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Between 2012 and 2015, with 
funding from the International 
Development Research Centre 
(IDRC, Canada), CATHALAC 
prompted a research study 
on Water Security and Climate 
Change at the regional level, 
with attention focused on the 
political-institutional condi-
tions of water management in 
the Dominican Republic and 
Guatemala. In both countries 
work was carried out hand in 
hand with the Ministries of 
Environment and two national 
universities, the Technological 
Institute of Santo Domingo 
(INTEC) and the University of San 
Carlos of Guatemala, respec-
tively. Together with national 
partner institutions, the areas of 
focus were selected.

In the Caribbean nation, a study 
was made of climate change-re-
lated vulnerability in the Rio 
Yaque del Sur watershed and 
of local water management in 
the municipalities of Guayabal 
and Tamayo. In the selected 
municipalities, those respon-
sible for municipal planning, 
together with project research-
ers,  drafted Municipal Plans 
for Adapting Water Resource 
Management to Climate Change.  
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Water 
Security
Water security is the “ability of 
the population to safeguard 
sustainable access to water in 
the quantity and of the quality 
suitable for livelihoods, human 
welfare1 and socio-economic 
development, to ensure protec-
tion against water-borne con-
tamination and water-related 
disasters, and to conserve eco-
systems, in a climate of peace 
and political stability”2. 

The concept of Water Security 
summarizes the level of success 
of a given population in water 
management, including: 

▶▶ Access to potable water 
▶▶ Waste water collection and 
treatment
▶▶ Protection of livelihoods, 
human rights and cultural 
values
▶▶ Watershed conservation
▶▶ Socio-economic development

1 Human welfare has multiple aspects, 
including the basics for a good life, freedom 
of choice and action, health, good social 
relations, and security (MA, 2003 in UN-Water, 
2013).
2 UN-Water. United Nations University. 
Institute for Water, Environment and Health. 
2013. Water Security and the Global Water 
Diary. United Nations University. Ontario, 
Canada. 37 p.
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The Rio Yaque del Sur 
Watershed

The Rio Yaque del Sur watershed in the southwestern region of 
the country covers an area of 5,061 square kilometers. It is born 
on the southern slope of the central mountain range at a height of 
2,707 masl and empties into the Bay of Neiba. It is the watershed 
with the greatest water potential in the Dominican Republic and is 
harnessed and regulated by multipurpose infrastructure, especially 

for agricultural irrigation. The 
San Juan valley, also known as 
the breadbasket of San Juan, is 
located here. Much of the food 
consumed by Dominicans is 
grown here. Regarding infra-
structure, highlights are the 
dams of Sabaneta and Sabana 
Yegua, with a joint energy 
production capacity of 19.4 
MW.  Further down, the Monte 
Grande dam is under construc-
tion, with a generating capacity 
of 7.83 MW.

Yaque del Sur is the watershed 
with the greatest vulnerability to 
the effects of tropical cyclones, 
which produce large river swell-
ings and floods. The territory 
of the watershed comprises 21 
municipalities and  is home to 
around 395,000 people, many 
of whom have dramatic memo-
ries of events such as Hurricane 
Georges in 1998 or the Noel 
storm in late 2007.

This research study evaluated 
the current vulnerability of the 
Yaque del Sur watershed to 
climate change, based on the 
conditions of two prioritized 
municipalities, Guayabal in the 
upper region and Tamayo in the 
bottom of the watershed.
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What is climate change?
Climate change refers to a change 
in climate that persists for an 
extended period, typically decades 
or more. Climate change may be 
due to natural processes (such 
as volcanic eruptions) or peo-
ple-driven processes (such as the 
gases emitted by burning vegeta-
tion or operating engines). Since 
human activity in recent years 
has generated huge amounts of 
gases called Greenhouse Gases or 
GHGs (because they function as a 
layer over the earth similar to the 
covering over a greenhouse, allow-
ing sunlight to pass through, but 
storing the heat), the process of 
climate change has been acceler-
ating in the planet, changing many 
patterns.

