing efforts would be strengthened and local universities would 
be supported to lead knowledge management and capacity building programs targeted to all 
relevant stakeholders in La Mojana. This will be done through the development of technical 
models and guidelines as well as a knowledge management and capacity building 
programme. Activities of this output would be cross cutting throughout the Programme and 
will ensure the systemization of results and lessons learned, emphasizing on those that could 
have more impact on improving planning tools and instrument and knowledge for use as a 
planning tool not only in the region but also nationally.  
 
Taking into account the lack of information about the aquifer dynamics and the relevance of 
contributing to long-term planning process including climate change adaptation, this output 
would include two main activities. 
 
 

5.1.1 Develop technical models and guidelines to enable decision-making for long-
term water planning for La Mojana.  

The current water supply infrastructure is very vulnerable and unsuitable to cover local 
population needs and water sources are under high risk of contamination from climate 
variability and poor sanitation and waste management practices. Most of the micro-
aqueducts in the region are based on ground-water wells and there is no information about 
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the pressure of those systems on the aquifers of La Mojana, which represents a high 
vulnerability for the long-term sustainability of water provision systems in the whole region. 
Private landowners have been also building ground-water wells to ensure water for 
production activities, limiting access to water to the most vulnerable population. 
 
Interviews with Secretaries of Planning and Mayors of the eleven municipalities of La Mojana 
evidenced the lack of information about La Mojana’s aquifers, the need for studies about 
quality and quantity of ground water and the absence of inventories of existing legal and 
illegal dwells (artisanal built), to analyse the existing demand and pressure on the aquifer 
during dry periods and make decisions to ensure a better management and sustainability of 
the aquifer. A better understanding of the aquifer dynamics would allow local authorities to 
make decisions, plan long term water management in their municipalities and agree on 
instruments and interventions needed for a regional planning of the use of the La Mojana’s 
aquifer. 
 
Bearing the reliance of rural and urban aqueducts on groundwater wells and the importance 
of supporting and promoting better making-decision and long term planning processes, GCF 
funds would be used to develop a ground water flow and quality model to ascertain the long 
term reliance of ground water solutions. The model would provide information on aquifer 
dynamics and analyses to understand long-term sustainability in view of the existing 
demand. The model development process would include inventories of existing legal and 
illegal water wells, analysis of ground water quality, beneficiaries and quantities of water 
extracted, geoelectric surveys, pumping and slug tests and other needed to evaluate 
performance and hydraulic properties of aquifers. 
 
Results from these models will provide valuable information on the properties of the aquifer, 
and other key elements for making decisions on integrated water management and adaption 
plans the region. The project would develop guidelines targeted to decision makers 
(Corporaciones Autonomas, local mayors) on how to apply the results in daily decision-
making and promote practical planning and management actions to support decision makers 
in the region in future local and regional planning.  
 
Terms of Reference for this study would also include training national, regional and 
municipal environmental and close coordination with the water authorities that will be in 
charge of implementing and internalizing the design process for the longer-term solution. 
 
 

5.1.2 Management of adaptation knowledge on water management 
 
The project proposes the implementation of a knowledge management program targeted to 
relevant stakeholders such as municipal authorities, community councils, community 
leaders, extension workers, productive associations and national authorities. The program 
would create a data bank on adaptive water and wetlands management, systematize lessons 
learned and implement training and capacity building programs. The knowledge 
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management program would be targeted to relevant stakeholders at the national, regional 
and local level.  
 
Project results, lessons learned, climate data and other information and knowledge products 
derived from the project interventions would be classified and up load to a databank that 
would be managed by local universities (such as the Universidad de Cordoba or Universidad 
de Sucre,). The responsible organization would establish an electronic platform to ensure 
information and knowledge products are available publically as well as develop the 
knowledge management tools that are required for relevant stakeholders. 
 
The knowledge management program would systemize the lessons learned derived from the 
project and develop knowledge management tools and training programs (web courses, 
workbooks, planning guides, etc.) to support making decisions processes at the different 
levels, emphasizing on those related to territorial planning, risk management and climate 
change adaptation.  
 
Systemization of lessons learned would follow national priorities and contribute to 1) climate 
change adaptation strategies and programs in other areas of the country: 2) the replication 
of good practices for management, restoration and adaptation of wetland ecosystems at 
national level; 3) the design and implementation of training programs that integrate climate 
change, risk management and water management in a territorial approach. Regarding the 
national regulatory framework, the knowledge management programme would contribute 
to national policies related to climate change adaptation, wetlands management and water 
management. It is also expected that local governments of other areas with similar conditions 
(wetlands, high vulnerability due to water management) be involved in learning programs to 
disseminate and scale up the lessons learned.  
 
The National Planning Department would be a partner to scale up lessons learned and good 
practices and integrate those in existing national strategies, such as the Peace Contracts.  The 
Presidential Agency for International Cooperation would support the design of training 
programs targeted to cooperation processes inside the country (Col-Col cooperation) and the 
exchange of experiences with other countries (South-South cooperation). 
 
Both, Universidad of Cordoba and Universidad of Sucre (local universities) have been 
identified as potential service providers having the existing capacity to conduct this activity, 
and the importance of strengthening local capacities for water management and climate 
change adaptation. Specifically, Universidad de Cordoba have access to research facilities, 
staffing and funding necessary to continue to the performance of this service once the 
program ends have stated their interest to participate in this project and commitment to 
continue it beyond GCF Funds. Universities in the Caribbean Region are part of the National 
Association, and there is a potential to support the development of regional actions to 
strengthen knowledge management capacities on climate change adaptation.  
 
Service providers would work jointly with the National Adaptation Fund, the Ministry of 
Environment and other local and national authorities to ensure that the information is 
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tailored towards practical solutions for the region. Support from the presidential agency for 
cooperation (PAC Colombia) will also be provided through its national Col-Col Cooperation 
Program to promote best practices from La Mojana to similarly impacted regions in Colombia 
as well as through its South-South program to share international best practices.  
 
GCF funds would also provide the knowledge management platform to consolidate the 
information required to establish the land registry database and complement the GoC efforts 
to develop a multipurpose land cadastre to serve as a land management and territorial 
database for La Mojana. Knowledge management products would provide geo-referenced 
information and territorial management recommendations for agricultural and livestock 
activities as well as wetland management. This tool will ensure that water management and 
adaptation planning is streamlined in territorial planning decisions.  
 

5.2 Promote climate resilient water resources infrastructure and ecosystem 
restoration by vulnerable households and communities  

 
Sustainable and safe source of water in the face of climate change remains a major challenge 
for the communities of La Mojana. Damage caused by floods in the past and prolonged dry 
periods experienced have increase local populations vulnerability due to the damage to 
existing water infrastructure, contamination of water sources and scarcity during dry 
seasons. The sustainable management of water sources in La Mojana to ensure safe and 
reliable water in the immediate and long run requires addressing the community level water 
infrastructure as well as addressing the quality and access of water from freshwater sources 
such as wetlands and creeks.  
 
In order to increase the resilience of the communities with regards to water management at 
the community level, the Programme would invest in flood resilient water infrastructure and 
wetland restoration as long-term water supply and disaster risk management solutions to 
the region. These solutions aim to ensure sustainable and safe water access to La Mojana’s 
most water vulnerable communities60 and increase resiliency of rural populations to climate 
events, floods and prolonged dry seasons. 
 

5.2.1 Establish Climate Resilient Water Solutions 
 
The programme would invest in long term regionally appropriate integrated water solutions 
to fulfil existing water provision gaps and address the impacts of climate events on existing 
infrastructure. The Programme would implement through the GCF funds multiple water 
supplies to ensure sustainable and safe water access to the most vulnerable rural populations 
of La Mojana. Solutions include the use of rainwater harvesting technologies and the 
adaptation of current water infrastructure to be made climate resilient. 

                                                             
60 Based on a survey conducted by the National Adaptation Fund that identifies the most water vulnerable populations based 

on their access to reliable water supply. 
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Provide household water solutions for the most vulnerable populations 
Under this activity, the Programme would invest in household rainwater harvesting tanks to 
provide sustainable drinking water access for 120 days61, taking into account that currently 
the region presents an average of 80 days with no rain, and it is predicted that it can increase 
to 120 days by 2050. Given that the region receives average rainfall of 2,793 mm of rain a 
year, these tanks would provide the most practical and sustainable solution to meet the basic 
water demands of beneficiaries residing in the rural disperse areas of La Mojana.  
 
Families living in the rural disperse areas of La Mojana use to walk very long distances (up to 
2-5 km) to find any source of water, often unfit for human consumption. Given that rainfall 
annual rates are up to 1,800 mmm a year, rainwater harvesting is proposed as a strategy to 
supply water at household level in La Mojana. Existing experiences of the NGO “Tiempos de 
Vida” in Emaus (a nearby area of tropical dry forest under 1,200mm a year) shows that 
rainwater harvesting is a feasible solution to supply local communities with the water needed 
to address their basic needs62.  
 

 

 

Figure 24. Rain-harvest tanks of the project of the NGO Tiempos de Vida in the 
community of Emaus, Magangué, Bolivar. 

 
 
The project would invest in household level interventions due to the high level of dispersion 
of rural households in the region, the little coverage of existing micro-aqueducts in these 
areas and their high dependence on natural water sources affected by contamination and 
drought. The project would support the construction of 4,848 water tanks of 5,000 litres, 
taking into account that according to the National Agrarian Census (2014) the rural disperse 
population and the identification of areas that have access to micro-aqueducts. It is estimated 

                                                             
61Projections based on Nuevos Escenarios de Cambio Climatico para Colombia 2011-2100 published by The National 

Metereological and Hydrological Service (IDEAM). 
62 http://www.corporaciontiemposdevida.org/web/noticias/26-emaus-un-oasis-en-medio-del-fenomeno-del-nino 
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that this solution would supply 40 L a day to households of four63 persons during 120 days. 
Details of this solutions are presented in the Annex 2B. 
 
Each household would be supported to build one ferrocement tank of 5,000 litres and 
provided with zinc roof tiles to repair or adapt roofs for water capture, gutters, downpipes 
and steel meshes to conduct harvested water. The project would provide all beneficiaries for 
this activity with clay filters to ensure that water is safe for household consumption.  The 
investment per household would be USD 900, and the space needed to put the tank 3m2. The 
cost includes tanks, stilts, gutters, downpipes, steel meshes and a clay filter. The materials are 
available at local level, however because of the quantity of harvest systems it is recommended 
to contract service providers to support communities in the construction of tanks, 
replacement of roofs and monitoring of the technical specification. The service provider 
would ensure that each household receives the system working and sign an agreement for 
operation and maintenance.   
 
Ferrocement tanks would be built by the community themselves with technical assistance of 
service providers and involving local experts from the community of Emaus. Water tanks will 
be adapted to floods by adjusting the height of the ring and the tank foundations to water 
levels projected in the flood risk analysis performed by the National Adaption Fund (NAF). 
Technical specifications of the tank take into account the foundations materials to ensure 
floods resistance, materials for coating the tanks with epoxy paints to ensure water quality 
and tanks durability. The rainwater tanks require almost no maintenance other than the 
cleaning before each rainy season.  
 
The houses of rooftops are traditionally built with palm leaves and some use zinc tiles in the 
main house buildings or other small building around (e.g. storage rooms). Palm roof 
constructions are cooler and are preferred for areas where people spend most part of the day 
(social areas, kitchen). Zinc tiles used to create warmer environments, and these are mainly 
used in constructions used during the night, or other isolated constructions that are part of 
the property. The project would evaluate house-by-house the proper spaces to place the 
rainwater tanks and the buildings that would need roof adaptation. Roofs would be adapted 
with zinc tiles painted with special paints to reduce oxidation. This infrastructure requires 
no maintenance other than cleaning and adjustment before the rain season starts.  
 
Due to the uncontrolled overflow, the roof of each building will need to be retrofitted with 
gutters and downpipes. Gutters would be fitted with steel mesh to stop leaves entering the 
gutters. This will have a two-fold benefit. Firstly, accumulated leaves can result in the rusting 
of the gutters over time. By not allowing the leaves to enter the gutters, this will significantly 
reduce this impact. Secondly, by not allowing leaves to accumulate in the gutters and 
decompose, this will provide better quality water into the rainwater tanks. Within the 
downpipe at a height easily accessible to a person, first flush diverters will be installed on all 
guttering to remove residue that might accumulate on roof of buildings over time.  
 

                                                             
63 The National Agrarian Census averages 4 person per household 
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Plastic 40-liter water containers with ceramic (clay) filters would be provided to each family 
to ensure high quality drinking water (Figure 25). These filers are of easy use and little 
maintenance and can be provided by national service providers, which besides assuring 
quality of the water, would provide technical assistance and follow up the proper use of the 
technology. Annex 2C describes the components, characteristics and maintenance needed. 
Water quality assessments would be carried out to ensure the potability of the water and 
maintain drinking water standards. The plastic containers have a lifespan of more than 10 
years if they are used properly. Ceramic filters have a lifespan of 4 years and replacement 
filters have a cost of USD 20 when bought commercially. The project will look to establish 
long-term procurement agreements with a local provider that provides extension service on 
their use and to ensure cost efficient agreements that may be applicable beyond the scale of 
the project.  
 
 

  

  a) Tanks filter b) Clay filter inside the tank 
Figure 25. 40-liter water containers with ceramic (clay) filters to be used for water 

potabilization 
 
As rain harvesting is a practice very new in some parts of La Mojana, the project would carry 
out preliminary activities to sensitize and train people in the management of rain-harvest 
systems, evaluate the conditions of the targeted beneficiaries and identify areas to place the 
tank and the adaptation needed. The MADS-AF has promoted participatory processes with 
the local community to train people and involve local organizations in the to ensure that 
communities understand and apply good water management practices. In order to contribute 
to an integrated approach for water management, the project would include a component of 
rainwater harvesting in the technical and rural extension program. Local workshops would 
be needed to follow up the use of the tanks and increase awareness of local population on the 
importance of an efficient use of water to reduce vulnerability.  
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Households benefited by the project would enter upon a written agreement to ensure that 
the technology is properly maintained. Agreements will be entered upon during the first 
three months of project implementation.  
 
Alternatives developed at La Mojana are related to the construction of shallow (and in some 
cases deep) wells connected to community tanks and microaqueducts. Extraction is 
performed using fuel-based pumps. Shallow wells schemes have been affected by prolonged 
dry periods, whereas pumps have been affected by recurrent flood events. At the absence of 
a numerical hydrogeological model, able to simulate current and projected scenarios of deep 
intensive water extraction, sustainability of the aquifer may be at risk. Reported cost of deep-
water solutions range from USD 50.000-70.000 for each community water supply scheme.  
 
Another alternative solution considered for this activity was the investment in community 
water tanks, however the dispersed communities obligated community members to travel 
long distances (over 30 Km) for basic water access. Due to distances between households 
there are no real spaces that are central for community-based solutions in water distribution.  

Provide community water solutions for water vulnerable populations  
Investments in community water supply would be targeted to address water basic needs of 
rural population with no access to micro-aqueducts and located in nuclei or semi-disperse 
areas (households less than 500 m distance from the nearest neighbour).  Community 
solutions would be targeted to 15,127 rural households and 334 schools.  
 
2,514 (2,140 being dedicated to household groupings) rainwater tanks of 20,000 litres would 
be built. Each tank dedicated to household groupings would ensure water provision for four 
families/16 people (Annex 2D) and would be placed in the closest house to the others, in 
order to avoid long distance walks (more than 500 m, maximum 20 min walk). Each tank 
requires a minimum of rooftop space of 46m2 in the areas with more rainfall and 63m2 in the 
municipalities with less rainfall (see Table 2D-2). As describe in the individual solutions, 
tanks would be built by communities themselves with ferrocement and coated with epoxy 
paint for water tanks. Rooftops would be adapted with zinc tiles, canals and guttering, bearing 
lessons learned from the community of Emaus (Magangue). Maintenance of these water tanks 
is minimal and can last over 20 years with proper cleaning practices (Tanks in the Emaus 
community were built in 1999 and are currently working properly and meeting communities 
needs). Water filtering would be made at household level. Families would be provided with 
40 L clay filters, as recommended in the individual solutions (Annex 2B). The project will 
provide water filters for at least 12 years of the project. Clay filters have an average lifespan 
of 3 years and are locally made and available. Each rainwater-harvesting infrastructure costs 
USD 2,679 including tank materials, guttering, rain catchment accessories and one clay filter 
(see Table 2D-8). 93. 
 
Community solutions would be also placed in public buildings to ensure that schools can 
provide good quality water and ensure water provision in hospitals, health centres and 
schools that may serve as shelters in case of climate related contingencies. GCF funds would 
be used to built 374 water tanks for 334rural schools located in the 11 municipalities of La 
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Mojana and 28 to those being built through the NAF plus 12 being dedicated to the health 
centres that are also being built by the NAF.  
 
Water management (use and quality) and system maintenance would be agreed upon by the 
four household groupings, which would define the necessary protocols to distribute water, 
monitor quantities and quality and maintain the system. The project would grant technical 
assistance and support from the rural extension program in order to ensure an integrated 
approach for water management and increase efficiency of water resources use at community 
level.  
 
As proposed in the individual water solutions, plastic 40-liter water containers with ceramic 
filters will be provided. These have an initial cost of USD 89. As ceramic filters placed inside 
the tank have a lifespan of 2-3 years and replacement filters have a cost of USD 20 when 
bought commercially, the project will look to establish long-term procurement agreements 
with a local provider that provides extension service and ensure replacement of parts. Cost 
efficient agreements may be applicable beyond the scale of the project. To sustain filtering 
systems hospitals and health centres will use their own funds, while schools will be able to 
collect a minimum fee from students when needed. These arrangements are common in the 
area (usually averaging USD 0.50) and often used to fund raise when improvements are 
needed to the school. 
 
Beneficiaries of households, health centres and schools would be included in the rural 
extension programs to ensure that water solutions are part of an integrated approach for 
water management, which includes actions to improve efficiency of water resources use and 
implementation of water management good practices. 

Adaptation of existing water infrastructure solutions in the region  
As the current sources of water for the communities are mainly from micro-aqueducts that 
have been damaged and affected by floods and prolonged dry periods, investments would be 
targeted to improving the climate resilience of existing water supply infrastructure and 
increase resilience of vulnerable rural communities under increased conditions of water 
stress (less precipitation) and more intense and frequent extreme events such as log dry 
periods and floods.  
 
The intervention would help reduce the barriers related to limited access to technology 
solutions for resilient water supply, use and management, the limited capacity of local 
communities for integrated water resource management, as well as the low capacity of local 
governments and institutions for inclusion of water resource and risk management in local 
planning by providing a solution. Adaptation of existing water supply infrastructure would 
include three main interventions related to improve existing micro-aqueducts that include 
changing the current pump, well reconstruction, pipe and accessories replacement and 
installation of regulation tanks and purification systems.  
 
Alternatives developed at La Mojana are related to the construction of shallow and deep wells 
connected to community tanks. Currently there are no wells adapted to floods, and existing 
wells are not enough to ensure water provision during dry seasons. Without a numerical 
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hydrogeological model, able to simulate current and projected scenarios of deep intensive 
water extraction, sustainability of the aquifer may be at risk, the best alternative is to improve 
existent micro-aqueducts by replacing main components of the water supply scheme so that 
they are more resilient to climate change. This experience will also generate some lessons 
learned to propose government to invest in the adaptation of other micro-aqueducts and 
revise the design of new wells for this area. 
 
GCF funding would be invested to repair 96 existing micro-aqueducts in rural areas with in 
La Mojana (11.520 families), bearing that those communities rely in those aqueducts as the 
main source of water. Field visits and interviews with local communities and authorities 
evidenced that existing aqueducts of the region are very vulnerable to climate related events 
(floods and dry seasons), which affect quality and quantity of water in the aquifers, electricity 
provision for pumping as well as the tubes and pipes. Thus, repairs would ensure that 46,080 
people have access to continue and safe water supply and micro aqueducts can address 
current and future water demand and operate at their full capacity.  
 
 

 

 
Figure 26. Existing mini-aqueducts at La Mojana 

 
Adaptation works would be undertaken to improve existing micro-aqueducts according to 
the structure presented in the Figure 27. Works wouldn’t increase wells depth but replace 
main components of the water supply scheme so that they are more resilient to climate 
change.   
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Figure 27.  Scheme of the proposed resilient micro-aqueduct  
 
Based on the survey about the status of existing micro-aqueducts three main adaptation 
works are needed:  
 

1. Adaptation of pumping wells to prevent infiltration of surface water 
2. Change of existing pumping systems to more resilient solar powered pumping 

system (allowing for more efficient water pumping) 
3. Construction/reparation of regulation/storage tanks  

 
 
Adaptation of pumping wells to prevent infiltration of surface water 
Vulnerable wells to flood are improved by preventing water surface with quality issues to 
infiltrate shallow and deeper layers. This will improve the operation of the pumping system 
reducing filtrations and leaks. Depth of the existent wells associated to the micro-aqueducts 
subject to interventions in this activity range between 10m to 90m (Figure 28).  
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Figure 28. Depth profile of the existing wells of the micro-aqueducts 
 
Improvements of the pumping well will include (i) replacement of the well casing to prevent 
filtration, (ii) replacement of initial and end caps to prevent contaminated water leakage and 
(iii) installation of filters to improve water quality. Filtration involves a filter media that 
blocks passage of contaminants through physical obstruction. Proposed filter will be installed 
directly at the well system.   
 
 
 

 
 
Figure 29. Scheme of elements of pumping wells (Source: Montana Bureau of Mines and Geology) 

  
 
Reliable and more resilient pumping system 
Water extraction at the existent micro-aqueducts is performed using diesel-based or 
electrical pumps. Both diesel and electricity provision at rural areas at La Mojana is limited 
and intermittent. In local interviews, communities have reported up to two-months without 
electricity and up to three-months without diesel. In this respect, a sustainable source of 
power based on solar radiation will improve resilience of these rural communities. 
 
