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iii Abstract

To mitigate adverse effects of future extremes in climate in the extreme southern Caribbean
and Trinidad and Tobago require a sound understanding of the science of the climate, along
with realistic and region specific projection outputs; in order that an effective response can
be provided by respective regions. As a step towards achieving this, downscaling GCM
outputs through RCMs is useful at the local and regional scales because it can provide finer
detailed and more user friendly output required for planning. Moreover, it is an avenue
through which more profound understanding of the science of the climate common to
southern Caribbean region can be achieved, which is a prerequisite for effective decision is
making in the region.
This study addressed questions related to whether PRECIS, a regional climate modelling
system, has the skill and quality, to reproduce recent and realistic near and medium term
future climates of the extreme southern Caribbean with some focus on Trinidad and Tobago.
The findings of the research revealed several observations in relation to the aim of the
research. Temperature and rainfall variability in the region have changed in the recent past
and given the observed trends are likely to continue changing in the future but with
amplifications. PRECIS can adequately reproduce these changes along with the known
annual cycle patterns of temperature and rainfall in the ESC and Trinidad and Tobago.
The model has consistent biases which can be used to correct the model projection outputs
and make them more realistic for planning, adaptation and mitigation purposes. Systematic
configuration in the model points to a distinct land-sea contrast in the model bias, resulting in
a north-south bias gradient. The projections of drying and warming in the extreme southern
Caribbean appear plausible since they are consistent with IPCC’s projections and suggest
changes in the near and medium term climates are projected to be smaller over Trinidad and
Tobago in the south of the region than over the islands to the north. Results suggest that
PRECIS is a valuable tool for climate impact assessment and inquiry.
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1 Introduction

Reliable and well informed information on temperature and precipitation in a warming future
climate are of keen interest to planners, decision and policymakers globally but more so to
small island developing states (SIDS) such as the extreme Southern Caribbean. Such
information is just as important to ordinary citizens where day to day life style and other
activities for instance planting and harvesting cycles, center on temperature and precipitation
optimums. The impact of changes in these parameters is mostly felt at regional scales where
hotter days and nights as well as extreme precipitation events impact human lives directly
(Solomon et al. 2007).Across the Caribbean region there is evidence of a changing climate
with signals such as increased number of warm days and nights and heavy rainfall events;
while the number of consecutive dry days has been decreasing (Singh, 1997a, Peterson et al.,
2002, Taylor et al., 2007).
Within the region there are also sub-regional changes; in particular, the climate of the
extreme Southern Caribbean (ESC) with its southernmost part lying at 10 ⁰ N latitude of the
equator and northernmost part at latitude 15 ⁰ N , consistently show increases in mean
annual temperatures and wet season precipitation in recent past , Singh ( 1997a) attributed.
All of these changes and atmospheric modifications are following the global climate
variability trends (Angeles et al., 2007). Given the vulnerability of the region, it is essential
that appropriate fine detailed research into recent and potential climate change become a
priority in an effort to fully appreciate and understanding these changes. One of the major
tools used to study and understand recent and potential climate changes are climate models.
A number of scientific studies have attempted to use Global Climate Models (GCM)
to predict present and future rainfall and temperature patterns over small regions such ESC
(Angeles et al. 2007, Singh, 1997b); but it have been shown that such models perform
insufficiently on these small scales (Wilby et al. 2002, Patarčić and Branković, 2011).
Angeles et al. (2007) showed that this was due to the resolution of GCM’s being too coarse
which results in most small islands not being represented adequately in the GCMs. However,
another important factor is that GCM’s resolutions are too large to resolve many essential
1
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regional and local climate features such as extreme or intensive precipitation. This is
magnified over areas such as the ESC where parameters for example precipitation and
temperatures depend to a certain degree on orography (Patarčić and Branković, 2011).
Moreover, recent researches suggest that for efficient end-users and decision makers
application at local and regional scales, better and finer spatial and temporal resolutions are
required than those provide by GCM’s (Taylor et al., 2007, Cashman, 2010, Patarčić and
Branković, 2011).
Improving climate information on such small scales can be achieved with the use of
different regional techniques including high resolution nested regional climate models (RCM)
(Jacob et al., 2007). RCM allows for carrying out more thorough process inquiries and
simulation of regional and local climatic conditions thus increasing greater confidence in
outputs and projections. Increasingly, several studies have used downscaling by way of
Regional Climate Models (RCM) to simulate sub- Global Climate Models (GCM) grid scale
climate features dynamically. Wilby et al. (2002), Alves and Marengo (2010) and Campbell
et al. (2011) showed that downscaling, which refers to use of finer spatial-scale numerical
atmospheric models, can provide improved methods to understand and recognize significant
variations in climate variables. In support of the foregoing Alves and Marengo (2010)
suggests there is consensus that for better scientific understanding of sub-regional climate
variability, impacts and vulnerability applications, dynamic downscaling using RCM are the
most appropriate.
The PRECIS (Providing Regional Climates for Impacts Studies) a regional climate
modelling system developed by UK Met Office Hadley center is a high resolution, portable
and locatable atmospheric/land surface model of limited area which can generate climate
change features, impacts and scenarios through downscaling (Jones et al., 2004). Several
studies which focused on regional climates have utilized PRECIS, thus making it one of the
increasing numbers of regional models used to give finer detail as required by regional
adaptation planners (Jones et. al., 2004, Campbell et al., 2011). Within the Caribbean region
the PRECIS have proven to be a scientifically valuable tool in simulating recent climate
variability and future scenarios (Campbell et al., 2011). On account of this, the PRECIS has
demonstrated that it is an appropriate tool for use in studies such as this.
2
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According to the 2007 report of the Intergovernmental Panel on Climate Change
(IPCC), Small Island Developing States (SIDS) such as those in the ESC are likely to be
among the most seriously impacted by climate change (Solomon et. el, 2007). To this end,
this study seeks to contribute in building awareness and meeting the criteria for critical
evaluation of local and subregional small scale climate variations. It is also hoped that it
would be relevant in delivering adequate input into to ongoing impact studies and planning at
the local level. Another key aim of this study is to expand and broaden existing understanding
of the climatology and variability of temperature and precipitation in ESC.
Several reasons exist for the selection of the ESC region (fig. 1.1) as the focus of the study.
Firstly, there is a deficiency of research done in the Caribbean using RCM downscaling to
simulate recent and future climate variability (Campbell et al., 2011). Moreover, the author is
unacquainted with any research using the downscaling approach which is devoted exclusively
to the ESC with focus on Trinidad and Tobago, and agrees with the view that there is a need
for investigation of local and sub-regional climates within the region (Chen et al., 2008).
Ultimately, this study can serve to increase and complement the understanding of what is
known sub-regionally and locally by reducing the knowledge gap which exists regarding
climate drivers and alterations.
Secondly, downscaling studies on future climate trends and projections using a broad
brush approach for the entire Caribbean, have indicated that the region will experience future
changes of surface temperatures and rainfall, but have focused on the latter half of the 21st
century (Campbell et al. 2011). This study can complement these by focusing on earlier time
frames within the century for the sub-region. Furthermore, the geographical location of the
ESC makes it the closest sub-region to the equatorial belt and therefore presents an
incomparable opportunity to investigate most, if not all of the driving mechanisms of the
Caribbean climates and their impacts on climatic trends. Given that the focus will be on
shorter time slices, this can assist directly in assessing short and medium term projections,
impact and planning. Therefore, the study can be a region specific update for shorter time
frames which are generally required by planners and governments of present day.

3
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Figure 1.1 Location Map of the Caribbean showing Extreme Southern Caribbean (ESC) subregion
highlighted.

Thirdly, there has been long widely held perceptions and supported by recent studies
that temperatures have increased while precipitation have decreased over the entire Caribbean
basin and this trend is likely to continue ( Taylor et al., 2007, Campbell et al. 2011). This
study has the opportunity to determine whether this trend is similar on local and subregional
scales for the ESC. The importance of this cannot be overstated since changes in temperature
and rainfall at the local level in the region has significant consequences on dependent sectors
such as rain-fed agriculture, water management, tourism, fishing and renewable energy all of
which are of critical importance to the region.
Effective local and sub-regional decision processes require robust assessment and
understanding of specific climate variables that are principal to the risk posed by climate
change. The study investigates the ability of the regional climate PRECIS to capture recent
climate trends and variability in temperature and rainfall in the ESC as a whole with some
emphasis placed on Trinidad and Tobago in particular. Based on the results the model will be
used to investigate how temperature and precipitation over the sub-region and Trinidad and
Tobago may change during the 2021- 2030 and 2031-2050 time slices and their possible
impacts.
An integral part of the study is to validate the model’s ability to simulate current
climate conditions by comparing its output with that of observations. Due to the scarcity of
4
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station observation data within the Caribbean, recent studies have used reanalysis data to
make similar evaluation with some success (Campbell et al., 2011). In the study a comparable
approach will be adopted using reanalysis and land station observations with simple statistical
techniques to evaluate the model spatial and temporal skill and accuracy in reproducing
recent climate variability over the region.
Answers are sought for the following questions which are necessary in order to
achieve the validation requirement.
1. How have observed temperature and rainfall variability changed in the past.
2. How will model will these change in the future in the model projections?
3. Are there any systematic biases in temperatures and/or rainfall between the model and
the observations?
4. How well does the model capture recent trends in rainfall and temperature within the
region?
The structure of the study includes in section 2, a synopsis of ESC climate, temperatures and
rainfall including the main drivers that influences their variability; as well as, recent subregional and local temperature and precipitation trends and impacts. This is followed by
section 3 which provides information on the datasets used while section 4 gives an outline of
the methodology. In section 5 the results will be presented to be followed by discussion of
these in section 6, while the section 7 concludes with limitations of the study and notes for
future research options.
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2 Extreme Southern Caribbean Climate, Rainfall and
Temperatures, Climate Drivers, Recent Trends in Rainfall and
Temperature, Impacts of Trends.

2.1 Extreme Southern Caribbean (ESC) Climate, Rainfall and Temperatures

The extreme southern Caribbean close proximity to the equator allows it to have two climate
types producing two opposing seasons. These seasons are differentiated by contrasting dry
and wet season regimes that also vary among the islands within the sub-region (Taylor and
Alfaro, 2005). A tropical maritime climate characterized by warm days and cool nights with
rainfall mostly in the form of showers due to daytime convection symbolizes the dry season
during the months late December to early May (Henry, 1990). In contrast, a modified moist
equatorial climate differentiated by low wind speeds, hot humid days and nights, a marked
increase in rainfall that is not always convective but which results from migrating equatorial
weather systems, symbolizes the wet season during June to November (Henry, 1990). The
unaccounted periods late May and December are considered transitional periods. Differences
in these two climatic seasons among the islands are primarily due to varying land size,
orography, elevation, orientation in terms of the trade winds and geographical location
(Gamble and Curtis, 2007).
The ESC mean climate is one in which temperatures broadly remain fairly constant
with small annual variations (2-7 ⁰ C), but the climatological processes of the region are
complex, diverse and not fully understood, especially as the climate diverges at local scales
(Taylor and Alfaro, 2005; Gamble et al, 2008). Within the region, the daily temperature cycle
is more pronounced; however, the seasonal cycle (1981-2010) show that the wet season
temperatures are warmest on average being greater than 26.5 ⁰ C; whilst, the dry season are
milder being less than 25.0 ⁰ C . The range of the annual mean temperature (1981-2010)
among the islands is between 26 and 26.5 ⁰ C with average annual minimum temperatures
varying between 21⁰ C and 25⁰ C and maximum between 29⁰ C and 32⁰ C (Taylor and
6
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Alfaro, 2005). In Trinidad and Tobago, the long term mean annual maximum and minimum
temperatures are 31.3 ⁰ C and 22.7 ⁰ C respectively ( 1971 to 2000) with mean daily
temperature of 26.5 ⁰ C (TTMS, 2012).
With small seasonal variations of temperatures, the region’s climate is best described
by its rainfall patterns (Taylor et al., 2011). Even so, the regional rainfall is not straight
forward nor simple, since differences across the region are both temporal and spatial (Curtis
and Gamble, 2007, Taylor et al., 2002). Broadly defining the region’s climate from a rainfall
perspective serves as an adequate indicator of the climatology; however, this is modified
significantly at the sub-regional and local levels. The influence of different topography
among the islands results in large differences in annual rainfall as well as time of occurrence
of maxima and minima, and length of wet season; to the extent that it one must be cognizant
of this difficulty when generalizing the sub-region’s climate (Taylor and Alfaro, 2005).
Annually and seasonally the more northerly islands are drier than the southerly islands with
daily rainfall rates near Trinidad in the south being twice as much as those near Barbados in
the north.
Several studies, Chen and Taylor (2002), Taylor et al. (2002), Gamble and Curtis
(2008), Taylor et al., 2011, Gouirand et al. (2012) suggests that the Caribbean rainfall has a
distinct bi-modal behaviour where there is an early rainfall season May –June and a second
mode (late rainfall season) September-October with a small drying period in between modes
deemed a relative mid-summer drought. There is concession that the reason for the relative
mid-summer drought is poorly understood within the region (Gamble and Curtis, 2007, Chen
and Taylor, 2002); moreover it appears that the bimodal modes do not exist everywhere and
vary temporally over the region (Granger, 1985, Curtis and Gamble, 2007, Gamble et al.,
2008). This is highlighted by Angeles et al (2010) where they submitted that at low latitudes
such as in the ESC, the rainfall is not controlled by the broader Caribbean bimodal behaviour.
Evidently, there is agreement with the latter position in that variations exist in the
modality (Fig. 2.1) of the rainfall pattern in the region. For instance, rainfall in Trinidad and
Tobago’s shows a bimodal behaviour, as against Grenada being tri-modal and Barbados
unimodal (Fig. 2.1). A noteworthy difference as well is that while the primary maxima occur
during the early rainfall season for Trinidad the most southerly island, the same is not true for
7
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the more northerly islands where the primary maxima occur during the late season (Fig 2.1).
Within the ESC, the average annual rainfall total for each island is above 1200 mm of which
at least 70% occur during the wet season months (Taylor and Alfaro, 2005; Pulwarty et al.,
2010).The annual rainfall totals are largely governed by multiple competing weather features
of comparable importance as illustrated in Figure. 2.2. Chief among these are the latitudinal
position and strength of the north Atlantic sub-tropical high (NASH) pressure cell, the
meridional migrating Inter-tropical convergence zone (ITCZ), westward propagating weather
systems such tropical waves, depressions and storms, and Mid-Atlantic upper level troughs
(Pulwarty et al., 2010). Secondary to these are sea breeze effect especially over the larger
islands such as Trinidad, cloud clusters due to large scale low level convergence, orography
and land size as mentioned above.

