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Abstract
A study of the uncertainty in model determined future climates of the Caribbean region was
conducted using various combinations of the SRES A2 and B2 scenarios with the Hadley PRECIS
RCM Regional Model (RCM), forced by the HADCM3 and ECHAM4 GCMs at resolutions 50 km
and 25 km. For the period 2071 – 2099 the results of the experiments showed that temperature is
likely to increase by 2.3oC at the low end to 4.5oC at the high end. Projected changes in
precipitation ranged from a slight increase (3%) to reductions reaching 11%. All experiments
showed a high confidence for the temperature to increase by at least 2 oC and for a reduction in
precipitation over the entire Caribbean basin.

1.

Introduction

It is recognized that Global Climate Models (GCMs) are the most appropriate tool for assessing the
future climate. The coarse resolution (~300 km) of the GCMs provide reliable simulation of the
atmospheric circulation at continental scale, but is unable to resolve the mesoscale details required
for regional and national studies A solution to this problem is through the use of Regional Climate
Models (RCMs), that can provide finer spatial and temporal climate information than GCMs. A
RCM is a physical model representing the important components of the climate system and it
covers a limited area of the globe. The regional model is nested within a GCM, and at its lateral
boundary, it is driven by the variables output from the global model. Several GCMs are currently
being used to assess future climates. A number of experiments have been designed using two of
these as drivers of the RCM to assess the future climate of the Caribbean. The purpose of the
experiments is to provide a level of confidence in the uncertainty of the critical climate parameters
such as temperature and rainfall.
The evaluation of the quality and usefulness of a regional climate modeling system is dependent
upon an assessment of both the limited predictability of the climate system and the uncertainties
stemming from model formulation. In this study a methodology is presented that is suited to assess
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the performance of the PRECIS regional climate model (RCM), based on its ability to represent the
natural interannual variability on monthly and seasonal timescales. The methodology involves
carrying out multiyear ensemble simulations (to assess the predictability bounds within which the
model can be evaluated against observations) and multiyear sensitivity experiments using different
model formulations (to assess the model uncertainty).
.

2.

Description of PRECIS RCM

PRECIS is a Regional Climate Modeling System developed by the Hadley Center (Jones, et al,
2004). The PRECIS system runs on a PC and comprises: i) a RCM that can be applied to generate
detailed climate change projections at 25km or 50km resolutions; ii) a user interface to allow the
user to set up and run the model; and iii) a visualization and dataprocessing package.

3.

The PRECIS Experiments

Through a joint effort involving the Cuban Institute of Meteorology (INSMET) and the Caribbean
Community Climate Change Centre (CCCCC), a set of different simulations has been developed.
The experiments were designed to take into account two of the more important sources of
uncertainty  greenhouse gases future emissions, and the response of climate. The simulations
utilized the IPCC SRES A2 and B2 scenarios to describe the future world economic growth and
population. These scenarios are described below:
i.

A2 storyline and scenario family: a very heterogeneous world with continuously increasing global population
and regionally oriented economic growth that is more fragmented and slower than in other storylines.

ii.

B2 storyline and scenario family: a world in which the emphasis is on local solutions to economic, social, and
environmental sustainability, with continuously increasing population (lower than A2) and intermediate
economic development.

The experiments were conducted using both 50 km and 25 km resolutions. The domain of the 50
km resolution included the Caribbean, Central America and the Gulf of Mexico. The domain of the
25 km resolution was centred over the eastern Caribbean. The domains are shown in figure 1
below. They are nested within the HadCM3 and the ECHAM4 global climate models (GCMs). At
the lateral boundary of the domains the outputs from the GCMs are used to drive the Regional
Model
Two time periods or time slices were used in the simulation experiments of future climate with the
HadCM3 forcing (PRECISHadCM3), namely 19611990 and 20712100. In the case of ECHAM4
(PRECISECHAM4) a single period 1961 to 2100 was used.
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Figure 1: Domains used in the downscaling analysis
Six experiments were conducted using different combinations involving the A2, B2 scenarios, the
two GCMs (HadCM3, ECHAM4) and the two domains. These are summarized in Table 1 below.
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Table 1
A summary of the Experiments used in the Uncertainty Study
Experiment

SRES
Scenario

GCM
Forcing

Domain

Grid
Resolution

Time
Period

1

A2

ECHAM4

Greater
Caribbean

50 km

1961
2100

2

B2

ECHAM4

Greater
Caribbean

50 km

1961
2100

3

4.