Shallow wells schemes have been affected by prolonged dry periods, whereas pumps have 
been affected by recurrent flood events. Additionally, in many cases pumps power is not 
appropriate for the wells depth as is unable to supply the design flow, especially during dry 
seasons.  This situation is often overcome with longer periods of pumping what has generated 
important drawdowns of the aquifer. As less precipitation is expected due to climate change, 
a consequent decrease in recharge will put sustainability of the aquifers at risk. In that sense, 
a more effective pumping system will help to increase climate resilience. 
 

http://www.mbmg.mtech.edu/
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Hence, improvement of the pumping system will target ensuring sustainable operation for 
prolonged dry periods and flooding events using a sustainable source of power based on solar 
panels. Solar radiation at La Mojana is very high (> 6.0 KWh/m2) according to the national 
radiation map (IDEAM-UPME) 
 
Pumping systems powered by solar energy have been already used in the context of La 
Mojana for some years. Figure 30 shows a solar powered pumping systems managed by the 
community of Emaus, in a Northern area of Magangue.  
 

  
a) Solar powered pumping system b) Solar pumping system managed by local 

community 
Figure 30. Solar powered pumping systems (Community of Emaus, Magangué) 

 

5.2.2 Regulation/storage tanks  
Climate change has challenged the water supply infrastructure in La Mojana. In particular, 
regulation tanks don’t exist or have been flooded, exposing vulnerable rural communities that 
rely on these supply systems. Absence of tanks increase pressure on the pumping systems, 
which usually work more than eight hours a day to fulfil small tanks used by families. During 
dry seasons, the lack of storage tanks may affect water provision due that some days the 
system can’t work because the phreatic groundwater levels are very low and the recharge 
rate of the shallow decrease considerably. In that sense, regulation/storage tank will be 
needed to assure a better use of the pumping systems (working 2 – 3 hours/day), ensure 
water provision by storing water taking and promote storage practices taking account the 
number of days need to recharge.  
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To ensure that the climate adapted mini aqueducts are sustainable in the long term, the GoC 
will look to the municipalities to ensure funding for maintenance and upkeep. Municipalities 
are responsible for paying energy costs for micro-aqueducts (Approx. USD 6.400/year) and 
provide maintenance services. Agreements with municipalities would include maintenance 
costs, bearing that these would be lower in the case of solar powered pumping systems and 
that communities by themselves can take responsibilities of basic maintenance if 
governments provide technical assistance and support services.  
 
Total co-financing from the municipal authority for micro-aqueducts and new water supply 
schemes based on ground water wells is US $1,000 per year, which is expected to ensure the 
provision of spare parts and maintenance of the system. This does not include the money that 
will be saved from solar panelling. Agreements will be entered upon during the first three 
months of project implementation.  
 
Water management will also be arranged through the existing community assemblies (Juntas 
de Accion Comunal), which in some cases have established water boards to ensure correct 
community water management. Community-elected water boards collect a fee, agreed to 
during community assembly meetings, from community members to support the 
maintenance of water infrastructure. Household pays an average of USD 1,8 month to the 
water boards to cover basic maintenance costs. Water boards hire normally somebody from 
the community to administer the micro-aqueduct.  
 

  
 

Figure 31. Existing regulation tanks in La Mojana area (a)Guaranda (b)San Benito Abad 
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Proper maintenance of the micro aqueduct will also be supported through the rural extension 
service that will provide guidance to the community assemblies on how to properly maintain 
the resilient micro aqueduct. Support will also be provided through the knowledge 
management service to the community assemblies without water boards to help them 
develop these and establish the community agreements necessary for fee collection and 
maintenance programs.  
 
Activities implemented will pair Regional and National Government strategies to transform 
existent pumping systems into more reliable and autonomous systems based on alternative 
sources of power. 
 

5.2.3 Increase the adaptive capacity of natural ecosystems and ecosystems-based 
livelihoods 

 
Government cofinancing will be used to support restoration of 40,00 ha of the wetlands 
(lentic ecosystems), as well as to address the main underlying causes of wetland degradation: 
impact from unsustainable land use practices. Strategies to ensure community participation 
of wetland restoration as well as to compensate impact on their immediate incomes as a 
result of the restoration process will be employed.  
 
The Ministry of Environment and the Research Institute of Biological Resources “Alexander 
von Humboldt” will work with the National Adaptation Fund to provide support to implement 
a wetland restoration and monitoring plan for La Mojana. The plan will employ a landscape 
analysis approach to guide the recovery of the wetland areas. Restoration efforts will be 
carried out jointly with participation from local environmental authorities and landowners 
of the areas selected. Restoration efforts will include   
 

Establish a wetland restoration and monitoring system.  
Currently La Mojana´s wetlands are suffering severe degradation processes, which affect its 
capacity to respond to climate change effects. Unsustainable land use practices, deforestation 
of floodplain forests and construction of dikes have had important impacts on the 
hydrological dynamics and ecological functions of those ecosystems. Extreme floods have 
destroyed forest areas, between 2010 – 2011 floods led to the loss of great extensions of 
forests. Similarly, dry seasons are fundamental for he regeneration of wetlands’ natural 
vegetation, but d prolonged dry periods have affected the regeneration capacities of natural 
ecosystems. These dynamics have had serious effects on the biodiversity and ecosystems 
services provided locally by these ecosystems such floods mitigation, flux regulation, soil 
protection, fish production, among others. 
 
The National Restoration Plan (MADS 2015)64  promotes three approaches to reduce the 
vulnerability of the country generated by the dynamics of occupation of the territory, 
reducing the risk to natural phenomena and projecting a better level of life to society:  

                                                             
64 Ministerio de Ambiente y Desarrollo Sostenible, 2015. Plan Nacional de Restauración: restauración ecológica, 
rehabilitación y recuperación de áreas disturbadas. Bogotá, D.C.: Colombia.  92 p.  ISBN: 978-958-8901-02-2 
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1. Ecological restoration: Restore degraded ecosystem to a condition similar to the pre-

disturbed ecosystem with respect to its composition, structure and function. After 
restoration the ecosystem must be a self-sustaining system and must guarantee the 
conservation of species, as well as most of its goods and services. 

2. Rehabilitation: Implement action to bring the degraded system to a system similar or 
not to the pre-disturbed system, it must be self-sustaining, preserve some species and 
provide some ecosystem services. 

3. Ecological reclamation: Recover some ecosystem services of social interest. 
Generally, the resulting ecosystems are not self-sustaining and do not resemble the 
pre-disturbed system. 

 
Unsustainable land use practices; deforestation, desiccation, overgrazing; alteration of 
natural channels; changes on flow regimes and siltation have had important impacts on the 
natural structure of La Mojana´s ecosystems. Thus there is a need to address all those issues 
as part of the restoration activities in order to restore original site physical attributes, 
improve water quality and bring back native biota. Re-establishing the appropriate natural 
structure can bring back beneficial function. 
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Figure 32. Degraded wetlands in La Mojana 

 
 
According to the National Restoration Plan a restoration project must be implemented in five 
stages: 1) planning, 2) execution, 3) Maintenance, 4) Monitoring, and 5) Divulgation of 
regional models.  

i) Formulation of landscape restoration plans 
 
Based on the analysis of priority areas for restoration at national level, the National 
Restoration Plan prioritizes the restoration of 121,614 hectares in La Mojana. The wetlands 
with the highest level of degradation are located in the municipalities of San Jacinto del Cauca, 
Guaranda, Majagual and Achí (40,000 hectares). It is proposed support the implementation 
of restoration projects in those areas with GCF funding. The Figure 33 presents a potential 
work identified based on an analysis of land degradation and land use change that 
determined wetland areas that have suffered severe transformation at a regional scale in the 
municipalities of Guaranda, San Jacinto del Cauca, Majagual and Achí. Figure also shows the 
permanent open and under-canopy wetlands, and temporary ones that have undergone 
severe transformation. (Scale 1:100000) 
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Figure 33. Potential areas for restoration (Sources: Source Esri, USGS, NOAA.) 
 
 
Based on existing information, local communities, especially women groups, would be 
supported in the formulation of community restoration plans in priority areas involving a 
landscape approach. Initial activities will be focused on improving spatial information 
(1:100,000) and validating strategies for wetland restoration with local communities, 
specifically those criteria related to 1) importance of those areas as providers of 
environmental services (e.g. food, fishing) 2) possibilities of real connectivity with other 
ecosystems, 3) physical access and feasibility of isolation, 4) long term maintenance 
requirements, and 5) potential site specific constraints (e.g. floods periods, landscape 
morphology, soil characteristics, presence of unsustainable production activities, etc.). Each 
restoration plan will include the following items to guide restoration works.  
 

• Delimitation of restoration areas and location of plots including the local scale 
analysis of disturbances and threats 

• Strategies to be used in the restoration, rehabilitation or reclamation processes 
considering the aspects of composition, structure and function  

• Description of phases of the restoration, methodological strategies and species to be 
used for the restoration process (physical conditioning, fencing of areas to be 
restored and more conserved habitats, nurseries, planting) 

• Maintenance activities and management practices compatible with the natural 
potential of the wetland. 

• Monitoring plan 
 
Landscape restoration plans will include different restoration strategies, taking into account 
the three approaches promoted by the National Restoration Plan. Strategies could include 
fencing of forests and natural ecosystems, improvement of good agriculture practices, 
agroforestry and silvopastoral systems, enrichment of species, live fences, rescue of species 
of interest, establishment of barriers, protection of water bodies and redistribution of 
seedlings. The MADS-AF project has already identified species with good potential for 
ecological restoration in the area of La Mojana. These species were selected taking into 
account the role in the dynamics of the wetlands as well as use given by local communities 
(food, timber, construction materials, wood, wild fruits, medicinal plants, shade, animal feed, 
etc.). A total of 75 species are native to the American tropics and only 8 species are 
introduced, but are perfectly adapted to the area and are very important in local livelihoods.  
 
The planning process would include an analysis of potential sustainability risks to identify 
those aspects related to climate impacts, land use processes, land property issues and social 
or environmental conflicts.  Land owners must be involved in a participatory process to 1) 
analyse the feasibility of implementing restoration practices in their lands; 2) identify their 
interest in getting involved in the process, 3) discuss the positive and negative impacts of 
restoration in their livelihoods; 4) evaluate production alternatives and good practices to be 
implemented; 5) address training needs; and 6) determine the type of agreements that they 
could commit to ensure sustainability of the wetlands restoration process. It is expected that 
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land owners assumes commitments to protect the restored areas (restoration plots), 
implement maintenance activities, implement good land use practices and promotes 
conservation of natural ecosystems in their communities.  Community areas will imply 
further commitments of local community organizations, women groups and other relevant 
actors to implement wetland restoration activities.  
 
 

ii) Execution 
 
Implementation of the restoration plans will be made through government co financing.  
Local communities and women groups will work with the National Adaptation Fund and be 
responsible for the implementation of landscape restoration plans favouring agreements 
with communities to execute the restoration projects as formulated. Activities and costs will 
be agreed and form part of the restoration plan and will become a formal community 
agreement. Community agreements will include the following: 

 
• The names of responsible community leaders and their duties; 
• Description of the works in quantifiable terms and the photography to show the current 

situation of the work site; 
• The total amount of work-hours required to complete the work; 
• The means of recruiting local people to undertake the work; 
• The tools and materials that will be purchased through the program 
• The means of verifying the completion of agreed works (before and after photographs) 
• The means of verifying the work-hours by establishing the time sheet 
• How the tools will be distributed in the community after the completion of the works  
• The start and end-date of the Community Agreement. 

 
To ensure the proper implementation of the projects, local communities, especially women, 
will be involved in all phases of the restoration process and trained to execute activities 
needed such as fencing, nurseries management, species identification, planting and 
maintenance of the areas under restoration during flood and dry periods, among others. 
  
Landscape restoration plans will include actions to help build natural landscape connectivity 
and stream/river connectivity to benefit human settlements to re-establish hydraulic 
connectivity of channels that have been degraded by the reduction in precipitation and the 
occurrence of extreme events (Figure 34).  From this perspective, it is proposed to recover 
main natural streams according to the connectivity study done by NAF. This study prioritized 
49 natural channels based on flow discharges and number of watercourses that is able to 
connect. Based on this study the NAF has initiated activities of water channel recovering  
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Figure 34. Degraded channels in La Mojana 

 
 
Hydraulic connectivity of wetland channels would be recover through the combination of 
mechanical and manual interventions of 50 km of wetland channels to be carried out through 
government co financing. Water channel recovery will be guided on the basis of a prior 
connectivity study developed by NAF that prioritized 49 natural channels based on flow 
discharges and number of watercourses. 
 
 

iii) Maintenance 
 
Sustainability will depend also on the real capacities and commitments of local communities 
and authorities to provide long term maintenance to the restored areas. This maintenance 
will be granted by promoting agreements with local landowners and community-based 
organizations to provide maintenance services, identification of alternative ecosystem-based 
sustainable production practices to generate additional incomes, and raise awareness on 
wetlands functions and conservation needs to promote local ownership. Restoration 
activities also need to be complemented with regional scale processes that promote 
commitment of local habitants, farmers and agriculture sectors to implement good 
management practices, restrict the use of wetland areas to those lower impact activities and 
support conservation efforts in strategic areas.  
 
 

iv) Monitoring  
 
A monitoring system would be created to monitor indicators defined in each landscape 
restoration plan and this would be managed and housed by the Institute Alexander von 
Humboldt as consistent in their role as the investigative arm of the SINA. The women’s and 
community groups of La Mojana will be trained to enact direct monitoring actions. 
Participatory monitoring will seek to ensure the achievement of restoration objectives 
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regarding biodiversity conservation, ecosystem services, and restoration of ecological and 
landscape dynamics. 
 
An impact evaluation framework will be used within the monitoring system to ensure that 
wetland impact is being assessed. Relevant indicators will be defined to evaluate the 
efficiency of the actions (it allows to know if the activities were carried out at the lowest 
possible cost and in a considerable period of time), the effectiveness (evaluates the 
achievement of the results in relation to the restoration objectives of each one of the 
projects), and the impact (evaluates the changes and effects of the interventions, analysed for 
the improvement of the environmental conditions and ecosystem services). The biotic 
integrity index would be adapted for lowland wetlands to evaluate interventions success. It 
would also be a contribution to the country, since its use could be replicated in any lowland 
aquatic ecosystem. In addition, a sound monitoring index will be constructed that allows a 
rapid, effective and objective evaluation of the change in the sound landscape when 
performing rehabilitation interventions. 
 
Permanent, strategically located monitoring plots will be established; quantity and location 
will be defined based on the formulated restoration projects and the restoration strategies to 
be implemented. Monitoring plots will be monitored annually, based on baseline information 
defined during the formulation phase. Women’s groups of La Mojana will be trained to collect 
the needed samples and record observations in paper and photographic form. 
 
Monitoring will include the use of relevant variables such as changes in plant structure and 
composition, presence of wildlife, and changes in water levels and extent of flooding as well 
as monitoring of total suspended solids, which will allow assessing changes in sedimentation. 
Women’s and community groups of La Mojana will be trained to collect the needed samples 
and record observations in paper and photographic form to be then collected and housed by 
the Institute Alexander von Humboldt. 
 

i) Divulgation of regional models  
Results of the restoration process and monitoring system will be disseminated at local, 
regional and national level; in order to promote replication of experiences, promote broader 
restoration processes in other municipalities of La Mojana and near wetlands systems. As 
recommended in 5.1, lessons learned of this process must contribute the national public 
policy, planning instruments at regional level and south-south cooperation initiatives. 
Lessons learned would be systemized under the output 1, bearing the need to generate 
relevant knowledge for wetlands restorations at regional and national level 
 

Create ecosystem compatible livelihoods 
The restoration process while providing long term benefits to the communities in La Mojana, 
may have an immediate negative impact on livelihoods as access will be limited. GCF funds 
would be used to support an estimated 18,379 people residing in the restoration areas 
residents in the wetlands to identify economic opportunities and best productive practices 
compatible with long term wetland management.  for agro-productive activity in keeping 
with the natural balance of the wetland, including management of community nurseries for 
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plant supply for the reforestation activities. This activity will be led by the NAF in 
coordination with local environmental authorities and local communities. 
GCF Funds would be used to conduct market surveys and assessments to identify climate 
resilient livelihood options in line with the community restoration plans such as fishing, 
harvesting of medicinal plants, organic agriculture, ecotourism, etc. Resources would be used 
for consultations with the communities and investigation of best practices appropriate for 
wetland management and to analyse feasibility and market development, which would be 
integrated to landscape restoration-plans in order to enhance the impact of those.  Special 
consideration will be given to the economic opportunities that are led by women 
(management of nurseries of native species, harvesting, etc.).  
 
The assessments and market surveys will be conducted through a local university (identified 
through a procurement process) that will act as a service provider to the Program in 
providing agro-ecosystems livelihood diversification research, in conjunction with the 
Institute Alexander von Humboldt who will be leading the restoration activities.  

Enhance women’s leadership in ecosystem restoration.  
This activity would contribute to the empowerment of women residing in the restoration 
areas. Associated to the activities and strategies included in the landscape restoration plans, 
the project would support women groups at La Mojana to create capacities related to wetland 
restoration and management. GCF funds would support the design of curricula, training 
materials and workshops for the approximately 1,000 women who reside in the restoration 
targeted areas in order to enhance their role in the wetland ecosystem restoration, 
management and monitoring.  
 
Training and targeting of the women will be done through the 35 existing women’s 
associations in La Mojana, many of which have been active in establishing nurseries of native 
plant species for their restoration in the region. Women part of the communities 
implementing restoration plans would be also involved. The training program will be 
designed jointly by the Institute Alexander von Humboldt and the National Adaptation Fund 
and will be implemented by the rural extension institution identified through Activity 4.2.  
 
The training provided will be focused on wetland management, including for agro-productive 
activities, and will include information regarding the environmental services provided by the 
wetland systems as well as a comprehensive view of restoration activities, its impact and 
monitoring. Through this activity, women will have a leading role in the restoration process 
as well as in subsequent monitoring activities. This activity will serve not only to empower 
the women and the existing women’s associations but will also ensure sustainability of 
restoration plans.   
 

Identification of best practices in wetland areas   
Restoration activities will imply that local smallholders change the land-use part of their 
lands and identify other production activities to avoid negative impacts on their livelihoods. 
It is recommended that GCF Funds be used to support local smallholders residing in the 
restoration areas to identify the economic opportunities and best agro-productive practices 
available to them that are compatible with long term wetland management. GCF Funds will 



 
 

152 

be used to identify these such as fishing, harvesting medicinal plants, adapted agriculture etc., 
through consultations with the communities and investigation of best practices appropriate 
for wetland management and market studies to analyse market development. Special 
consideration will be given to the economic opportunities that are led by women 
(management of nurseries of native species, harvesting, etc.). Investigation will be done via a 
local university that through activity 1.3. will act as a service provider to the Program in 
providing agroecosystems livelihood diversification research, in conjunction with the 
Institute Alexander von Humboldt who will be leading the restoration activities. The 
extension and training will be implemented by the agro extension service described in 
Activity 4.2. Results from this activity will also feed into the long term adaptive rural 
livelihood solutions developed through the second child project foreseen through the 
Programme’s programmatic approach.  
 
 

Develop code of practice for cattle livestock along the wetlands 
 
Currently cattle-ranching has an important impact on wetlands degradation but represent 
the main livelihood for local population. In this context there is a need to provide farmers 
with alternatives to manage their cattle without having the less impact possible on the water 
resources they rely on. GCF finds would be used to complement landscape restoration plans 
with a code of practice targeted to cattle ranchers of the region.  
 
The code of practices will be developed following a participatory process including small, 
medium and large size cattle-ranchers, the associations they are members and the local 
authorities and institutions that promote cattle ranching in the region. The process would 
agree on a set of best practices to reduce impacts of cattle ranching on wetlands and 
developing a code of good practices to be adopted and implemented by cattle livestock 
associations.  
 
The code will be designed in consultation with FEDEGAN (national association), the 66 cattle 
local associations in the region and other relevant stakeholders. Participatory activities will 
be implemented to identify with local communities the best practices that need to be 
implemented at La Mojana, based on an analysis of the spatial distribution of cattle, the main 
problems faced in different areas related to climate variability and land degradations and the 
spatial planning of the suitable areas for cattle ranching. Results of these participatory 
exercises will include management plan for cattle-ranching in La Mojana as well as specific 
provisions for limited cattle access to wetland conservation areas, suitable areas and periods 
for grazing, improvement of pasturelands, cattle ranching good practices among others.  
 
The code will be self-regulating and enforcement will be through the cattle associations 
themselves who will generate social pressure for compliance to their members. This code of 
conduct will be useful tool to the Ministry of Agriculture and can be extended to other 
environmental fragile areas and wetlands in Colombia or transform it into a formal normative 
action after lessons learned from this Programme have been institutionalized. The Colombian 
Sustainable Cattle-Ranching project will provide relevant lessons learned on the 
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implementation of sustainable practices and could support the elaboration of the 
management plan with a territorial approach specific for La Mojana. 
 

  

  
Figure 36. Cattle ranching at La Mojana wetlands 

 

5.3 Improve Early Warning Systems for Climate Resiliency 
 
Based on the existing gaps related to Early Warning at La Mojana it is recommended that GCF 
funds are used to 1) enhance the current early warning system through improved monitoring 
and forecasting capacity, 2) increased coverage of the hydrological and climatological 
network of stations, and 3) ensure dissemination of regional and relevant alerts that are 
tailored to users’ needs and communication channels.  
 
Implementation will be led by the NAF in coordination with the Ministry of Environment and 
IDEAM and the Local Environmental Authorities. The Unit for Disaster Risk Management will 
also be involved so that warnings are used by the Risk Management Councils at national, 
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department and municipal level. At local and regional level it is recommended to involve 
University of Cordoba as partner to implement the EWS and support the analysis and 
dissemination of information. Annex 2F describes the general institutional set up and 
interventions suggested to enhance early warning systems at La Mojana, 

 
5.3.1 Enhancement of Early Warning Systems (EWS) 

 
GCF Funds, will be used to address the current gaps of the existing early warning system in 
La Mojana by increasing the region’s forecasting capacity through real time data processing 
from the current stations, enhancing data management capacities and integrating data in the 
national monitoring system managed by IDEAM and the FEWS network65.  
 
It is proposed that the GoC with GCF funding supports specific activities to improve spatial 

and temporal resolution of the hydro-meteorological warnings. These actions will help to 

reduce human and economical losses taking into account La Mojana’s projected climate 

change scenarios. These interventions will increase national and local capacities to emit and 

diffuse hydro-meteorological warnings by optimizing regional and local weather and climate 

forecast and predictions.   

 
Funds would also be aimed at enhancing the networks ability to develop weather alerts with 
regional information that is tailored to users’ needs and communicated properly through 
adequate communication channels. Implementation could be by the MADS, IDEAM and the 
Regional Forecast Centre being established. According to their institutional missions and the 
involvement on the existing actions of the MADS-AF project, IDEAM and the University of 
Cordoba could be responsible for system management and operation during and after the life 
of the GCF project.  
 
 

• Consolidation of the available climate and risk data for the region: This action will 

support the consolidation of all relevant existing information and included in a Geodata 

Base. This include the consolidation of hazard and risk maps, analysis and depuration of 

historical data, hydrological and climatological characterization using all the historical 

information analysed and processed, identification and analysis of climate variability 

indicators proposed by the National and Atmospheric Administration (NOAA) that allows 

explaining rainfall and temperature changes. 