Figure 2.1- Climatological mean monthly rainfall variability for the islands within the ESC. Topleft:Trinidad; Top-right:Tobago, Bottom-left: Grenada, Bottom-righ: Barbados.

The chief facilitator of the dry season within the region is the north-south migration
and east-west excursion of the NASH and latitudinal shift in the ITCZ equator-ward (fig. 2.3)
(Gamble et al., 2008). During the dry season months the NASH center is located more
southerly than during the wet season and expands equator-ward resulting in subsidence and
low level divergence over the ESC region (Stephenson et al., 2008). Coupled with this, strong
trade winds on the southern periphery of the NASH and the associated reduction in sea
8
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surface temperatures (SST) translates the region into a drier state. The rainfall during the
drier state is mainly produced by remnant shear lines of invading mid- latitude frontal
systems (Taylor and Alfaro, 2005, Chen et al. 2008), low level convergence bands on the
southern periphery of the NASH, and daytime thermal driven convection. The gradual
shifting of the NASH pole-ward during late spring allows precipitation bearing systems to
penetrate into the ESC which results in the onset or transition to the wet season during midMay to early June.

Figure 2.2- Schematic representation of the main rainfall producing features and drivers of rainfall
variability over the ESC region.

During the wet season, the ITCZ, a broad zone of convergence between the northeast
and southeast trade winds characterized by strong rising motion with collocated varying
convection migrates northward, and lie at a time- mean location of 5-10 ⁰ N latitude over the
North Atlantic Ocean; reaching its northernmost position around 14 ⁰ N latitude between July
to September (Hastenrath, 1991; Xie and Carton, 2004). Concomitant in the wet season with
the ITCZ migration is the oscillating NASH, which shifts north and southward, intensifies
and diminishes, thus determining the strength of the trade winds and subsidence which act to
modify precipitation amounts in the region (Gamble et al., 2008).
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A few studies (Gamble and Curtis, 2008; Taylor et al. 2012) provide increasing evidence that
the Caribbean low level jet (CLLJ) is an important climatological feature which impacts the
summer fraction of the wet season by causing a reduction and relative dry period during the
rainy season.

Figure 2.3- Mean position of the ITCZ and North Atlantic sub-tropical high (NASH) pressure regions
during January (bottom) and July (top). “A” indicates the NASH location and dashed red line
indicates the ITCZ (modified from Laing and Evans, 2011)

The trade winds transporting moisture from the tropical North Atlantic Ocean into the
Caribbean Sea intensifies and forms the CLLJ. The jet reaches its maximum strength during
summer and winter and decreases to a minimum in fall and spring (Wang and Lee, 2007).
This allows the jet to influence the rainfall totals in the ESC during the summer months due
to divergence at the jet entrance which act to transport moisture away from the ESC (Martin
and Schumacher, 2011) with the net effect being reduction in rainfall in the summer. It can be
argued that this accounts for the islands in the ESC closer to 15⁰ N latitude exhibiting rainfall
maxima late in the season rather than earlier as oppose to Trinidad which is further south.
Superimposed on the ESC’s wet season is the hurricane season which runs from June to
November (peaks in August to October) during which westward propagating tropical waves
and disturbances are common. Tropical waves are north-south troughs lying between 5 ⁰ and
18 ⁰ N latitude which originates over Africa and are major contributors to rainfall within the
10
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ESC as individual entities or by modulating the ITCZ. Furthermore, these systems often grow
into storms and hurricanes, at times causing significant loss of life, extensive destruction of
property and infrastructural structures in the region. On average eight tropical storms pass
near or through the Caribbean region during a year but this number vary from year to year
(Taylor and Alfaro, 2005). Within the ESC, Trinidad as the southernmost island lie on the
southern periphery of the north Atlantic hurricane basin, as a result the island is not affected
directly by storms as frequent as Tobago, Grenada and Barbados. However, peripheral
weather conditions associated with the passage of tropical systems impacts it just as any of
the other islands. Notably, the peak of the hurricane season does not coincide with any of the
rainfall maxima in the region as shown earlier (fig. 2.1); suggesting that these systems are not
the major rain producers for the sub-region in contrast to popular belief (Taylor and Alfaro,
2005; Gamble and Curtis, 2008).

While rainfall in the ESC is influenced by several rain bearing systems; Gamble and
Curtis (2008) showed that mechanisms controlling the early season rainfall are not altogether
the same as those controlling the late season. Specifically, rainfall near the end of the season
(October to December) is highly influenced by pre-winter southerly oscillating mid-Atlantic
upper level troughs, and collocated upper level jet streaks with attending jet dynamics (Laing,
2004). When these systems interact with tropical waves and the ITCZ (Fig. 2.4), rainfall in
the ESC is enhanced (Liang, 2004). It is argued here that this atmospheric configuration
largely influence the annual maximum rainfall accumulation occurring towards the end of the
wet season over the more northerly islands.

2.2 Main Drivers of Temperature and Rainfall variability

The climatology of the ESC is complex with variability occurring on a range of spatial and
temporal scales; therefore to accurately identify and understand the variability, it is essential
to have a good appreciation of the intricately linked drivers of variability. Taylor et al. (2011)
recently proposed that the Caribbean is in a state to be wet when it environment is
characterized by warm surface temperatures, upward vertical velocity through to the middle
11
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troposphere, and a moderate easterly flow regime. Furthermore, any deviations from this state
are indicative of the processes which transition the region between wet and dry seasons and
determine the variability on intra-seasonal, inter-annual or longer timescales (Taylor et al.,
2011). However it must be recognized that the climate of the ESC is not isolated from global
processes and neither is its variability (Jury, 2008).Most of the influences which modulate the
variability of temperature and rainfall in the ESC originate in the tropics as shown earlier, for
instance El Niño-Southern Oscillation (ENSO), Madden-Julian Oscillation (MJO), and
Saharan Air layer (SAL), tracks taken by tropical storms, and migratory behaviour of the
ITCZ. However, others such of extra-tropical origins including the North Atlantic Oscillation
(NAO) and the NASH also influence the climate variability in the ESC.

Figure 2.4- GOES-12 water vapour Image October 14, 2007 showing interaction of features

responsible for late rainfall season maxima over the ESC (Green). The upper level trough is
coloured yellow and ITCZ coloured red (modified from Dundee receiving satellite accessed
28th May 2012).

Global processes ENSO and NAO are two of the major driving and forcing mechanisms of
temperature and rainfall variability in the region ( Giannini et al., 2001, Jury et al., 2007). At
the inter-annual and decadal timescales it was found that the inter-annual temperature
variability over the ESC was largely determined by ENSO; whilst seasonal and decadal
variability were most likely determined by tropical North Atlantic SST’s (Taylor et al., 2011).
Evidence of an association between ENSO and Caribbean temperatures has been put forward
12
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by Malmgren et al., (1998) where it was shown that variation in mean air temperatures is
inversely related to ENSO events with warmer temperatures during El Niño years and cooler
temperatures during La Niña in the Caribbean region.
Furthermore, Chen and Taylor (2002) proposed that during the year of El Niño
decline Caribbean temperatures are enhanced. Most recently, Taylor et al., (2011) found that
during a year of El Niño decline there were statistically significant (5% level) positive
anomalies in the region with above normal temperatures during the early mode of the rainfall
season due to the warm ocean temperatures induced by El Niño conditions. Also, there were
negative anomalies during both the early and late modes of rainfall season when a La Niña
conditions existed. A wide cross-section of studies have shown that within the ESC processes
such as ENSO, MJO, NAO and SAL can all influence the amount of rainfall generated from
the ITCZ, tropical waves, storms and upper level troughs (Charlery et al., 2006; Giannini et
al., 2001; Jury et al., 2007). It has been shown that on the shorter intra-seasonal time scales
the MJO and SAL are mostly responsible for rainfall variability within the region (Martin and
Schumacher, 2011). Whilst seasonally and even decadally, the NAO has great influence
( Charlery et al., 2006). However, it has been extensively discussed and accepted that the
canonical driver of rainfall over the sub-region on an inter-annual scale is ENSO events
(Giannini et al., 2001, Stephenson et al, 2008; Jury et al., 2007; Pulwarty et al., 2010; Chen
and Taylor, 2002, Gamble and Curtis, 2008).
Figure 2.5 show a number of areas of the tropical Pacific ocean which are used to
determine whether ENSO is in neutral, El Niño (positive anomaly) or La Niña (negative
anomaly) phase (Hanley et al., 2003); but it has been shown that SST variation in Nino 3 and
3.4 has the strongest association and influence on the Caribbean and by extension the ESC
rainfall (Taylor et al.; 2002; Giannini et al., 2000). Furthermore, the rainfall of the southern
Caribbean has been found to be more directly affected by ENSO than elsewhere in the
Caribbean region (Gouirand et al., 2012). It is also well documented that during El Niño
events the Caribbean typically experiences drier than normal conditions and above normal
rainfall during La Niña events (Aceituno, 1988a; Taylor, et al., 2002). Recognizable as well,
is that ENSO affect’s the ESC rainfall by proxy through its impact on the tropical north
Atlantic SST’s and the resulting migration of the ITCZ (Wang et al, 2006).
13
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Figure 2.5- Location of the Nino 3.0 & 3.4 SST’s anomaly region relative to the ESC along

with other SST anomaly indices that are used as measures of ENSO (modified from NOAA,
2012)
Several studies suggest that in the Caribbean region, El Niño (the warm phase of ENSO)
affects each mode of the wet season differently producing a drier than normal late rainfall
season in the year of the El Niño event and an above normal early rainfall season in the year
of El Niño decline (Gamble and Curtis, 2008; Chen and Taylor, 2002). On the sub-regional
and local scale, K. Kerr (pers. comm. C.M.O., 2010) showed (fig. 2.6) that El Niño exert
some control on the rainfall variability on inter-annual and seasonal ranges in the ESC. In
particular, the link between Trinidad and Tobago’s rainfall anomalies and ENSO are
statistically significant at the 95% confidence level with both islands tending to experience
drier than normal conditions during the late rainfall season of an El Niño event (K. Kerr, pers.
comm. C.M.O., 2010).Furthermore, the drying tends to persist into the dry season months
with the tendency to aid drought conditions locally.
Additionally, K. Kerr (pers. comm. C.M.O., 2010) showed that there is tendency for
an earlier onset to the wet season in Trinidad and Tobago with above normal rainfall totals at
the onset and during first mode of the season when El Niño conditions abate. Mc Sweeney et
al., (2010) supports this and showed that El Niño events generate warmer and drier than
average conditions between June and August and La Niña events influence colder and wetter
conditions in the ESC. There are several ways through which ENSO affect rainfall
variability in the ESC. A well-known El Niño teleconnection in the ESC is the enhancement
of vertical wind shear through the southward displacement of the Sub-Tropical jet and
strengthening of the upper-level westerlies over the region during the warm event (Gray,
1984). The impact of this is the suppression tropical storm activity in the North Atlantic basin
(Gray 1984), as well as inhibiting development of rain bearing convective clusters or cloud
systems. It has also been documented that ENSO affect the track taken by tropical storms
14
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differently for each ENSO phase, with a higher probability for tracks through the ESC during
a La Niña event relative to the neutral and warm phases (Klotzbach, 2011).
Association between the NAO and rainfall in the ESC is strong. It has been shown
that when the index of the NAO is negative, rainfall in the early mode of the wet season
intensifies during a year of El Niño decline (Giannini et al., 2001. However, the NAO also
impact rainfall in the ESC directly through associated anomalous subsidence (Giannini et al.,
2001). Furthermore, Charlery et al, (2006) identified a positive association between NAO and
the ESC rainfall variability, but this was dependent on the phase and strength of ENSO. The
SST of the Atlantic ocean and Caribbean sea also exerts a large influence on rainfall
variability in the ESC, in particular a large Atlantic warm pool(AWP) translates into
increase rainfall in the region ( Wang and Lee, 2007; Taylor et al. 2002, Spence et al., 2004).
The AWP (figure 2.7) is a large body of warm water (warmer than 28.5⁰ C) that appears in

