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Climate change scenario for Costa Rican montane forests
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[1] Tropical montane cloud forests are characterized by
persistent immersion in clouds, an important source of
moisture during the dry season. Future changes in
temperature and precipitation could alter cloud cover at
the vegetation level and seriously affect mountain
ecosystems. A regional climate modeling study that
focuses on changes in the distributions of temperature and
precipitation in Costa Rica shows, in general, an increase in
temperature and a decrease in precipitation under the A2
scenario. At high elevations, warming is amplified and
future temperature distribution lies outside the range of
present-day distribution. Compared to the Caribbean side,
temperature changes are greater at high elevations on the
Pacific side. Model results also show significant changes in
precipitation amounts and variability and an increase in the
altitude of cloud formation on the Pacific side that may have
serious implications for mountain ecosystems in and around
Costa Rica. Citation: Karmalkar, A. V., R. S. Bradley, and
H. F. Diaz (2008), Climate change scenario for Costa Rican
montane forests, Geophys. Res. Lett., 35, L11702, doi:10.1029/
2008GL033940.

1. Introduction

[2] Highland tropical forests are rich in endemic species
and crucial in maintaining freshwater resources in many
regions. Much of their remarkable biodiversity is due to the
steep climate gradients found on tropical mountains. The
ecosystems along the mountain slopes are closely stacked
due to sharp vertical temperature and precipitation gradients
and are particularly vulnerable to climatic changes. Future
warming is expected to be amplified with elevation in the
lower troposphere and this has significant implications for
the mountainous regions of the world [Bradley et al., 2004,
2006]. In fact, mountain regions throughout the world have
experienced large upward shifts in freezing levels in recent
decades [Diaz et al., 2003; Vuille and Bradley, 2000]. One
of the key objectives of this research is to understand the
nature of climatic changes in Central America along the
mountain slopes and their implications for ecosystem dy-
namics. Giorgi [2006] showed that Central America is a
major emerging “Hot-Spot™ in the Tropics, for which
potential climate change impacts on the environment are
likely to be particularly pronounced due to a decrease in
precipitation and an increase in precipitation variability as
projected by global climate model simulations. Future
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drying in Central America is one of the most consistent
results among models [Rauscher et al., 2008; Giorgi, 2006;
Neelin et al., 2006; Aguilar et al., 2005]. Reduction in
precipitation may have detrimental impacts on the region’s
unique biodiversity. Indeed, biological changes associated
with changes in climate have already been identified in the
Monteverde Cloud Forest Reserve (MCFR) [Pounds et al.,
1999, 2006] in Costa Rica. In this study, changes in the
distribution of monthly mean surface temperature and
monthly precipitation totals in Costa Rica are investigated
using observations, and climate simulations of contempo-
rary as well as the A2 emissions scenario.

2. Data and Methods

[3] To study climate change in Central America, a
topographically complex region, we performed regional
climate simulations using the UK Hadley Center PRECIS
(Providing Regional Climates for Impact Studies) model-
ing system [Jones et al., 2004]. We carried out a control
run (1961-1990) and a doubled CO, run (SRES A2,
2071-2100) at a resolution of 25 km (0.22° lat-long) over
the region of Central America (supplementary Figure S1')
that includes several biodiversity hotspots. However, this
study focuses on a sub-region within our model domain
covering Costa Rica (Figure 1). The observed data sets
used here, to validate present day model simulation (the
control run), are the Climate Research Unit (CRU)
[Mitchell et al., 2004] data for temperature and the CRU
and Global Precipitation Climatology Centre (GPCC) data
for precipitation. Both data sets are monthly data, gridded
to a 0.5° latitude-longitude grid, and include only land
points.

[4] We present regional changes in the distribution of
surface air temperature and precipitation in Costa Rica
(Figure 1) using probability density functions (PDFs). To
describe monthly mean temperature distribution, we use the
normal (Gaussian) distribution. The gamma distribution is
used to describe total monthly precipitation distribution.
The gamma distribution is the most appropriate choice for
describing precipitation because it is bounded on the left by
zero, is positively skewed and also offers a tremendous
amount of flexibility in the shape of the distribution
function [Groisman et al., 1999; Wilks, 1995]. The gamma
distribution is computed using two parameters: shape
(a) and scale () parameter. Parameter estimation is given
as 1 = afS, o> = /3%, where 1 denotes the mean and o the
standard deviation of the distribution.

[s] We present analysis for DJF (Dec—Feb), a dry season
in Costa Rica. The vegetation in tropical montane cloud
forests intercepts cloud water from orographic, advected
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