One of the direct effects of Climate 
Change is on the water cycle, i.e., 
on water availability, which means 
a lot in terms of human develop-
ment, reducing poverty, food secu-
rity, energy security, etc. Hence 
the need to analyze how Climate 
Change will affect water security, 
since this concept summarizes 
the use that society makes of this 
precious resource.
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How will Climate 
Change affect water 
availability?
To answer this question, we explored 
what the climate will be like in the 
future. Different institutions around the 
world have modeled the planet’s climate 
for different levels of Greenhouse Gas 
emissions. CATHALAC selected two of 
these models, the Norwegian model 
NorESM1-M and the Japanese model 
MIROC5, for both a low level (2.6 W / 
m2) and high level (8.5 W / m2) of emis-
sions to 2050. The annual temperature 
and precipitation values for both mod-
els and their emissions scenarios were 
used to evaluate changes in the water 
cycle of the Yaque del Sur watershed 
using the SWAT program (Soil and Water 
Assessment Tool).
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What is the water cycle and how does it 
work in a watershed?
The water cycle describes the 
movement of water on the planet. 
Its movement may be in a liquid, 
solid or gaseous state and cov-
ers several stages: precipitation, 
which in our country refers mainly 
to rain but in other countries 
includes snow and hail; infiltration, 
which is water that penetrates the 
ground; the runoff that creates 
rivers; and the water that evapo-
rates from surfaces (bare ground, 
ground with vegetation, bodies of 
water, etc.) to the atmosphere to 
form new clouds. This process is 
carried out in a land space called 
a watershed that acts like a “huge 
bowl” in which we can quantify 
how much water there is in each 
component of the cycle.

Soil and vegetation are key ele-
ments in this cycle, since just as 
water accumulates in lakes or 
dams, it is also stored under-
ground in what are known as 

Transpiration
Precipitation

Precipitation

Upper section 

Middle section

Lower section

Evaporation

Ocean

Evaporation

Lake

Percolation

Percolation

Base flow

Base flow

aquifers. The capacity of aquifers 
to store water depends first on 
their ability to infiltrate, which 
in turn depends on the type of 
surface; for example, in ground 
without vegetation the water will 
have difficulty penetrating deeper 
layers for storage, and in a storm, 
the water will run off quickly with 
no opportunity to infiltrate, possi-
bly causing a flood disaster. That 
is why it is important to take care 
of forests; otherwise, there will 
be problems storing the water in 
rivers and underground, which are 
the main sources for the systems 
that transport water to our homes.

The figure Variables in the 
Water Cycle of the Yaque del Sur 
Watershed presents the different 
components of the water cycle 
and the volumes of water in milli-

meters that have been calculated 
for each one in the Yaque del Sur 
watershed. The chart that follows 
presents monthly averages for 
these variables throughout the 
year. It can be observed that aver-
age precipitation for the water-
shed is 1,049 mm. Of this amount, 
70% evapotranspires, a portion of 
the surplus runs over the ground, 
another part runs through the 
topsoil as lateral flow and another 
percolates. Of the water that 
percolates, part evaporates from 
the ground, another part flows 
horizontally and only a small 1% 
infiltrates to recharge deep aqui-
fers. The amount of water counted 
as Water Production is the sum of 
the Superficial Runoff, Lateral Flow 
and Base flow.
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Variables in the Water Cycle of the Rio Samala Watershed

Evaporation
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Variables in
the Water Cycle 

Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Precipitation (mm) 23.07 24.88 52.95 95.31 149.33 100.94 94.31 119.54 162.93 114.24 79.18 32.73 1049.41

Surface Runoff 
(mm) 0.18 0.39 1.55 7.40 15.98 2.67 2.49 2.72 17.66 4.91 9.34 0.80 66.08

Lateral flow (mm) 3.57 2.40 2.74 3.96 7.08 7.35 6.63 7.22 9.98 10.14 8.39 5.81 75.26

Percolation (mm) 2.30 3.08 5.51 8.85 19.28 14.00 11.17 16.79 35.72 25.57 20.18 7.19 169.63

Underground flow/
Base flow (mm) 14.08 12.02 12.45 11.55 11.98 12.01 12.28 12.19 12.67 14.35 14.50 14.80 154.89