A2

HadCM3

Greater
Caribbean

50 km

1961
1990
2071
2100
1961
1990
2071
2100

4

B2

HadCM3

Greater
Caribbean

50 km

5

A2

ECHAM4

Eastern
Caribbean

25 km

1961
2100

6

B2

ECHAM4

Eastern
Caribbean

25 km

1961
2100

Future Temperature and Rainfall Comparative Assessment

The future temperature and precipitation for the Caribbean have been assessed using the
experiments described in table 1. Although the information from PRECISECHAM4 model is
available for the period 19902100, only the outputs from 20712100 are used in the comparison
with the PRECISHadCM3 results. The information presented and discussed is for the annual and
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the wet and dry seasons. The Wet season covers the months May to October, while dry season goes
from November to April.

4.1

Changes in Temperature

Figure 2 shows the interannual variations of land areaaveraged temperature changes at the
standard altitude of 1.5 m above sea level for the RCM forced by each GCM and the two scenarios
for the 50 km resolution domain.
The lower left hand set of graphs shows the comparison between the observed temperature
anomalies and the model control runs for the period 1961 to 1990. The model control runs
correlates fairly well the observed 30 year climatological mean trend. Shown in the upper left
corner of the figure are the results of experiments 1 through 4 described in table 1 for the period
2071 – 2099. The projected temperature for the A2ECHAM4 experiment is 3. 4oC and for the B2
ECHAM4 it is 2.6oC. These compare with 3.0oC for the A2HadCM3 and 2.3oC for the B2
HadCM3.
The results for the higher 25 km resolution over the Eastern Caribbean are similar, but with a
slightly higher warming, ranging from 2.3°C to 3.9°C.
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Figure 2: Projected interannual variations of land areaaveraged
temperature changes for the 50 km resolution domain from 2050 to 2099.

4.2

Projected temperature changes over the greater Caribbean

Figure 3 shows the surface temperature change over the Caribbean. The temperature change over
land areas is much larger than over the sea. The IPCC (2001) and Hudson and Jones (2002),
suggested that this is probably the result of less evaporative heat loss over the land, as well as the
greater thermal inertia of the oceans. Over the land areas the annual warming is generally of the
order of 4.5°C for the A2 scenario and 2.8oC for the B2 scenario. On the other hand over the
Caribbean Sea the annual warming is nearer 2.9oC for the A2 and 2oC for the B2. The PRECIS
HadCM3 projections show a small area close to the Caribbean coast of Nicaragua, Costa Rica and
Panama of much smaller warming compared with the rest of the region. This anomaly requires
further investigation.
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Figure 3: Mean changes at the 1.5m altitude of the annual temperature change for 20712099
period as simulated by PRECISECHAM4 and PRECISHadCM3 for SRESA2 and SRESB2.
Both the PRECISECHAM4 and PRECISHadCM3 are projecting significant warming trend over
land areas and to a lesser extent over the sea. However, there is a significant difference between the
models of the spatial distribution of the temperature gradients over the sea. In PRECISHadCM3,
the spatial distribution shows a North  South gradient, with lower values to the south. The
PRECISECHAM4 produces a more eastwest gradient in the distribution of the anomalies, with a
greater warming over the eastern Caribbean. This is especially evident during the dry season as
shown in figure 4. Also the PRECISECHAM4 produces much larger warming in the wet season
where the values exceed a value of 3.0°C in almost all the areas.
In general, both models project the largest warming in the wet season. Based on the results of the
experiments, the temperature is projected to increase from near 2oC at the low end to as much as
5.4oC at the high end
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Figure 4: Mean changes at the 1.5m altitude during the dry season for 20712099 period

