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Smallholder livelihoods throughout Central America are built on rain-fed agriculture and depend on 

seasonal variations in temperature and precipitation. The effects of global change in this highly 

diverse region are not well understood due to sparse observations and complex interactions 

between the land and seas bounding the isthmus. We invite presentations that focus on the causes, 

signals, measurement, and impacts of changes in precipitation, aridity and drought in the region. 

We are particularly interested in connecting hydrologic changes to implications for water access, 

water resources, and water conflict at the local scale. 

 

Index Terms 

1812 Drought  

1833 Hydroclimatology  

1834 Human impacts  

1854 Precipitation 



Title: Future changes in the ecosystem services at Guanacaste Conservation Area, Costa 
Rica and their implications for the nearby communities of the Central American Dry 
Corridor 
 
Authors: Alfaro, E.J.; Moreno, M.L.; Hidalgo, H.G. 
 
Abstract: 
 
We present a valuation of the main ecosystem services of the Rincon de la Vieja National 
Park (RVNP), as part of the Guanacaste Conservation Area (GCA) in the North Pacific of 
Costa Rica. The analysis consisted of an approximate valuation of their existence for 
society, employing a method called Chain Cluster and Unit Value Transference (Moreno 
et al., 2019). Moreover, data from General Circulation Climate Models were used to 
analyze precipitation and temperature variations from 1979 to 2099, and to explore a 
possible impact in these ecosystem services in the future (Hidalgo and Alfaro, 2017; 
Hidalgo et al., 2021). As an example, results showed that for 2017, the activities around 
RVNP generated around US$95.7 million. Analysis of the climate model output showed 
that on average, temperature would present future warming trends and drier 
precipitation conditions in Guanacaste. Temperature trends are monotonic, while 
precipitation trends tend to be aggravated in the second half of the century. This means 
that the ecosystem services could be reduced in the future, because of an increase in 
the aridity. These changes could affect mainly the communities located nearby the 
National Parks of the GCA belonging to the Central American Dry Corridor. This Dry 
Corridor is a mainly rural area characterized by a marked precipitation seasonality, 
climate change vulnerability, rich biodiversity, entrenched poverty, food insecurity, and 
outmigration. The main service that would be affected is water supply for human 
consumption generating a conflict between this service and conservation. 
 
Plain Language Summary 
 
Future changes in the ecosystem services of the Guanacaste Conservation Area in the 
North Pacific of Costa Rica would affect the nearby communities belonging to the 
Central American Dry Corridor. The main impact would be water supply for human 
consumption, creating a conflict between this ecosystem service and conservation. 
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Guanacaste is located at the North Pacific of Costa Rica, belongs to the 
Central American Dry Corridor (CADC), a geographical area that presents a 
higher probability of drought. The CADC is a mainly rural area characterized 
by a marked precipitation seasonality, climate change vulnerability, rich 
biodiversity, entrenched poverty, food insecurity and outmigration (Gotlieb et 
al. 2019; Quesada-Hernández et al. 2019).



•Downscaled simulations from the Climate Model
Intercomparison Project 5 (CMIP5) were used to
simulate past and future changes (1979-2099) in
temperature and precipitation over Guanacaste
Conservation Area (GCA) in the North Pacific of
Costa Rica.

•A hydrological model (VIC) was used to calculate
runoff projections from meteorological data.

•A valuation of the main ecosystem services of the
Palo Verde (PV) and Rincón de la Vieja (RV)
National Parks, as part of the GCA was done. The
analysis consisted of an approximate valuation of
their existence for society, employing a method
called Chain Cluster and Unit Value Transference.

•Downscaled GCM data projection were used to
explore the possible impact in these ecosystem
services in the future.

Methodology



Results for RCP8.5:

(top) Precipitation annual 
means (mm/year) for 
different periods under a 
pessimistic scenario 
computed as the 
ensemble median for 
CMIP5 models shown in 
Table 1 at GCA. 

(bottom) Changes relative 
to the historical period 
1979-1999. 

The Pacific Ocean is 
shaded in grey.



Results for RCP8.5:

(top) Temperature annual 
means (°C) for different 
periods under a 
pessimistic scenario 
computed as the 
ensemble median for 
CMIP5 models shown in 
Table 1 at GCA. 

(bottom) Changes relative 
to the historical period 
1979-1999. 

The Pacific Ocean is 
shaded in grey.



Results:

Annual values of (top) 
precipitation and 
(bottom) temperature 
under a pessimistic 
scenario from 1979 to 
2099 averaged
for all the GCA. The 
boxes of the diagram 
show the variability of 
all CMIP5 models in 
Table 1 (N = 14).



Results:

Median annual total 
runoff values (surface 
+ baseflow) simulated 
by the Variable 
Infiltration Capacity 
(VIC) model
for the municipality La 
Cruz, Guanacaste, 
Costa Rica. For each 
of the 14 simulations 
from Table 1, the 
median of 1000
simulations of VIC 
hydrological model 
were chosen.



Conclusions:

•Results show that a drier and warmer future will be characteristic of the climate in GCA in the
21st century, especially after 2040. Analysis of the climate model output showed that on average,
temperature would present future warming trends and drier precipitation conditions. Temperature
trends are monotonic, while precipitation trends tend to be aggravated in the second half of the
century.

• Runoff is also expected to be reduced significantly following the meteorological trends.

•Results showed that for 2017, the activities around Palo Verde and Rincón de la Vieja National
Parks generated US$89.9 million and US$95.7 million, respectively.

•It is expected that higher aridity will be present in the future, affecting human and environmental
systems. This means that the ecosystem services could be reduced in the future, as a result of an
increase in the aridity.



Last conclusion is 
supported by recent 
results, see for 
example:

“GENERACIÓN DE 
PROYECCIONES DE 
ALTA RESOLUCIÓN 
PARA EL ICAP”, 2021-
presente, en ejecución 
(Proyecto 805-C1-403, 
I.P. M.Sc. Paula 
Pérez). 
https://icapincentiva.or
g/web2/incentiva/esce
narioscambioclimatico/
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Thank you! Questions?
Dr. Mary L. Moreno

mary.moreno.diaz@una.ac.cr

Dr. Hugo G. Hidalgo
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Dr. Eric J. Alfaro
erick.alfaro@ucr.ac.cr

Cuajiniquil, La Cruz, Guanacaste. 
Dry Season=>
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