Recharge to deep 
aquifer -11.78 -8.94 -6.94 -2.71 7.30 1.99 -1.11 4.60 23.06 11.21 5.68 -7.61 14.74

Evapotranspiration 
(mm) 22.70 24.32 64.36 89.57 88.87 75.79 69.84 74.47 77.92 69.97 50.10 32.38 738.1

Water production 
(mm) 19.39 16.21 18.26 24.33 36.48 23.40 22.80 23.52 41.65 30.83 33.67 22.94 313.49
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The IPCC³ defines vulnerability 
to climate change as “the degree 
to which a system is suscepti-
ble or unable to cope with the 
adverse effects of climate change, 
including climate variability and 
extremes.” In the Yaque del Sur 
watershed, CURRENT vulnerability 
was evaluated in three aspects: 
Exposure, which is the type of 
impact that the watershed is 
exposed to and the degree or the 
intensity of the impact; Sensitivity, 
the degree to which the watershed 
is affected by the weather; and 
Adaptive capacity, which refers to 
the watershed’s ability to adapt to 
change, mitigate possible damage, 
take advantage of opportunities or 
face the consequences.

The factors related to vulnerability 
were determined by the indicators 
in the following figure and were 
graded on a scale of 1 to 3, where 
1 (low) is better than 3 (high) for 
the Exposure and Sensitivity indi-
cators, while 3 (high) is better than 
1 (low) for Adaptive capacity.

3  Intergovernmental Panel on Climate Change, 
technical advisory body of the United Nations 
Framework Convention on Climate Change.

CURRENT VULNERABILITY
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INDICATORS FOR EVALUATION OF VULNERABILITY VARIABLES IN 
THE RIO YAQUE DEL SUR WATERSHED

EXPOSURE SENSITIVITY ADAPTIVE CAPACITY

Phenomena associated 
with climate change

What elements of water security 
will be most affected by the 

impacts of climate change (drought, 
floods, frost and landslides) in the 
municipalities of the Yaque del Sur 

watershed?

How can water security be adjusted, 
maintained or increased to address 
climate change in the municipalities 

of the Yaque del Sur watershed?

▶▶ Floods
▶▶ Drought
▶▶ Frost
▶▶ Landslides

▶▶ Water flow available
▶▶ Water quality at source
▶▶ Aquatic ecosystem
▶▶ Potable water
▶▶ Housing (Building materials)
▶▶ Access roads (permanence)
▶▶ Access to electricity
▶▶ Economic activities dependent on 
natural resources

▶▶ Food Security: Local food 
production

▶▶ Illiteracy
▶▶ Disease: Incidence of diarrhea and 
parasites

▶▶ Disease: Incidence of dengue and 
malaria

▶▶ Food Security: Incidence of 
malnutrition, anemia, low birth 
weight or delayed growth in children 
under 5

▶▶ Population density
▶▶ Migration caused by hydro-
meteorological risk

▶▶ Water-related conflicts

▶▶ Forest cover
▶▶ Territorial management plans / 
watershed management ordinances

▶▶ Risk management
▶▶ Water infrastructure
▶▶ Technologies applied to water 
management

▶▶ Road density, alternate 
communication routes

▶▶ Energy network
▶▶ Health care facilities
▶▶ Productive diversification
▶▶ Nation’s wealth
▶▶ Access to credit, support and 
subsidies

▶▶ Highest educational degree available 
locally

▶▶ Organizational level
▶▶ Waste management and cleaner 
production

▶▶ Penetration of media
▶▶ Presence and development of state 
institutions

▶▶ Municipal capacities for water 
management and sustainability of 
water management systems
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Exposure

Landslides

Degree of Exposure

Low Medium High

Flooding

Degree of Exposure

Low Medium High

The municipality of Guayabal belongs to the 
province of Azua. It has an area of 235.6 square 
kilometers and, according to the last census in 
2010, a total population of 5,263 people. 