Figure 2.6- Rainfall anomalies for Trinidad and Tobago showing El Niño affecting each mode

of the wet season differently. (A) Earlier and wetter start to the wet season in the month of
May during years of El Niño decline. (B) Drier than normal late wet season and following
dry season (from K. Kerr, pers. Comm., CMO, 2010).
the Gulf of Mexico, the Caribbean Sea and the western tropical North Atlantic, during the
summer and fall (Wang and Lee, 2007). The control exerted by the AWP on rainfall
variability over the ESC is through the AWP weakening the NASH, particularly in its southwestern quadrant in the vicinity of the islands of the ESC (Wang and Lee, 2007). When the
NASH weakens, the CLLJ weakens and the associated vertical shear is reduced which
enables greater convection and favours tropical storm development and intensification (Wang
and Lee, 2007).
15
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Figure 2.7- SST distribution within the AWP during September and January with the strippled

area in (a) representing SSTs greater than 28.5⁰ C. It clearly shows the ESC (red dot) location
within the AWP (Wang and Lee, 2007)

Also associated with rainfall variability in the region is the MJO, a 30-90 days global
eastward propagating oscillation which originates in the Pacific Ocean. A study by Martin
and Schumacher (2011) concluded that at the intra-seasonal scale, MJO convection in Africa
and Western Indian Ocean is associated with above normal rainfall in Caribbean region and
the variability was greatest in the southern Caribbean. The above normal rainfall association
results from anomalous westerlies over the Caribbean basin which acts to slow prevailing
easterlies and favour precipitation through convergence. Contrasting this, drier than normal
conditions occur across the ESC when the MJO convection is located over the western
Pacific Ocean. This is associated with anomalous easterlies over the Caribbean region which
enhances divergence and strengthens the CLLF, both of which hinder precipitation over the
region (Martin and Schumacher, 2011).

2.3 Recent Trends in Temperature and Rainfall in the ESC and Trinidad &
Tobago

Several studies exist which confirm recent temperature trends over the region ESC region;
however, rainfall trends are typified by contrasting variability on interannual and decadal
timescales (Singh 1997; Petterson et al., 2002, Cashman et al., 2010). The latter presents a
challenge in making conclusive statements about recent rainfall trends. With respect
temperatures, Peterson et al., (2002), Taylor et al., (2007) provided evidence of a warming
16
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trend across the region. Peterson et al., (2002) using land station observations determined that
mean monthly maximum and mean monthly minimum have increased significantly at the 5%
level since the late 1950’s. While Taylor et al (2007) using reanalysis as observation found
similar results. Furthermore, the diurnal temperature range decreased during the latter half of
the 20th century but was not statistically significant at the same level.

The warming trend is evident with significant increases (5% level) in very hotdays
and nights and decreases in very cool days and nights across the region (Peterson et al.,
2002, Taylor et al., 2007). Recent long term trends indicate the ESC has become warmer
since the late 1960’s with significant warming (5% level) at the end of the 1970’s ( Taylor et
al., 2007). Taylor et al. (2007) showed that the diurnal temperature range within the ESC has
decreased by 2.0 ⁰ C since the 1950’s. At the local scale in Trinidad and Tobago, Singh
(1997) using land station observation data set 1946 to 1995 provided evidence which
indicated temperatures increased steadily over the period in Trinidad and Tobago. More
recently, Taylor et al., (2007) produced results that showed Trinidad also experienced an
upward trend in temperatures significant at the 5% level over the last three decades and
suggest this was largely driven by steady increases in daily minimum temperatures. More
recently, Mc Sweeney et al., (2010) using a GCM, found significant increases in the mean
annual temperature in Trinidad and Tobago with an increase around 0.6 ⁰ C since 1960, an
average of 0.13 ⁰ C per decade. Whilst Stephenson et al., (2008) using SST in close
proximity to the ESC as proxy for inland surface temperatures found significant higher
temperatures post 1979 for Trinidad and Tobago. The results were not dissimilar to Peterson
et al. (2002) for the entire Caribbean basin or Taylor et al. (2007) for the ESC.

Contrasting views exist regarding the trend in rainfall in the Caribbean region and
should be treated with greater caution . Peterson et al. (2002) using land station observation
found no statistically significant trends at the 5% level in mean annual precipitation amounts
in the region. On the other hand, Neelin et al. (2006) using IPCC AR4 GCM models in an
experiment of multi-model ensemble simulations under IPCC SRES A2 scenario, identified
a small but statistically significant ( 5% level) drying during JJA in recent decades over the
Caribbean which in reality are not trends. It should be noted that IPCC AR4 indicated that
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models underestimated monthly observed precipitation amounts within the Caribbean by as
much as 30% (Solomon et al., 2007).
Taylor et al (2002) showed a downward trend since 1960 for a mean Caribbean
rainfall index. However, Peterson et al (2002) confirmed increases in the greatest five day
rainfall totals across the Caribbean, but with large variability contrasting the number of
successive dry days which showed a decreasing trend. It must be pointed out that this study
did not take into account differences in rainfall regimes between the north and South
Caribbean and are perhaps not conclusive for the ESC. At the local scale in Trinidad and
Tobago fluctuating views also exist. Singh (1997a) showed that Trinidad and Tobago annual
rainfall totals increased between the mid 60’s to early 80’s but decreased onward to the 90’s.
Given the short time periods over which the changes occur, it is difficult to recognize these as
trends. Gamble (2006) using data covering differing time periods found a decreasing trend
(100 mm less annual rainfall) for Penal in south Trinidad and an increasing trend for Piarco in
North Trinidad which suggest inter-island variability exist. More recently Mc sweeney et al.,
( 2010) using a GCM to simulate the recent history found fractional decreases in Trinidad and
Tobago’s rainfall over the last half century, however the trend was not significant at the 5%
level.

2.4

Impacts Caused By Recent Trends.

Few studies exist regarding impacts of recent climate trends in the region which makes
qualitative inferences arguable. However, there is evidence that recent trends have impacted
water resources and agriculture. El Niño events in recent years have resulted in
meteorological droughts in the ESC region (Chen et al, 2005, Farrell et al. 2010). Pulwarty
(2001) showed there was a relationship between El Niño and drought conditions in Trinidad
and Tobago during the 1997/98 episode; a period where the annual rainfall accumulation was
150 mm less than average. It has been shown (section 2.3) that there is a declining trend in
rainfall and an increasing trend in temperatures across the ESC. This translates to a reduction
in available water and water resources (Cashman et al. 2010) and which was evident during
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recent drought conditions of 2009-2010 across the region (Pulwarty et al., 2010, Trotman et
al., 2011).
Recent increases in intense rainfall events have been associated with increased
flooding in the region (Taylor et al., 2007) and this has impacted fresh water impoundment,
for instance through sediment build up.. Additionally, increases in intense rainfall events
which resulted in increased flooding events have also impacted water quality in the region
through contamination of ground and surface water by way of damage to sewerage and
sewage disposal systems (Cashman et al., 2010). It has been shown that current shifts in
seasonal rainfall in the ESC affect run-off production which characterizes renewable
freshwater supply and this is exercabated by increases in drought (Cashman et al., 2010).
Furthermore, the recent trend of increase in temperatures would have led to increase in
evapotranpiration rates resulting in reduced soil moisture, infiltration and acquifer rechargein
the region (Farrell et al., 2007).
It has also been confirmed that the drought of 1987 in Trinidad and Tobago resulted
in thousands of acres of natural forest burnt and hundreds of thousands of dollars (US) in
crop lost (Taylor et al., 2011). Similar results occurred during the 2010 episode with record
number of forest and agricultural fires in the ESC, which translated to increases in food prices
(Trotman et al., 2010). Drought conditions have been advanced as the reason for lost of nearshore habitat due to declines in freshwater, aided by saline intrusion observed in the ESC
during 2009-2010 (Pulwarty et al. 2010). Research support observational reccords that
increase SST in the ESC were the primary cause of coral bleaching in Tobago during the
summer 2005 (Nurse, 2011).
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3 Data

The extreme southern Caribbean region is defined as lying between 60 ⁰ W and 65 ⁰ W
longitude and 9 ⁰ N to 15 ⁰ N latitude as demarked earlier in figure 1.1. Input data to the
study consist of meteorological observations from land stations, observational re-analysis
data and GCM boundary conditions .

3.1 Trinidad and Tobago Meteorological Service (TTMS) Climatological
Archive

The meteorological observational dataset used for validation purpose at the local scale within
the study, is the Trinidad and Tobago Meteorological Service (TTMS) climatological archive
(hereafter referred to as TTMS-Obs) . The dataset consists of over 40 years of continuous
observation which have been subjected to primary and secondary quality control and
validation under standard World Meteorological Organisation (WMO) guidelines. It
includes monthly accumulated rainfall measured from six ground based rain gauge stations
(four in Trinidad and two in Tobago) and mean monthly surface air temperature measured at
1.5 m above the surface. The location of the rain gauge stations shown in figure 3.1 require
spatial estimates onto the model grid points for comparison since the islands are represented
in the model as land mask in the model. A weighted averaging method of rainfall from the
rain-gauges is employed for estimating the total area-average rainfall over the individual
islands using equation (1).

where RA is the estimated area average rainfall, Ri , i= 1: n are the corresponding
measurements at the (n) individual stations within the local area, and wi is the weight given to
each gauge. In the study each gauge is assigned the same weight

.
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Figure 3.1- Map of Trinidad and Tobago highlighting the model grid points over the island in

blue and rainguage stations in black.
Ideally, spatial interpolation methods such as kriging are the preferred approach when
comparing point rain gauge measurements and model outputs. However, the approach
adopted in the study is a viable alternative. Beek (1991) showed that over distances of 50 to
150 km daily means of meteorological variables do not differ by much and the stations used
in the study are well within this. In adopting this approach, autocorrelation and qqnorm
analysis were performed on the point measurement which showed that the data was
independent and approximately normally distributed. Homogeneity tests performed by
pairwise comparison of the means at the different locations using Welch two sample t-test
(Welch, 1947) show that the means of rainfall at the various locations were not significantly
different at the 5% level. A similar result obtained for temperatures.It can be inferred from
this that rainfall at the varying points come from the same environment, similar inference can
be made for temperature.
Additionally, Pearson’s product moment found strong positive correlations ( R> 0.60)
between all observation points for each variable which are significant at the 5% level. This
suggests high association among the differing observing points which can tranlate to good
spatial coverage and representation of the area. Furthermore, the approach enables an areaaverage with litle or no spatial variability and is valuable for estimating rainfall on small
dense adequately distributed network of stations ( Hwang, et al. 2004 ). Based on the the
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foregoing, the datasets are taken as homogenous and considered as true representaion of the
underlying climatic parameters of rainfall and temperature at the local scale.

3.2 NCEP/NCAR Reanalysis (NCAR/NCEP)

Reanalyses datasets created by the National Centres for Environmental for Environmental
Prediction (NCEP) and the National Centre for Atmospheric Research (NCAR) abbreviated
to NCEP/NCAR is a global gridded analsysis of meteorological fields and climatology
documenting present and past seasonal and annual mean atmospheric conditions as reanalysis
products (Kalnay et al. 1996). The reanalysis products were created using NCEP numerical
model enhanced by a variety of observation datasets including surface, upper-air and satellite
measurements with the output variables expressed on an approximate 1.9 ⁰ x 1.9 ⁰ latitude
and longitude grid. Greater detailed descriptions on the reanalysis products are available in
(Kalnay et al. 1996). From NCEP/NCAR only annual , seasonal and monthly surface
temperatures (⁰C ) are used in the study.

3.3 CPC Merged Analysis of Precipitation (CMAP)

For the the regional rainfall analysis the Climate Prediction Center Merged Analysis of
Precipitation (CMAP) (Xie and Arkin, 1997) will be used for observations. The data set is
based on observations from land rain gauges merged with precipitation estimates from
several satellite-based algorithms ( Xie and Arkin 1997). The current version of the data set
covers a 30-year period from January 1979 to September 2009 and has a gridded resolution
of approximately 2.5°x2.5°. The dataset was chosen because it has been found to adequately
represent rainfall over tropical oceans (Gruber et al. 2000) and is used extensively in various
fields of research.For more detailed description of the CMAP dataset see Xie and Arkin
(1997).
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3.4 Model Description

PRECIS is a 3rd generation coupled atmospheric and land surface limited area regional
climate modeling (RCM) system developed by the UK Met Office Hadley Centre and
includes as its core atmospheric component, a high resolution RCM (HadRM3P) which has
19 vertical levels in the atmosphere, 4v soil levels and is based on the MetOffice Hadley
Centre GCM-HadCM3P (Jones et al. 2004). The model has a choice of two horizontal
resolutions, either 0.22 ⁰ x 0.22⁰ (25 km) or 0.44⁰ x 0.44⁰ (50 km); for this study data from a
50 km resolution is utilised. A detailed description of the model and physics is available in
Jones et al. (2004). Input data for the lateral boundary conditions for PRECIS are provided by
Hadley Centre and for this study are forced by European Community Hamburg (ECHAM4)
GCM (Roeckner, et al 1996). ECHAM4 has a T42 spectral resolution of 2.8 ⁰ x 2.8 ⁰ and
utilizes recent past observation of monthly SST’s to simulate the baseline period and model
predictions to simulate the future climate. ECHAM4 baseline period 1961-1990 is forced by
observed SSTs while for the future time slices ECHAM4 has an interactive ocean.For more
details on ECHAM4 see (Roeckner, et al 1996).