 

                                                             
65 This is a modeling platform designed by Deltares (The Netherlands) that provides an open shell system for 
managing forecasting processes and/or handling time series data. Delft-FEWS incorporates a wide range of 
general data handling utilities, while providing an open interface to any external (forecasting model).  In the 
context of a Cooperation Agreement with Deltares and UNESCO-IHE a pilot program that included an operational 
forecast system for three areas  (Bogotá River, Upstream Basin of the River Cauca and the Magdalena River 
between Puerto Salgar and Barrancabermeja) was implemented, denominated FEWS- Colombia. 
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• Integration of hydrological and regional models: GCF could support the construction 

of downscaled meteorological models to improve spatial and temporal resolution 

forecast (3, 6, 12, 18, 24 and 72 hours runs are proposed) as updating/improving of 

existing hydrological and hydraulic models. The meteorological modelling and their 

associated products will be performed using Global Forecast Systems (GFS), Fifth-

Generation Penn State/NCAR Meso-scale Model (MM5) and the Weather Research and 

Forecasting (WRF) as well as an ensemble of these. It is also recommended the 

acquisition and installation of 12 infrared cameras to monitor river levels at the same 

number of urban centres and support the integration data from hydro- meteorological 

real-time stations, meteorological forecast WRF00 and hydrological and hydraulic 

modelling of La Mojana into the FEWS-Colombia system. This activity would include a 

capacity building program targeted to local experts on meteorological, hydrologic and 

hydraulic modelling. 

 

• Acquisition and set-up of infrastructure and instruments: Strengthening of the EWS 

observation network by setting up of three new hydrological stations and seven 

climatological stations as well as the updating of two existing hydrological stations to 

fulfil existing coverage gaps in the generation of hydrometeorological information. 

 

3 Hydrological stations would include at least: (1) Rainfall sensor, (2) level sensor, (3) 

Yagi Antenna, (4) data collection platform, (5) GOES satellite transmitter, (6) solar energy 

feeding system and (7) protection system with a lightning rod and (8) Cabinet 

construction.  

 

Acquisition and set-up of 2 climatological stations include at least: (1) Rainfall sensor, (2) 

temperature sensor, (3) relative humidity sensor, (4) Atmospheric pressure sensor, (5) 

radiation sensor, (6) wind speed, path and direction set of sensors, (7) Yagi Antenna, (8) 

data collection platform, (9) GOES satellite transmitter, (10) solar energy feeding system 

and (11) protection system with a lightning rod and (12) Cabinet construction.  

 

Two hydrological stations need to be updated by changing the water level sensor, adding 

a rainfall sensor, a Yagi Antenna, a GOES Satellite transmitter, a data collection platform 

and a solar energy feeding system. Cabinet infrastructure will remain unchanged. 

Locations of these stations will be Pica-Pica and San Antonio stations, along San Jorge 

River. 

 

As local warnings are not being produced as part of the national alerts system, specific 
software and hardware will be needed for data processing at different scales in order to 
produce the warnings and the information to be disseminated. Following hardware and 
software is required to facilitate data processing at La Mojana. 
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• 1 Server Rack Type.  Double processor Intel® Xeon® E5-2667 v4 2.4GHz,55M 

Cache,9.60GT/s QPI,Turbo,HT,22C/44T (145W) Max Mem 2400MHz. RAM 32 GB, 

Hard drive disk SATA 2TB 7200RPM- Raid 1.  

• Rack Cabinet 42U. Includes KWM Wall Smart Rack weight: 25Kg. 90Kg capacity. 

• UPS 5 KVa 8.000.000 

• 2 Screen systems of 40” 

• 2 Laptop Intel core i5-6200U RAM 8 GB. Intel HD Graphics 520. DD HDD 1TB 

5400RPM DVD Supermulti unit. 15.6" Monitor 

• 1 singled named user Matlab 2016b licenses with Optimization toolbox, Parallel 

computing Toolbox, Mapping toolbox, Simscape, Simulink, Symbolic Matlab toolbox 

and Control System Toolbox. 

• 4 ArcGIS 10.4 for Desktop license with Spatial Analyst and Geostatistical Analyst 

extensions. 

 
• Generation of alert products based on continuous monitoring of the stations: a. GCF 

fund would support the generation of real-time local hydro-meteorological information 

to enhance knowledge on daily and sub-daily patterns at La Mojana. Warnings produced 

by the hydro-meteorological networks will be disseminated to assist information of 

needs of all stakeholders at La Mojana (governments, risk management networks, local 

communities, agriculture sector, etc.). GCF funds will support the issuing of real time 

information warnings transmitted by phone, radio and other alterative media, products. 

It is proposed the generation and dissemination sub-regional alert bulletins in an hourly, 

daily, and weekly basis and agro-met monthly bulletins. These activities also need the 

implementation of capacity building programmes targeted to local governments and 

Universities in charge of the generation of alerts and analysis of information and potential 

users (government, community organizations, farmers, families), who need to know how 

to interpret the information and respond properly to the warnings. (Generation monthly, 

quarterly and biannual climate prediction bulletins). 

 
• Enhance capacity to reach communities with early alert messaging and ensure 

actionable results: This will include consultations with the existing risk management 
local committees (RMLC) as well as providing capacity building on EWS protocols and 
mobilization strategies, the design of emergency evacuation plans at a community level 
as well as the provision of communication equipment (radio) to the RMLC (11 total) to 
ensure a direct communication line to community leaders in the case of emergencies. 
Funds will be used for capacity building on meteorological, hydrological and 
climatological numerical modelling, data and signal analysis and experience in GIS and 
GDB construction. 
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5.4 Enhance rural livelihoods through climate resilient agroecosystems 
 
Taking into account the limited knowledge on climate smart agriculture, the impact of 
unsustainable production practices on wetlands and natural water sources, inefficient use of 
water for production proposes and the potential impacts of climate change on rural 
livelihoods, GCF funds would be focused on the promotion of agro-diverse and climate 
resilient crops for domestic consumption in La Mojana as a strategy to promote an integrated 
water management approach to address household’s climate vulnerability.  
 
GCF funds would support families located in the rural disperse areas in the establishment of 
water-efficient and agro-biodiverse household food-production systems that are resilient to 
climate events. The establishment of the home gardens would be complemented through the 
implementation of an integrated rural extension program that would train and support 
farmers in the implementation of best practices (soil cover, small scale irrigation, etc.), use of 
climate-resilient crops varieties. The rural extension program would be designed to generate 
local capacities for climate change adaptation and wetlands management with an integrated 
approach. 
 

5.4.1 Improve water resource management in household level food production 
systems 

 
GCF funds would support the establishment of 3,959 home gardens as sustainable household 
food systems to reduce household vulnerability during extreme events such as floods and 
prolonged dry periods. These gardens will not only address immediate household climate 
vulnerability but will also diversify food consumption in the region thus addressing region 
wide climate vulnerability. Through the use of water efficient practices such as the re-use of 
grey water, households will be ensuring correct water management to address the water 
scarcity in the region. This activity builds upon an existing best practice implemented by the 
NAF through the KAF project, which targeted 1,810 households (889 rural disperse and 921 
urban households) in three municipalities of La Mojana. The experience from the KAF 
demonstrated benefits both in household income and health (due to greater variety of food).  
 
Home gardens offer great potential for improving household food security and alleviating 
micronutrient deficiencies through: 1) direct access to a diversity of nutritionally-rich foods, 
2) increased purchasing power from savings on food bills and income from sales of garden 
products, and 3) fall-back food provision during seasonal lean periods (FAO, 2011). 
Experiences of the MADS-AF project show how local communities and women groups 
appropriated the home-gardens and are leading the identification of local varieties adapted 
to climate variability, the identification of solutions to improve water management and 
promoting good practices of organic production. These experiences have resulted in the 
elaboration of a kit for organic home-gardens that can be replicated and adapted to other 
areas of La Mojana. 
 
In the case of La Mojana home gardens are also an instrument to promote good water 
management practices and support local adaptation processes, taking into account the high 
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dependence on natural water sources for food production, and the inexistence of water 
management strategies and irrigation systems adapted to the climate variability of the 
region. Home gardens adapted to flooding will need to include elevated beds, drainage canals, 
water-adapted plants and proper protection covers.  To respond to the risks associated with 
long periods of drought, it is necessary to promote good practices for saving water and 
cultivating adapted or tolerant species to dry conditions, implementing appropriate 
irrigation systems and saving water. In the municipalities with less rainfall will be necessary 
to promote dry gardens and identify with the community the best crop varieties to address 
their needs. Use of grey water from households is also an alternative that can be promoted. 
 
Due to the sediments dragged by water streams, soils fertility of La Mojana is good and 
normally farmers don’t use many external inputs for farming. However, it is recommended 
that home-gardens promote practices for soil management, specifically the identification of 
contaminated sources of soil and the implementation of practices to decontamination. It is 
also important to promote the use of compost as a way to manage domestic organic waste in 
the household, given the lack of waste management services in the rural areas.  

Improving irrigation for household water conservation 
Rural disperse households would receive a home garden preparation kit that includes a 
simple system to reuse household grey water (water tub for washing and a sediment filter), 
treated sediment from the wetland restoration activity to elevate the garden beds and 
provide plastic covering to make them resilient to floods, crop shading and mulching to 
prevent evaporation of water and the fitting of recycled hoses and sprinklers as irrigation 
pipework. Households would be supported/trained in the preparation of their home gardens 
including the creation of drainage canals. These technologies are simple and require little 
maintenance. The initial capital cost will be provided through GCF funds to facilitate uptake 
however the cost of maintenance would be the responsibility of the households themselves. 
It would be noted that the experience from the KAF has shown that the total cost of the 
gardens is offset by the households after the first year as a result of extra income from trading 
or selling the planted crops as well as by the reduction of food expenses. 
 

Enable crop diversification for climate change 
This activity will be focused on establishing nurseries, fields and seed-banks for crop research 
of local seeds and varieties to   their resilience for climate change and their suitability for 
home gardens. Research will be focused on collecting, testing, and systemizing best 
agricultural practices for home gardens including the creation of dry gardens (through 
mulching and drought resilient crops), implementing methods to address soil fertility 
through soil treatment or the planting of leguminous trees and other barriers that have been 
faced in various parts if the region.  
 
Research and investigation will be made through local universities and community 
engagement (community producer associations), particularly women and indigenous groups 
(cabildos) who are already active in the creation of local nurseries to ensure seed provision.  
 
Research activities will include: 
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1. The identification of native crops to be prioritized through this initiative based on 
their value (nutrition, local preferences and diet) to the community as identified 
through household surveys and their potential economic value as well as to their 
resiliency to flood and extended dry periods. Crop identification should also be 
sensitive to the specific conditions of each district within La Mojana to ensure 
local solutions. 

2. Replication and in field testing of best practices and their endurance to extended 
dry seasons and flood conditions as well as temperature increases. Information 
will be collected on productive techniques and costs, resiliency, yields and 
environmental impact. 

3. Systematization of the information produced through the infield testing through 
the creation of technological packages and manuals and information targeted at 
rural extension workers, productive associations, rural financial institutions, 
rural development practitioners and communities.   

 
The research will test and build upon the anecdotal experiences, local knowledge and best 
practices that have been identified through the KAF home garden program so that they may 
be packaged and up-scaled throughout the region. This includes highly specific information 
needed for planting and to predict projected yields for each crop variety. 
 
To ensure that local knowledge, particularly that associated to indigenous groups, is collected 
and built upon, the service provider contracted through Activity 1.4 will support directly 9 
indigenous associations (cabildos) to collect local knowledge and identify traditional 
productive practices that they would like to scale up in the own lands as an adaptive measure 
to the effects of climate variability. The project would also provide support to facilitate the 
in-field testing of crops varieties and good practices identified by indigenous groups.  
 
In field experimentation will be led by the cabildos (indigenous associations) in their own 
communities and fields under the guidance of the service provider (to ensure scientific 
standards), who will then work to record and systemize the information for replication and 
socialization. Through this effort the project will promote local knowledge as well as provide 
a forum to rescue traditional adaptive practices and create and opportunity for local 
communities to define their own adaptive solutions. 
 
According to the MADS-AF project the cost of implementation of one home garden of 10,000 
m2 is US$ 1,200, including infrastructure (elevated beds, drainage, fences), nurseries, seed 
banks, soil preparation, and irrigation systems. The materials are available at local level and 
there is already experience in the implementation of these home gardens, thanks to the 
MADS-AF project. 
 
 

5.4.2 Conduct agroecosystems-based livelihood diversification research 
La Mojana is highly vulnerable to climate change due to its reliance on agricultural production 
and the impacts of unsustainable practices in the loss of resilience capacity of the region. Rice, 
livestock and fishing sectors can have a high transformative impact in the region by 
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supporting local producers in the implementation of climate-resilient agriculture practices 
and improvement of water management practices to reduce negative impacts on natural 
ecosystems and water flow dynamics. Research on adapted agro-ecosystems would support 
local processes and facilitate engagement of sector organizations and farmers to lead 
expected transformative processes at territorial level.  
 
Local universities (e.g. such as the Universidad de Cordoba and Universidad de Sucre) in 
consultation with productive sector associations can be engaged in researching water 
efficient best practices for adapted agriculture, crop rotation and livestock production 
adapted to the region and their market impact. Both local universities have the capacity to 
conduct this activity as they have the research facilities and funding necessary to continue to 
the performance of this service once the program ends. Both Universities have demonstrated 
their interest to participate in this project and to continue this program beyond GCF Funds. 
As the selected institution would be receiving GCF Funds for this action, selection will follow 
UNDP procurement rules to ensure compliance with UNDP criteria. Technical criteria for the 
identification of the service provider will also be based on their experience working in La 
Mojana region, as well as their capacity (human and institutional) to provide. 
 
The study would promote partnerships among local universities, Ministry of Agriculture and 
producer associations such to ensure long term sustainability and impact. Fedearroz and 
Fedegan (through its project Colombian Sustainable Cattle-ranching) have expressed interest 
in contributing to the research and support the design of sustainable production programs 
adapted to La Mojana conditions. Both organizations have specific experience in designing 
sustainability programs and provision of technical assistance for their implementation. Both 
organizations have the institutional capacity to engage their members in the implementation 
of good practices, promote transformative processes at the territorial level and identify 
opportunities of up scaling in other areas of the country with similar problems.  
 
The Terms of Reference for this activity for the service provider would include the 
identification of climate resilient practices for the most important economic activities of the 
region, identification of local seed varieties that are flood and drought-resilient and 
development of an agroproductive territorial management map. Technical packages (a set of 
best practices) would be developed, the implementation of which would occur through the 
agricultural extension programme for rural communities in Activity 4.2 below.  
 
 

5.4.3 Improve rural extension for climate resilient adaptation and production.  
 
For this project, it is recommended to design a rural extension program according to the 
characteristics of the region in order to promote an integrated approach for climate change 
adaptation involving relevant topics such as water and soil management, wetland 
management and risk reduction. Extension services would include water supply practices, 
wetland restoration, agro-ecosystems and early warning systems as well as promoting and 
socializing the best practices the diversification of agro-ecosystems. GCF resources would be 
used to design and implement an integrated technical assistance programme targeted train a 
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minimum 17,000 to 20,000 local producers to cover the 17,722 Agricultural Production Units 
recorded in the last agricultural census (2014).  
 
The rural extension program for climate change adaptation of La Mojana would build on the 
existing experience of the MADS-AF project with Universities of Cordoba and Sucre. The 
project training plan targeted to community leaders aimed to strengthening local capacities 
on climate change adaptation. Universities of Sucre and Cordoba developed training curricula 
and trained 140 leaders of Ayapel, San Marcos and San Benito Abad were trained on 
production, water management and other environmental issues related to the management 
the climate variability of La Mojana. At the end of the process each of the certified leaders are 
able to support their communities (20 families) and transfer technics and knowledge to 
respond to climate change threats. The program is focused on three modules: organization 
capacities, agro-ecological production, and risk reduction. UNDP promote a similar process 
in Nariño, which helped to validate the experience and adjust training programs to the 
prevalent conditions of the territories.  
 
Lessons from programs such as the Inclusive Rural Economic Development Strategies for 
transforming Colombian agriculture (IRED) implemented by UNDP Colombia and the Farmer 
Field School Approach (FFS) promoted by FAO in Asia and Africa, could support the design of 
the rural extension program.  
 
As the rural extension program of La Mojana need to be implemented according to the actual 
information gaps of local farmers to address vulnerability and risk conditions, it is proposed 
to implement the program following the five strategic phases adapted from the 
implementation strategy of IRED project: 
 
1. Characterization of target areas: According to the IRED experience, a characterization of 
the areas is needed in order to design specific programs according to the actual needs of 
strengthening of local communities and the main problems or threats they face. In the context 
of La Mojana the project would build on existing information and previous experiences of 
agricultural sector organizations (e.g. Fedearroz, Fedegan) to determine relevant specific 
conditions that need to be addressed to generate capacities for climate change adaptation 
and complement or adjust training programs implemented by the MADS-AF project.  
 
2. Assessment of target potential beneficiaries and service providers:  This assessment would 
also propose a division of the area in rural extension units (REU), which would group a 
number of municipalities, farmers associations, indigenous peoples organizations (cabildos) 
depending the characteristics of the territory in order to facilitate the implementation of 
training and capacity building activities. The project would identify five Rural Extension Units 
(REU) and one additional REU tailored for indigenous peoples, which would be implemented 
by indigenous organizations to ensure that trainings and capacity building consider 
traditional knowledge and best practices related to climate change adaptation. 
 
3. Formulation of climate change and rural extension modules: The rural extension programs 
would include specific modules targeted to Farm-Field-Schools facilitators and local 
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producers. Modules would include the themes, tools and methods aimed at developing and 
strengthening of technical and organizational skills of farmers for water and soil 
management, sustainable production practices, wetland management and restoration, 
implementation of traceability systems, quality assurance, market development, financial 
management and other relevant topics identified in the improvement plans. 
 
Due to the variability of la Mojana and different risk conditions, it is recommended to develop 
rural extension modules according to the characteristics of each REU, involving farmers 
association, existing rural extension programs and agriculture sector associations. 
Improvement plans would define the curriculum and study plan for each REU, as well as the 
institutional arrangements for the implementation.  
 
Modules would be designed to cover one crop season (4 months) with at least 12 workdays 
at Farmer-Field-School and promoting essays and implementation of good practices in the 
farms of local producers being trained. 
 
 
4. Implementation of the rural extension program: Universidad de Sucre, Universidad de 
Córdoba and the national service of technical education (SENA) would be involved by the 
project to implement climate change and rural extension modules by training local technical 
assistants, support FFS, provide certificates for Farmer Field Schools facilitators and monitor 
the results of the rural extension program. Local Universities would work in coordination 
with agricultural sector organizations (e.g. Fedearroz, Fedegan) and involve existing 
professionals or technicians that provide technical support to existing producers 
associations.  
 
The implementation of training modules would use the Farmer Field School approach, which 
promotes farmers processes to implement good agriculture and water management 
practices, monitor crops productivity, evaluate varieties by doing their own experiments in 
the field, among others defined in the rural extension modules for each REU.  
 
Universities would guide FFS and support farmers in the learning process implementing a 
“learning by doing” approach. It is proposed that Universities support initially 60 field farm 
schools (at least 10 in each REU) and provide rural extension services to participants in their 
own farms.  
 
Farmer-Field-Schools Facilitators would receive additional training and be certified by local 
Universities. Facilitator would get skills to support new FFS and provide rural extension 
services. 
 
The program could be implemented in 6 cycles of four months each, plus six previous months 
of design (Steps 1-3). First cycle could start with the implementation of 60 FFS, which train 
and provide rural extension services to 10 local producers each. For the second cycle the rural 
extension program could add 60 FFS and increase progressively 120 FFS till the sixth cycle 
(Table 13).   Farmers that finish all modules of the FFS would be certified by the University 
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and become FFS- facilitators for the next cycle. FFS for the new cycle could be selected by a 
public call to all the graduates of previous cycles and Universities could define some criteria 
to select the FFS more suitable for next cycle. By implementing six cycles the project could 
train and support 18,200 farmers in three years.  
 
Table 13. Number of Farmer-Field-Schools proposed and producers trained after 
implementing 6 training cycles (the project will go beyond these 6, however the chart 
demonstrates the scalability of the component). 
 

Cycle FFS Producer/FFS 
Total 

producers 

1 60 10 600 

2 120 10 1200 

3 240 10 2400 

4 360 10 3600 

5 480 10 4800 

6 560 10 5600 
 
FFS facilitations would receive a payment for each day of Farmer-Field-School, which could 
be 12 in 4 months (US $350 each approximately). Universities would provide technical 
support to the facilitators and monitor the activities of the FFS. Farmers trained in the first 
cycle can propose themselves to lead a FFS for next cycle. 
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Figure. 37. Steps for the implementation of the rural extension program proposed. 
 
5. Monitoring and transfer: The last phase of the process focuses on implementing monitoring 
tools to assess results of the process, the results and strategies to transfer this methodology 
to the relevant institutions, government bodies, agriculture sector associations and 
universities, who will be responsible for the sustainability of the rural extension program.  
Thus project sustainability would be granted at the end of the process.  
 
The prioritization of partnerships and development of improvement plans would be the basis 
for implementing strategies to improve capabilities to guide organizations to develop their 
products, access to markets and an efficient financial and administrative management. In 
addition, it is necessary to support these organizations in developing business plans and on 
strengthening their administrative structures to ensure the profitability of the business 
model and the sustainability of organizations in the long term.  
 
Depending on the capabilities of the prioritized associations, assisting them in their operating 
and formalization processes would be necessary for a period of time established in the 
capacity building plans. 
 
 

6 Approach to the maintenance of infrastructure and equipment  
 
The maintenance of proposed improved infrastructure and equipment would require 
mobilization of different resources during the project implementation phase to ensure that 
local communities, governments, Universities and other institutions involved have the 
capacities to provide the maintenance required in the long-term. The approach of the project 
is that families and community-based organizations get the capacities and assume 
responsibilities to maintain equipment and infrastructure at household level (nurseries, 
home- gardens, rain harvest systems). In the case of community infrastructure such as micro-
aqueducts and community nurseries the project should ensure that community based 
organizations, women groups, indigenous people’s authorities have the capacities to operate 
and maintain the infrastructure and can provide technical assistance at household level. 
Regarding regional infrastructure as the EWS the project should support government to get 
the responsibility to maintain equipment and support large-scale repairs to structures. In 
summary, the approach to maintenance of the propose infrastructure and equipment is as 
follows:  

• Initial external support is provided to maintain the facilities. In the case of rain 
harvest systems families, community organizations, indigenous people’s authorities, 
women groups and local committees will be trained to use properly the systems and 
provide the needed maintenance.  
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• Capacities for water management: As part of activities of Output 2, the project will 
develop specific guidelines for water management, including aspects like use of rain 
harvest tanks, water quality (rain water and wells), management of grey water in the 
household and proper management of natural water sources.  