As shown in the map of flood exposure, the munic-
ipality of Guayabal is located in a very steep area, 
which is why it appears on the low end for this indi-
cator. Historically, however, it has been susceptible 
to flooding by the Las Cuevas river. As for landslides, 
the municipality is highly vulnerable due to the sharp 
incline of the terrain. For windstorms, the analyses 
reflect that 98% of the land has a middle to high level 
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Drought

Degree of Exposure

Low Medium High

Windstorms

Degree of Exposure

Low Medium High

of exposure, while the level of exposure to drought 
is medium to low within the territory. In summary, 
the municipality of Guayabal has a medium exposure 
level (2.0) to the climate hazards analyzed.

The Municipality of Tamayo belongs to the province 
of Bahoruco. 26,772 people live in its 434.3 km², 74% 
in urban areas. The municipality of Tamayo is affected 

by constant flooding of the Yaque del Sur river; it 
is also very exposed to drought and the effects of 
windstorms; being located on flatter lands, it is not as 
exposed to landslides. The municipality has an aver-
age exposure index of 2.2.
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The Sensitivity and Adaptive capacity indices were obtained 
through socioeconomic indicators, which were evaluated be 
means of 396 semi-structured interviews done by a research 
team from the Technological Institute of Santo Domingo 
(Contreras et al, 2015⁴), secondary and census information.

Sensitivity and Adaptive capacity

Conflictos relacionados con el agua

Migración ocasionada por
riesgo hidrometeorológico

Densidad de población

Seguridad alimentaria: 
Incidencia de desnutrición, 
anemia, bajo peso al nacer 

o retardo en talla de 
menores de 5 años

Enfermedades: Incidencia
de dengue y malaria

Enfermedades: Incidencia de
parasitosis y diarreas

Analfabetismo

Seguridad alimentaria: 
Producción local de alimentos

Actividades económicas
dependientes de los
recursos naturales

Acceso al servicio
eléctrico

Vías de acceso
(Permanencia)

Viviendas
(Material de
construcción)

Servicios de
agua potable

Ecosistema acuático

Calidad del agua en las fuentes

Caudal de agua 
disponible

1.0

2.0

3.0

IdealTamayoGuayabal

1.0

2.0

3.0

Capacidades municipales 
para la gestión del agua

Presencia y desarrollo
de instituciones del Estado

Penetración de medios
de comunicación

Gestión de residuos y
producción más limpia

Nivel organizativo

Máximo grado
educativo localmente

Acceso a créditos,
apoyos y subsidios

Riqueza del país Diversificación
productiva

Centros de
atención médica

Matriz energética

Densidad de caminos,
vías alternas de
comunicación

Tecnologías aplicadas
al manejo del agua

Infraestructura hídrica

Gestión de riesgos

Planes de manejo territorial /
ordenanzas de manejo de cuenca

Cobertura
boscosa

SENSIBILIDAD

CAPACIDAD DE ADAPTACIÓN

Water-related conflicts

Migration caused by 
hydro-meteorological risk

Population density

Food security: Incidence of 
malnutrition, anemia, low 

birth weight or delayed 
growth in children under 5

Diseases: Incidence of
dengue and malaria

Diseases: Incidence of
parasites and diarrhea

Illiteracy

Food security:
local food production

Economic activities 
dependent on natural 
resources

Access to electricity

Access roads
(permanence)

Housing 
(construction
materials)

Potable water
services

Aquatic ecosystem

Water quality of sources

Available water flow

1.0

2.0

3.0

IdealTamayoGuayabal

1.0

2.0

3.0

Municipal capacities for 
water management

Presence and development
of State institutions

Penetration of media

Waste management
and cleaner production

Organizational level

Highest level of education
available locally

Access to credit,
support and subsidies

Country’s wealth Diversification of 
production

Health care centers

Energy network

Road density, alternative
communication routes

Technologies applied 
to water management

Water infrastructure

Risk management

Territorial management plans / 
watershed management ordinances

Forest cover

SENSITIVITY

ADAPTIVE CAPACITY
4  Contreras Jose, Ramon Villaman, Angela Carrillo, Eva Nuñez. 2015. Indices of Sensitivity and Climate Change Adaptation in four municipalities of the Yaque 
del Sur river basin in the Dominican Republic. Working document.  Project on Water Security and Climate Change in Central America and the Caribbean.