3.5 PRECIS Model Data

The PRECIS model output used in the study was obtained from the Cuban Meteorological
Institute (INSMET). The data represents the contribution of the INSMET to activities
undertaken in the Caribbean region to evaluate the impacts of climate change and to identify
adaptation measures. Data for future scenarios is archived at the INSMET PRECIS-CARIBE
interactive Webpage. Modelled rainfall, temperature and surface wind output for the baseline
period 1961-1990 was provided directly from INSMET in Network Common Data Form
(NetCDF). To investigate the future climate state of the ESC’s, monthly seasonal and annual
data for the time slices of 2020’s and 2030 to 2050 are extracted in NetCDF format from the
model interactive archive. The future scenario data utilized for this study is for IPCC Special
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Report Emission Scenario (SRES) A2 scenario; detailed description of the A2 scenario is
provided in IPCC (2000).

3.6

Nino 3.4 Index

Nino 3.4 index is used to determine the skill of the model in capturing the main driver
(ENSO) of rainfall vaariability in the ESC. This index was chosen due to its strong
relationship with Caribbean rainfall (Taylor et al.; 2002; Giannini et al., 2000). The Nino 3.4
index is based on monthly SST’s anomalies in the Nino 3.4 region (Fig. 2.5) and is taken
from NCEP/NCAR Climate Prediction Centre archive.
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4

Methodology

To examine seasonal, annual, intraseasonal and interannual variability of temperature and
precipitation, anomalies and time series are used extensively. The performance of the model
is evaluated against observations at the local and regional scales. This is obtained by looking
at the model ability to reproduce the well defined annual cycles of local and regional
climatologies for rainfall and temperature. In order to achieve effective comparison of the
finer details, bilinear interpolation of observations from the reanlaysis dataset onto the finer
horizontal grid of the model were performed. Normally for compatability, the smaller grid is
interpolated onto the larger grid but can’t if the observations are on the scale in the current
study. The approach adopted was therefore necessary to retain the small scale spatial
characteristics of the model which are imporatnt in examining the model ability to simulate
the regions climate; the ultimate aim of the study.
Using TTMS-Obs, long term time series of varying lengths based on data availability
are extracted as baseline periods for validating the model. Whilst a more recent 30 year long
term period 1981-2010 is used to compare and evaluate changes and trends in the TTMSObs variables over time under global warming.The baseline 1961-90, common to the
observations and PRECIS is used for easy comparison during most of the study except for
rainfall comparison on the regional scale where 1981-1989 is used.

4.1 Developing a Climatology for Trinidad and Tobago

For detailed more spatial and temporal analysis of temperature and rainfall to be carried out, a
climatology is developed for Trinidad and Tobago.Monthly-mean area-averaged rainfall and
temperature in each island was obtained from TTMS-Obs archive whilst the NCEP-NCAR
data was used for the regional scale. Timeseries of rainfall and temperatures were analysed
by looking at trends and shifts in quantities. Probability density functions (PDF) of annual
mean rainfall and temperatures were generated to investigate how their distributions change
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with time.Two different time periods under a global warming environment will be used for
making the comparisons to determine how the means have change and how much variability
there was in the rainfall and temperatures. These time periods vary for both Trinidad and
Tobago based on the data available. Change points and trends in the time series are detected
using cumulative departure from the mean and moving averages (running mean) respectively.
The cumulative departure concept was also used to evaluate either scarce or abundant
rainfall periods and thus assist in analysis of variability.Moving averages was used to
determine the shifts in quantity.

4.2 Grid Point Comparison Between the PRECIS and TTMS-Obs & NCEPNCAR

Trinidad has been divided into two regions, the east coast which incoporates grid points 3, 4,
and 6 and west coast with grid points 1,2,and 5 (fig. 3.1) whilst Tobago incoporates grid
points 6 and 7. Seasonal and annual mean rainfall and temperature biases in the model over
baseline period at each land grid point across Trinidad and Tobago and the ESC have been
calculated using equations 2 and 3 supplemented by annual cycle pattern comparisions.

The model skill is assessed through pattern and spatial grid point correlations between the
model and observation .This will provide the degree of association between the model and
observation.

26

Capturing Recent Climate Variations in the Extreme Southern Caribbean with Projections for the Near and Medium Terms:
A Downscaling Approach for Trinidad and Tobago.

4.3 Rainfall and Temperature Trends

Trends in seasonal and annual-mean rainfall and temperatures have been constructed using
ordinary least square (OLS) regression model to test the linear trend over time at each grid
points over Trinidad and Tobago and the ESC . This is supplemented at the local scale by a
more robust locally weighted scatterplot smoother (Lowess) model superimposed to eliminate
excessive noise and capture the general trend pattern.

4.4 Relationship between Rainfall and Nino 3.4 Index
Annual and seasonal time series are constructed for the common periods and converted to
NetCDF format with a nominal latitude and longitude to enable spatial grid point
correlations.Correlations between the mean-5 month Nino 3.4 index , August to December
and January to May (ASOND and JFMAM) and the 5 month mean-dry and wet seasons
rainfall, December to April and May to September (DJFMA and MJJAS) respectively, are
performed for both CMAP and PRECIS to examine the lag effect of ENSO conditions on the
ESC rainfall variability (section 2.2).

4.5 Future Climate Projection

Near and mid term future rainfall and temperature change maps for the ESC and Trinidad
and Tobago under A2 SRES scenario assumptions are generated from INSMET interactive
archive for two time slices 2020’s and 2030’s to 2050. Only the months of June, November
and March for rainfall which represents the wettest and driest months, and May, September
and January which represent the warmest and coolest months in the annual cycle will be
reproduced and examined.These are examined to determine projected trends and similarities
between time slices.The A2 scenario represents a very heterohgenous world with global
population continuosly increasing and economic growth that is regionally oriented being
more frgamented and slower in comparison to other scenarios.
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5 Results
5.1 Climatology for Trinidad and Tobago

5.1.1

Air Temperature

Figure- 5.1 compares the probability density functions (PDF) of observed annual mean air
temperature of Trinidad and Tobago for two different overlapping time slices under a global
warming environment. These are 1961-2010 and 1981-2010 for Trinidad and 1970-1990 and
1981-2010 is used for Tobago based on data availability. The observation shows that for both
periods the temperature fit a Gaussian distribution well. Trinidad shows a smaller variability
in annual temperatures than Tobago; however a larger shift in the location of the annual mean
temperature is evident in Trinidad. Increases of 0.8 and 0.5 ⁰ C in temperature over Trinidad
and Tobago respectively during the most recent 30-year period 1981-2010 is consistent in
terms of trends with IPCC (2007) and other literature.

Figure 5.1- Probability density functions of surface temperatures for Trinidad (left) during the

periods 1961-1990 and 1981-2010 and Tobago (right) during the periods 1970-1990 and
1981-2010.
The magnitude of the shift is surprisingly high for Trinidad given it represents an increase of
0.27⁰ C per decade or 35% above the observed 0.2⁰C per decade in the Caribbean (IPCC
(2007). On the other hand Tobago’s 0.17 ⁰ C per decade is closer to the observed trend. The
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overall increase in the mean annual temperature is reasonably consistent with predictions of
warming due to the build-up of green-house gases induced by anthropogenic forcing, and
increases confidence in the projections for continuing positive tendencies in the near future.
Further analysis of TTMS-Obs temperature field was performed by looking at the
cumulative departures from the means of 1961-2010 and 1969-2010 for Trinidad and Tobago
respectively to determine change periods. The results (figure 5.2.) show that Trinidad
experienced an extended period of negative cumulative departures of annual temperatures
from the mean during the first two decades. A transition period occurred during the mid1980’s with cumulative departures becoming less negative and ascending due to positive
temperature anomalies which persisted through to present day. This is consistent with the
observed increases in mean annual temperature mentioned above and similar to observed
patterns in other Caribbean islands. Stephenson et al. (2008) revealed 1983 as a change point
in Caribbean temperatures and attributed it to post 1983 stronger and significant medium
level descent over south-eastern Caribbean coupled with low level divergence and upperlevel convergence. Tobago exhibits a similar pattern of negative departures followed by
positive departures; however, notable is that temperature departures became negative once
more for a limited number of years during the early 1990’s before a second transition to
positive.
The 5-year moving averages (Fig 5.2 bottom) for both islands confirm the overall
positive slant of temperatures with notable decreases. A common theme to the alternating
patterns is their change points occurring close to transition phases of ENSO events. Further
investigation is required to in order to determine any direct relationship or relevance. Notable
is Tobago’s larger downward trend during the late 1970’s and early 80’s; as well as, the
downward trend experienced from the early 2000’s whilst there was a positive trend for
Trinidad. The latter trend in Tobago’s temperature behaviour is consistent with global
temperatures and may have been responsible for the smaller shift in the mean shown above
for the second common period. The results suggest Trinidad has experienced larger and
consistent increases in temperature during the most recent decades, arguable due to its larger
land and topographic surfaces. Tobago experienced greater variability in annual temperatures
than Trinidad during its most recent history; therefore it is reasonable to state that the cold
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phase of ENSO affected Tobago’s mean annual temperatures to a greater extent than it
affected Trinidad. Taylor et al (2011) and Malmgren et al. (1998) proposed that La Niña
conditions are associated with cooler temperatures in the Caribbean through cooler SST’s in
the region.

5.1.2

Rainfall

Autocorrelation of annual rainfall (Figure 5.3) for Trinidad and Tobago indicates no
dependency and small periodicity present in the time series, suggesting that rainfall totals are
independent from year to year in the twin island republic. The PDF’s in rainfall for Trinidad
and Tobago over the two time slices presented in figure 5.3, exhibit contrasting results.
Trinidad’s annual mean rainfall exhibits greater variability for the most recent 30-year period
compared to the earlier period whereas the means for both periods are marginally different.
This suggests that normal rainfall years have frequently occurred in Trinidad notwithstanding
a slight increase in negative and positive extreme years. On the other hand Tobago’s annual
mean rainfall shows comparable variability over the two times slices; however the annual
mean rainfall for the most recent 30-year show a surprisingly large decline (364 mm or 36.4
mm per decade). The result is evidence of a reduction in normal rainfall years replaced by an
increase in the occurrence of years of decreasing annual totals for Tobago.
It can be seen from cumulative departures from the mean (figure 5.4) that over time rainfall
in Trinidad and Tobago display a wetter state and a drier state with more often abrupt change
points as against transition points. The duration of the different states also differs for both
islands; however the drier periods generally appear to be of longer duration than wetter
periods, especially for Tobago. Of note, Trinidad experienced a run of wetter years during the
late 1970’s to early 80’s with little interruptions before a rapid change during 1985 to a drier
ten year period with notable but shorter spans of wetter years interspersed. The run of wetter
years was due to the fact that the period was dominated by La Nina and neutral years coupled
with a negative NAO, all of which impact rainfall positively in the region (section 2.2).It is
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noteworthy that the rapid change in 1985 reasonably coincides with change point of increase
temperatures(1986) mentioned earlier
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Figure 5.2- (Top) Trinidad and Tobago annual temperature cumulative departure from the

mean. (Bottom) 5-year moving average temperatures for Trinidad and Tobago.

Tobago on the other hand experienced alternating departures during the same period rather
than an extended run. This observation gives credence to the fact that land size and
topography are major contributors to variability of climate in the region as stated by Taylor
and Alfaro (2005). The results also show that Tobago experienced two extended drier periods
during the early to late 1970’s and early to mid-1990’s with the latter period punctuated by a
major spike. Observations show that in keeping with the associated teleconnections (section
2.2) El Nino events dominated especially during the latter drier period, whilst the extended
La Nina (1999-2001) was associated with the major spike in rainfall also evident in
Trinidad’s rainfall.
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Figure 5.3- (Top) Autocorrelation of annual rainfall data for Trinidad and Tobago.

(Bottom)Probability Density Functions for Trinidad (1961-1990 and 1981-2010) and Tobago
(1969-1990 and 1981-2010) over two time slices.
The foregoing suggests El Nino events impact Tobago rainfall more negatively than Trinidad;
whereas, La Nina events have more positive influence on Trinidad’s rainfall. The result also
suggests driers years in Tobago occurred more frequently than wetter years prior to 2000;
whilst wetter than average years dominate thereafter resulting in decreased negative
cumulative departures over the most recent decade. This implies that the observed negative
shift in annual mean rainfall (1981-2010) resulted largely from rainfall events prior to 2000.
The 5-year moving averages for rainfall over Trinidad and Tobago presented in figure 5.4
show similar patterns to that of the departures. It can be seen that the major peak in
Trinidad’s rainfall occurred during 1981 which is the wettest observed year (3065.9 mm) and
dominate the shape of the overall rainfall pattern. Notable is the major difference between the
negative observed behaviour in annual mean rainfall over the islands where there is a decade
earlier start in Trinidad during the early 80’s compared to early 90’s for Tobago. During the
most recent 15 years, annual mean rainfall in both islands exhibit general increases with
notable decreases.
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Figure 5.4- Trinidad and Tobago annual temperature cumulative departure from the mean

1961-2010 and 1969 -2010 respectively. (Bottom) 5-year moving average temperatures for
Trinidad and Tobago 1961-2010 and 1968-2010 respectively.