• In the case of the micro-aqueducts adapted to climate risks low maintenance and 

long-life solutions will be preferred, only the pumping system will need maintenance.  

• In the case of Community-Based organization (JAC, Juntas de Accion Comunal) 

managing micro-aqueducts the project would provide external support to maintain 

the infrastructure and implement activities to strengthen local capacities on aspects 

related to treatment and the maintenance of micro-aqueduct. As these organizations 

will be responsible of collecting fees to support minor O&M, activities of the project 

would be targeted to strengthen management capacities of these organizations, 

including aspects related to quality management and monitoring, capacities to assist 

users in the management of water at household level, identification of climate risks, 

management of climate alerts and communication of warning to users. Community 

assemblies also need to be trained and supported to implement properly national 

regulations related to the provision of drinking water services 

• In the case of weather and hydrological measurement equipment, the external 

support will comprise maintenance of the equipment for a limited period after the 

warranty periods, training of government officials to maintain the equipment, as well 

as phasing in/out government/GCF support.  As hydro-climatological stations will be 

integrated into IDEAM’s hydro-climatological network, the project will develop a 

program to maintain the infrastructure and equipment and gradually withdraw the 

external support given by the project. 

• Infrastructure related to home gardens will be managed directly by families and 

community based organizations. The project would support training programs 

targeted to those organizations and users to ensure that they have capacities to 

maintain the infrastructure, manage the potential risks and re-construct or repair if 

needed. The approach of the project is to promote infrastructure with materials that 

can be easily obtained in the region and structures and equipment that can be built 

by local users relying on their local knowledge.  

• Nurseries for wetland restoration and home gardens need almost no maintenance 

and materials for their implementation will be obtained locally, however it is 

recommended that the project support community based organizations to continue 

managing these infrastructures and ensure that government (CARs) would continue 

to provide technical support and periodic upgrading and training to ensure an 

acceptable standard of maintenance. 

• In the case of restored wetlands and channels the project would need a plan to 

support associative community governance mechanisms to ensure wetlands will be 

maintained and restorations processes continue when the project ends its 

implementation. It is expected that the project support local communities in the 

identification of sustainable alternative livelihoods as a strategy to ensure the 
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continuity of the restorations process, so that communities can continue conserving 

by implementing sustainable productive activities. Additionally the project would 

support municipal authorities and CARs to ensure that they incorporate budgetary 

planning to ensure that costs associated to the management of wetlands and recovery 

of wetland channels continue. 

7 Beneficiaries 
 
Indirect beneficiaries include the total population of La Mojana (201,707 persons) that will 
benefit with information resulting of the early warning systems and knowledge management 
program and better planning practices implemented by their local governments.  Direct 
beneficiaries of this project would be the rural population of the eleven municipalities of La 
Mojana (203,918 persons) through improved living standards associated with sustainable 
provision of reliable and safe drinking water. Thus total beneficiaries are 405,625 covering 
the entire rural population of La Mojana. Expected beneficiaries of each intervention 
suggested are: 
 

 
1. 24,958 households (around 99,832 persons) would benefit from rainwater harvesting 

and storage facilities and refurbishing existing micro-aqueducts to make them resilient 
to flood and drought impacts. 

2. 87,157 inhabitants of San Jacinto, Guaranda, Magangue and Achí would benefit from the 
restorations of wetlands. 

3. 1,000 women would benefit from capacity building programs for wetland restoration 
and water management 

4. 8,000 cattle ranchers would benefit from the implementation of the code of practice for 
cattle livestock along the wetlands 

5. Over 405,625 persons would benefit from Early Warning Systems 
6. 4,878 households would benefit from the implementation of climate resilient home 

gardens 
7. 17,722 Agricultural Production Units would participate in rural extension programs 

 
 

8 Exit strategy 
 
The proposed project has been designed in close consultation with and involvement of 
relevant government agencies at the national, regional and local levels, as well as with 
community based organizations in the target area of La Mojana. These consultations and 
discussions (detailed in Annex XIII), combined with tried and tested models for improved and 
resilient water management that are detailed out in the Technical Sheets annexed to the 
Feasibility Report (Annex II) provide the project with a sound approach and suite of 
interventions which are implemented with strong community participation and engagement 
of local officials. Building on this foundation, the project ensures that the investments as well 
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as the results of the interventions are sustained beyond the project period and in the longer-
term through the following elements of project design and implementation. 
 
A key innovative feature of the project and the envisaged larger programme is the 
strengthening of associative capacities of community and farmers’ organization through 
participatory and entrepreneurial approaches. This represents key arrangements towards 
longer-term sustainability and replication of the adaptation measures introduced at 
community level. In Output 2 of the project this will manifest in establishing and 
strengthening community water associations for the operation and maintenance of the 
rainwater harvesting and storage facilities and the micro-aqueducts. These water 
associations will be attached to existing community governance structures and elected from 
community members by the assembly of Communal Action Committee, and as part of an 
O&M manual it will define minimum charges (according to economic possibilities of the 
community) to cover costs, as well as support arrangements harmonized between the 
community associations and the municipalities. Associative and co-management 
arrangements will be promoted also for the longer term and sustainable management of 
wetland conservation efforts, involving local communities and landlords, and the application 
of a code of practice for livestock. 

 

The longer term sustainability of the project investments will be ensured through a 
combination of elements and mechanisms that builds ownership and the technical, financial, 
operational and institutional capacities of the national and sub-national governments and 
local communities to maintain and derive economic, social, environmental benefits from the 
proposed investments: 

• Leveraging co-investments by the National Adaptation Fund, considerable 
community co-investment for the proposed activities in the installation and O&M of 
water solutions, home gardens and wetland restoration processes. Project will 
thereby promote ownership and catalyse further public sector financing to sustain 
beyond the project lifetime 

• Building on and further strengthening the community associative structures, rooted 
into existing community governance frameworks, such as the Community Action 
Groups, that will have a key part in O&M functions of the decentralized water supply 
solutions to be introduced and wetland conservation efforts, as well as the producer 
association that will give continuity to the agricultural livelihood related measures. 

• Building partnerships with regional and national Universities and Research Centres 
for the long term and continuous provision of training programmes, supported 
through the development of training materials, and the knowledge management and 
communication actions of the propose project. These partnerships will also support 
institutional functions, such as the provision of climate early warning information, e.g. 
through the envisaged Regional Forecasting Centre, to be operated through the 
University of Cordoba, or the provision of support to wetland monitoring functions 
by the Institute for Investigation of Biological Resources Alexander von Humboldt 

• Building on traditional systems with innovative climate-resilient technologies and 
best practices, particularly considering the traditional knowledge of use and 
management of wetlands and natural wetland channels, or the operation of micro-
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aqueducts and home gardens that will be enhanced with adaptation techniques and 
technologies, in order to continue to operate these for recurring benefits that will 
ensure operational and financial viability beyond the project period;  

• Promote entrepreneurship among communities and producer associations to deliver 
a suite of new technologies for water resilient agriculture and agro-ecosystems, 
drinking water and climate information. The project will particularly target women 
as stewards of wetland restoration, home gardening and water supply functions, 
which will increase livelihood options and income sources that will enable financial 
viability and impact of the project beyond its lifetime. 

• Support institutional capacities of regional and municipal authorities to ensure O&M 
costs are budgeted into municipal and regional development plans, while territorial 
planning instruments (POMCAS, POTS) will ensure systematization of wetland 
conservation processes. 

• Helping create water boards and provide them with revolving funds directed at O&M 
of community water solutions.  

 

The following O&M arrangements are built into the project design  

 

Systematization of knowledge on long term climate-resilient water management solution, 
health and water quality monitoring and alert system and agroecosystems livelihood 
diversification (Output 1) 

 

The information base and knowledge generated through these studies and assessments will 
be crucial for the NAF and the National Planning department to give continuation to this 1st 
project through the formulation of the other 3 envisaged and sequenced project for long term 
and integrated solutions towards climate resilient management of water resources, related 
productive sectors and health conditions in La Mojana. The studies conducted under activity 
1.2 will be integrated into IDEAM’s data management system in order to complement the 
EWS for air and water quality. These studies will be accompanied by training activities that 
will support longer term institutional capacities in these areas.  The knowledge management 
program and data bank to be set up through activity 1.4 will be managed by NAF in 
coordination with the University of Cordoba and University of Sucre, as well as the 
Presidential Cooperation Agency (with a key role of continued dissemination of lessons and 
good practices and fostering South-South cooperation). The Ministry of Environment and 
Sustainable Development, under the Climate Change Division is also a beneficiary of this 
information and will use it for the formulation of different public policies. The training 
materials will be used for the implementation of the Integrated rural extension program for 
climate change adaptation described in Output 4. 

 

Community and individual rainwater harvest solutions  

O&M for individual and community rainwater harvesting solutions would be performed by 
the households and schools themselves and comprises of: i) annual cleanings of the rainwater 
tanks; ii) annual cleanings of the roof and guttering and iii) replacing ceramic filters every 3 
years. 
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The program will provide ceramic filters to families and schools to cover 8  years, after which 
the households will be in charge of replacing them. The filters are available locally and the 
program would support long term agreements with the provider to ensure the correct use of 
the technology, product availability, follow up on the water quality and provision of technical 
assistance to local communities. Commercial cost of filters replacement is USD 20.  
 
The Project will work with communities to develop community water boards with fees and 
formal financing mechanism created in local financial institutions for a revolving fund. 
Further information is included in the Annex for O&M.  

 

Climate adapted micro-aqueducts 

As micro aqueducts are currently managed by existent Community Action Groups (JAC, Juntas 
de Accion Comunal in Spanish), it is expected that these institutions are able to continue 
managing the aqueduct system, repair and keep the system working properly. The JACs 
would collect a small monthly fee (between USD 0.18- 0.36 per household) to cover basic 
maintenance costs.  
 
Micro aqueducts repaired by the project would be part of the municipal network of water 
provision, so municipal authorities would provide support when repairs are larger and 
require greater technical capacity. For this project, municipal authorities have committed a 
little over USD 3 million as co-financing to cover long term (20 years) O&M costs. Resources 
would ensure the provision of parts as well as regular maintenance. This provides sufficient 
resources to ensure the proper O&M of the adapted micro aqueducts.  
 
Use of solar power would reduce the cost of energy, currently paid by local government, so 
municipalities would be able to continue assuming basic costs of maintenance. Solar panels 
are widely used in the region and have proven to be long term resistant particularly in 
comparison to the current fuel/energy based pumping system, however technical assistance 
would be provided to JAC to ensure the proper operation and maintenance. 

 

Wetland management and restoration 

Long-term maintenance of restored wetlands will be carried out by local community-based 
association and women groups, which will be trained in managing nurseries and related 
activities, so that they can continue future restoration projects in the area. The process would 
be included as part of the landscape restoration plans, in such a way that local communities 
would be committed to maintain restoration works and in the future generate alternative 
livelihood options as incentives such us ecotourism, fishing and handicrafts from none timber 
products. It is expected that Regional Environmental Authorities (Corporacion Ambiental 
Regional -CAR) integrate restoration strategies as part of their three-annual year term plans 
and continue with the restoration process, supported by local communities aware of the 
importance of this activity and trained to continue leading local processes. The code for 
livestock production, to be developed through the project will also serve to support wetland 
conservation against unsustainable livestock practices. 
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In addition, local landowners will be directly involved and taught through the rural extension 
service how to manage restoration areas in their land under a productive landscape approach. 
The local environmental authorities have also committed USD 6.3 million to ensure the 
management of the wetland restoration areas targeted for conservation.  

 

 

Early Warning System  

Current practice is that hydro-climatological stations are integrated into IDEAM’s hydro-
climatological network.  O&M costs and functions of the new stations acquired by the project 
will be taken care by IDEAM and also by the universities and regional environmental 
authorities that would use the information collected. The information produced by IDEAM 
would be disseminated to the communities during and beyond project cycle through the local 
authorities as well as the local emergency committees based in each municipality.  

 

IDEAM (Colombia’s National Meteorological System) and the University of Cordoba would 
cover Annual O&M values (around USD 83,000). University of Cordoba would house and run 
the regional forecasting center for La Mojana, to ensure that information is available and the 
forecast and alert services continue once the project ends. Annual server and workstations 
maintenance, as well as personal required salaries after the end of the project (US$63,500) 
will be assumed by University of Cordoba with its own budget and with the support of the 
NAF that has set aside initial funding (as co-financing to this project). 
 
The new hydrological and climatological stations would be integrated to IDEAM network and 
this institution would ensure sustainability of these stations and cover O&M annual costs 
(US$19,500) with their operation annual budget. 

 

Home garden: 

As per current practice, home garden operations have a strong community component, in 
which main actors from the Community Action Groups and women have a very important 
role. While men`s role will be important for setting up the gardens (physical work in 
preparing beds, fencing, elevated structures), women will have the key role of cultivating and 
maintaining the gardens.  Women will be supported by capacity building and extension 
program to adopt the above-mentioned techniques through learning by doing approach. The 
project will additionally provide communities with start-up training on best practices, 
including operations and maintenance processes and techniques, and articulate the results 
of this program with the expected phase 2 of the project focus on more resilient agro-
ecosystems. Low maintenance practices are preferred in the present approach. Only periodic 
maintenance of the elevated gardens beds and irrigation systems is anticipated.   

 

The infrastructure that will be provided through the program includes a washtub and a 
sediment filter for the re-use of gray water as well as plastic sheeting for crop shading. The 
filter is made through gravel and sand and can be prepared by the household. The 
infrastructure to maintain the home gardens includes the use of recycled materials (i.e. 
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plastic coke bottle for drip irrigation) and simple techniques that can be adapted with easily 
available material (mulching, collecting seeds) at no cost other than manual workforce.  
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Annex 2A. Technical specifications for La Mojana’ aquifer models 

 
1. Description of the need 

Colombia is in the list of most vulnerable countries to extreme weather impacts due the high 
recurrence and magnitude of disasters associated with changing climate conditions. 66 
Between 1970 and 1999, Colombia experienced an average of 2.97 disasters per year67. Both 
La Niña and El Niño have had, and continue to have, a significant impact in Colombia. The 
Seismic and Geophysical Observatory of Southwestern Colombia and the Office for Disaster 
Attention and Prevention state that between the years 1950-2007 rainfall related disasters 
increased by 16.1% especially during periods of La Niña. The Intergovernmental Panel on 
Climate Change (IPCC) estimates that the occurrence of disasters related to changing climate 
conditions in Colombia during 2000-2005 increased by 2.4 times when compared with the 
period from 1970 to 1999. 
 
National climate change projections suggest that regions across Colombia will be affected 
differently. Some areas will receive more precipitation. Other regions are expected to face a 
reduction of rainfall coupled with higher temperatures, threating the availability of water in 
those regions. For example, projected average precipitation between 2071 and 2100 is 
expected to decrease by between 10-30% in a third of the total national territory. 
Municipalities in 14% of the national territory are projected to experience an increase of 10-
30% in precipitation during the same period68.  With the prevalence of six very different 
climatic zones in Colombia, anticipated climate change projections call for adaptive solutions 
that are appropriate for each region.   
 
The region of La Mojana is a large floodplain located between the northern foothills of the 
Andes and the plains in the Caribbean region (Figure 1a). It comprises 11 municipalities69 
spread throughout 4 districts (Sucre, Bolivar, Cordoba and Antioquia), with a total population 
of 405,625 70. La Mojana is characterized as a fluvial-deltaic overflow plain, which provides 
diverse ecosystems with multiple structures and functions, including wetland systems and 
interconnected marshes that act as a buffer system for the Magdalena, Cauca, and San Jorge 
Rivers-- all of which flow from the Andean region (Figure 1b and 1c). 
 
La Mojana’s location in a deltaic plain makes it subject to increasing annual floods that vary 
in scale depending on the intensity of precipitation in the upriver mountainous region. It is 
divided into a flood prone area (swamps, lagoons, streams, and rivers) (accounting for 

                                                             
66 Wheeler, D (2011). Quantifying Vulnerability to Climate Change Implications for Adaptation Assistance. GGD Working 
Paper 240.Washington DC. Center for Global Development.  
67  Sanchez-Triana, E., Ahmed, K., and Awe, Y. (2007). Environmental Priorities and Poverty Reduction: A Country 
Environmental Analysis for Colombia. The World Bank, Washington D. C 
68 DNP. Plan Nacional de Adaptacion al Cambio Climatico. 
69 Achi, Ayapel, Caimito, Guaranda, Magangué, Majagual, Nechí, San Benito Abad, San Jacinto del Cauca, San Marcos 
70  Official National Projections by DANE for 2015 based on 2005 National Census. 

https://www.dane.gov.co/index.php/estadisticas-por-tema/demografia-y-poblacion/proyecciones-de-poblacion 
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approximately 32.9% of the total area), where flooding occurs for more than 6 months each 
year; a transitional zone (17.7%) that is flooded for 3 to 6 months per year; and emergent 
lands (49.4%), which can be flooded for 3 months or less during the year (only 10.3% of the 
area usually does not flood)71. The annual precipitation varies between 1,000 and 4,500 mm. 
Climate change, however is having an impact on current regional averages. Climate 
projections state that most of La Mojana will see a reduction of total precipitation levels by 
14% coupled with higher temperature projections (0.9°C- 2.2°C by 2100)72. 
 
 

   
a. Location of La Mojana in 
Colombia 

b. Permanent (dark blue and 
blue) and temporary (light 
blue) wetland areas 

c. Natural areas (green) and 
transformed areas (orange) 

 
Figure 2A-1. Location in Colombia and general characteristics of La Mojana region 

 
The El Niño Sothern Oscillation (ENSO) phenomenon has an important influence on the 
climate in La Mojana. During La Niña years, La Mojana experiences extreme rainfall patterns 
and higher flood levels. It’s delta plain characteristics makes it particularly susceptible to 
flash flooding during La Nina years. La Mojana was severely affected by the La Niña event of 
2010-2011 which coincided with La Mojana’s secondary rainy season. The IADB and ECLAC 
recorded 162,368 people (48% of the total population at the time) and 25,364 homes (38.4% 
of all homes in the region) as affected in the region.73  
 
La Mojana is also vulnerable to anomalous prolonged dry seasons particularly during El Niño 
years. These pose a significant threat to water supply throughout the year. In 2015, and the 
initial months of 2016, the effects of the El Niño affected all of La Mojana, resulting in a 
reduction of the wetland areas by approximately 70%. The cumulative economic, 
environmental, and social impact was significant in the region. During this event, the entire 
rice harvests was lost resulting in significant food insecurity (see Annex II). The concern is 
that while the occurrence of such events is not uncommon, they have become more prolonged.  
Data from the Institute of Hydrology, Meteorology and Environmental Studies (IDEAM) 

                                                             
71 Aguilera, M. (2004) La Mojana: riqueza natural y potencial económico. Banco de la República, Cartagena de indias. 73 
pgs 
72 IDEAM (2015). Nuevos Escenarios par Cambio Climatico.  
73 The IADB and ECLAC (CEPAL). Valoración de daños y pérdidas Ola invernal en Colombia 2010-2011 (2011). The report 
collects the findings of a joint mission conducted by IADB and ECLAC to Colombia to quantify immediate damages.  
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indicates that the average dry periods (days with no rain) is currently 80 days/year. However, 
when climate projections are taken into account, including a 35% reduction in precipitation 
in the most affected districts,74 the number of dry days extends to between 97 and 115 days.   
 
Access to reliable sources of safe drinking water is one of the most critical issues in La Mojana. 
Over 42% of the population has no access to drinking water, and where water is available, 
the access is extremely unequal. 20% of the population in Magangué lack access to water. In 
contrast, more than 80% of the population in Achi, Ayapel and San Jacinto del Cauca do not 
have access to safe water. This situation is only going to be compounded and exacerbated by 
the projected reduction in precipitation and the higher incidence of more intense and 
frequent extreme events such as floods and prolonged dry periods.  These extreme events, 
which are already observed today, will not only affect water supply (particularly during 
prolonged dry periods), but also water quality. During floods, polluted water infiltrates wells 
and results in contamination of groundwater. The impact on increased morbidity among the 
population is a concern. For example, in Achi, the second leading cause of death for children 
under 5 is acute diarrheal diseases (ADD) related to poor drinking water quality75.  
 
At the present time, the communities in La Mojana rely on water supply from the wetland 
areas and canals, micro-aqueduct and superficial/shallow wells as sources of water for 
drinking, household needs and agricultural purposes. These current practices are challenged 
by the changes in precipitation rates as well as the extreme events the region is, currently 
and, projected to experience as a result of climate change. Access to water supply in La Mojana 
has become more difficult, particularly during prolonged dry periods that currently last 80 
days but are projected to extend up to 115 due to climate change. 
 
The existing water infrastructure is currently insufficient (covering only 50% of the 
communities’ needs) to meet the existing demand. While the drilling of wells for ground 
water access via mini aqueducts has been used in the past to address water supply in densely 
populated areas in La Mojana, this has not been used as an option in rural areas due to cost 
and the high dispersion rate of the most rural populations. Households in rural areas have in 
the past used water from the closest natural sources. However, with longer dry seasons many 
perennial water sources have been disrupted. When this occurs, rural households, rent 
motorbikes to gain access to the nearest mini aqueduct in areas located within a radius of 60 
km every third day. This has put a lot of stress on the aquifers what have arisen concerns 
about the sustainability of these.  However, a tool able to support the assessment of the 
sustainability of the aquifer in current and projected scenarios and design specific actions is 
missing.  
 
From this perspective, a groundwater model of the regional aquifer of La Mojana able to 
evaluate quantitatively flow and quality dynamics is required. Such a model will support 
decision makers in the region (Corporaciones Autonomas, local mayors) to design policies and 
actions that help ensuring sustainability of the aquifer. 
 
 

2. Aim 

                                                             
74IDEAM.2015. Tercera Comunicación Oficial: Nuevos Escenarios de Cambio Climático para Colombia.  
75Municipal Mayor's Office of Achí (2012) Diágnostico de infancia y adolescencia en el municipio de Achí, Bolivar [Diagnosis 
of childhood and adolescence in the town of Achi, Bolivar]. Achí: Municipal Mayor's Office of Achí. 
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The aim of the work is to develop a ground water flow and quality model to ascertain the 
long-term reliance of groundwater solutions at La Mojana. 
 
 
3. Scope 

The scope will include: 
 

• Perform a comprehensive inventory of deep and artesian wells at La Mojana, both 
legal and illegal. 

• Develop a hydrogeological characterization of the aquifer of La Mojana. 
• Build a hydrogeological conceptual model of La Mojana aquifer. 
• Develop a steady-state groundwater flow model. 
• Develop a water quality model with a conservative compound. 
• Build integrated vulnerability maps of the aquifer. 
• Develop a guide for stakeholders in the region to help them use this model in future 

planning and support decision-making. 
• Develop a training program with main stakeholders at the region. 