Sensitivity in Guayabal 
is slightly greater than 
in Tamayo. Guayabal 
is sensitive mainly in 
the aspects of physi-
cal resources (services 
and infrastructure) 
and human resources 
(illiteracy and disease). 
Tamayo’s biggest weak-
nesses are found in the 
area of natural resour-
ces, as they reflect the 
accumulation of impacts 
from the management 
of the watershed ups-
tream.

The indicators were added by capital type, 
following DFID methodology (1999⁵):

▶▶ Natural resources: The presence of natu-
ral resources on which people depend 
both directly (i.e. for income or medicine) 
and indirectly (i.e. flood control, protec-
tion from storms).
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▶▶ Physical Resources: 
the basic structure 
and productive capi-
tal for transportation, 
buildings, water mana-
gement, energy and 
communications.

▶▶ Financial resources: 
The existence and flows 
of money that enable 
people to achieve their 
goals with regard to 
livelihoods.

▶▶ Human Resources: the 
skills, knowledge, capa-
city and good health 
necessary for achieving 
livelihoods.

▶▶ Social Resources: the 
formal and informal 
social relationships and 
institutions on which 
people’s livelihoods 
depend.

5  DFID (Department for International Development UK). 1999. Sustainable Livelihoods Guidance Sheets. Consulted on October 15, 2013. Available at:  
 http://community.eldis.org/.59c21877/SP-GS1.pdf http://community.eldis.org/.59c21877/SP-GS2.pdf

With regard to Adaptive 
capacity, Tamayo has 
certain elements that 
would facilitate bet-
ter adaptation to the 
impacts of climate 
change when compared 
to Guayabal, such as 
accessibility, communi-
cations, organizational 
level and possibilities 
of access to financial 
services.
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Current Vulnerability of Water 
Security in Guayabal Guayabal
Guayabal is highly vulnerable. It 
has a rich natural capital due to the 
forest cover and the management 
plans that have been developed, 
although it requires strengthen-
ing of capacities to implement 
these plans. As for physical capi-
tal, public services are deficient in 
Guayabal, especially with regard 
to potable water and sanitation; 
access roads are very vulnerable, 
as well as housing, and there are 
only one public and one private 
health center. Production technol-
ogies are elementary; the good 

news is that there is good water 
resource management experience 
in the community of Recodo. With 
respect to financial capital, the 
main economic activity in Guayabal 
is subsistence agriculture, which 
is poorly diversified and aimed 
at local consumption. Producers 
have difficulty accessing financ-
ing mechanisms to improve their 
systems. As for human capital, the 
illiteracy rate is greater than 20% 
and middle school is the highest 
level of education offered in the 
municipality. Regarding health, a 

significant percentage of people 
suffer from water-related diseases 
and national statistics suggest 
the need for improvement in the 
diet of the population. Finally, 
with regard to social capital, local 
organizations can be strengthened 
to promote greater opportunities 
for local development; increased 
media penetration and the pres-
ence of state institutions are also 
necessary, and municipal capac-
ities need to be strengthened in 
order to participate more actively 
in the water resource.

Exposure Capital Sensitivity Adaptive 
capacity

Vulnerability 
Index

Flooding 1.0 Natural 2.0 2.0

2.8
HIGH

Landslides 2.6 Physical 3.0 1.4

Drought 1.7 Financial 2.0 1.3

Windstorms 2.8 Human 2.5 2.0

  Social 2.3 1.4

Global 2.0  2.4 1.6
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Sensitivity and Adaptive capacity of Water Security in Guayabal