5.2 Annual and Seasonal Model Temperature and Rainfall Biases

5.2.1

Rainfall

Spatial annual and seasonal-mean daily rainfall distribution and bias maps (1980-1989) for
the ESC are presented in Fig. 5.5. Blue and yellow colours represent areas of highest and
least accumulation of mean daily rainfall totals respectively; while on the bias maps blue and
yellow represent where the model overestimates and underestimates respectively. CMAP
annual rainfall observations (Fig. 5.5 - top row) show annual daily mean rainfall
accumulation for 1980-1989 is greatest in the south-eastern quadrant of the region and
diminishes northward and westward. PRECIS is able to reproduce acceptably the major
spatial rainfall distribution features in the ESC, indicated by a passable representation of the
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broad area of enhanced rainfall in south-eastern areas having annual daily mean rainfall in
excess of 5 mm day-1. The model also captures the regions climatology of southern islands
receiving more rainfall than northern islands (section 2.1). Notwithstanding this, the model
shows deficiencies with positive biases in northern areas and negative biases in southern
areas resulting in being too dry over land and too wet over sea. There is a distinct northwestsoutheast divide between areas of positive and negative biases. The largest positive biases
exist over the ocean where observed rainfall amounts are highest, such as the southeast coast
of Trinidad and other eastern areas; whereas, the largest negative biases exist over land in
south- western areas where rainfall amounts are smallest.
The former is consistent with other studies; Campbell et al. (2011) found PRECIS placed a
larger rainfall maximum than observed east of Trinidad and Tobago. During the dry season
(Fig. 5.5- middle row), the model captures the observed drier conditions but with widespread
increase in wet biases ranging between 2.0 and 5.0 mm day-1.The wet season climatology of
increased rainfall spatially and quantitatively are also captured but displaced further
northward than observed. Resulting from this is a spatial increase in dry biases westward as
well as in magnitude. It is apparent that the model simulates observations poorest during the
early wet season (Appendix (A) Fig 9.1) where it displays the largest spatial dry biases. Apart
from this, the model retains the regional climatology of greater daily rainfall rates over the
more southerly islands (section 2.1).
In general, the wet season biases were influenced differently by the early and late mode
biases. It is clear the early wet phase influenced areas of dry biases in the wet season more
than the late phase by revealing larger dry biases and smaller wet biases in magnitude;
whereas the late mode had greater influence on the wet biases demonstrated by decrease in
magnitude of dry biases and increase of wet biases. Ultimately, the annual bias pattern in
Fig5.2 (top) resulted from whichever seasonal biases dominated. Dry season biases are
largely responsible for areas where annual mean daily rainfall is overestimated while wet
season biases determined areas of annual dry biases. In general, the model underestimates
where moisture is reduced and overestimates where it is enhanced when the region is in wet
state and generally overestimates when the region is in a dry state.
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-1

Figure 5.5- Annual and seasonal mean daily rainfall (mm day ) over the common period

1980-1989 for CMAP reanalysis (left column), PRECIS model (middle column) and rainfall
biases between the model and observation (PRECIS minus CMAP) (right column). Top row:
Annual; Middle row: Dry season; Bottom Row: Wet Season.
Pattern comparison of annual mean-monthly (mm month-1) rainfall cycle for TTMS-Obs
and PRECIS grid points near Trinidad and Tobago for common period 1961-1990 and biases
(PRECIS minus TTMS-Obs) between the model and observation (mm day-1) are shown in
figure 5.6. Locally, PRECIS captures the annual mean rainfall cycle with its bimodal maxima
during June and November and minimum in March (Fig. 5.6-top) and is most realistic with
the observation pattern during the dry season and overall on the east coast of Trinidad. Bias
plots (Fig. 5.6, center-row) show the largest biases occur on Trinidad west coast with annual
and seasonal mean daily biases of 4 and 6 mm day-1 respectively, while the smallest biases
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occur at Tobago grid points. The results show that late wet season biases are larger in
magnitude than early wet season. This suggests that late wet season dry biases contribute
greater to the overall negative biases. Evidently, the model systematic orientation of
maximum and minimum rainfall areas determined the distribution of the dry biases
generated. In general the model show a dry bias with respect TTMS-Obs overall which is
larger in wet season than dry season, as well as larger on the east coast than elsewhere with a
tendency for increasing dry biases during the transition seasons.

Figure 5.6- (Top) Pattern comparison of TTMS-Obs annual mean-monthly rainfall cycle
(mm month-1) with PRECIS grid points for east and west coast Trinidad and Tobago for baseline
1961-1990; red lines are observed annual rainfall cycles. (center and bottom) Annual and seasonalmean daily rainfall biases (mm day-1) between the PRECIS grid points and TTMS-Obs (PRECIS
minus TTMS-Obs). Top left: East Coast Trinidad comparison; Top- center: West Coast comparison;
Top right: Tobago comparison. Second row-left: West Coast Trinidad bias; Second row-center: East
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coast Trinidad bias; Second row-right: Tobago bias. Third row: Same as second row, but for the early
and late modes of the wet season.

5.2.2

Temperature

Figure 5.7 displays the spatial distribution maps of annual and seasonal-mean monthly
surface temperatures ( ⁰ C month-1) from NCEP/NCAR reanalysis and PRECIS over the ESC
for the baseline 1961-1990 and model bias maps between the model and observations for the
same period (PRECIS minus NCEP/NCAR). On the distribution maps yellow and blue
colours represent warmer and cooler temperatures respectively while they represent warm
and cold biases on the bias maps respectively. The annual pattern from NCEP/NCAR
reanalysis (Fig. 5.7 top row left) with the warmest temperatures in the north-western quadrant
over the Caribbean Sea decreasing eastward and to a greater extent southward is largely
matched by PRECIS with notable differences. Dry biases up to 4⁰C in highland areas over
northern Venezuela are evident while the model overestimates in general up to 1.5⁰ C over
other areas.
During both dry and wet seasons (Fig. 5.7, second and third rows respectively) the
model is able to capture the spatial changes in temperatures which is indicated noted by the
overall warmer regional temperatures in the wet season (up to28⁰C) and cooler dry season
temperatures (approximately 26⁰C). Across all seasons, PRECIS consistently produces cold
biases in a few grid boxes over northern Venezuela. The Major difference between PRECIS
and NCEP/NCAR occurred in DJF (Appendix A, Fig 9.2 top row) and is indicated by the
model failing to reproduce sufficiently, the extension northward of cooler mean monthly
temperatures less than 25⁰C and to a lesser extent similar advances from the north east. The
warm biases during this period are responsible for PRECIS dry season simulations having the
highest mean seasonal biases (up to 3⁰C month-1).
In general the model is closest to observation during JJA (Appendix A, Fig 9.2 bottom row)
with small positive biases up to 1.0 ⁰C across most of the ESC. It is apparent PRECIS is able
to simulated wet season temperatures more realistically than dry season temperatures
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Figure 5.7-Annual and seasonal mean monthly (⁰C month-1) over the common period 1961-1990 for
NCEP/NCAR reanalysis (left column), PRECIS model (middle column) and surface temperature
biases between the model and observation (PRECIS minus NCEP/NCAR) (right column). Top row:
Annual; Middle row: Dry season; Bottom Row: Wet Season.

particularly during DJF where it performs poorest. The result suggests that under warmer
conditions the PRECIS reproduces the observations more realistically and does this
particularly well over warm ocean surfaces which are not surprising given the forcing. Pattern
comparison of mean monthly temperatures for the annual cycle from TTMS-Obs against
PRECIS grid points for the common period 1961-1990 are illustrated in Figure 5.8. Month to
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month mean daily bias plots (PRECIS minus TTMS-Obs) between the model and observation
are also displayed. The mean monthly biases were calculated between identical months for
PRECIS grid points and TTMS-Obs over the baseline period using equation 2 (section4.2).
TTMS-Obs (Fig 5.8 top) displays an annual cycle which is bimodal with maxima in May and
September which PRECIS reproduces fairly well with the closest to observation occurring at
model grid points on Trinidad west coast.

Figure 5.8- (Top) Pattern comparison of annual temperature cycle for TTMS-Obs mean monthly
temperatures ( ⁰C month-1) against PRECIS grid points temperatures for baseline 1961-1990;red
lines are the observed annual cycle (bottom) Annual and seasonal-mean monthly temperature biases
(⁰C month-1) between the PRECIS grid points and TTMS-Obs (PRECIS minus TTMS-Obs). Top left:
East coast Trinidad grid points; Top center: West coast Trinidad grid points; Top right: Tobago grid
points. Bottom left: East coast grid point biases; Top center: West coast grid points biases; Top right:
Tobago grid points biases.

Generally, the model displays cold biases with respect to TTMS-Obs with biases increasing
in magnitude to a maximum of -1.8 ⁰C during the dry season. Overall, model biases are
smallest on the west coast of Trinidad, suggesting that the model is representing more
realistically the local temperature observations at these grid points than at the east coast and
Tobago.
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5.3 Model Skill in Annual and Seasonal Mean Temperature and Rainfall

5.3.1

Rainfall correlations

Spatial grid point correlations of annual and seasonal-mean daily rainfall rates between
PRECIS and CMAP reanalysis for the very short common period 1980-1989 based on
available date are displayed in figure 5.9. The skill of the model is evident in the maps which
reveal how well the model captures the annual and seasonal variability in rainfall across the
ESC. In particular, annual positive correlations (Fig 5.9- top row) greater than 0.30 are
statistically significant at the 95% confidence level with highest coefficients occurring over
larger land areas. It clearly demonstrates that the model is more skilful over land areas
determined by all seasons having positive correlations over the larger land mass in south.
However, PRECIS is most skilled during the dry season (Fig 5.9 center –left) evident by the
season having larger positive correlations with CMAP reanalysis than any other period.
Strong positive correlations over several grid points are almost perfectly correlated during the
dry season in the south-western regions and correlations greater than 0.5 are statically
significant over the majority of the region. In comparison, during the wet season correlations
less than 0.30 are statistically significant at the 5% level. PRECIS illustrates that its poorest
skill in capturing observed rainfall is over the ocean and during the late wet season (Fig 5.9
bottom –right) where negative correlations up to -0.03 but are not statistically significant but
dominate the region.
Temporal correlations of monthly mean rainfall rates between TTMS-Obs rainfall for
Trinidad and Tobago and PRECIS local grid points over the common period 1961-1990 are
illustrated in Fig. 5.10. The results were derived by calculating correlation coefficients
between mean monthly rainfall for identical months of the observations and grid points over
the common period. Monthly temporal correlation coefficients are positive and largest
(greater than 0.5) in April at all grid points. East coast Trinidad grid points demonstrate the
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Figure 5.9- Spatial correlation maps of the annual and seasonal-mean daily rainfall rates between
CMAP reanalysis and PRECIS for the common period 1980-1989 over the ESC. (Top row): Annual
correlations; (Center row-left): Dry season correlations; (Center row-right): Wet season correlations;
(Bottom row-left): Early wet-season correlations; (Bottom row-right): Late wet- season.

strongest correlations with observation overall and is strongest during the dry season, while
west coast grid points show the strongest correlation during the wet season. The results
indicate that the model is most skilful in simulating rainfall at the local scale during the drier
months.
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Figure 5.10- Pattern correlations (unit-less) of monthly mean rainfall over the baseline period 19611990 between TTMS-Obs mean monthly rainfall and mean monthly rainfall at PRECIS grid points
local to Trinidad and Tobago. Correlation coefficients for each month were calculated between
observation and PRECIS grid points for identical months at Tobago and Trinidad east and west coast.
Left plot: East coast Trinidad; Center plot: West coast Trinidad; Right plot: Tobago.

5.3.2

Temperature correlations

Figure 5.11 illustrates spatial grid point correlations of annual and seasonal-mean monthly
temperature between PRECIS and NCEP/NCAR reanalysis for the common period 19611990. These maps demonstrate clearly the skill of PRECIS in capturing annual and seasonal
temperatures across the ESC since 1961.Positive correlations greater than greater than 0.5 are
statistically significant at the 95% confidence level across vast majority of the region interannually. PRECIS is absolutely skilful in simulating realistic conditions over ocean areas as
seen in (Fig 5.11 top row) with more wide spread and stronger correlations with observation
than over land and least skilful over large landmasses especially highland areas such as
northern Venezuela but correlation are still strong (greater than 0.3) and statistically
significant. This was not surprising since the model was driven by information coming from
observed SSTs and forcing and therefore in general should simulate the conditions
accurately. Seasonally the model performs best in capturing the temperature of the region
during the dry season (Fig 5.11 center row) and is most outstanding during the colder months
(DJF). Even in its poorest simulations during the warmer months of the wet season (JJA),
correlations greater than 0.3 and statistically significant at the 5% level exist over most of the
ESC.