4.3

Projected changes in Precipitation in the Caribbean

Figure 5 shows the control runs for precipitation of the PRECISHadCM3 and PRECISECHAM4.
The model 30 year means correlate well with the observed 30 year mean but not to same degree as
for temperature. However, this is not totally unexpected, since the dependency of rainfall on the
cloud process is not very well represented in the models.
In addition to the above observations the experiments show some clear differences in the projected
changes in precipitation over the greater Caribbean basin. The PRECISHadCM3 projects a
negative trend for future precipitation with deficits in the range from 6% for the SRES B2 to 11%
for the SRES A2 in the period 20712099. This is compared with a slight positive increase ranging
from 0.9% and 2.9% for the ECHAM4 A2 and B2 respectively.
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Figure 5: Projected variations of precipitation changes for the 50 km resolution
domain from 2050 to 2099.

4.4

The projected spatial variation of precipitation

As with temperature the models produce significant differences in the spatial variations of the
projected changes in precipitation as indicated in figure 6 below.
The PRECISHadCM3 produced a pattern where latitudinal differences are evident. It projects
significant reduction of rainfall in the latitudinal band encompassing the Caribbean Sea, Central
America and part of the western half of northern South America. In this zone the reductions are in
the range of 10% to 50%. Increase in precipitation occurs over the region above 24°N (10% and
30%) as well as over Costa Rica, Panama and parts of Colombia (10% and 70%). For the B2
scenario the wet area in the north part of the domain appear expanded southward to 21°N and a
rainfall increase also occurs over Cuba.
The spatial pattern for the PRECISECHAM4 shows rainfall reduction over the Caribbean Sea and
part of Central America. However, the more important dry areas occur over the Gulf of Mexico,
while the wet areas over the northern part of South America are more significant and wider.
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Figure 6: Annual mean changes in precipitation (%) for 20712099 as simulated by PRECIS
ECHAM4 and PRECISHadCM3 for SRESA2 and SRESB2 emission scenarios.

4.5

The Wet Season projections

In figure 7 below, it is seen that in the wet season the areas with decreasing rainfall appear more
expanded and the lowest values occur over the Caribbean Sea, near the south of Cuba and the
island of Hispaniola (30% to 50%). In the A2 scenario, the projected reduction in precipitation is
more intense for PRECISHadCM3 than for ECHAM4. Likewise, the area of positive precipitation
changes over Costa Rica, Panama, and parts of Colombia is more pronounced with values above
50%. For the B2 scenario a less pronounced pattern is projected with the driest zone over the
Caribbean Sea.
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Figure 7: Wet Season annual mean changes in precipitation (%) for 20712099 as simulated by
PRECISECHAM4 and PRECISHadCM3 for SRESA2 and SRESB2 emission scenarios.
.

Figure 8: Dry Season annual mean changes in precipitation (%) for 20712099 as simulated by
PRECISECHAM4 and PRECISHadCM3 for SRESA2 and SRESB2 emission scenarios.
The major differences between the models occur for the dry season (Figure 8). Here, the PRECIS
HadCM3 tends to maintain the latitudinal spatial gradient with a dry band over the Caribbean Sea
1

(10% and lower) and a wet area over the zone above 21°N (10%70%). On the other hand, for the
PRECISECHAM4 the driest zones appear mainly over the Northwest Caribbean, Gulf of Mexico
(10% to 50%) and the southern areas of the Eastern Caribbean (10% to 30%).

4.6

The Eastern Caribbean High Resolution Outputs

The use of the higher 25 km higher resolution over the Eastern Caribbean did not provide the
expected improvement in the spatial details of either temperature or precipitation over the lower
resolution 50 km. It is believed that the small domain size did not allow for sufficient time for the
dynamics of the RCM to be fully implemented. Hence the outputs were dominated by the
resolution of the GCM forcing for projected annual and seasonal spatial distributions of
precipitation are shown in Figure 9. For the B2 scenario the 25 km resolution projects more
precipitation over the northern section of the domain and over the zone in the vicinity of the coast
of Venezuela and Guyana. Areas with precipitation reduction are less pronounced than for the 50
km. resolution.
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Figure 9: Annual and seasonal mean changes in precipitation (%) in the eastern Caribbean domain
for 20712099 as simulated by PRECISECHAM4, considering SRESA2 and SRESB2 emission
scenarios.
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5.