 
 

4. Activities 

 
The following activities are proposed: 
 

1. Secondary Information collection: collect information from previous studies, files 
and local and regional and national institutions. Relevant information includes: 
inventory of wells and piezometers, geological and hydrogeological maps, hydro-
geochemical studies and hydro-meteorological data.  Results from pumping test, 
geophysical surveys and lithological columns will also be very useful. 
 

2. Water balance calculation: develop a water balance of the catchments related to the 
regional aquifer of La Mojana. This activity will also include the construction of flow 
hygrograms at the available stations in order to investigate surface-subsurface 
interactions. Finally, rainfall-runoff models at the same sub-catchments must be build 
using previous studies performed at the region. 

 
3. Pumping and monitoring wells inventory:  perform an inventory of the wells at La 

Mojana. The inventory must include location (coordinates in Magna-Sirgas system), 
depth and extraction rates. Using piezometrical probe measure water levels at the 
identified points as an input to build isohypse maps.  This activity should also include 
a previous identification of places to collect physics and chemical test, major ions and 
stable isotopes. At least, fifty (50) points should be identified. 
 

4. GAP Analysis: this activity will include the construction of geological sections 
correlated to available stratigraphic columns, geophysical interpretations and 
geochemical parameters measured and collected from previous studies. This will 
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provide the identification of areas where a deeper survey (i.e. geophysical or 
perforations) is needed. The need of pumping test and their locations will also be 
established.  

 
5. Isotopes, physics and chemical test: this activity will include in-situ physics and 

chemical tests (e.g. pH, temperature, electrical conductivity) in subsurface wells and 
surface water. Additionally, major ions (Ca, Mg, Na, K, HCO3, CO3, SO4) and isotopes 
(Deuterium, Oxygen-18, C14 and C13) in selected locations. At least, 50 tests of major 
ions and physics-chemical and 30 isotopes tests must be included.  

 
6. Geoelectrical survey: under this activity at least 20 2-D geoelectrical tomography 

(AB/2=500 m) needs to be performed. Location of the survey will be defined in base 
of the GAP analysis.  Interpretation of the Vertical Electrical Sounding (VES) and 
electrical tomography will help to improve the construction of the Conceptual 
Hydrogeological Model. 

 
7. Hydraulic pumping tests: this activity includes at least 50 pumping tests with total 

recovery (i.e. up to 24 hrs.). Slug test will be performed when short duration recovery 
is expected and the depth of the wells is less than 6 m. 

 
8. Conceptual hydrogeological model: a conceptual model of the hydrogeology 

associated to La Mojana will be constructed. Recharge and discharge areas, runoff, 
and surface bodies-groundwater interactions needs to be defined. Boundaries of the 
model and spatial-temporal variability of the main parameters are also to be defined. 

9. Integrated vulnerability to contamination maps: in this section an intrinsic 
vulnerability map for La Mojana needs to be built using at least three different 
methodologies including at least GOD and DRASTIC methodologies. Under this 
activity, an identification of point and fuzzy source of contaminants needs to be 
included. The interaction of these sources with surrounding wells needs also to be 
investigated. 
 

10. Numerical hydrogeological model: in this section a mathematical representation of 
the water flow and quality in the Mojana aquifer must be developed. The distributed 
model needs to be calibrated and validated so that predictions can be made. From the 
calibrated model, scenarios of wetland-aquifer connections must be investigated. All 
of the extractions identified in Activity 3 must be included in the model. Steady-state 
flow can be assumed.  
Model should support sustainable exploitation of the aquifer and integrated water 
management and adaptation plans the region. Lifespan and maximum rate of 
extractions needs to be defined.  
 

11. Geo-database: a GIS-based database with all the information collected and generated 
in Magna-Sirgas system needs to be constructed. The cartographic products need to 
be delivered using both .mxd and .pdf format. All the shapes processed needs to be 
also delivered. 

  
12. Training: the goal of this activity is to develop a guide for stakeholders in the region 

to help them use this model in future planning and support decision-making and also 
the implementation of a training program with main stakeholders at the region.  

 



 
 

177 

5. Deliverables 

1. One (1) Hydrogeological map  
2. Twenty (20) hydrogeological sections 
3. One (1) contamination vulnerability map 
4. One (1) hydrogeological conceptual model 
5.  One (1) calibrated numerical model that must include input files of the model in a 

commercial software (i.e. MODFLOW, HydroGeosphere, FEFLOW)  
6. One (1) license of the commercial software used in the construction of the model. 
7. One (1) geodatabase with all the information collected, processed and generated in 

the context of the project. 
8. Four (4) workshops with stakeholders on support decision making in climate change 

scenarios 
9. Twelve (12) workshops with main stakeholders of the region  
10.  One (1) guide to use the model to support decision-making and future planning to 

ensure sustainability of the aquifer. 
11. Seven (7) reports that must include project progress: 

a. Report 1 must include the result of the secondary information collection and 
water balance calculation. 

b. Report 2 must include results from the pumping wells inventory and the GAP 
analysis. 

c.  Report 3 must include results from the isotopes, physics and chemical tests, 
geo-electrical survey and pumping test performed. 

d. Report 4 must include the description of the conceptual hydrogeological 
model and the vulnerability maps. 

e. Report 5 must describe the construction, design and calibration of the 
numerical hydrogeological model. 

f. Report 6 must include the description of the Geo-Database. 
g. Report 7 must include the memory of the workshops and training strategies. 

12. One (1) final report that included the whole methodology used in the project. 
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Annex 2B Description of household tanks for rainwater harvesting 
 
 
1. General description 

 
The strategy presented in this technical sheet is targeted to families living in disperse rural 
areas of La Mojana that has no access to water through micro-aqueducts. Households in La 
Mojana houses are located either in disperse areas (separated more than 500 m), nuclei areas 
(smaller settlements with homes aligned to streets) or semi-disperse areas (separated for 
less than 500 m but homes not aligned to streets). 
 
Household level solutions are designed to improve climate resilience of water supply; use 
and management by vulnerable communities located in the rural disperse areas of La Mojana. 
Currently most of these communities have no access to micro-aqueducts and rely on surface 
water from wetlands, channels and superficial wells (i.e. called locally jagueyes or pozos) that 
run dry during dry seasons. These water sources are not safe and get worse when the region 
face more extreme events. 
 
During dry periods families living in the rural disperse area use to walk very long distances 
(up to 2-5 km) to find any source of water, in most of the cases contaminated. From this 
perspective, rainwater harvesting is proposed as a strategy to supply water in current and 
future climate conditions.  
 
Average rainfall at La Mojana, based on multi-annual average from 44 stations with 25 years 
of data, is 2793 mm with dry periods between January and March. In figure 1, the annual 
distribution of precipitation is shown. 
 

 
Figure 2B-1. Average Monthly rainfall at La Mojana 
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Larger precipitations (more than 3.000 mm) are observed in the municipalities located to 
south-eastern (San Jacinto, Nechí, Achí y Guaranda). Ayapel, Majagual and Sucre have 
precipitations that go from 2.000 up to 3.000 mm. Northern areas of Magangue, San Benito 
and Sa Marcos as well as the municipality of Caimito present the lower rainfall rates within 
La Mojana with around 1.800 mm. These rates are much higher than the reported in many 
applications of rainfall harvesting found in the literature 76 . In figure 2, averaged annual 
rainfall distribution is presented. 
 
 

 
Figure 2B-2. Average annual rainfall distribution at La Mojana 

 

2. Technical specifications 

A ferrocement tank for each family is proposed. This kind of initiative has already been 
implemented in a rural area of Magangue called Emaus. In Emaus, 10 tanks were first built in 
1999. Two of them are individual tanks with 4.540 and 2.300 litres capacity. More individual 
tanks have been built since then to provide water to families located far from the community 
tanks. 
 
The term ‘ferrocement’ refers to cement reinforced with some sort of steel, be it thin wire, 
wire mesh or thicker reinforcement bars. Cement is great in withstanding pressure, but not 
very good in withstanding tension forces. For steel wire it’s exactly the opposite. A 

                                                             
76 Imteaz, M. A., Shanableh, A., Rahman, A., & Ahsan, A. (2011). Optimisation of rainwater tank design from 

large roofs: A case study in Melbourne, Australia. Resources, Conservation and Recycling, 55(11), 1022-
1029. 
Kahinda, J. M. M., Taigbenu, A. E., & Boroto, J. R. (2007). Domestic rainwater harvesting to improve water 
supply in rural South Africa. Physics and Chemistry of the Earth, Parts A/B/C, 32(15), 1050-1057. 
Sazakli, E., Alexopoulos, A., & Leotsinidis, M. (2007). Rainwater harvesting, quality assessment and utilization 
in Kefalonia Island, Greece. Water research, 41(9), 2039-2047. 
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combination of these two yields an excellent construction material, which does not rust, rot 
or blow down in storms. Ferrocement is different from ordinary reinforced cement in that a 
lot more steel is used, along with a strong cement mixture. This leads to lightweight 
structures that can have almost any shape.  
 
For La Mojana, a ferrocement structure is proposed made of a layer of electro 
welded wire mesh and three layers of chicken wire tight together, reinforced with copper 
wire. Upon this, cement mortar enriched with sealing products is applied.  The choice of the 
materials is related to resistance and local availability. The result is a lightweight, seismic 
resistant, durable, low-cost replicable model. Additionally, a perimeter ring as foundation is 
proposed. The height of the ring will be adaptable to water depths projected in the flood risk 
analysis performed by the National Adaption Fund (NAF). 
 

 

Figure 2B-3. Rainwater tank built in Emaus (Magangue). The message says: “Water is blessed 
because come from the sky” 

 

 

As part of the feasibility study the number of micro-aqueducts in the rural disperse areas 
without access to water was identified together with regional and local authorities. The 
process included interviews with members of different communities, municipal authorities 
and field visits to different places at La Mojana. Additionally, a spatial analysis of the houses 
was developed based on data from the exposed elements study performed by UNION 
TEMPORAL COLOMBO CANADIENSE consultant of the National Adaptation Fund in the 
context of the topographic, bathymetric and cartographic characterization of La Mojana was 
used.  As a result of the combination of methodologies, it is recommended to support 8.223 
households in the rural disperse area, which have no access to micro-aqueducts, nor other 
source of safe water. 
 

3. DESIGN OF RAINWATER TANKS 

A. Volume 
 



 
 

181 

Main purpose of the design of the tank volume is to ensure water availability the whole year. 
Calculation requires (projected) monthly rainfall data, average roof area for each 
municipality and water consumption Monthly rainfall data is available from 44 stations with 
25 years of data. To estimate roof area, data from the exposed elements study performed by 
UNION TEMPORAL COLOMBO CANADIENSE consultant of the National Adaptation Fund in 
the context of the topographic, bathymetric and cartographic characterization of La Mojana 
was used. Number of rural houses and their respective roof area for each municipality is 
available. In the Table 2B-1, a summary of average roof area for each municipality is shown. 
As it can be seen areas range from 46 to 63 m2 with an average of 55 m2. 
 

Table 2B-1. Average roof areas for rural houses  

 

Municipality 
Averaged rural house roof 

area (m2) 

Achí 54.1 

Ayapel 52.1 

Caimito 59.7 

Guaranda 56.8 

Magangue 63.0 

Majagual 49.2 

Nechí 52.2 

San Benito 46.1 

San Jacinto 61.9 

San Marcos 59.1 

Sucre 52.3 

Average 55.1 

Max 63.0 

Min 46.1 

 
Calculation of capacity of the tanks was made assuming that tanks will grant 10 litres per 
habitant per day, assuming an average rainfall of 2793 mm annually and a reduction of 35% 
by 2050, according to the study Nuevos Escenarios de Cambio Climatico 2011-2100 (IDEAM 
2016). Table 2B-2 presents the values used for the design of rainwater harvest tanks. 
 
 

Table 2B-2. Design of the volume of rainwater tanks assuming minimum value of roof areas 
 

Month 
 

Average 
Monthly 
Rainfall 

[mm] 
 

Design 
Rainfall 

considering 
projected 

35% 
reduction 

[mm] 
 

Cum. 
rainfall 
[mm] 

 

Volume 
[l] 

 

Cum. 
Volume 

[l] 
 

Cum. 
Consump

tion [l] 

Deficit or 
excess [l] 

JAN 32.3 21.0 21.0 966.0 966.0 1800 -834.0 

FEB 34.0 22.1 22.1 1017.2 1983.1 3600 -1616.9 

MAR 62.1 40.4 40.4 1856.4 3839.5 5400 -1560.5 
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Month 
 

Average 
Monthly 
Rainfall 

[mm] 
 

Design 
Rainfall 

considering 
projected 

35% 
reduction 

[mm] 
 

Cum. 
rainfall 
[mm] 

 

Volume 
[l] 

 

Cum. 
Volume 

[l] 
 

Cum. 
Consump

tion [l] 

Deficit or 
excess [l] 

APR 185.8 120.8 120.8 5556.5 9396.0 7200 2196.0 

MAY 312.5 203.1 203.1 9343.5 18739.5 9000 9739.5 

JUN 328.9 213.8 213.8 9834.3 28573.9 10800 17773.9 

JUL 336.9 219.0 219.0 10074.7 38648.6 12600 26048.6 

AUG 382.4 248.5 248.5 11432.8 50081.4 14400 35681.4 

SEP 350.5 227.8 227.8 10479.6 60561.0 16200 44361.0 

OCT 364.0 236.6 236.6 10882.3 71443.4 18000 53443.4 

NOV 286.8 186.4 186.4 8575.1 80018.4 19800 60218.4 

DEC 116.8 75.9 75.9 3493.4 83511.8 21600 61911.8 

 
As a result of the analysis, it was estimated that the largest deficit is 1617 litres of the year, 
including rainfall reductions due to climate change. This relatively low value to ensure water 
during the whole year is related to high rainfall rates observed at La Mojana.  
 
An additional estimation was performed to ensure there is enough water for prolonged dry 
periods, projecting of 120 days77 with no rain.  
 

Tank volume [litres]= No. people per  house*Consumption*No. days w/o rain 
Tank volume [litres]= 4*10*120= 4.800  

 
According to these estimations, it is recommended to provide households with 5.000-liters 
tanks to assure water provision during prolonged dry seasons. 
 

B. Foundation ring 
A cyclopean concrete ring is proposed as foundation of the tanks. Cyclopean concrete is a 
concrete that uses large stones to minimize surface area and reduce cement volumes. 
Typically, it is not necessary to use steel in cyclopean concrete footing.  
 
Bearing capacity of the soil (capacity of soil to support loads applied to the ground) is 
obtained from studies developed by Suelos Ingeniería SAS, consultant of the National 
Adaptation Fund in the context of the geotechnical evaluation of hydraulic structures within 
the Mojana region. In particular, they performed a geotechnical study that included electrical 
tomography, Standard Penetration Tests (SPT), direct shear, water content, organic matter 
content, consolidation, compression strength, Atterberg limits, pin-hole, among others. 
Additionally, geophysical surveys were developed to describe materials. In the figure 4, 
results from tomography performed at La Mojana are presented. 

                                                             
77 Data from the Institute of Hydrology, Meteorology and Environmental Studies (IDEAM) indicates 
that the average dry periods (days with no rain) is currently 85 days/year. However, when climate 
projections are taken into account, including a 35% reduction in precipitation in the most affected 
districts, the number of dry days extends to between 97 and 115 days.  

https://en.wikipedia.org/wiki/Soil
https://en.wikipedia.org/wiki/Structural_load
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a) Nechí 

 

 
b) San Jacinto del Cauca 

 

 
c) San Benito Abad 

 
 

Figure 2B-4. Electrical Tomographies performed at La Mojana (Blue: low resistivity, Purple: very high 
resistance) 

 
 
Additionally, a summary of resistance parameters for different places at La Mojana is 
presented. Colours represented stratification used in the study. 
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a) Achí 

 

 
b) Guaranda 
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c) Magangué 

 
Figure 2B-4. Resistance parameters of soil from geotechnical survey for different municipalities at La 

Mojana 
 

From this available geotechnical survey, we can state that bearing capacity of the soil at La 
Mojana, in layers between 0 and 2.5 m deep, ranges between 0.5 kg/cm2 and 2 kg/cm2. Using 
these values the dimensioning of the ring is performed based on the Table 2B-3 taken from 
data reported by the Centre for Science and Environment (India).  
 

Table 2B-3. Typical diameters for different tank storage capacities (Source: Centre for Science and 
Environment, India) 

 

Capacity of storage tank 
(litres) 

5,000 and 
6,000 

7,000 
and 

8,000 

9,000 and 
10,000 

10,000 
and 

12,000 

12,000 
and 

15,000 

15,000 
and 

20,000 

Diameter of foundation 2.4 2.7 3 3.3 3.6 4.2 

 
From this perspective, a ring diameter of 2.4 m is defined. Required depth of excavation from 
the available information is set to 0.5 m. Height 
 of the ring will depend of the site-specific location but is defined by the inundation levels 
defined according to the inundations depths analysis of La Mojana (Figure 5). As it can be 
seen, inundation depth in the chosen places oscillates from 0.5 and 1.0 m.  
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Figure 2B-4. Map of recurrent inundation depths of La Mojana (Source: NAF, 2015) 
 

C. CONSTRUCTION METHOD 
Following the construction process of the tanks is described. A 10-day process is considered 
according to examples developed in the region. It requires a master builder and 5 helpers.  
 

a) Preparation of the foundation area: it implies the excavation of the 0.5 m ditch and the 
location of the wire mesh. Cyclopean concrete is used to fill the ditch and support the 
tank. In the centre of the circle three steel wires with 3/8” diameter tight to a wire 
mesh. These will serve as the support of the cover of the tank. A cement mortar is then 
applied to the floor. 
 

  

Figure 2B-5. Preparation of the foundation area 
Source: Ramirez, R. M., & de DeBartolo, P. (2004) 
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b) Instalation of the wall mesh wire: a support mesh tight to the foundation layer is used 
to start installing the mesh wire for the walls of the tanks.  Four layers of mesh are 
used: an electro welded wire mesh and three layers of chicken wire mesh, which are 
tightened together, reinforced with copper wire tight from bottom to top doing a 
spiral. 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 2B-6. Installation of the wall mesh wire 
Source: Ramirez, R. M., & de DeBartolo, P. (2004) 

 

c) Tank walls construction: once the mesh is installed a cement plastering with sealing 
products (e.g. Sika Gard-62) is applied. The wall is about 5 cm thick. Cement 
plastering must be applied to both faces of the tank the same day.  After the internal 
and external face is completely dry (next day) a fine plastering is applied to give the 
final aspect to the wall.  The same plastering is applied to the floor of the tank. 
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Figure 2B-7. Construction of the tank walls 

Source: Ramirez, R. M., & de DeBartolo, P. (2004) 
 
 

d) Construction of the tank cover: once the walls are strong enough the cover of the tank 
is built using the three steel wires of 3/8” diameter left tight to the floor in the step 1.  
A 6-inches pipe is placed so that the tank can be accessed from outside. This is mainly 
used for cleaning and maintenance as well as to monitor the available volume of 
water.  

 
 

 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 

 
Figure 2B-8. Construction of the tank walls  

Source: Ramirez, R. M., & de DeBartolo, P. (2004) 

 
Every tank is connected to one-single house, whose inhabitants are in charge of the 
administration of the water tank. Accounting of water will be performed so that water 
availability is always ensured. This model has been successfully implemented in the rural 
area of Magangue in a place call Emaus. There, 23 tanks are in place since late 90s and the 
administration lies on the own community.  Lesson learned from this initiative have been 
incorporated to the design of the tanks and to collection and guttering components.  
 



 
 

189 

D. COLLECTION SURFACE AND GUTTERING 
The style, construction and material of the roof affect its suitability as a collection surface for 
water. Typical materials for roofing include corrugated iron sheet, tiles, slate, and thatch. At 
La Mojana corrugated zinc sheets have been widely used for ceiling and it is proposed as the 
collection surface for the implementation of this initiative improved by a titanium dioxide 
painting.  
 
Commercial size of the corrugated zinc sheets is 2.43 x 0.80 m. To ensure the average roof 
area of 46 m2 including losses during the construction process and overlapping, 32 sheets 
are needed for each house.   
 
Guttering is used to transport rainwater from the roof to the storage tank. Guttering comes 
in a wide variety of shapes and forms, ranging from the factory made PVC type to home-made 
guttering using bamboo or folded metal sheet Guttering is usually fixed to the building just 
below the roof and catches the water as it falls from the roof as it is presented. Here, PVC 
alternatives are proposed as they have been used and tested in some previous initiatives. In 
figure 9, PVC-guttering installed at Emaus is shown.  

 

 
 
 

Figure 2B-9. Local guttering alternatives installed at Emaus by the program A Ciencia Cierta of the 
National Investigation Department (Colciencias). 

 

Additionally, to ensure water quality individual filters for each house are proposed. Ecofil 
filters (as the one shown in figure 10) have been used successfully for the same climatological 
conditions of La Mojana. Alternatives filters are provided by Colempaques and Asociación de 
Ceramistas por La Paz. 
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Figure 2B-10. Filters available from different brands than have been used at the region 

 
For this strategy, as rural disperse areas represent the most vulnerable families, three filters 
for each family will be provided by the project.  
 
 

4. ALTERNATIVE AND COSTS 

Traditionally, rural families at La Mojana without access to micro-aqueducts have taken the 
water from the closest natural sources (i.e. creeks, cienagas, rivers) or constructed jagüeyes, 
however, with much longer no-rain periods and concentrations of rainfall in six to eight 
months perennial water sources have become intermittent. Besides in dry periods jagüeyes 
and surface water deposits become dry.  Current solution implies paying motorbikes to 
collect the water in places located within a radius of 60 km every third day.  For this solution 
each family invest up to USD 600 every year (considering the 4 month dry period). Alternative 
solution for poorest families is to walk for hours to surface water deposits built to supply 
water to animals, whose quality is often very poor.  
   