42

Capturing Recent Climate Variations in the Extreme Southern Caribbean with Projections for the Near and Medium Terms:
A Downscaling Approach for Trinidad and Tobago.

Figure 5.11- Spatial correlation maps of annual and seasonal-mean monthly surface
temperatures between NCAR/NCEP reanalysis and PRECIS for the common period 19801989 over the ESC. (Top row): Annual correlations; (center row-left): Dry season
correlations; (center row-right): Wet season correlations; (Bottom row-left): Early wet-season
correlations; (Bottom row-right): Late wet- season.
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5.4 Trends in Trinidad, Tobago and the ESC Rainfall and Temperature
5.4.1

Rainfall Trends

Decadal trends in ESC rainfall from the very short period 1980 to 1989 based on the common
period available and captured by CMAP reanalysis and PRECIS are presented in Fig.5.12
with stippling revealing those that are statistically significant at the 95% confidence level.
CMAP shows region wide decreasing trends in annual rainfall since 1980 but these are not
statistically significant; the largest trends occur mainly in central areas (Fig 5.12 top-left).
PRECIS does not capture the overall negative spatial trends but demonstrates both negative
and positive trends which are not statistically significant except in 3 grid boxes on Trinidad
south coast (Fig 5.12, top-right). It is notable that the observed negative dry season rainfall
trends over the common period 1980-1989 (Fig 5.12, middle -left) dominate the annual trend
which PRECIS correctly reproduces in terms of sign but larger in magnitude (at times > 250
mm decade-1) and statistically significant over greater spatial extent. The model is
inconsistent in reproducing wet and intra-wet season rainfall trends as demonstrated in Fig
5.12 (bottom-right). Apart from the late wet season (Appendix A, 9.3) PRECIS largely
opposes the trends captured by CMAP.
5.4.1

Temperature Trends

Observed and modelled decadal trends in temperatures captured by NCEP/NCAR reanalysis
and PRECIS across the ESC over the common period 1961 to 1990 are presented in Fig 5.13
with stippling indicating those that are statistically significant. NCEP/NCAR displays
positive trends across the entire region. The trends are strongest in the southern areas and
statically significant only over the landmass of northern South America (Fig 5.13, top left)
which PRECIS matches in part. In particular, the model only reproduces increasing trends
over land areas in southern portion of ESC but produces erroneous positive trends elsewhere.
However, PRECIS is able to capture summer (JJA) trends (Appendix A. Fig 9.4, bottom)
even though the trends are not statistically significant. In general PRECIS is unable to capture
the broad scale positive trends observed
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Figure 5.12- Trends in annual and seasonal-mean ESC rainfall between 1980 and 1989
(mm/day/decade) captured by CMAP (left column ) and PRECIS (right column).Stippling
indicates where the trends are significant at the 95% confidence level. Annual Trends (top
row); Dry Season Trends(center row); Wet Season Trends ( bottom row).
.
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5.5 Rainfall and Nino 3.4 Index

Grid point correlations between ASOND- mean Nino3.4 index and DJFMA -mean (dry
season) rainfall and between JFMAM-mean Nino3.4 index and MJJAS-mean (wet season)
rainfall from CMAP reanalysis and the model are presented in Fig. 5.14. These figures reveal
the amount of rainfall associated with one standard deviation change in the Nino 3.4 index at
every grid point during the common period. CMAP dry season rainfall exhibits widespread
negative correlations with Nino 3.4 but these are relatively small and few are statistically
significant at the 95% confidence level (Fig. 5.14. top left); anomalously warm SSTs in the
Nino 3.4 region are associated with widespread reduction in rainfall across the ESC. The
largest rainfall changes are found in the south-western areas. PRECIS captures the
widespread spatial patterns of the relationship between rainfall and Nino 3.4 very well (Fig.
5.14) highlighting the negative association. CMAP wet season rainfall changes associated
with changes in Nino 3.4 are larger in magnitude and positive during MJJAS; all of which are
statistically significant (Fig. 5.14); anomalously warm SSTs in Nino 3.4 regions are
associated with widespread increases in rainfall across the ESC. The largest relationships
occur near the islands in the ESC. PRECIS generally captures the widespread spatial pattern
of positive correlations; however, the magnitude of the association is smaller and fewer grid
points are statistically significant. The skill shown by PRECIS demonstrates how well the
GCM capture and represent global circulation patterns.

5.6 Projections

Projections under the A2 SRES emission scenarios for the periods 2021-2030 and 2031-2050
are examined at the regional and local levels using the months of June, November and March
for rainfall which represents the wettest and driest months, and May, September and January
which represent the warmest and coolest months in the annual cycle.

46

Capturing Recent Climate Variations in the Extreme Southern Caribbean with Projections for the Near and Medium Terms:
A Downscaling Approach for Trinidad and Tobago.

Figure 5.13- Trends in annual and seasonal-mean ESC surface temperatures between 1961
and 1990 (⁰C/month/decade) captured by CMAP (left column ) and PRECIS (right
column).Stippling indicates where the trends are significant at the 95% confidence level.
Annual Trends (top row); Dry Season Trends(center row); Wet Season Trends ( bottom row).
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Figure 5.14- Grid point correlations of ASOND and JFMAM mean Nino 3.4 index with CMAP and
PRECIS rainfall for DJFMA and MJJAS respectively. Left: ASOND Nino 3.4 index vs CMAP
DJFMA rainfall; Left-center: ASOND Nino 3.4 vs PRECIS DJFMA rainfall; Right-center: JFMAM
Nino 3.4 index vs CMAP MJJAS rainfall; Right : JFMAM Nino 3.4 index vs PRECIS rainfall

5.6.1

ESC Projected Rainfall

Projected changes in total rainfall rates (mm/month) for the months of June and March of
2020’s and 2030-2050 relative to model baseline 1961-1990 over the ESC are presented in
Fig. 5.15. Similar graphics for November are presented in Appendix A (Fig.9.5).

Without exception, all months show rainfall consistently decreasing and becoming larger in
magnitude as the decades progress with the largest spatial extent of the most intense drying
likely to occur in June. Further, the gradient pattern shows that the drying is largest over
northern ESC and smallest in the extreme south-eastern quadrant in general. In June
maximum decrease in rainfall range from about 44 mm per month in the 2020’s to about75
mm per month in the 2040’s. March is projected to be drier in eastern half of the ESC with
largest decreases across decades occurring in the south-eastern areas near Trinidad and
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Tobago. Maximum decreases ranges from about 14 mm per month in the 2020’s to about 48
mm per month in the 2040’s with notable increases over land in south-western areas.

5.6.2

Trinidad and Tobago Projected Rainfall

Projected changes in total rainfall rates (mm/month) for Trinidad and Tobago during June,
March are shown in Fig 5.16, with similar graphics for November in the Appendix A (Fig.
9.6). Generally during all decades, when the region is wet southern Trinidad and Tobago are
projected to be drier than northern Trinidad by as much as 50%. During the month of June
and November maximum drying in south Trinidad and Tobago are projected between 25 mm
per month in 2020’s to 35 mm per month in 2040’s in comparison to north Trinidad where it
ranges from about 10 to 18 mm per month. When the region is dry, northern Trinidad and
Tobago are projected to be drier than south Trinidad.

5.6.3

ESC Projected Temperature

Illustrated in Fig 5.17 are projected changes in mean surface temperatures (⁰Celsius) for the
months of January and May of 2020’s and 2030-2050 relative to model baseline 1961-1990
over the ESC. Similar plots are shown in Appendix A (Fig 9.7) for September. Over all areas
temperatures are projected to rise under the A2 scenario, becoming strongest in the 2040’s.
The strongest warming is projected to occur over land and is largest over northern South
America where it reaches about 4.5 ⁰C during September. Over the islands in the ESC,
increased projections are consistently above 0.8 ⁰C in each decade with May having the
strongest warming reaching a maximum of about 2.5 ⁰C during 2040’s over the southern
islands.
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Figure 5.15 Rainfall projections for March and June 2020’s and 2030-2050 relative to the period
1961-1990 baseline under the A2 scenario for the ESC. Change in total rainfall rate is presented. Top
row: March 2020’s, 2030’s, 2040’s( left, center, right) respectively; Bottom row : June: 2020’s,
2030’s, 2040’s(left, center, right) respectively.

5.6.4

Trinidad and Tobago Projected Temperature

Projected changes in mean surface temperatures (⁰Celsius) for Trinidad and Tobago during
January and May 2020’s and 2030 to 2050 are shown in Fig 5.18. Similar plots are shown in
Appendix A (figure 9.8) for September. Generally for all decades North Trinidad and Tobago
are projected to have larger warm anomalies relative to the model baseline 1961-1990 with
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Tobago having the largest overall of approximately 2.2⁰C by May of 2040. Trinidad can
expect warm anomalies ranging between 0.8⁰C in the 2020’s to about 1.8⁰C in 2040’s.

Figure 5.16 Rainfall projections for March and June 2020’s and 2030-2050 relative to the period
1961-1990 baseline under the A2 scenario for Trinidad and Tobago. Change in total rainfall rate is
presented. Top row: March 2020’s, 2030’s, 2040’s ( left, center, right) respectively; Bottom row :
June: 2020’s, 2030’s, 2040’s(left, center, right) respectively.
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Figure 5.17 Temperature projections for January and May 2020’s and 2030 to 2050 relative to the
period 1961-1990 baseline under the A2 scenario for the ESC. Change in mean surface temperatures
is presented. Top row: January 2020’s, 2030’s, 2040’s( left, center, right) respectively; Bottom row :
May: 2020’s, 2030’s, 2040’s(left, center, right) respectively.
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Figure 5.18 Temperature projections for January, May and September in 2020’s,2030’s and 2040’s
relative to the period 1961-1990 baseline under the A2 scenario for Trinidad and Tobago Change in
mean surface temperatures is presented. Top row (January): 2020’s, 2030’s, 2040’s respectively;
Center row (May): 2020’s, 2030’s, 2040’s ;Bottom row(September): 2020’s, 2030’s, 2040’s.
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6 Discussion

One of the aims of this study was to determine the ability of PRECIS to simulate and capture
recent climate and its drivers at the local and regional scale within the ESC. In this regard it is
important to understand that PRECIS like other RCMs and GCMSs approximate imperfectly
understood equations in order to generate usable solutions of field variables. Due to this
imperfection, simulation of reality is reduced in accuracy for some variables more than others
(Randall et al. 2007). It is widely acknowledged that physical processes important in the
hydrological cycle are perhaps the least understood and results in rainfall being one of the
most difficult variables to correctly simulate. Rockel and Geyer (2008) showed that rainfall is
perhaps the most complex variable to compare with observations due to the fact that its
characteristics change greatly spatially and temporally. This has implications for assessment
of the model and how it will be applied in operational and other uses. Against this
background, it is not surprising from the results in this study that the model exhibits
fluctuating biases for rainfall both at the regional and local scales within the ESC. Neither is
it surprising that the model simulates temperatures more consistently than rainfall. As a
caveat it should be that noted given the projections are driven by ECHAM from an
interactive ocean then the projections shown are not just the result of forcing, but also include
addition of coupled model biases in the future runs which would increase the uncertainties.
It has been shown that the PDF’s of rainfall and temperature climatology in Trinidad
and Tobago have changed since the 1960’s. Temperatures have become warmer at a rate of
0.27 ⁰ C per decade which is in agreement with the sign of observed trends found but larger
in magnitude. Rainfall in Trinidad has not shown any real trends but variability has been
greater in recent years. On the other hand there has been an overall decline in rainfall in
Tobago where a trend of about 10 mm per month per decade in recent decades is evident but
not statistically significant at 5% level. These results are similar to other findings and would
most likely reflect the wider ESC. Mc. Sweeney et al. (2010) found that from 1960 onward,
Trinidad and Tobago temperatures increased by 0.13 ⁰ C per decade while rainfall declined
slightly but not significant, further the largest decline occurred in the wet season by 6.1 mm
per month.
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Critical in validating the model is the ability of the model to reproduce the current
distributions (PDF’s) of rainfall and temperatures. The study showed that the major rainfall
feature over the ESC and Trinidad and Tobago is a bimodal annual cycle that is controlled by
variations in atmospheric circulations (section 2.1). PRECIS captures quite well the bimodal
pattern of rainfall in the region, identified by increased rainfall during the wet season with
two peaks and drier conditions during the dry season. In addition, the model also simulates
reasonably well the ESC geographical climatology of wetter conditions in the southern
islands than in the northern islands. Typically, the ITCZ and tropical waves are responsible
for the increases in daily mean rainfall in the ESC. Therefore, the results by PRECIS are
consistent with the annual migration of the ITCZ and tropical waves in the region. This
suggests that the model is representing moisture fluxes and transport mechanisms associated
with these features with reasonable consistency.
Important as well, is PRECIS accurate reproduction of the onset, peak and cessation of
rainfall in the ESC which has large impacts on socio-economic decisions in the agricultural
dependent region. Whilst the model has done well at the regional scale, it is at the local scale
that it is most interesting. The analysis suggests that at the local scale the model resolves the
timing of rain bearing systems reasonably well. This confirms the ability of the model to
realistically characterize rain bearing systems which are often modified by the topography. It
further suggests that the model satisfactorily simulates transition from one moisture state to
another. This implies the model is producing these features with relative accuracy, which is
an important prerequisite for any model to be of use in the region, especially since model
accuracy decreases with decreasing resolution scale. The foregoing result is quite remarkable
and should increase confidence in the model, particularly considering the effects of the local
characteristics of the islands and the fact that the islands are masked in the back ground of the
larger scale patterns of the region. The model’s ability to simulate the seasonal pattern with
such degree of correctness is important for validation at the local scale and highlights the
benefits that can be derived from high resolution models that can resolve finer detailed
features.
In capturing the seasonal rainfall behaviour, the model has clear differences of large negative
and positive rainfall biases for specific areas. The apparent systematic north-south gradient in
55