Sensitivity Adaptive capacity

Remember that 1 (low) is better than 3 (high) in the Sensitivity indicators; while 3 (high) is better than 1 (low) for 
Adaptive capacity.
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Tamayo revealed a medium level of 
vulnerability. In the area of natural 
capital, due to its location in the 
lower part of the basin, Tamayo 
accumulates the impacts of man-
agement practices upstream and 
therefore may present problems 
related to the quantity and quality 
of water and the agricultural capac-
ity of the soil, since most of its 
forests have been eliminated. With 
regard to physical capital, Tamayo 
has better infrastructure services, 
access and health care centers. It is 

important to note that the Monte 
Grande Dam will have significant 
impact on mitigating floods in the 
city and surrounding areas. It is 
also important to continue improv-
ing the quality of services, espe-
cially water and sanitation. As for 
financial capital, this municipality 
has greater financial capacity. Its 
human capital is strengthened by 
better educational opportunities, 
but there are still high levels of 
illiteracy. Moreover, deficiencies 
in water services are affecting the 

health of the population. Regarding 
social issues, the effects of unequal 
development can be observed in 
Tamayo, such as the monopoliza-
tion of water by large producers, 
affecting subsistence farmers and 
small aqueducts; another sign of 
inequity is seen in the quality of life 
of agricultural workers. The munic-
ipality has little influence in these 
areas and participation by other 
agencies is low.

Exposure Capital Sensitivity Adaptive 
capacity

Vulnerability 
Index

Flooding 1.5 Natural 3.0 2.0

2.0
MIDDLE

Landslides 1.7 Physical 2.3 2.0

Drought 2.6 Financial 1.0 2.0

Windstorms 3.0 Human 2.5 3.0

  Social 1.7 2.4

Global 2.2 2.1 2.3

Current vulnerability of 
water security in Tamayo
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Remember that 1 (low) is better than 3 (high) in the Sensitivity indicators; while 3 (high) is better than 1 (low) for 
Adaptive capacity.
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Impacts of climate change 
on the water cycle in the Rio 
Yaque del Sur watershed

Following are four graphs (hydrographs) 
showing the monthly averages in millime-
ters (mm) of water in the Yaque del Sur 
watershed. The shadow is the current base-
line (calculated from 1983 to 2004) and the 
lines represent the values projected to 2050 
according to two models and two scenarios 
of greenhouse gas emissions.

The NorESM1-M and MIROC5 models were 
selected for their relatively drier and wetter 
(respectively) behavior relative to historical 
averages in the region. It can be seen in 
the precipitation graph that both models 
detect the intra-summer drought period 
(the veranillo or “little summer”); however, 
the Norwegian model (orange line) indi-
cates an abrupt onset of the rainy season 
that ends in May (before the baseline) and 
a third maximum peak of rains in October. 
The Japanese model (blue line), meanwhile, 
reports an earlier onset and later end of 
rains, but a more prolonged and intense 
period of veranillo. Both models show 
increased water production during the 
months of June and July.

FUTURE VULNERABILITY
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MIROC5
RCP 2.6

MIROC5
RCP 8.5

Precipitation
(mm)

Surface runoff
(mm)

Evapotranspiration
(mm)

MODEL

88-94 94-100 100-105 105-111 111-117

1-5 5-9 9-13 13-17 17-21

50-56 56-62 62-68 68-74 74-80

1
2

3

4 7
6

5

9
8

10

1
2

3

4 7
6

5

9
8

10

1
2

3

4 7
6

5

9
8

10

1
2

3

4 7
6

5

9
8

10

1
2

3

4 7
6

5

9
8

10

1
2

3

4 7
6

5

9
8

10

1
2

3

4 7
6

5

9
8

10

1
2

3

4 7
6

5

9
8

10

1
2

3

4 7
6

5

9
8

10

1
2

3

4 7
6

5

9
8

10

1
2

3

4 7
6

5

9
8

10

1
2

3

4 7
6

5

9
8

10

1
2

3

4 7
6

5

9
8

10

1
2

3

4 7
6

5

9
8

10

1
2

3

4 7
6

5

9
8

10

Code 1 2 3 4 5 6 7 8 9 10
Subwatersheds San Juan Río Mijo Río Las Cuevas Río en Medio Río Yaque del Sur

Impacts of climate change by subwatershed

The municipality of Guayabal 
is found in the Rio Las Cuevas 
subwatershed (number 5). Greater 
changes are observed under the 
Japanese model (MIROC5), espe-
cially greater runoff, increased 

flow rates and consequently, 
greater impacts in terms of silting.