Other alternatives developed at La Mojana are related to the construction of shallow (up to 
12 m) and more commonly deep wells (more than 60 m) connected to community tanks. 
Reported cost of deep-water solutions range from 200.000 to 300.000 USD, for each 
community water supply scheme to feed up to 40 families (at least 5.000 USD per family). 
From this perspective, the individual rainwater-harvesting scheme presented represents a 
suitable cost-efficient solution.  The proposed combined cost of each individual solution is 
US$ 969. The costs are detailed as follow: 
 

Table 2B-4. Detailed cost for each tank based on market survey 
 

Description Unit Quantity 
Unit Value 

(USD) 
Total Value 

(USD) 

Materials         

Cement 50kg 12 9 108 

Sand m3 1 33 33 

Stones m3 2.5 75 187.5 

copper wire  m 75 1 75 
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Electro welded wire mesh  m2 10 1 10 

chicken wire mesh roll (1.2x30) 1.5 12 18 

Steel wires Un. 3 1 3 

Sika guard gallon 0.5 7 3.5 

Waterproofing product gallon 0.5 25 12.5 

Pipes m 2 1 2 

Pipes accessories Un. 2 4 8 

Blocks Un. 13 1.5 19.5 

Iron nails Lb. 1 1 1 

Others Un. 2 10 20 

Labour force       0 

Skilled labour Un. 0.5 157 78 

Non-skilled labour work day 12 4 48 

Tools       0 

Various Un. 0.412 95 39 

Guttering       0 

Channels m 12.5 2 25 

Collection surface       0 

Corrugated Zinc Sheets Un.  32 4 128 

Filters       0 

Ceramic Filters Un. 3 50 150 

TOTAL  969 
 

The target of this activity is 8.223 families located in rural disperse areas. In the following 
table, projected investments per municipality are shown: 
 

Table 2B-5. Projected investment distributed by municipalities 

 

Municipality Rural disperse families  
Projected investment 

(USD) 

ACHÍ 720 697,680 

AYAPEL 1161 1,125,009 

GUARANDA 434 420,546 

MAJAGUAL 1687 1,634,703 

SANBENITOABAD 515 499,035 

SANMARCOS 701 679,269 

SUCRE 508 492,252 

 
5. Sustainability, operation and maintenance considerations 

As every tank is connected to one-single house, inhabitants of these houses are in charge of 

the administration of the water tank. Accounting of water will be performed so that water 

availability is always ensured. This model has been successfully implemented in the rural 
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area of Magangue in a place call Emaus. The same scheme will be employed in this project.  

Operation and maintenance cost are related to: 

• Cleaning of the tank once per year. 

• Cleaning of the roof areas and guttering once per year. 

• Replace the ceramic of the filters every 2-3 years 

Cleaning of the tank, roof and guttering will be performed by the house-owners. During the 

project three (3) filters will be provided to each family and after the completion of the project 

house-owners would replace the ceramic filter by themselves. 



I 
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Annex 2C. Individual water filters characteristics 
 

1. Characteristics 

Clay filters are a feasible solution to deliver safe-water to the projects water solutions beneficiaries. The 
use of clay filters ensures that communities have access to drinkable water microbiologically tested. 
According to the provider specifications (EKOFIL), clay filters retain contaminant that harm human 
health, such as mercury, cyanide and other heavy metals. Other programmes in Colombia, especially 
those related to areas of rural and vulnerable populations have implemented these simple solutions. The 
filter has been also used in rural areas exposed to mining contamination. 

 
A unit is capable of supplying about 40 litres of safe water per day and can be connected in series to 
meet requirements in high consumption places. The filter unit can last at least four years and the factory 
has the same as spare parts. The filter processes approximately 30,000 litres of water, which is 
equivalent to about 1,500 bottles of bottled water. 

 
Installation and maintenance is simple and easy manage by anyone. It has no heavy components to 
handle or cumbersome instructions. It has no cultural constraints and can reach any community without 
greater resistance or reservations.  
 
                                                    
 

2. Components 

Main components of the filter are: 
 

 
1. Clay filter unit, bathed in colloidal silver 
2. Plastic ring of support  
3. Plastic top 
4. Storage tank of 40 litres 
5. High adhesion self-adhesive installed in each 

tank. 
6. Tap 
7. Activated Carbon: Retains organic and some 

inorganic particles, which produce flavours and 
odours that give it unpleasant characteristics to 
the water. 

8. Colloidal Silver: It has microbicidal effect; by 
inhibiting the above used by microorganisms to 
use oxygen, and prevents the passage of 
pathogenic microorganisms present in the water. 
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3. Quality control 

According to the service provider EKOFIL the performance measurement by filter, is 
subjected to rigorous quality controls to quantify one by one the real rate of filtration 
of the water through a unique and very precise procedure that has been developed in 
plant. In this way, it can be guaranteed that the user receives a filter that operates 
within the filtration range in which it obtains safe, reliable and sufficient filtered 
water as intended. Plastic tanks are elaborated with highly controlled processes. 
 
Bacteriological tests are carried out regularly, using highly contaminated water. 
Water analyses are made in certified laboratories to verify the effective total 
elimination of previously existing pathogens.  

 
Figure 2C-1 Water filtered with clay filters 

 
 

Source: Quotation Refocol Colombia. Provider filters EKOFIL
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Annex 2D. Description of community water solutions for rural vulnerable 
populations 

 
1. General description 

 
The strategy presented in this technical sheet is targeted to families living in nuclei and semi-
disperse rural areas of La Mojana with no access to water through micro-aqueducts. 
Households in La Mojana are located either in disperse areas (separated more than 500 m), 
nuclei areas (aligned to streets) or semi-disperse areas (separated for less than 500 m but 
not aligned to streets). 
 
As presented in the Annex 2B, families in rural areas with no access to micro-aqueducts rely 
on natural sources and use to walk very long distances to get bad quality water to address 
their basic needs. In this context, rainwater harvesting is the best alternative to grant safe 
water at household level. Following the same rational of the individual solutions, groups of 
four families would be provided with infrastructure for rainwater harvesting, in areas where 
households are located maximum 500. 
 
2. Technical specifications 

 
Ferrocement tank of 20,000 litres 78  (Annex 2B) would be constructed to ensure water 
provision to four (4) families. Community rainwater harvesting solutions have already been 
implemented in Emaus, a rural community of Magangue. Those solutions have been 
implemented to support groups of 4 to 5 families that share a ferrocement tank of 20,000 
litres. Tanks and the associated infrastructure (tiles, pipes) are placed in a household building 
of one of the families, which administers the water tank providing each family 40 litres a day. 
The same family monitors the litres provided to other families and the litres remaining in the 
tank. Emaus community build the first 10 tanks in 1999, all of them still remain working. 
Currently the community has built 24 tanks, reducing to 3 the number of families depending 
on one tank and improving the technology (i.e. use of plastic pipes, painting zinc tiles) to 
ensure better water quality.  
 
As community solutions would be targeted to households located in the nuclei and semi-
disperse areas, communities with no access to micro-aqueducts were identified in order to 
define beneficiaries from these solutions. Rainwater harvest infrastructure would be placed 
in communities with no access to micro-aqueducts were identified (Table 2D-1) based on 
interviews and surveys to local authorities and communities. 

                                                             
78 Ferrocement tanks will be constructed using the same technology described in the Annex 
2B.  
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Table 2D-1. Summary of rural areas without access to water 

Municipality 
No. micro-
aqueducts 
reported 

No. rural areas 
w/o 

microaqueducts 
Name of rural areas w/o micro-aqueducts 

ACHÍ 35 21 

Paraiso, Buenos Aires, Golosina, La Lucha, Pto 
Petty, Santafe Pozona, Guayabo, Cañaduzal Ojo 
Largo, Paraiso, Panseguita, Payandé, Boyacá, La 
Ceiba, Brisas del Cauca, Nueva Victora, La 
Calendaria, Palmira, Bella luz 

AYAPEL 49 34 

Hoyos de Los Bagres, Las Escobillitas, Las 
Palmas y Bermejo, El Garzal, Perú. 
Barroprieto, Caño Gil, Caño Pescado, El 
Almendro, Los Aventinos, Los Pájaros, Puerto 
Toro y Trejos. 
Guayabal, La Lucha, Pañuelo, San Matías, Santa 
Elena. Caño Pinto, El Oriente, La Gusanera. 
Alemania, Carelia, El Cuchillo, El Papayo, El 
Playón, Guartinajas, La Mina, Las Marías.Mata 
de Caña, Plan de Mesa, Corea 

GUARANDA 11 8 
Villanueva, Gavaldá, Qda Seca, Puerto López, Las 
Mochilas-Diazgrandos-Nvo Sucre, Los 
Arrastres-Alto San Matías, Las Parcelas 

MAJAGUAL 8 4 El Cucharal, Redonda, Las Martas, El Limon 

SAN BENITO ABAD 40 6 
Tosnovan, Empresa Colombia, Pasifueres, 
Santiago Apostol y Punta De Blanco, Las Pozas 

SAN MARCOS 42 10 
Tres esquinas, El Pital, Candelaria, El Vaticano, 
Cañacuate, Santa Ines, Caño de la Luz, Mejico, El 
Torno, El Chopan 

SUCRE 32 10 
La Ventura, Bajo Pureza, Galindo, El Garzal, 
Quitasueño, La Palma, Arboleda, Calzon Blanco, 
Las Cruces, Isla Grande 

 
 
 
3. DESIGN OF RAINWATER TANKS 

 
Ferrocement tanks will be constructed using the same technology described in the Annex 2B.  
Main purpose of the design of the tank volume is to ensure water availability for four families 
the whole year. Estimation of the roof area needed to fill a 20,000 litres tanks was made based 
on monthly rainfall data. Based on these estimates roof areas between 46 and 63 m2 are 
needed with an average of 55 m2 (Table 2D-2).  
 

Table 2D-2. Average roof areas for rural houses  

 

Municipality 
Averaged rural house roof 

area (m2) 
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Achí 54.1 

Ayapel 52.1 

Caimito 59.7 

Guaranda 56.8 

Majagual 49.2 

San Benito 46.1 

San Marcos 59.1 

Sucre 52.3 

Average 55.1 

Max 63.0 

Min 46.1 

 
In table 2D-3, 2D-4 and 2D-5 analyse the volume of rainwater tanks using the average 
monthly rainfall and assuming the minimum, average and maximum values of roof areas. 
Volume of water needed most ensure that each family member receives 10 litres a day. 
Analysis also assume rainfall would reduce 35% by 2050, according to the national climate 
change scenarios79 (IDEAM, 2016).  
 

Table 2D-3. Design of the volume of rainwater tanks assuming minimum value of roof areas 
 

Month 
 

Average 
Monthly 
Rainfall 

[mm] 
 

Design Rainfall 
considering 

projected 35% 
reduction 

[mm] 
 

Cum. 
rainfall 
[mm] 

 

Volume 
[l] 

 

Cum. 
Volume 

[l] 
 

Cum. 
Consumpti

on [l] 

Deficit or 
excess [l] 

JAN 32.3 21.0 21.0 966.0 966.0 7200 -6234.0 

FEB 34.0 22.1 22.1 1017.2 1983.1 14400 -12416.9 

MAR 62.1 40.4 40.4 1856.4 3839.5 21600 -17760.5 

APR 185.8 120.8 120.8 5556.5 9396.0 28800 -19404.0 

MAY 312.5 203.1 203.1 9343.5 18739.5 36000 -17260.5 

JUN 328.9 213.8 213.8 9834.3 28573.9 43200 -14626.1 

JUL 336.9 219.0 219.0 10074.7 38648.6 50400 -11751.4 

AUG 382.4 248.5 248.5 11432.8 50081.4 57600 -7518.6 

SEP 350.5 227.8 227.8 10479.6 60561.0 64800 -4239.0 

OCT 364.0 236.6 236.6 10882.3 71443.4 72000 -556.6 

NOV 286.8 186.4 186.4 8575.1 80018.4 79200 818.4 

DEC 116.8 75.9 75.9 3493.4 83511.8 86400 -2888.2 

 
Table 2D-4. Design of the volume of rainwater tanks assuming average value of roof areas 

 

                                                             
79 IDEAM, 2016. Nuevos Escenarios de Cambio Climatico 2011-2100. 
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Month 
 

Average 
Monthly 
Rainfall 

[mm] 
 

Design Rainfall 
considering 

projected 35% 
reduction 

[mm] 
 

Cum. 
rainfall 
[mm] 

 

Volume 
[l] 

 

Cum. 
Volume 

[l] 
 

Cum. 
Consumpti

on [l] 

Deficit or 
excess [l] 

JAN 32.3 21.0 21.0 1157.1 1157.1 7200 -6042.9 

FEB 34.0 22.1 22.1 1218.4 2375.4 14400 -12024.6 

MAR 62.1 40.4 40.4 2223.6 4599.1 21600 -17000.9 

APR 185.8 120.8 120.8 6655.7 11254.8 28800 -17545.2 

MAY 312.5 203.1 203.1 11191.9 22446.7 36000 -13553.3 

JUN 328.9 213.8 213.8 11779.8 34226.5 43200 -8973.5 

JUL 336.9 219.0 219.0 12067.8 46294.3 50400 -4105.7 

AUG 382.4 248.5 248.5 13694.5 59988.8 57600 2388.8 

SEP 350.5 227.8 227.8 12552.8 72541.6 64800 7741.6 

OCT 364.0 236.6 236.6 13035.1 85576.7 72000 13576.7 

NOV 286.8 186.4 186.4 10271.4 95848.2 79200 16648.2 

DEC 116.8 75.9 75.9 3493.4 83511.8 86400 -2888.2 

 
Table 2D-5. Design of the volume of rainwater tanks assuming maximum value of roof areas 

 

Month 
 

Average 
Monthly 
Rainfall 

[mm] 
 

Design Rainfall 
considering 

projected 35% 
reduction 

[mm] 
 

Cum. 
rainfall 
[mm] 

 

Volume 
[l] 

 

Cum. 
Volume 

[l] 
 

Cum. 
Consumpti

on [l] 

Deficit or 
excess [l] 

JAN 32.3 21.0 21.0 1322.9 1322.9 7200 -5877.1 

FEB 34.0 22.1 22.1 1393.1 2716.0 14400 -11684.0 

MAR 62.1 40.4 40.4 2542.5 5258.5 21600 -16341.5 

APR 185.8 120.8 120.8 7610.0 12868.4 28800 -15931.6 

MAY 312.5 203.1 203.1 12796.6 25665.0 36000 -10335.0 

JUN 328.9 213.8 213.8 13468.8 39133.8 43200 -4066.2 

JUL 336.9 219.0 219.0 13798.0 52931.7 50400 2531.7 

AUG 382.4 248.5 248.5 15658.0 68589.8 57600 10989.8 

SEP 350.5 227.8 227.8 14352.5 82942.3 64800 18142.3 

OCT 364.0 236.6 236.6 14904.1 97846.3 72000 25846.3 

NOV 286.8 186.4 186.4 11744.1 109590.4 79200 30390.4 

DEC 116.8 75.9 75.9 4784.4 114374.9 86400 27974.9 

 
According to the analyses, 19.404 would be needed to address the highest deficit value of the 
year, taking into account impacts of climate change on rainfall decrease. An additional 
estimation was performed that ensure there is enough water for prolonged dry periods, 
projecting a total of 12080 days a year with no rain: 

                                                             
80 Data from the Institute of Hydrology, Meteorology and Environmental Studies (IDEAM) indicates 
that the average dry periods (days with no rain) is currently 85 days/year. However, when climate 
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Tank volume [litres]= No. people per house*Consumption*No. days w/o rain*No. 
houses 
Tank volume [litres]= 4*10*120*4= 19.200  

 
Based on these estimations, rainwater tanks of 20.000-liters tank would provide 4 families 
with enough water to address their basic needs during 120 days with no rain (prolonged dry 
periods). 
 

A tank would be connected to one-single house, whose inhabitants are in charge of water 
management, maintenance and monitoring, taking into account the experience of the 
community of Emaus.  
 

Water filtering would be made at household level. Families would be provided with clay 
filters, as recommended in the individual solutions (Annex 2B).  
 
Also, rainwater tanks will be placed in schools located in rural disperse areas to ensure water 
provision to students during long periods of no-rain (120 days). A dotation of 2 litres per day 
and an average number of students for each school of 80 is assumed. The volume needed is 
calculated as follow.  
 

Tank volume [litres]= No. students* dotation*No. days w/o rain= 80*2*120= 19.200  
 
334 existent rural schools were identified in rural areas according to the study developed by 
NAF with the consultant Union Temporal Colombo Canadiense. A 20.000-litres tank for each 
of these schools is proposed.  In the following table a number of tanks identified for each 
municipality: 
 

Table 2D-6. Number of schools 

 

Municipality No. of Schools 

Achí 47 

Ayapel 70 

Caimito 35 

Guaranda 7 

Magangue 62 

Majagual 54 

Nechí 11 

San Benito 14 

San Jacinto del Cauca 18 

San Marcos 4 

Sucre 12 

Total 334 
 
 

                                                             
projections are taken into account, including a 35% reduction in precipitation in the most affected 
districts, the number of dry days extends to between 97 and 115 days.  



 
 

200 

28 new schools will be built by the NAF at La Mojana within the next five years. Same number 
of tanks (13) of 20.000 litres is proposed, associated to the new infrastructure. 
 
The NAF will also built 3 health centres (Majagual, Guaranda and Achí) Three (3) rainwater 
tanks for each of these buildings is projected to ensure water provision for 120 days of no-
rain assuming a capacity of 10 beds and dotation of 50 litres per bed (60.000 litres) 
 
4. ALTERNATIVE AND COSTS 

Traditionally, rural families at La Mojana without access to micro-aqueducts have taken the 
water from the closest natural sources (i.e. creeks, cienagas, rivers) or constructed jagüeyes, 
however, with much longer no-rain periods and concentrations of rainfall in six to eight 
months, perennial water sources have become intermittent. Besides in dry periods jagüeyes 
and surface water deposits become dry.  Current solution implies paying motorbikes to 
collect the water in places located within a radius of 30 km every third day.  For this solution 
each family invest up to USD 600 every year. Alternative solution for poorest families is to 
walk for hours to surface water deposits built to supply water to animals, whose quality is 
often very poor.  
   
Other alternatives developed at La Mojana are related to the construction of shallow (up to 
12 m) and more commonly deep wells (more than 60 m) connected to community tanks. 
Reported cost of deep-water solutions range from 200.000 to 300.000 USD, for each 
community water supply scheme to feed up to 40 families (at least 5.000 USD per family). 
From this perspective, the community rainwater-harvesting scheme presented represents a 
suitable s cost-efficient solution.  The proposed combined cost of each 4-families solution is 
2.678 USD (669.5 USD per family). The value is detailed as follow: 
 

Table 2D-7. Detailed cost for each 20,000 litres tank based on market surveys 

Description Unit Quantity 
Unit Value 

(USD) 
Total Value 

(USD) 

Materials 

Cement 50kg 42 9 378 

Sand m3 4 33 132 

Stones m3 9 75 675 

copper wire m 300 1 300 

Electro welded wire mesh m2 40 1 40 

chicken wire mesh roll (1.2x30) 5 12 60 

Steel wires un 12 1 12 

Sika guard gallon 2 7 14 

Waterproofing product gallon 1 25 25 

Pipes m 7.5 1 7.5 

Pipes accessories ud 7 4 28 

Blocks ud 50 1.5 75 

Iron nail Lb. 4 1 4 

Others ud 6 10 60 

Labour force 
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Description Unit Quantity 
Unit Value 

(USD) 
Total Value 

(USD) 

Skilled labour ud 1 157 157 

Non-skilled labour work day 45 4 180 

Tools 

Various ud 1 95 95 

Guttering 

Channels m 50 2 100 

Collection surface 

Corrugated Zinc Sheets  34 4 136 

Filters 

Ceramic Filters ud 4 50 200 

TOTAL COST 2678 USD 

The target of this activity is 15.127 families located in rural areas. In the following table, 
projected investments per municipality are shown: 
 

Table 2D-8. Projected investment distributed by municipalities 

 

Municipality No. of  community tanks  Projected investment (USD) 

ACHÍ 630 1,687,140 

AYAPEL 1020 2,731,560 

GUARANDA 240 642,720 

MAGANGUÉ 270 723,060 

MAJAGUAL 120 321,360 

NECHÍ 150 401,700 

SAN BENITO ABAD 180 482,040 

SAN MARCOS 300 803,400 

SUCRE 300 803,400 

 
 

5. Sustainability, operation and maintenance considerations 

As every tank is connected to one-single house, inhabitants of these houses are in charge of 

the administration of the water tank. Accounting of water will be performed so that water 

availability is always ensured. This model has been successfully implemented in the rural 

area of Magangue in a place call Emaus. The same scheme will be employed in this project.  
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Operation and maintenance cost are related to: 

1. Cleaning of the tank twice per year. 

2. Cleaning of the roof areas and guttering twice per year. 

3. Replace the ceramic of the filters every 2-3 years 

Cleaning of the tank, roof and guttering will be performed by the house-owners. Every two 

years a small fee of $4 USD per family would need to be collected to support ceramic filter 

replacement.  

The Project will work with communities to develop water board structures to collect water 

tariffs. These will be invested in revolving funds to ensure covering of operation and 

maintenance costs.  

6. OPERATIONAL AND FINANCIAL SUSTAINABILITY COMMUNITY RAINWATER 
HARVESTING SOLUTIONS (RWH) CLIMATE-ADAPTED MICRO AQUEDUCTS 
WATER BOARDS 

1. Legal Background 
 
In line with the considerations established by Colombian legislation through Decree 
1898 from 2016 issued by the Ministry of Housing, City and Territory, the alternative 
solutions for water supply included in the proposal will include the appointment of 
an Administrator, who will be in charge of infrastructure operation and maintenance.  
 
Some considerations associated to the Administration of Community Rainwater 
Harvesting Solutions (RWH) and Climate Adapted Micro Aqueducts (CMA) have 
also been defined: 
 

• The Administrative structure for both RWH and CMA are Community 
Enterprise structures. They have the responsibilities and obligations 
established by Colombian law for corporate bodies, regardless of their being 
regulated or not. 
 

• RWH Administrators are not subject to the regulation of the Potable Water and 
Basic Sanitation Regulation Commission (CRA) and are not supervised by the 
Superintendency of Domiciliary Public Utilities. This allows the development 
of appropriate schemes for their administration that will be lead through the 
Project.  
 

• CMA Administrators are subject to the regulation of the Potable Water and 
Basic Sanitation Regulation Commission (CRA) and are surveyed by the 
Superintendency of Domiciliary Public Utilities. This ensures the formalization 
of any administrative scheme formalized through the project. 
 



 
 

203 

• The RWH must be managed by the beneficiary communities and such 
communities must incorporate non-profit corporate bodies (pursuant to item 
338 of Decree 2811 from 1974) or community enterprises. The organizations 
to be incorporated are commonly known as "Water Boards" in the region. 
Therefore the current project will work within this well known water 
governance structure to ensure seamless integration with national legislation 
and mechanisms.  

 
• Under Colombian regulation, the CMA must have minimum organization, 

which is to be strengthened through the Water Board's management based on 
the improvements and the new infrastructure developed. The project and 
national programs for development will go into ensuring the development of 
this organization 
 

• As a RWH/CMA financing structure, the Project has implemented actions to 
strengthen the communities since the project formulation so that they become 
organized and acquire skills to assume their own administration. This activity 
will be performed together with Municipal and National institutions that have 
competence in such procedure under the law. 
 