Assessing Uncertainties in the Future Climate Change in the Caribbean

The IPCC report states  “For models to predict future climatic conditions reliably, they must
simulate the current climatic state with some as yet unknown degree of fidelity”.
There are many uncertainties that are related with each stage that involves the climate change
development. As is stated by Jones et al (2004) and also mentioned by Taylor et al (2007), these
uncertainties should be represented, where possible, using a range of values. In the first and
preliminary assessment of the PRECIS results for the Caribbean region, the latter Author
developed a consensus analysis, expressing the results as a range of possible values under low to
high emissions. Following this approach, Figure 10 shows the consensus for a temperature increase
above 2.0°C for the period 2071  2099. Figure 11 shows the consensus for precipitation.
The consensus analysis shows that there is a high level of confidence that the increase in
temperature in the Caribbean basin will be in excess of 2oC during the period 2071 – 2099. In the
case of precipitation the consensus also shows a high confidence for a decrease in precipitation.

Figure 10: Number of simulations indicating air surface temperature for 2080s greater than
2.0°C.

Legend:
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Figure 11: Number of simulations projecting precipitation increase for 2080s.
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Conclusions
Under the A2 and B2 SRES emission scenarios, PRECISHadCM3 and PRECISECHAM4
climate change results for the period 2071  2099 indicate a mean annual increase of 2.3°C to
3.4°C in surface air temperature over the land areas, highest over the north part of South America.
PRECISECHAM4 produce a more intensive warming with a zonal distribution of the anomalies,
producing more warming for the eastern Caribbean than in PRECISHadCM3, which reflects a
clear NorthSouth gradient. Apart from the difference between models and scenarios results, there
is a great agreement in the projections to a future warming, including a high consensus in
temperature increment of 2.0°C and above.
Precipitation changes over the entire Caribbean region are simulated in different ways by the
models; this is due to the model response rather than emission scenario influence. Considering the
big domain, the projection of annual precipitation changes for 2080s goes from a little increase
(3%) to a more pronounced reduction (11%). There are differences in the spatial distribution and
some areas, such as the zone located over Costa Rica, Panama and part of Colombia, show
important precipitation increase (values above 50%). In other regions such as the Caribbean Sea as
well as parts of Venezuela, Guyana and Central America the results indicate reductions, which are
more pronounced and extended during the wet season. Despite the high contrast in future
precipitation, there are great coincidences indicating a dry pattern over the Caribbean, the Atlantic
Ocean and parts of Central America. The consensus is also considerable for a wet pattern over
Costa Rica, Panama, some areas of Colombia and Florida.
There are uncertainties associated with the RCM’s predictions of climate change over the
Caribbean. It is clear that the climate change signal resulting from RCM depends on atmospheric
circulation from the driving global model. Thus, errors in GCM response are transferred to the
RCM. In this work, only a single RCM was considered, so natural variability of those variables
such as precipitation, may be obscuring the climate change signal. Developing an ensemble of
simulations and averaging the results over the ensemble could increase the signaltonoise ratio.
It is recognized the differences in the regional response to climate change from different GCMs are
due largely to differences in model physics. This study was based on two global models rather than
on a single GCM, so this uncertainty source was partially considered. However, it should be noted
that further simulation incorporating other GCMs to drive PRECIS or even other RCMs is a
necessary requirement for the provision of better information for impact assessments. In the same
way, but not at the same level of importance, additional simulations under other emission scenarios
are also necessary to span the uncertainty analysis.
The CCCCC and INSMET with support from the Hadley Centre will shortly commence other
simulations, utilizing sixteen other GCMs as drivers of the PRECIS RCM.
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