In the southern part of the water-
shed (numbers 9 and 10) where 
the city of Tamayo is found, more 
precipitation is expected, espe-

cially in a low emissions scenario 
(2.5 W / m²), which has some 
effects in terms of water produc-
tion and sediments, while the RCP 
8.5 scenario indicates a significant 
reduction in rainfall. 
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Code 1 2 3 4 5 6 7 8 9 10
Subwatersheds San Juan Río Mijo Río Las Cuevas Río en Medio Río Yaque del Sur
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Increased recharge of aquifers  
could occur in the lower part of 
the Yaque del Sur basin.
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Base line NorESM1-M
RCP 2.6
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RCP 8.5
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Subwatersheds San Juan Río Mijo Río Las Cuevas Río en Medio Río Yaque del Sur

If we observe the water production component in 
these maps constructed with annual totals by subwa-
tershed, there seem to be no differences with regard 

to the baseline; however, in the hydrographs showing 
monthly behavior, we see variations to the current or 
baseline distribution (Page 21).
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Base line NorESM1-M
RCP 2.6
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RCP 8.5

Annual sediment 
production 
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Code 1 2 3 4 5 6 7 8 9 10
Subwatersheds San Juan Río Mijo Río Las Cuevas Río en Medio Río Yaque del Sur

Currently, annual sediment production in the Yaque 
del Sur watershed is estimated at 11.4 ton/ha. In 
the dry season, the microwatersheds of the Jinova, 
Yavano, Los Baos, Cañada, El Sillon and Arroyo Loro 
rivers produced on average 3.2 ton/ha. Sedimentation 

increases during the rainy season; the Mijo microwa-
tershed alone produces this amount in September, 
increasing to 3.9 ton/ha in the lower Yaque del Sur 
watershed as a result of changing land use over to 
intensive crops such as rice and sugar cane.
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Participation

Regulatory instruments

Economic instruments

Education

Conflict resolution

Land-use planning

Innovative, ancestral and 
traditional technologies

Waste management
and P+L

DEMAND
MANAGEMENT

MANAGEMENT
CAPACITIES

SUPPLY
MANAGEMENT

Watershed management
(urban/rural)

Service infrastructure

Surface water

Ground water

Integrated risk
management

Hydrological
monitoring

Oversight

Distribution infrastructure

Purification infrastructure

Storage infrastructure

Treatment infrastructure

Water regulation infrastructure

Maintenance and efficiency

Catchment infrastructure

Increase and control of
water quantity and quality

Reduction of natural
disasters

Planning

Financing

Administration

Human resources

Information systems

Sectoral coordination

Control and organize
the increase in water use

Increase efficiency

Reduce contamination

Avoid conflicts

INSTITUTIONS AND POPULATION
WATER USERS

Now that we know how climate 
change could affect the water 
resources of the Yaque del Sur 
watershed both in time (hydrogra-
phs, page 21) and space (maps, 
pages 22 to 25), and the vulne-
rability of the population to the 
possible effects (Páginas 10-19), a 
plan needs to be created in order 
to be better prepared, i.e., an 
Adaptation Plan.

Sadoff and Muller (2010)6 say 
the best way to adapt to climate 
change is by ensuring water secu-
rity, as climate change has a direct 
impact on water. In this regard, 
the international community7 has 
found that water management 
must be integrated in order to 
progress in terms of water secu-
rity, so two municipal plans for 
adapting water resource manage-
ment to the need for water secu-

ADAPTATION TO CLIMATE CHANGE

rity were drafted in Guayabal and 
Tamayo from the integrated water 
resource management approach, 
which we have defined as joint 
management by the various 
institutions and society to ensure 
the provision of water to meet the 
needs of an orderly and efficient 
demand8.