• If the communities that have not formed the Water Boards when the 
RWH/CMA installation works are completed, the Municipality will offer 
support so that Water Boards assume the administration. This condition has 
been established by Law and allows guaranteeing any eventual transition 
process. The Project will facilitate knowledge on how to access this support 
and will work directly with municipalities for this.  

 
2. Water Board Structures 

 
Graph 1 shows the proposed structure for Water Boards under this project. 
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Graph 1. Administrative Structure Proposed for Water Boards 
 

3. Rates and Resource Management. 
 
The standard has determined the rates, contributions or installments that system 
beneficiaries must pay to guarantee them system sustainability. They may be 
provided in kind or in cash. For such purpose, the Project will support, along with 
local institutions, the creation of community agreements derived from the 
implementation of the contribution system. Such agreements are estimated to range 
from USD$0.18 to 0.36 per household per month or higher values depending on the 
decision of the Water Board. This amount foresees the O&M costs needed for the 
maintenance of community RWH systems.  
 
The project will support the generation of an association system to develop the Water 
Board using extension resources and based on the committee agreements. When such 
boards are established, they will have manuals, regulations and statutes pursuant to 
Colombian legislation. 
The Project will work with each community receiving communal tanks to develop a 
water board as stated above ensuring that each water board develops minimum 
institutionally, establishes an appropriate fee to cover system operation and 
maintenance and has a formal fund (instituted in a financial institution) to serve as a 
mechanism to house all incomes.   
 
Minimum requirements that will be incorporated into the Financial regulations to 
administer the financial resources generated through fees or other income 
(Municipal Projects, Departmental Water Fund, Local Projects, Cooperation, amongst 
others), will be favored through the following: 

 
• The Association (Water Board as a legal and formal figure) will be in charge of 

opening a bank account at a financial institution legally incorporated in 
Colombia and acknowledged by the region. The account will work as a 
resource cash to administer and safeguard the resources based on the 
approved statutes.  
 

• All the monetary resources generated by the use and exploitation of the 
system, as well as the resources coming from external sources, must be sent 
to the organization's accounts; and they shall be managed according to the 
specific destination (fees or those coming from the institution that supports or 
donates to the Community). 
 

• Collected resources will mainly focus on maintenance, operation, extension, 
remodeling, improvement or adaptation of the adaptive water supply system. 
The Water Board will publish the account balances among donors and 
supporters.  
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• In turn, the Water Board will establish the creation of an auditing committee 

within the community to verify and audit the use and destination of resources; 
such committee is mainly represented by the fiscal role. 
 

• Defining a corporate body, municipal instance or similar instance, as the 
corporate body to be used to support internal conflict-solving. 
 

• Considering that rural houses are commonly scattered outside rural 
townships, the system beneficiaries may provide their fee contributions in 
kind (labor, materials, among others) and contribute monetary resources 
previously agreed for specific needs that require a certain contribution from 
the beneficiaries (purchase of filters, plumbing elements, among others). Such 
agreements will be approved through a Community Committee.  
 

• The project will tend to integrate as many beneficiaries as possible into the 
administration system, considering its geographic location, so that the 
administrative and financial management of the systems can be strengthened. 

 
• For institutional solutions, represented in rural schools and health centers, the 

Project through the municipal entities will favor the establishment of 
agreements necessary for the new infrastructure to be incorporated into the 
administrative budgets of these institutions 

 
4. Sustainability Actions 

 
Within the actions to strengthen RWH/CMA sustainability, the project has taken into 
account the following elements: 
 

• Interaction with the territory: Evaluate, together with the beneficiaries of the 
units, the limitations, risks and opportunities associated with the territory 
where the interventions will be carried out, making the most of the history, 
popular knowledge and organizational tradition of the communities 
 

• Contribution to strengthen social fabric: Promote participation and 
community work around the new facilities and the institutionality of 
community companies that will be strengthened. 

 
 

• Community management capacity: The institutional framework defined by the 
law for RWH / CMA will allow communities to manage, through their legal 
capacity, to manage resources, training, and access to complementary 
services, both in the public and private sectors. 
 



 
 

206 

• Institutional relations: The process of joint work between the international 
and national entities and the beneficiary communities of the project, favor the 
approach of the state institutions to meet part of the basic needs of a region 
highly vulnerable to climate change, in this case through the fundamental 
resource of the water. Likewise, new or improved organizations may establish 
direct contact with financial organizations present in the region and may 
generate credit history and access to future resources. 

 
• Technical infrastructure: The Project, in coordination with allied entities, will 

provide training and knowledge inputs to ensure the implementation, efficient 
use and maintenance required to ensure the technical and operational 
sustainability of the RWH / CMA, and ownership by the beneficiaries. 

 
5. Support and Monitoring 

 
Since RWH administrators are not providers of public aqueduct services (as defined 
by the Colombian Law), the competent sanitation authority (head of the municipal 
secretaries of health, or whoever acts on their behalf) will perform distinctive 
surveillance favoring the actions of health promotion and disease prevention 
pursuant to the guidelines issued by the Ministry of Health and Social Protection on 
the matter.  
 
Similarly, under the provisions of law, RWH administrators will receive technical 
support and comprehensive accompaniment from the Rural Development Agency, 
Colombian National Land Agency, and Agency for Territory Renewal, based on the 
guidelines set forth by the Ministry of Agriculture and Rural Development in 
cooperation with the Ministry of Housing, City and Territory. 
 
Regulatory institutions and municipal/regional organizations will support, monitor, 
accompany and supervise the CMA in terms of administration, operation, 
maintenance, investments, service quality, amongst others 

 
    



I 
Annex II – Feasibility Study 

GREEN CLIMATE FUND FUNDING PROPOSAL 
 
 
 
 

Annex 2E Adaptation of existing water infrastructure solutions 

 
1. General description 

Interventions presented in this technical sheet are targeted to families living in rural areas of 
La Mojana that has no access to water through micro-aqueducts. Households in La Mojana 
houses are located either in disperse areas (separated more than 500 m), nuclei areas 
(smaller settlements aligned to streets) or semi-disperse areas (separated for less than 500 
m but not aligned to streets). 
 
Rural communities with micro-aqueducts face specific challenges due to impacts of climate 
events on the infrastructure and the aquifer. Often micro-aqueducts are contaminated due to 
infiltration of surface water during flood events and shallow wells go dry during the dry 
season, even if this is not intense. Based on filed surveys and interviews with local 
communities and authorizes, it was evidenced that current pumping systems at the rural area 
are out-dated and powered by either electrical systems or diesel engines.  
 
Currently the main problems of rural micro-aqueducts included:  
 

(i) Powering systems not working properly due to prolonged hours of pumping 
(more than 8 hours)  

(ii) Lack of regulation tanks 
(iii) No protocols and technical assistance to manage pumps and tanks properly 
(iv) Increase of the number of beneficiaries during the dry seasons risk the 

sustainability of the groundwater resource  
(v) Intermittent water supply due to non-continues electrical supply for pumping 
(vi) Lack of periodical maintenance and costs 
(vii) Water contamination when floods and other water quality issues related to out-

dated filters and lack of water treatment 
(viii) Shallows go dry during dry seasons.  

 
Bearing the existing problems, this intervention would help to improve water provision in 
areas with micro-aqueducts, reduce maintenance costs and adapt the infrastructure to 
reduce impacts of climate events. Reparation of micro-aqueducts requires three main 
interventions needed to improve climate resilience of the existent micro-aqueducts that 
include: (i) changing pumping systems to solar powered systems, (ii) well refurbishing with 
flood protection, pipe and accessories replacement, and (iii) installation of regulation tanks 
and purification systems.  
 
2. Technical specifications 

Together with the regional and local authorities, an analysis of the current state of the 
existent micro-aqueducts was performed that included interviews with the authorities and 
direct field visits to some of the systems (Figure 2E-1).  
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(a) Rural area of Guaranda  

 
 

(b) Rural area of San Benito  

  
(c) Rural area of Magangue (Solar powered)  

 
Figure 2E-1. Pumping system at rural areas of La Mojana.  

 

3. Location of micro-aqueducts to be adapted 
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According to Planning Secretariats of the municipalities of La Mojana, 96 of 314 existing 
micro-aqueducts in the rural areas would need adaptation works. Communities where repair 
works would be undertaken by the project are presented in the (Table 2E-1). Depth of the 
existent wells associated to the micro-aqueducts subject to interventions range between 60 
to 90 m81. 11.520 rural families will benefit from this intervention. A map with the location of 
the 96 micro-aqueducts subject to intervention in this activity is shown in Annex 2F.  
 
Table 2E-1. Communities where repair works would be undertaken, families that would be 
benefited per municipality 
 

Municipality 
No. micro-
aqueducts 
reported 

No.  
families/ 

micro-
aqueduct 

No. aqueducts  
w/ problems 

related to 
climate 
events 

Name of micro-aqueducts with 
problems related to climate 

resilience 

ACHÍ 35 120 14 

Santa Lucia, Las Llaves, Providencia, 
Sincerin, Nueva Esperanza, Los 
Nisperos, Coroncoro, Playa Alta, 
Puerto Venecia, Guacamayo, Tres 
Cruces, Puerto Isabel 

AYAPEL 49 120 15 

Pueblo Popales, Las Delicias, Palotal, 
Marralú, El Cedro, Sincelejito, Alfonso 
López, Playa Blanca, El Totumo. 
Barcelona, Los Negritos, Barandilla, 
Seheve y Santa Rosa 

GUARANDA 11 120 5 
Las Pavas, La Pita, La Ceja, Tierra 
Santa, Palmaritico 

MAGANGUÉ 40 120 7 
Camilo Torres, Tacasaluma, Sabaneta, 
Roma, Las Martas, Tolú, Puerto Nariño 

MAJAGUAL 8 120 4 Totumal, Palmarillo, Piza, León 

SAN BENITO ABAD 40 120 15 

La Ceiba, Cuiva ,Cispataca, Villa Nueva , 
Punta Nueva, El Limon, Jegua, La 
Ventura,  Sanroque, Santiago Apostol,  
Punta De Blanco, El Cauchal, 
Chechenia,Las Chispas Y La Molina 

SAN MARCOS 42 120 22 

La Isla, Caimitico, Betania, Reparo 
Karate, El Tablón, Candelaria, Ceja 
Larga, Palo Alto, Santa Ines-San Felipe-
Cacahuate, Montegrande, La Trocha 
Perciana, Barro Blanco, El Mamón, 
Caño Prieto, Cucharito, La Balsa, El 
Limón, Florida Ceja Larga, Boca de La 
Quebrada, Las Flores 

SUCRE 32 120 21 

Bajo Grande, Cacagual, Camajon, 
Campo Alegre, Chaparral, ConcepcióN, 
CóRdoba, El Congreso, Hato Nuevo 
Huerta Grandes, La Del Coco, La 
Guaripa, La Redonda 
La Solera, Macheton, Malambo, 
MonteríA, Naranjal, NariñO, Orejero, 
Pampanilla 

 
 

                                                             
81 Depths were also obtained from the survey described above. 
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4. Adaptation works 

 
Adaptation works would be undertaken to improve existing micro-aqueducts and them 
according to the structure presented in the Figure 2E-2. Works wouldn’t increase wells depth 
but replace main components of the water supply scheme so that they are more resilient to 
climate change.   
 

 
 

Figure 2E-2.  Scheme of the proposed resilient micro-aqueduct  
 
Based on the survey about the status of existing micro-aqueducts three main adaptation 
works are needed:  
 

1. Adaptation of pumping wells to prevent infiltration of surface water (flood 
protection) 

2. Change of existing pumping systems to more resilient solar powered pumping 
system 

3. Construction/reparation of regulation/storage tanks  
 

A. Adaptation of pumping wells to prevent infiltration of surface water  
Vulnerable wells to flood are improved by preventing water surface with quality issues to 
infiltrate shallows and deeper layers. This will improve the operation of the pumping system 
reducing filtrations and leaks.  
 
Improvements of the pumping well will include (i) replacement of the well casing to prevent 
filtration, (ii) replacement of initial and end caps to prevent contaminated water leakage and 
(iii) installation of filters to improve water quality. Filtration involves a filter media that 
blocks passage of contaminants through physical obstruction. Proposed filter will be installed 
directly at the well system.   
 

20000 L 

Solar Panels 

Pump 

Regulation Tank 

Pumping well 

Filter 
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Figure 2E-2. Scheme of elements of pumping wells (Source: Montana Bureau of Mines and Geology) 

 

B. Reliable and more resilient pumping system 
Water extraction at the existent micro-aqueducts is performed using diesel-based or 
electrical pumps. Both diesel and electricity provision at rural areas at La Mojana is limited 
and intermittent. In local interviews, communities have reported up to two-months without 
electricity and up to three-months without diesel. In this respect, a sustainable source of 
power based on solar radiation will improve resilience of these rural communities. 
 
Shallow wells schemes have been affected by prolonged dry periods, whereas pumps have 
been affected by recurrent flood events. Additionally, in many cases pumps power is not 
appropriate for the wells depth as is unable to supply the design flow, especially during dry 
seasons.  This situation is often overcome with longer periods of pumping what has generated 
important drawdowns of the aquifer. As less precipitation is expected due to climate change, 
a consequent decrease in recharge will put sustainability of the aquifers at risk. In that sense, 
a more effective pumping system will help to increase climate resilience. 
 
Hence, improvement of the pumping system will target ensuring sustainable operation for 
prolonged dry periods and flooding events using a sustainable source of power based on solar 
panels. Solar radiation at La Mojana is very high (> 6.0 KWh/m2) according to the national 
radiation map shown in figure 2E-3. 
 

http://www.mbmg.mtech.edu/


 
 

212 

 
Figure 2E-3.  Solar radiation map (Source: IDEAM-UPME) 

 
 
Pumping systems powered by solar energy have been already used in the context of La 
Mojana for some years. These actions will pair Regional and National Government strategies 
to transform existent pumping systems into more reliable and autonomous ones based on 
alternatives source of power.  In the figure 4, a scheme based on solar panels located in a 
Northern area of Magangue is shown.  
 

 
 

Figure 2E-4.  Pumping system based on solar panels located at Magangue rural area 
 

C. Regulation/storage tanks  
Climate change has challenged the water supply infrastructure in La Mojana. In particular, 
regulation tanks don’t exist or have been flooded, exposing vulnerable rural communities that 
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rely on these supply systems. Absence of tanks increase pressure on the pumping systems, 
which usually work more than eight hours a day to fulfil small tanks used by families. During 
dry seasons, the  lack of storage tanks may affect water provision due that some day the 
system can’t work because the phreatic groundwater levels are very low and the recharge 
rate of the shallow decrease considerably. In that sense, regulation/storage tank will be 
needed to assure a better use of the pumping systems (working 2 – 3 hours/day), ensure 
water provision by storing water taking and promote storage practices taking account the 
number of days that wells may need to recharge.  
 

5. Alternatives and costs 

As mentioned above, micro-aqueducts are often impacted by climate events. Shallow wells 
schemes have been affected by prolonged dry periods, whereas pumps have been affected by 
recurrent flood events. Alternatives developed at La Mojana are related to the construction 
of new shallow (and in some cases deep) wells connected to community tanks, which are the 
solutions promoted by local government. Also private land-owners have been dwelling illegal 
wells, increasing pressure on the aquifer of La Mojana.  
 
Bearing that there is no proper information about the number of wells, the aquifer dynamics, 
ground water characteristics and quality; the construction of new shallow wells is not an 
alternative. For this reason the best alternative is to adapt the existing micro-aqueducts and 
promote at community level integrated management approach that combines the use of 
existing micro-aqueducts, the harvest of rainwater and the efficient and wise use of natural 
water resources.  
 
Costs of the activities proposed were estimated from a market study developed by the 
National Adaptation Fund (NAF) and information provided by municipal authorities (i.e. 
Magangue and Guaranda).  
 

Table 2E-2. Detailed cost for adaptation works 
 

Description Cost (US$) 

1. Adaptation of the pumping well   4,400  

2. Pumping system  10,000  

3. Regulation tank  2,800  

(Source: National Adaptation Fund, 2016) 
 
 
According to the survey carried out with Planning Secretariats of the 11 municipalities of La 
Mojana, the microaqueducts The target of this activity is (133 micro-aqueducts) located in 
rural areas. In the following table, projected investments for municipality are shown: 
 

Table 2E-3. Actions needed per municipality and projected costs. 

Municipality 
No. aqueducts  with 
problems related to 

climate resilience 

Adaptation works 
needed 

Total Projected 
Investment (USD) 

ACHÍ 14 1,2,3   240,800  
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AYAPEL 15 1,2,3   258,000  
GUARANDA 5 1,2,3   86,000  

MAJAGUAL 4 1,2,3  68,800  

SAN BENITO ABAD 15 2,3   192,000  
SAN MARCOS 22 1,2,3  378,400  

SUCRE 21 1,2,3  361,200  

Adaptation works needed: 1. Adaptation of the pumping well, 2. Pumping system, 3. Regulation tank 
 
 

6. Sustainability, operation and maintenance considerations 

Current practice is to manage the micro-aqueducts on a community basis. The households 

undertake simple treatment and the maintenance of micro-aqueducts using the existent 

Community action groups (JAC, Juntas de Accion Comunal in Spanish). The same 

methodologies will be employed after the project period. For micro-aqueducts, a small fee 

will be collected to support minor O&M and upkeep of the systems that allow communities 

to support maintenance after the warranty period finish.  Municipal authority will invest 

resources to ensure the provision of spare parts for use post-project, if needed, as is the 

current practice.   Total co-financing from the municipal authority of US $1.000 per year is 

expected to ensure the provision of spare parts and maintenance of the pumping system. 
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Annex 2F. Location of micro-aqueducts to be fixed by the project 
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Annex 2G Priotized wetland areas for implementation of landscape restoration plans 
 
In 2016, the Humboldt Institute, as part of the MADS-AF project,  carried out the ecoregional 
planning of La Mojana, with the purpose of generating intervention scenarios and identifying 
restoration strategies to increase connectivity between forest fragments and wetlands, 
promote public and private conservation efforts and recommend actions to recover 
ecosystem services such as water regulation, fishing and flooding prevention. 
 
This analysis was focused on inegrating biological, ecological and socioeconomic information 
to identify landscape elements. The analysis provided informtation abut the main ecosystems 
and prioritized areas where the implementation of conservation actions would contribute to 
initiate a restoration process including a landscape approach. 
 
Ecoregional planning included: 
 

• Definition of wetland boundaries and moisture gradient. This process was performed 
through the interpretation of satellite images, comparing years with floods and 
prolonged dry seasons, which were selected according to the available limnimetric 
data of La Mojana. Minimum, medium and maximum levels of water were defined and 
a topographic index of moisture was calculated by studying the relationship between 
slope and accumulation of flow in each pixel of the digital terrain model. Results of 
this analysis identified the areas with the highest accumulation of water. 

• Identification of current land-use practices in wetland ecosystems. A land-cover map 
was generated to analyse the current land-uses of wetland ecosystems. This analyses 
used information from the wetland and moisture gradient maps described above-  

• Recommendation of suitable interventions to initiate restoration processes: Based on 
the results of the two steps above, recommendations about the best intervention 
strategies were identified, including the selection of areas for conservation, 
restoration, rehabilitation, recovery, productive restoration and sustainable use. 

  
Through the different strategies of intervention defined with ecoregional planning and in line 
with what is proposed in the National Restoration Plan (MADS, 2015), it is proposed to 
intervene with GCF resources and through co financing resources the municipalities of San 
Jacinto del Cauca, Guaranda, Majagual and Achí, which present the most degraded wetlands 
in the region of La Mojana (Map 2G-1). 
 
Prioritized swamps and zapales are part of the microbasins described in 5.2.2. These systems 
of reeds recharge the marshes with the excess of water that they transport, which is retained 
and filtered and later to be drained back to the superficial drains.  
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Figure 2G-1. Priotized wetland areas for implementation of landscape restoration plans 

Source: UNDP-Col based on IAvH, 2016. 
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Annex 2H. Enhancement of Early Warning Systems at La Mojana 
 

1. Introduction 

Hydro-meteorological early warning systems in Colombia are operated by the IDEAM, which 

is a Research Institute attached to the Environment and Sustainable Development Ministry. 

They operate the national hydro-climatological monitoring network and generate main 

climate warnings in the country. To achieve these objectives, they have three main divisions 

related to EWS: 

 

• Hydrological division: works to increase the knowledge of hydrological cycle processes, 

water availability and demand; water-resource related risks (e.g. river floods and 

droughts and water quality issues.  Currently, it is the division in charge of the 

administration of the national hydrological network (e.g. water levels and flows in rivers 

and lakes).  

 

Additionally, in the context of a Cooperation Agreement with Deltares and UNESCO-IHE 

a pilot program was developed. An operational forecast system for three areas was 

implemented denominated FEWS- Colombia. Three selected areas are located in the 

Bogotá River, Upstream Basin of the River Cauca and the Magdalena River between 

Puerto Salgar and Barrancabermeja.  Achievement of this program include: (i) integration 

of the hydro- meteorological real-time stations, (ii) meteorological forecast WRF00 and 

(iii) hydrological and hydraulic modelling of the rivers. 

 

At la Mojana (area: 11.000 km2), 10 real-time hydrological stations are located, 

Hydrological and Hydraulic models for different return periods are available. 

Meteorological forecast and integration to the FEWS-Colombia system is required. 

 

• Meteorological division: develops studies and research related with the atmosphere, 

weather and climate. Additionally, they prepare products related to improve sustainable 

profit of the climate, in particular, develop reports useful to enhance production in 

different sectors of the economy.  

 

Currently, they generate weather forecasts and climate predictions through numerical 

modelling. National scale daily forecast updated every 6 hours are generated using 

weather models Global Forecast Systems (GFS), Fifth-Generation Penn State/NCAR Meso-

scale Model (MM5) and the Weather Research and Forecasting (WRF). Annual climate 

predictions updated every month using the Community Atmosphere Model (CAM) and 

CWRF, CMM5, CPT y NOAA regional models are generated too at national scale. 

 

They also generate Climate Predictions Bulletins at National level at short (1 month), 

medium (2-3 months) and long term (4-6 months) periods, and agro-meteorological 
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bulletins for the 5 main regions: Atlantic coast, Andean region, Pacific Region, Orinoco 

Region and Amazonia Region. 

 

Currently, most of the products from this division are generated at a broader regional 

level (5 mains regions in Colombia). 

 

La Mojana is a very complex area where rainfall ranges between more than 3.500 to 2.000 

mm, 4 main rivers converge, flow inputs in La Niña event from these rivers are higher 

than 6.000 m3/s and most of the rural population are located in a flood plain.  In that 

sense, local predictions are required. 