Capturing Recent Climate Variations in the Extreme Southern Caribbean with Projections for the Near and Medium Terms:
A Downscaling Approach for Trinidad and Tobago.

maximum and minimum rainfall occurrence in PRECIS appears to have a land –sea contrast
component, being drier over land and wetter over sea. It appears that this is a common feature
for RCMs in tropical climates. Rockel and Geyer (2008) exploring transferability of RCMs to
different regions of the globe found that tropical climates display systematic differences with
a land - sea contrast where rainfall is overestimated over the warmer ocean and
underestimated over land. This warrants further investigation in PRECIS’s case to determine
if there is merit in this finding as well as the true impact on the simulations; since it has been
shown that it is common for PRECIS to underestimate and overestimate in certain areas
despite the season when used in the Caribbean region (Campbell et al. 2011). The model
exhibiting wet biases where rainfall accumulation is largest during the wet season, as well as
where it is smallest in the same season, suggests this may be related to convective
parameterisation in the model. This is similar to Marengo et al. (2009) who concluded that
PRECIS underestimation of rainfall in South America region was due to parameterisation
related to of radiation and land-surface processes.
Notwithstanding this, the results strongly suggest that the wet biases are possibly related to
excessive amount of water vapour being advected into the region by the model. This indicates
that the positive biases are due to lateral boundary forcing. Furthermore it is plausible to
argue that implied in this, is also excessive removal of water vapour through condensation
and cloud formation. Therefore, less water vapour is available for advecting further
westwards over land in south western areas of the ESC resulting in the dry biases there.
Another possible reason for the wet biases may be due to the model overestimating low level
convergence in the region which is associated with the ITCZ. Taylor, et al. (2011) found low
level convergence tends to be in abundance in the region during this period and is a major
facilitator of rainfall. This implies possibly insufficient dynamical characterisation of the
ITCZ in the model. Despite this, during the dry season, the increase in wet biases shown by
the model are probably induced by lateral boundary forcing; since rainfall in the dry season
within the region are due to remnant migratory mid-latitude systems and low level
convergence associated with the NASH (section 2.1).
Additionally, the wet biases in the late wet season being larger than the wet biases in early
wet season in areas where the model overestimates are not unexpected. This is due to the fact
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that there are different characteristics and dynamics for rainfall producing systems in both
periods. In particular, the vertical extent of convective clouds and resulting rainfall intensity
tend to be different in both seasons. For instance, a common feature of the late wet season in
the ESC is an upper level trough with accompanying jet dynamics (section 2.1) which assist
convective clouds development through vertical transport of mass; whereas convective clouds
during the early season are often solely driven by thermal convection. In both situations, the
model utilises one convective parameterisation scheme which may not be sufficient to
capture fully the varying characteristics. In the African Monsoon Multidisciplinary Analyses
(AMMA) program, Rockel and Geyer (2008) found that in order to generate the most
favourable results from an RCM, one standard model set was not adequate for all climate
zones and can result in over and under-estimation by the model. It is to be noted that the
errors exhibited by PRECIS would introduce further uncertainties and errors into the
projections for the near and medium terms.
Overall, the model underestimates where moisture is reduced in the ESC and overestimates
where it is enhanced when the region is in a wet state and generally overestimates when the
region is in a dry state. The consistent dry biases in south-western areas may also be related
to inexact placement of the ITCZ further northward in western areas than in reality by the
model. Furthermore, the noted persisting overestimation of rainfall and underestimation of
temperature over the highlands in northern Venezuela by the model are apparently due to the
model ability to resolve finer details in comparison to CMAP reanalysis, thus this may
actually be an improvement on the observation by CMAP.
Analysis of the temperature field revealed large spatial and temporal similarities exist
between the model and observation. However, the model consistently overestimates at the
regional scale and mostly underestimates at the local scale even though these are relatively
small biases. The former is related to the model overestimating rainfall, since implicit in
overestimation of rainfall is an increase in rainfall accumulation within the ESC which
suggests increased cloudiness. This would most likely lead to decreased radiative cooling at
night and result in increased temperatures.
NCEP/NCAR representation of cooler conditions during DJF and warmer conditions during
JJA is indicative of decreases and increases of latent heat fluxes during both seasons
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respectively. The inability of PRECIS to capture the reduced temperatures during DJF due to
its consistent overestimation of temperatures, suggests that increases and decreases of latent
heat fluxes may not be sufficiently characterised by the model. This is another plausible
reason for the model consistently overestimating temperatures. It must be stated that
underestimation by the model at the local scale for both variables is expected since grid box
values produced by the model represents the variable at the grid box elevation height and in
reality the topography within the box changes and this has an impact on rainfall amounts to a
greater extent in reality. Furthermore, Randall et al. (2007) found that accuracy in the model
decreases with reduction of resolution scale.
Notwithstanding this, the model accurately reproduces the annual temperature cycle;
demonstrating a warmer region during the wet season with summer months being the
warmest and a cooler region in the dry season with winter months being coolest. PRECIS
also reproduces the expected north/south temperature gradient in the ESC. This suggests
PRECIS represents very well the annual solar cycle which is responsible for the changes.
Furthermore, the model captures the warmer summer months and associated SSTs over the
Caribbean Sea and correctly extends this east of the islands. This is indicative of how well the
model simulates the AWP. Based on this it should be expected that the model would amplify
rainfall over the warmer Caribbean Sea region since warmer temperatures are associated with
increase evaporation and cloudiness. Ultimately, the overestimation is undoubtedly related to
insufficient representation of the heat fluxes.
The skill of the model in simulating inter-annual and intra-seasonal variability in the
observations is obvious, with the moderate to strong correlations demonstrating well
established relationships between the model and observations for both rainfall and
temperature. The model however has greater skill in capturing temperatures than rainfall and
is most skilful over water for temperatures and over land for rainfall. The former is to be
expected since PRECIS is forced by observed SSTs which contain representation of global
and regional phenomena such as ENSO and AWP respectively; and both of these influence
temperature fluctuations and variability in the region during the period. Rainfall on the other
hand is parameterized in the model with inherent uncertainties which clearly reduced the
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model skill in simulating this variable and this is expected. Furthermore, the scarcity of land
point observations in the region would have also impacted model simulation of rainfall.
The temperature field reveals strong positive correlations across all seasons while the rainfall
show moderate correlations in general except in the late wet season. It must be stated that the
high correlation in the temperature field between the model and observation is indicative of
PRECIS ability to simulate observed warming within the ESC and by extension over
Trinidad and Tobago. The fact that the model exhibits positive correlation in rainfall with
CMAP in the early wet season but negative correlations in the late wet season suggests the
model may be reflecting insufficient characterisation of processes or features important to the
rainfall simulation during the late season. This is no doubt related to the point made about
differing atmospheric dynamics in the late season.
Notwithstanding the latter, the model close association with the two observation fields
suggests that signals of inter-annual and seasonal variability in temperature and rainfall
across the ESC are reproduced by the model quite capably. This indicates PRECIS can
adequately capture the drivers of rainfall and temperature climatology in the region and
further suggests the model has acceptable skills in reproducing the regions response to large
and small scale forcing. The result has important implications for planning at the local and
regional levels given global events such as El Niño which impacts the region negatively
through its influence on drought conditions.
It is difficult to assess the trend in rainfall given that the observations from CMAP represents
one decade; however, the fact that PRECIS does not capture the general observed negative
trend is not unexpected since the model consistently overestimated in central and northern
ESC regions where observed decreasing trends occurred during the period. The
overestimation is therefore responsible for the erroneous positive trends. Furthermore, it is
clear that the positive trends are aligned with the location of large rainfall accumulations
which suggests that the trends are associated with the model representation of the ITCZ.
Since it is apparent that the model is over sensitive to ITCZ activity, then it suggests that the
positive trends ultimately resulted from insufficient characterisation of the ITCZ which may
be related to inefficient representation of the ITCZ dynamical processes. It must be noted
however that the erroneous trend by the model over one decade is not apparent when the
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model is tested for trends over the full baseline period. As shown in Figure 8.9 (Appendix A),
even though there are no observations to compare with, the model is able to reproduce the
signals of small decreasing rainfall trends shown by other studies (section 2.3) some of which
are statistically significant.
PRECIS was also less efficient in reproducing the temperature trends except over land
areas in north Venezuela. In spite of this the model is able to capture the warming
temperature trend in the ESC during the warmest summer months (JJA).This an important
capture since it indicates the model can detect rising temperatures in the ESC which are
consistent with recent studies (Peterson et al, 2002) and considered a signal of global
warming (IPCC,2007).It must be stated that the model ability to capture warming trends is
important due to the implications warming trends have on rainfall and water resource
management . The validation process and analysis employed while adequate is not
comprehensive since the scarcity of station observations in the region which would impact
reliability. Furthermore, the relative short time of the common period for rainfall does not
lend itself to a comprehensive validation processes.
It has been identified and accepted that the main driver of rainfall over the southern
Caribbean is ENSO (Giannini et al., 2001, Stephenson et al, 2008; Pulwarty et al., 2010;
Chen and Taylor, 2002, Gamble and Curtis, 2008).Further, El Nino condition 5 month prior
to the start of the wet and dry seasons, influence the rainfall in the ESC (Taylor, 2002).
During the early wet season the effect is above normal rainfall and during the dry season it is
below normal rainfall. La Nina on the other hand generally has positive influences on rainfall
variability in the region (Chen and Taylor, 2002, Gamble and Curtis, 2008). Analysis of the
relationships between the model rainfall field and the Nino 3.4 index revealed similarities
with the observations and with the findings of the studies mentioned. This indicates PRECIS
is able to represent the teleconnections associated between changes in rainfall in the ESC.
Correlations between ASOND- mean Nino3.4 index and DJFMA -mean (dry season)
and between JFMAM-mean Nino3.4 index and MJJAS-mean (wet season) rainfall
demonstrate that cold SST in the Nino 3.4 region during the latter half of the year has some
influence on above normal rainfall in the region while warm anomalies result in drier than
normal dry season in the ESC .The latter is associated with drought conditions as stated
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earlier. Similarly, warm anomalies in the Nino 3.4 region prior to the wet season has
influence on above normal rainfall in the ESC as offered by Kerr (2010), Taylor (2002). It is
interesting that PRECIS is unable to capture the relationships during the wet season with the
same efficiency as CMAP since the model is driven by observed SST which has the
associated ENSO signals. A possible reason for this may be related to the fact that the model
overestimates regards of season and is not able to sufficiently represent the drier conditions
associated with the particular phase of the index. Nevertheless, the model exhibit acceptable
skill in depicting the effects of the main driver of rainfall variability in the ESC.
Projections under the A2 SRES emission scenario for the months of June, November
and March representing months of extremes in rainfall and January, May and September
representing extremes in temperatures over future time slices 2020;s and 2030’s to 2050’s ,
show clear emerging patterns with potential impacts. The future projections on the regional
scale reveal three key features in the rainfall field worth noting. Firstly, widespread decreases
in rainfall are generally projected across the ESC with the near term being less dry than the
medium terms of the 2030’s and 40’s. This is consistent with other studies; Cashman et al.
(2010) used PRECIS for both A2 and B2 scenarios which projected a drying trend in the
Caribbean with the southern Caribbean having the largest percentage decline in rainfall by
2080; but this was relative to baseline period 1960/1999.The result is also consistent with
observations and implies that the current trend of increasing temperatures (section 5.1) is
expected to continue and increase in magnitude.
Secondly, areas of relative intense dry responses are not consistent to one area during
the different months. In particular, dry anomalies are relatively more intense in observed and
modelled drier areas such as North ESC during June; whilst, they are more intense during
November in south-eastern ESC where rainfall accumulations are largest. The former is
consistent with multi-model regional projections as reported in IPCC 4AR (IPCC, 2007)
which stated most of the simulations indicated more intense drying in the Caribbean during
JJA. When the region is in a dry state, it is notable that the pockets of largest rainfall
accumulation in the extreme south-eastern quadrant of the ESC are projected to undergo the
relative largest intense drying. The implication of this is the possibility of increase drought
conditions in the near and medium terms. Moreover, since El Niño has been associated with
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drier conditions in the ESC during its dry state (Taylor et al. 2002; Stephenson et al.2008), it
further suggests, that the near and medium term projections indicate signals of likely
increases in the frequency or strength of El Niño events. Ultimately, this implies that the drier
islands in the ESC are projected to be recipients of the biggest impact of drying condition
under A2 assumptions. This has considerable implications for water resource management for
all the islands but more so for those deemed water scarce.
Thirdly, the relative intense drier anomalies appear to occur on the edge of the correct
location of the ITCZ during both months which suggests a reduction in the northward extent
and migration of the ITCZ or decrease in its intensity. It is possible that the negative
anomalies are indicative of projected changes in dynamic and atmospheric circulations. This
certainly has significance for the more southerly islands such as Trinidad and Tobago where
the ITCZ is the main rain bearing feature. The implications at the local scale over Trinidad
and Tobago are expected to be similar to that of the ESC. However, it is notable that the
projections show larger dry anomalies over south Trinidad and Tobago than over north
Trinidad when the region is in a wet state . This suggests water resources would be more
stressed in south and central Trinidad and Tobago during the wet state and has implications
for various sectors, but in particular agriculture since the country agriculture belt largely
spans the central and southern areas.
On the other hand, projected larger dry anomalies over north Trinidad and Tobago
when the region is relatively dry than over south Trinidad implies similar water stress impacts
for those areas. This implies that Tobago in the near and medium terms can expect greater
water resource stresses in terms of duration which would impact severely impact its tourism
industry. The projections are generally in agreement with Mc. Sweeney et al(2010) using an
ensemble of GCM projected decrease in annual mean rainfall for Trinidad and Tobago under
A2 scenario between -13% to 21% by 2090.
The pattern of change in temperature indicates an overall future trend of warmer
conditions with three key features. Firstly, it is clear that in the ESC under A2 scenario
changes in surface temperatures over land are projected to be larger than over the Caribbean
Sea and Atlantic Ocean. This is expected and due largely to the ocean having greater thermal
inertia, however enhancing this is the fact that over land there is less evaporative cooling
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when compared with the ocean. It is possible that the progressive increase in warming over
land across time slices reflects expected changes in land use over the time slices under the
scenario. Secondly, changes in temperature over land are larger than 1.0 ⁰ C for the near and
medium terms regardless of month, while over the oceans it’s larger than 0.5 ⁰ C. This result
is within the range as advocated by IPCC (2007).
Thirdly, it is apparent over the islands that a north-south warm gradient is projected to exist
regardless of month or time slice, with islands in the south having smaller temperature
changes. Furthermore, the temperature changes are warmest over the islands in the wetter
months. Since observation indicates the annual temperatures in northerly islands are warmer
than the southerly islands, the projections suggest the already warmer islands would be most
severely impacted which no doubt have implications for their tourism, agriculture and water
resource sectors. At the local scale, temperature projections for Trinidad and Tobago reflect
that of the region. But it must be noted that larger changes are projected to occur over Tobago
than over Trinidad with the largest warming during September regardless of time slice. The
projected increases between 0.6⁰ C to 1.75 ⁰ C by 2040’s for Trinidad and Tobago are
consistent with Mc Sweeney et al. (2010) where increases of 0.7 to 2.6 ⁰ C are project by the
2060’s.
Implicit in the foregoing projections but warranting further investigations, are
increases in frequency and intensity of days with temperatures above the average in Trinidad
and Tobago and the ESC. Based on these projections it is plausible that hot days will become
hotter and cool nights will become warmer. Implicit as well are increases in intensity and
frequency of rainfall related to thermal convection which drives convective clouds
development. It is therefore reasonable to expect under A2 scenario that extreme rainfall
events could become more frequent in Trinidad and Tobago and the ESC. However given the
biases exhibited by the model, greater confidence is placed on the projections of the
temperatures.
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7 Conclusion