6  Sadoff Claudia and Mike Muller. 2010. Water 
Management, Water Security and Climate Change 
Adaptation. Anticipated effects and essential 
answers. GWP. TEC Background Papers No. 14. 
101p.
7  For example the United Nations Conference 
on Sustainable Development (Rio +20) in Planet 
under Pressure (2012).
8  CATHALAC. Water Center for the Humid 
Tropics of Latin America and the Caribbean. 2015. 
La gestión del agua para la Seguridad Hídrica 
frente al Cambio Climático. Proyecto Seguridad 
Hídrica y Cambio Climático para la región de 
América Central y el Caribe. International Develo-
pment Research Centre (IDRC). Panama. 55 p.
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INSTITUTIONS AND POPULATION
WATER USERS

Source: CATHALAC (2015)*
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PRIORITY ADAPTATION MEASURES

GUAYABAL

PRIORITIZATION OF 
WATER SECURITY ISSUES

1 Water sources

2 Services

3 Water uses and 
development

4 Risks

5 Energy security

6 Food security

7 Health

8 Governance

*The municipal water managers identi-
fied the adaptation measures for the two 
prioritized aspects of water security in 
the municipality

RESPONSE* TERM 
S,M,L PRIORITY

WATER SOURCES

Reforestation of water sources with native species S 1

Educational project for the population on the care and 
management of watersheds S 2

Technical assistance to implement reforestation projects 
at the watershed level S 3

Criminalization of bad practices in forests S 4

Brigades to care for and preserve watersheds and fight fires S

Soil conservation practices with live and dead barriers S

Create a municipal water reserve M

Construction of reservoir M

Installation of irrigation system M

Construction of rural aquaducts M

Draft farm plans M

SERVICES

Strengthen INAPA staff and other municipal facilitators in maintaining 
water quality of potable water systems S 1

Build water treatment plant for the aqueduct S 2
Environmental education program for farmers on pollution of water 
sources S 3

Public education campaigns on the use and care of water Z 4

Construction of Guayabal sewer system for control and treatment of 
wastewater treatment M

Construction of dams for irrigation and domestic consumption L
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TAMAYO

PRIORITIZATION OF 
WATER SECURITY 

ISSUES

1 Water sources

2 Services

3
Water 
uses and 
development

4 Risks

5 Health

6 Food security

7 Governance

8 Energy security

*The municipal water managers 
identified the adaptation measures 
for the four prioritized aspects of 
water security in the municipality.

RESPONSE* TERM 
S,M,L PRIORITY

FUENTES DE AGUA
Reforestation of water sources with native species 1
Establish round tables and inter-institutional planning for water resources S 2

Water recharge projects S 3

Planning of water use and supply S 4

Awareness campaigns on forest protection and care M

Set up payment program for environmental services L

Soil conservation and flood mitigation projects L

SERVICES

Blacktop or covering for latrine systems and irrigation canals S 1

Maintenance and cleaning of irrigation canals of users S 2

Construction of artificial lakes for water catchment S 3

Projects to channel water in the river S 5

Improving residential drainage and sewer services M 6

Update current water distribution projects M

Construction of tanks M

Replace the use of lime and "plomerito" (substance with sulfuric acid) with biodegradable 
products L

WATER USE AND DEVELOPMENT

Plan for management of water use in production systems S 1

Replace water system infrastructure to prevent leaks S

Empower authorities to govern the issue of water use in agriculture S

Promote organic farming to reduce outbreaks caused by chemicals M

Generate information system for water demand L

Recondition water intakes and irrigation systems L

RISKS

Construct drainage systems for urban areas and agricultural lands S 1

Management and acquisition of tools, machinery and equipment for disaster response in 
emergencies S 2

Designing an early warning system for both drought and floods S 3

Risk management orientation and awareness campaign through the local media 4

Construct water catchment and reservoir infrastructure M 5

Awareness talks in schools and communities M 6

Set a work and follow-up schedule for strengthening emergency organizations for natural 
events M 7

Riverbank reforestation program with endemic, native and naturalized species M 8
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EDUCATIONAL RESOURCE
What is Climate Change?

What is the water cycle?

What is a watershed; what does it look like?

How can climate change affect water availability?

How can climate change affect you or the activities you or your family do?

What climate change-related phenomena is your community most exposed to?

If you look at how sensitivity and adaptive capacity are measured, what are the greatest vulnerabilities of your 
community?

What can you do in your community for greater water security, considering the possible effects of climate 
change?

Why must we protect the forests in a watershed?
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