 

• Forecast and Alert division: develops weather forecast, integrate all the available data 

from other divisions and generate warnings. Warnings are generated at a regional level 

(5 mains regions in Colombia).  After the major losses occurred due to the last Niña Event 

(2010-2011), Colombian government established a recovery and reconstruction plan 

that include the re-design of the existent National EWS to strength the National System 

of Disaster Attention and Prevention. This strategy is focus on the improvement of the 

current hydro- meteorological network and the technological integration to have real-

time information available.  Supported on this strategy IDEAM begin the implementation 

of Regional Forecast Centres that allows continuous hydro-meteorological monitoring in 

smaller areas with a high-level resolution. Currently, the first Forecast and Alert Regional 

Centre operates in Medellin metropolitan area that monitors Antioquia state.  

 

Due to the level of complexity and the area, a Regional Forecast Centre for La Mojana with 

an improved hydro-met network would help to optimize local and regional hydrological 

and meteorological weather and forecast predictions in a better spatial and temporal 

resolution.  

 

At present, in La Mojana there are 54 active stations:  

1. 14 hydrological stations, that measure river levels and rainfall 10 of them transmits 

information in real-time. 6 of the automatic stations are located in the San Jorge river 

basin: Montelíbano (upstream La Mojana), San Pedro and Marralú along the river, one 

at La Cienaga de Ayapel (Ayapel wetland) and one at Cienaga de San Marcos (San 

Marcos wetland). After Cienaga de San Marcos there is no hydrological station until 

San River joins Magdalena River downstream Achí. This is a 100 km distance.  1 

hydrological station is located in the Caño Barro, a tributary of the Cienaga de Ayapel. 

The additional 3 stations are located along the Cauca river: Puerto Valdivia and La 

Coquera upstream La Mojana and Las Varas located 60 km downstream La Coquera. 

Between Las Varas and Cauca River confluence with Magdalena River (100 km) there 

is no additional hydrological station but there are more than 5 towns. 

2. 1 automatic (real-time) principal climatological station that measures temperature, 

rainfall, evaporation and wind speed at 2 m. 
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3. 2 ordinary climatological station that measure temperature and rainfall. 3 other 

climatological stations are located within basins upstream La Mojana but are not 

included within the 54 stations listed here.  

4. 36 pluviometres that measure daily rainfall and temperature. 

5. 1 pluviograph that measures rainfall every 15-min.  

  

According to IDEAM previous studies, distance between stations should be less tan 15-20km, 

so that adequate climatological spatial variability is represented. Recommendations 

regarding hydrological stations separation indicate that this should be less than 30 km. 

However, due to operative and economical limitations is very difficult to achieve this level of 

detail in most of the country.  

 

Due to previous efforts done at La Mojana in the context of the MADS-AF  Project and National 

Adaption Fund Action Plan, IDEAM designed a regional program for La Mojana. All the 

requirements and products proposed in this project rely upon this design. As a part of the 

same efforts, contacts with the University of Cordoba, that has a well-known research group 

in meteorology, are very advanced. They would provide workspaces and accompaniment to 

develop some of the activities included in the methodology described bellow. 

 

MADS-Kyoto protocol project has also updated nine stations that include (Table 2H-1): 3 
climatological stations, 4 pluviometric stations and 2 hydrological. Two (2) additional new 
climatological stations will be installed within the first semester of 2017.  
 

Table 2H-1 List of equipment provided by the MADS-AF project to update nine existing 
stations 

ITEM  Equipment Reference 

1  NEMA 4 BOX HOFFMAN 

2 
Data logger satellite transmitter 
SATLINK2 modem GPRS 

SUTRON 

3 SATLINK SUTRON 

4 GPS antenna TRIMBLE 

5 GPRS antenna CELLANTENNA 

6 YAGI satellite antenna SUTRON 

7 GPRS protector CITEL 

8 Satellite transmitter protector POLYPHASER 
9 Rainfall sensor based on weight MPS SYSTEM 

10 Level sensor VEGA 

11 Battery CSB 

12 Solar panel YINGLI SOLAR 

13 Energy peaks protector L-COM 
14 Regulator MORNINGSTAR 
15 Protection system and lighting rod 

 

Sustainability should be considered as a key issue to define technical details of the stations 

and the number of new stations proposed as Operation and Maintenance (O&M) cost needs 
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to be assumed by IDEAM and regional partners. In that sense, a consultation with them was 

held that included discussion on what the National System is able to sustain. 

 
2. Technical Specifications 

The main goal of this activity is to optimize hydrological and meteorological regional and local 

weather and climate forecast and predictions, with the aim of emitting and diffusing 

effectively hydro-meteorological warnings. With the methodology proposed, we will achieve 

an improved spatial and temporal resolution of the hydro-meteorological warnings and 

bulletins, which in turn will help reducing human and economic losses as well as increase 

productivity and ensure water and food security at La Mojana in projected climate change 

scenarios.  

 

The proposed methodology is described as following: 

 
1. Consolidation of the Available data: During this stage the following activities will be 

done:  

a. Hazard and risk maps compilation. 

b. Analysis, depuration and data completion of the historical data.  

c. Hydrological and climatological characterization using all the historical 

information analysed and processed.  

d. Identify climate variability indicators from the proposed by the National and 

Atmospheric Administration (NOAA) that allows explaining rainfall and 

temperature changes. 

e. Consolidation of the data compiled in a GDB so that can be used in the 

following phases.  

 

2. Integration of the hydrological and meteorological models: This step includes the 

following activities: 

a. Construction of downscaled meteorological models to improve spatial and 

temporal resolution forecast. 3, 6, 12, 18, 24 and 72 hours runs are proposed. 

The meteorological modelling and their associated products will be 

performed using Global Forecast Systems (GFS), Fifth-Generation Penn 

Available Data 
consolidation

Meteorological 
and 

hydrological 
modeling 

integration

Infrastructure 
and 

instrumentatio
n

Warnings 
Generation

Communication 
and local 

strengthen



 
 

223 

State/NCAR Meso-scale Model (MM5) and the Weather Research and 

Forecasting (WRF) as well as an ensemble of these. 

b. Update and refine existent hydrological and hydraulic models. 

c. Acquisition and installation of 12 infrared cameras. 

d. Integrate hydro- meteorological real-time stations, meteorological forecast 

WRF00 and hydrological and hydraulic modelling of La Mojana into the 

FEWS-Colombia system. 

e. Capacity building on meteorological, hydrologic and hydraulic modelling for 

local experts. 

 

3. Acquisition and set-up of infrastructure and instruments: This step includes the 

following activities: 

 

a. Acquisition and set-up of 3 new hydrological stations.  This station will 

include at least: (1) Rainfall sensor, (2) level sensor, (3) Yagi Antenna, (4) data 

collection platform,  (5) GOES satellite transmitter, (6) solar energy feeding 

system and (7) protection system with a lightning rod and (8) Cabinet 

construction. Locations of the stations will be as follow: 

i. 1 stations along the Cauca River between existing La Coquera y Las 

Varas. 

ii. 1 stations along the San Jorge  River between existing Marralú and San 

Antonio,  

iii. 1 stations along the Caribona River upstream the confluence with the 

Cauca 

b. Acquisition and set-up of 2 climatological stations. These stations will include 

at least: (1) Rainfall sensor, (2) temperature sensor, (3) relative humidity 

sensor, (4) Atmospheric pressure sensor, (5) radiation sensor, (6) wind 

speed, path and direction set of sensors, (7) Yagi Antenna, (8) data collection 

platform, (9) GOES satellite transmitter, (10) solar energy feeding system and 

(11) protection system with a lightning rod and (12) Cabinet construction. 

Locations of the stations will be as follow: 

iv. 1 new stations in the San Jorge basin 

v. 1 new stations in the Cauca Basin 

c. Hardware and software for Meteorological and Forecast and Alert divisions, 

as well as the Forecast Regional Centre.  

d. Update two existent hydrological stations. Update implies changing the water 

level sensor, adding a rainfall sensor, a Yagi Antenna, a GOES Satellite 

transmitter, a data collection platform and a solar energy feeding system. 

Cabinet infrastructure will remain unchanged. Locations of these stations will 

be Pica-Pica and San Antonio stations located in San Jorge River basin. 

 

4. Generation of alert products based on continuous monitoring of the stations:  
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a. Generation of real-time local hydro-meteorological information to enhance 

knowledge on daily and sub-daily patterns at La Mojana. 

b. Generation of sub-regional alert bulletins in an hourly, daily, and weekly 

basis. 

c. Generation of 1, 3 and 6 climate prediction bulletins in a monthly basis. 

d. Generation of agro-met monthly bulletins  

e. Capacity building for local experts on alert and recommendations generation. 

 

5. Strengthen of communication and dissemination strategies:  

a. Capacity building program for Risk Management Local Committees (RMLC) 

and community.  

b. Support the design of evacuation plans at local and community level. 

c. Provide communication equipment to the 11 RMLC and communities. 

 

3. Hardware and Software 

Hardware and software required is listed:  

• 1 Server Rack Type.  Double processor Intel® Xeon® E5-2667 v4 2.4GHz,55M 

Cache,9.60GT/s QPI,Turbo,HT,22C/44T (145W) Max Mem 2400MHz. RAM 32 GB, 

Hard drive disk SATA 2TB 7200RPM- Raid 1.  

• 1 Rack Cabinet 42U. Includes KWM Wall Smart Rack weight: 25Kg. 90Kg capacity. 

• 2 Screen systems of 40” 

• UPS 5 KVa 8.000.000 

• 1 singled named user Matlab 2016b licenses with Optimization toolbox, Parallel 

computing Toolbox, Mapping toolbox, Simscape, Simulink, Symbolic Matlab toolbox 

and Control System Toolbox. 

• 2 Laptop Intel core i5-6200U RAM 8 GB. Intel HD Graphics 520. DD HDD 1TB 

5400RPM DVD Supermulti unit. 15.6" Monitor 

 

4. Staff Profiles 

Staff profiles considered supporting the activities included in this component are: 
 

1. Meteorologist, Engineer or Earth Scientist with experience in meteorological and 

climatological numerical modelling with master in hydro-sciences related areas. They 

will be focus on weather and climate predictions generation. 

2. Meteorologist or Earth Scientist with experience in data and signal analysis. They will 

focus on data processing. 

3. Earth Science professionals with experience in GIS and GDB construction. They will 

lead data consolidation and support FEWS integration. 

4. Hydrologist, Hydraulic or Water resources specialist with experience in hydrological 

or hydraulic models. They will be focus on updating and integrating hydrological and 

hydraulic models in the FEWS-Colombia system.  
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5. Statisticians with experience on data analysis. The will be concentrated on validation 

processes of model runs 

6. Technicians will be also needed to support field and office activities. 

 

5. Capacities Generated 

Capacities that would be generated by implementation of this project includes: 
 

1. Generate 24-72 hours warnings at the sub-regional level at La Mojana that will help 
saving lives during severe flood events. 

2. Generate daily weather forecast updated every 6 hours at the sub-regional scale at La 
Mojana that will help farmers to define when to apply fertilizers or pesticides. In the 
short term, this activity will reduce the application of chemicals to the land. 

3. Generate short (1 month), medium (2-3 months) and long-term (4-6 month) climate 
predictions at the sub-regional level with their associated uncertainty definition. 
These predictions will help farmers at La Mojana to do a more adequate crop planning 
and foster crop productivity. In particular, in this region short-duration crops are 
favoured (e.g. rice, watermelons, beans) and mainly rely on rainfall patterns. Last 
years due to climate change and climate variability, rainfall patterns have changed 
traditional stages of crop growing and many farmers have lost their products. 

4. FEWS-Platform implemented at La Mojana and integrated to the national EWS model. 
This integration will strengthen the National System of Disaster Attention and 
Prevention.  

5. Generate specific warnings bulletins with appropriate information for each identified 
sector at La Mojana (e.g. farmers, towns’ inhabitants, rural population, cattle 
ranchers, boatmen). Such bulletins will help to improve communication with 
communities.  

6. Generate agro-met bulletins with recommendations based on the weather forecast 
and climate predictions for La Mojana.  These products will help to improve food 
security at La Mojana based on a more efficient water management. 

7. Build a computational platform for the assimilation of the data that calibrates and 
validates the meteorological model. This activity will reduce uncertainty on the 
predictions and in that sense data generated will be more realistic. 

8. Generate rainfall and temperature projections high-resolution maps from the 
meteorological models. This will help to design medium and long-term local and 
regional water management strategies to improve water security at La Mojana. 

9. Update periodically the percentage change and anomalies of the rainfall and 
temperature from different models (climate variability monitoring). This capacity 
will help to have more realistic climate-variability predictions what in turn will 
contribute to design short-term contingency plans for La Mojana. National System of 
Disaster Attention and Prevention will have information to anticipate El Niño and La 
Niña events and design better short-term measures.  

10. Improve the communication strategies at the local and community level (e.g. provide 
radios and communication elements to communities). This capacity will enhance the 
existent EWS as warnings and recommendations will reach vulnerable communities 

11. EWS capacity building program at community and local level implemented. This is 
mainly focused on the warnings and recommendation interpretation and use for 
different local actors (e.g. vulnerable communities, farmers, cattle ranchers, local 
authorities). 
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12. Adequate evacuation plans at the community level. Most of the communities at La 
Mojana have no evacuation plans. This will help reducing possible human and 
economic losses. 

 

6.  Budget  

Summarized budget per component is shown in the following table. 

 

Table 2G-2. Calculated costs for each component 

 
Detailed budget is presented in Annex 2F.  
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7. Sustainability, Operation and Maintenance Considerations 

Annual maintenance and operation values are detailed as following: 
 

Description No. Unit Value 
Total Value 

(USD) 
Maintenance and operation of a 
hydrological or climatological 
station stations (values provided 
by IDEAM) 

13  $1.500   $ 19,500  

Personal required- Meteorologists 
(2), Hydrologist (1), Technician  
(2) 

1  $ 60,000   $ 60,000  

Servers and workstations 
maintenance and operation 

1  $ 3,500   $ 3,500  

TOTAL  $ 83,000  

 

New hydrological and climatological stations will be integrated to IDEAM network. In that 

sense, IDEAM will ensure sustainability of these stations. O&M annual costs will be close to 

US$19.500 and will come from their operation annual budget. 

 

Annual server and workstations maintenance, as well as personal required salaries after the 

end of the project (US$63.500) will be assumed by University of Cordoba through an 

agreement to operate the Regional Forecast Centre.  In the context of the on-going MADS-AF 

project, meetings and conversations with university directives have been already hold to 

define details of the agreemen
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Annex 2 J Home – gardens adapted to Climate Change and Variability  

Technical Sheet 
 

Gardening experience reported in the literature indicates that home gardening can be a sustainable 

strategy for improving food security and incomes when gardens are well adapted to local agronomic 

and resource conditions, cultural traditions and preferences. This type of gardening is accessible 

to the most vulnerable people since it relies on low-cost, low-risk technology and may be adapted 

to hostile environments (e.g. dryland gardens, flooding gardens).  

In order to design a cost-effective long-term sustainable solution for food security based on home 

gardening for La Mojana, the following activities are proposed: 

1) Rescuing traditional gardening practices: Home gardening in some areas of La Mojana is 

a common practice. Activities of the project would be targeted to identify those communities 

with home gardening experience and rescue traditional practices related to crop varieties, 

best practices for water and soil management, knowledge on seasonality and suitability of 

crop varieties to different climate conditions. Also the project would work on those areas 

where there is no experience with traditional gardening to have a better understanding of 

the constraints that have inhibited gardening in the past.  

2) Participatory design of home gardens: Participatory techniques will be used to assess 

agronomic conditions in the different areas of La Mojana and the design of home gardens 

according to those conditions.This activity will also include economic analysis to support 

farmers in making the best decisions on the design of the home garden, the species to be 

involved and the practices to be implemented. 

3) Crops varieties propagation: The project will support the reproduction of local crop 

varieties. The proposed strategy is based on promotion of local nurseries run by women 

associations to ensure seed provision during the project implementation and sustainability 

after the project.  
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Figure 3. Local nurseries at La Mojana 

 

4) Construction of adapted home gardens: Building on the experience of the MADS-AF 

Project, this project will support households on the construction of raised garden beds, 

drainage canals, water-adapted plants and plastic coverings will be used to reduce risk to 

floods.  

 

 

Figure 4. Flood resilient structures for home gardens used in La Mojana 

The project will also support households in the implementation of good practices to assure 

adaptation to dry seasons. Practices include mulching, water-conserving horticultural practices, 

promotion of drought-tolerant crops varieties and efficient irrigation systems based on rainfall and 

wastewater recycling.  

 

 

 

 

 

 

Figure 5. Current home gardens at La Mojana 

In La Mojana, many gardeners may face limitations of lack of cultivable soil. Implementation of 

good practices will also include soil management. Low-cost methods of improving soil fertility, such 

as building up soil with compost, planting leguminous trees and cover crops and terracing will be 

promoted. Most of the ongoing activities associated to home gardens are community initiatives and 

they have been developed at small scale and with limited use of technology. Funding from GCF 

would enhance these initiatives by adding flood-resilient structure, rainfall or wastewater-based 
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irrigation and nursery support. Additionally, it would achieve to upscale local initiatives to a regional 

level that will help to ensure food security of most of the rural population of La Mojana. 
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Annex 2K. Efforts of the Colombian Government to reduce use of mercury in the mining 

sector 
 
The problem of heavy metals contamination in Colombia is mainly associated with the gold sector, 
responsible for eliminating about 298 tons of mercury per year. The problem is centered in the 
departments of Chocó, Antioquia, Nariño and Bolivar, and affects rivers such as San Jorge and 
Cauca that deposit their waters in the Momposina Depression, a region to which La Mojana 
belongs. 
 
 
It has been documented in multiple worldwide investigations that mercury contamination has 
important effects on wildlife. For example, in birds, different levels of total mercury concentration 
are related to the reduction in hatching rate, reduction in chicks' survival, failure to seek a mate, 
infertility, reduction in growth, changes in blood chemistry And others (Burger & Gochfeld, 1997) 
(Eisler, 2006). However, in the case of La Mojana, there is no evidence of this type of effects of 
mercury contamination on the fauna, the general flora or the functioning of ecosystems. There are 
some studies in regions similar to La Mojana, for example, the concentrations of mercury in 
decapod crustaceans were evaluated in the Bay of Cispatá (Córdoba Department) between 2005 
and 2006, finding 138 crabs of the superfamily Xanthoidae with deformities of the type: fusion of 
anterolateral teeth, malformation of the dactyl with a spiral walker appendage, exaggerated growth 
of pleopods in females, and diseases of black spots that result in the destruction of the chitin layer.  
 
The Government is formulating regulations and taking steps forward to face this phenomenon with 
specific actions. In particular, the country signed the Law 1658 of 2013 in which the terms of 
reduction and elimination of the use of mercury in the mining sector and other industrial sectors are 
presented. The standard aims to eliminate the use of Hg in mining activities by 2018 and in other 
industrial and production processes by 2023. Subsequently, the Ministry of Environment and 
Sustainable Development (MADS) in 2014 published the National Plan of Mercury. The main goal 
of this plan is to reduce progressively the use of mercury in different industrial processes. Ongoing 
activities include surveillance in Chocó, Cauca, Nariño, Antioquia and Bajo Cauca (located 
upstream La Mojana), formulation of sectoral plans, the development of socialization workshops 
with communities, technical assistance to gold miners for technological reconversion, and the 
creation of a portal on mercury housed in The MADS website. Colombia is also a signatory to the 
Minamata Convention whose main purpose is to protect human health and the environment from 
anthropogenic releases of mercury and mercury compounds (UNEP, 2013), and is in the process 
of being prepared for ratification. 
 
Another country-specific instrument, specifically for the mining sector, is the "Strategic Sectoral 
Plan for the Elimination of the Use of Mercury - The Road to a Sustainable Gold Benefit", which 
sets out actions to effectively reduce the use of mercury in the activities of beneficiation and 
recovery of gold through 4 strategies: 1. Institutional strengthening, 2. Knowledge Management, 3. 
Management for change and 4. Education and communication. The implementation of this plan 
has a budget amounting to $ 83,639,202,800 pesos (US$27.000.000) financed by the General 
Budget of the Nation and additional resources of international cooperation. The Ministry of Mines 
and Energy (MME) has a theoretical and practical training program for the reduction or elimination 
of the use of mercury in processes of beneficiation of the gold in different zones of the country, that 
is implemented from the 2013 and intends to train the miners on the application of clean 
technologies that improve productivity and at the same time eliminate the consumption of mercury, 
besides formalizing the traditional miners for the fulfillment of the environmental and technical 
standards of the country. 
 
Among the initiatives financed by international cooperation resources is the Global Mercury Project 
financed by the GEF and implemented by UNIDO in conjunction with the MADS, in order to carry 
out a National Plan Draft that include specific actions prior to the ratification of the Minamata 
Convention.  This project started its implementation in 2015 and has the support of the National 
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Center for Cleaner Production and Environmental Technologies - CNPMLTA (as executing entity). 
This project consists of 4 components: 1. Determining the gaps and institutional barriers to the 
proper implementation of the Convention; 2. Identification of the policy and normative adjustments 
necessary for the implementation of the Minamata Agreement; 3. Establish the national profile of 
mercury to define intervention plans; and 4. Dissemination of information among relevant 
stakeholders. 
 
In the next months, implementation of the project "Integrated Management of Mercury in the ASGM 
sector of Colombia" will begin as a part of the global "GEF-GOLD" initiative. The project, with US $ 
6,000,000 GEF funding, will be implemented by UNDP together with the MADS and the MME. This 
project aims to reduce or eliminate the use of mercury in the Colombian ASGM sector in regions 
prioritized, through the provision of technical assistance, technology transfer, establishment of 
public-private partnerships, and facilitating access to finance mercury-free technology, in line with 
the "Strategic Plan for the Elimination of Mercury Use - The Path to a Sustainable Gold Benefit." 
 
In the context of NAF-Mojana Action Plan, the NAF together with the Universidad de Cordoba are 
developing a comprehensive heavy metals monitoring campaign in the eleven municipalities. This 
monitoring includes samples on water, sediments, plankton, rice and fishes. The main goals of this 
study is to define the baseline in terms of heavy metals concentrations at La Mojana, design a 
heavy metals monitoring system and generate differentiate mitigation measures for each 
municipality. 
 
On the other hand, as it has been expressed in the literature (e.g Constanza et al. 1997; Zedler, 
2003; Jenkins et al. 2010), one of the main wetland ecosystem services are wastewater depuration, 
pollution control and detoxification as wetlands provide ideal conditions for removal or breakdown 
of different compounds. Rai (2008) presented a review on phytoremediation using wetland plants, 
in this work, he highlighted biogeochemical processes in wetland which remove heavy metals from 
all industrial effluents that includes: binding to soils, sediments and particular matter, precipitation 
as insoluble salts, uptake by bacteria, algae and plants as well as harvesting and removal of 
biomass. 

 

 