Effective response to possible adverse effects of future extremes in climate require a sound
understanding of the science of the climate, coupled with realistic and region specific
projection outputs. This study was a first attempt to acquire the ability to grasp the concepts
associated with this. It is also the first study to exclusively utilize an RCM to compare in
detail, model rainfall and temperature fields to observations in the extreme southern
Caribbean region, with direct focus on Trinidad and Tobago at the local scale. Other studies,
though few, using RCMs have explored similar comparisons for the entire Caribbean region
(Campbell et al, 2011, Centella et al. 2008) and regions such Jamaica (Taylor et al. 2011)
while (Mc Sweeney et al. 2010) used a GCM to explored Trinidad and Tobago directly.
The study utilized the Hadley Center Regional Climate modelling system PRECIS
simulations of the ESC and Trinidad and Tobago climatology of rainfall and temperatures for
the recent past and climates for two future time slices under IPCC A2 SRES emission
scenario. The period covered are 1961 to 2010 and 2021 to 2050 but for comparison between
the model and observations in the validation process common periods of 1961-1990 and
1980-1989 were used. From the validation process the following can be confirmed and
concluded. The climatology of Trinidad and Tobago has changed recently; temperatures have
become warmer in both islands during the last three decades; rainfall in Trinidad has become
more variable over the last three decades but mean monthly totals have not change much;
while Tobago has become drier with rainfall decreases at a rate of 10 mm month-1 decade-1.
PRECIS can reflect the spatial and temporal characteristics of rainfall and
temperatures distributions in the extreme southern Caribbean and Trinidad and Tobago. In
this regard, the model can reproduce similar patterns to observations over the region and
captures the defined annual cycle patterns for rainfall and temperature well. It can also reflect
the north south gradients of both temperature and rainfall over the region. Not only was the
annual cycle patterns simulated reasonably well but also the timing of onset, peak and
cessation of the seasons within Trinidad and Tobago and the ESC. This is an important
realised outcome since time of occurrence is critical in impact studies.
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As can be expected, the model has positive and negative biases for rainfall at the regional
scale and generally negative and larger biases at the local scale. In particular, the model
general overestimation at the regional scale regardless of season may be caused by
insufficient representation of processes required for rainfall in the model parameterisation,
lateral boundary forcing and excessive response to the ITCZ s well as possible error in its
location. There is an obvious systematic north-south gradient in maximum and minimum
rainfall occurrence in PRECIS which has a land –sea contrast. This is a notable and
interesting discovery that warrants further investigation but appears to be a common feature
of RCMs in tropical climates but not found for PRECIS in the literature. The orientation of
this feature contributed to the model underestimating at the local scale with greater
underestimation on the west coast in keeping with the land –sea contrast.
In general PRECIS overestimates temperature over the ESC and marginally
underestimates over Trinidad and Tobago. These were caused largely by insufficient
representation of latent heat fluxes during both dry and wet seasons. The model is more
skilful in simulating temperature than rainfall. This is due to the fact that the model is forced
by observed SSTs which has embedded climate drivers such as ENSO signals while rainfall
is parameterized. Although it is difficult to quantify the accuracy of the model in capturing
rainfall and temperature trends, the agreement between the spatial distribution of temperature
and rainfall generated by the model and observations is indicative that the model has the
capacity to reflect the observed trends. Further, given that the model trends in the warmer
months are in agreement with observation, reflects its ability to capture the major trends of
warming in the region and shows that it has an advantage for capturing this during the most
likely period; when temperature are warmest. This certainly increases confidence in its ability
to reproduce the observed trends. The importance of ENSO to climate variability in the ESC
is remarkable and the model has shown enough skill to capture the historical variations in
rainfall locally and regionally associated with the teleconnections of ENSO.
The validation exercise while not comprehensive showed that the model when
realistically forced by a GCM can reproduce the climatology at the local and regional scale.
This highlights the benefit of the downscaling approach and shows the advantage of higher
resolution models such as PRECIS as a tool for the understanding of the climate science in
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the region. In light of forgoing, PRECIS can be used to produce realistic future climate
projections with correction for known biases. It must be stated that the results of the study are
consistent with other similar studies for the Caribbean regions which showed that
temperatures have increased while precipitation have decreased over the entire Caribbean
basin and this trend is likely to continue ( Taylor et al., 2007, Campbell et al. 2011).
PRECIS projections under the A2 SRES scenario for 2020’s and 2030’s to 2050
indicate the ESC and Trinidad and Tobago becoming warmer and drier by 2050 with the
2020’s having smaller changes than the 2030’s and 40’s.However, the projections are more
varied for rainfall than temperatures. An important outcome in the projections are northern
islands of the ESC are projected to experience larger changes than southern islands and these
changes are also larger in the wetter months. Based on these projections, it is likely that
already water scarce islands would be impacted the largest. Local to Trinidad and Tobago,
drier conditions are projected to be larger over Tobago than Trinidad while drier conditions
are projected to impact Tobago on longer time scales than Trinidad. The projected trends
apparently are a continuation of the observed trends but with notable amplifications. These
results are similar to other studies (Taylor et al. 2011, Mc Sweeney et al. 2010) and indicate
that PRECIS could be an asset for climate impact studies in the ESC and Trinidad and
Tobago.
The assumption in this study that CMAP, NCEP/NCAR and TTMS-Obs provided
reasonable representation of the temperature and rainfall fields in the extreme southern
Caribbean and Trinidad and Tobago should be viewed with the caveat that: the reanalysis
datasets have inherent uncertainties and errors while the land point observations are sparse
and require more robust interpolation approaches, if they are to adequately represent the
entire local area; and even in such instances uncertainties still exists. These uncertainties no
doubt generate limitations on the validation process and will create further uncertainties in
the projections. Despite these limitations, simulation against recent history is useful and
provides a window to possible future outcomes in the climate. The practicality of this study
even though not being realised at the moment is not lost, as it indicates the potential for
increases in confidence that regional climate modelling systems such as PRECIS can provide
credible quantitative climate outputs for the near and medium terms locally and regionally.
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7.1

Recommendations for Future Research

This study has provided sufficient opportunities for further work towards achieving the full
objectives in section one. As an immediate overarching goal for future research, the next step
is to explore the bias removal in the model. An initial thought for achieving this is possibly
through adopting an approach which incorporates the Delta method. This method assumes
that future model biases for both the mean and variability will be the same, as in the present
day simulations. Over the last decade several islands in the ESC experienced severe flooding
as a result of heavy and extreme rainfall events. Even though temperature extremes can have
negative effects they can also positively impact the region tourism industry, as an alternative
to other destinations. In this regard rainfall events are considered more relevant to the region.
Since ENSO conditions are associated with heavy rainfall and drought conditions in the
region it would be of interest to investigate how ENSO is represented in the model. A follow
up research would be to explore the ability of the model to produce future seasonal forecasts
such as the future onset of the wet and dry seasons in the ESC and Trinidad and Tobago and
the relationship with ENSO. Further analysis could also be undertaken to determine whether
the model can capture the droughts of the 1998 and 2010 since both have been associated
with El Niño. Similar interest would be placed on investigating whether the model is able to
detect MJO signals and impacts on rainfall at the local level in Trinidad and Tobago.
It has also been suggested that ENSO is linked to changes in frequency and the tracks taken
by hurricanes in the North Atlantic which has important consequences for the ESC
(Klotzbach, 2011); it will be interesting to explore the relationship between ENSO and the
tracks taken by tropical storms that have affected the ESC. This would entail the ability of
PRECIS to capture tropical storms and the consensus tracks taken by these tropical storms
during El Niño, La Niña and neutral years; an extension to this could be the preferred areas of
formation of tropical storms during these years. Another area of possible future work is to
look at how the model performs under different scenarios and with other models.
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9 Appendix A.

-1

Figure 8.1 - Intra-Seasonal mean daily rainfall (mm day ) over the common period 1980-1989 for CMAP

reanalysis (left column), PRECIS model (middle column) and rainfall biases between the model and observation
(PRECIS minus CMAP) (right column). Top row: Early wet season; Bottom Row: Late wet Season.

Figure 8.2 – Intra-seasonal mean monthly ( ⁰C month-1) over the common period 1961-1990 for
NCEP/NCAR reanalysis (left column), PRECIS model (middle column) and surface temperature biases
between the model and observation (PRECIS minus NCEP/NCAR) (right column). Top row: DJF Season;
Bottom row: JJA Season.
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Figure 8.3- Trends Intra-seasonal-mean ESC rainfall between 1980 and 1989 (mm/day/decade) captured by CMAP (left
column ) and PRECIS (right column).Stippling indicates where the trends are significant at the 95% confidence level. Early
wet season trends (top row); Late wet season trends ( bottom row).

Figure 8.4 Trends in Intra-seasonal mean ESC surface temperatures between 1961 and 1990 (⁰C/month/decade) captured by
CMAP (left column ) and PRECIS (right column).Stippling indicates where the trends are significant at the 95% confidence
level. Winter season trends (top row); Summer season trends ( bottom row).
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Figure 8.5 Rainfall projections for November 2020’s and 2030-2050 relative to the period 1961-1990
baseline under the A2 scenario for the ESC. Change in total rainfall rate is presented. March 2020’s,
2030’s, 2040’s( left, center, right) respectively

Figure 8.6 Rainfall projections for November 2020’s and 2030-2050 relative to the period 1961-1990
baseline under the A2 scenario for the ESC. Change in total rainfall rate is presented. March 2020’s,
2030’s, 2040’s( left, center, right) respectively.

Figure 8.7 Temperature projections for September 2020’s and 2030 to 2050 relative to the period
1961-1990 baseline under the A2 scenario for the ESC. Change in mean surface temperatures is
presented. September 2020’s, 2030’s, 2040’s( left, center, right) respectively
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Figure 8.8 Change in temperature projections for September 2020’s and 2030 to 2050 relative to the
period 1961-1990 baseline under the A2 scenario for the Trinidad and Tobago.

Figure 8.9 Model trends in annual and seasonal mean rainfall between 1961 and 1990 (
mm/day/decade) with trends significant at the 95% confidence level stipled .
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