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Central America and the Caribbean span the deep tropics and
subtropics. Because of the tropical maritime location tempera-
ture changes throughout the region are generally small, and
rainfall is by far the most important meteorological element. In
general the climate of the region is controlled by the migration
of synoptic features, and the mean climate strongly reflects the
annual cycle of these features.

The most dominant synoptic influence is the subtropical high
of the north Atlantic. Subsidence associated with the spreading
of the subtropical high from the north Atlantic to the north
American landmass dominates during boreal winter, as do the
strong easterly trades found on its equatorward flank. Coupled
with a strong trade inversion, a cold ocean and reduced atmos-
pheric humidity, the region is generally at its driest during the
winter. With the onset of boreal spring, however, the subtropi-
cal high moves offshore and trade wind intensity decreases,
with convergence characterizing their downstream. Especially
for Central America, the variation in the strength of the trades
is an important determinant of climate throughout the year.
There is also a high and weak trade inversion, the ocean warms
and atmospheric moisture is abundant. The region is conse-
quently at its wettest in the northern summer half-year.

The contrast in summer and winter rainfall defines most cli-
mate classifications of the region. For example, Rudloff (1981)
suggests that the climate of Central America and the Caribbean
can be classified as dry-winter tropical. The contrast proves an
important control for agricultural and tourism activity, water
resource allocation, hydrological considerations and fishing –
activities which are of utmost importance to the region.

The dry winter/wet summer regime, however, only broadly
defines the climate of the region as orography and elevation are
significant modifiers on the subregional scale. The region is one
of complex and diverse topography including continental 
territories, island chains, and mountain ranges of varying 
orientations and elevations. The topography interacts with the
large-scale circulation to produce local variations in the 
climate, including significant variations in annual rainfall
totals, length of the rainy season, and the timing of maxima and
minima. As examples, the windward slopes of the larger moun-
tainous islands of the Greater Antilles have significantly higher
rainfall totals than the smaller flatter islands in the eastern
Caribbean Sea. Similarly, the Caribbean coastal stations of
Honduras, Costa Rica and Panama possess a strikingly homo-
geneous rainfall regime (i.e. in stark contrast to the dominant

dry winter/summer regime) due to strong interactions of low-
level winds with the topography. The subregional variations
make generalizations about the climate of the region difficult –
a fact which must be borne in mind when considering the gen-
eral overviews presented in the following sections.

Besides the subtropical high, other significant synoptic influ-
ences include: (a) the seasonal migration of the Intertropical
Convergence Zone (ITCZ) – mainly affecting the Pacific side of
southern Central America; (b) the intrusions of polar fronts of
midlatitude origin (called “Nortes” in Spanish) which modify
the dry winter and early summer climates of the northern
Caribbean and north Central American; and (c) westward prop-
agating tropical disturbances – a summer season feature associ-
ated with much rainfall especially over the Caribbean region.

Central America

Temperature
Temperature ranges during the course of the year in the Central
America region are generally small. They may exceed 4°C to the
north, from the Yucatan to Honduras, but drop to less than 2°C
in the south and along the coastal zones. Maximum tempera-
tures are dependent on altitude given the mountainous interior of
the region. The common usage of the terms tierra caliente (“hot
land”), tierra templada (“temperate land”), tierra fria (“cold
land”), and tierra helada (“frozen land’) suggests a longstand-
ing recognition of the effect of altitude on temperatures. The
terms loosely denote shifts in the mean temperature regime with
increasing altitude, but their usage is relative (varies with loca-
tion), with no consistent assignment of a temperature to eleva-
tion. Minimum temperatures similarly exhibit dependence on
altitude, but also show the effect of the winter intrusions of cold
air from North America, and can dip as low as 7°C.

Portig (see Schwerdtfeger, 1976) classifies the annual cycle of
air surface temperature in Central America as tropical, predomi-
nantly maritime, with small annual changes and dependent on
cloud cover and altitude. The dominant annual cycle of the
Central American region (excepting the Atlantic coasts of
Honduras and northern Nicaragua) is monsoonal, with highest
temperatures occurring just before the summer rains (Figure 1).
Temperatures are at their lowest during January, largely due to
the cooling effect of the strong trade winds (Figure 2). Maximum
temperatures occur during April and are associated with a
decrease in trade wind strength, lower cloud coverture and higher
values of solar radiation (Alfaro, 2000a). There is a temperature
minimum in July which coincides with the onset of the midsum-
mer drought (or in Spanish the veranillos or caniculas – see
below). During this period the trade winds briefly increase in
intensity (see again Figure 2), the subtropical ridge over the



Caribbean intensifies, and there is a second minimum and maxi-
mum in cloud coverture and radiation respectively.

Precipitation
Mean annual rainfall totals vary over a wide range in Central
America in keeping with the diversity in topographic condi-
tions. Annual totals of less than 100 cm are typical of the plains
of Guatemala, Honduras and northwestern Nicaragua, and por-
tions of the Pacific coast of El Salvador, Honduras and Panama.
In contrast the northern and southern mountain ranges of
Guatemala and the low mountains between Costa Rica and
Panama receive large amounts of rainfall (in excess of 250 cm),
as do the Atlantic coastal regions from Belize through
Guatemala, the south coast of Costa Rica and a section of
Panama’s Atlantic coast. In general the Caribbean seaboard
receives more rainfall than the Pacific side, reflecting the influ-
ence of tropical disturbances from the Caribbean Sea and the
windward interaction of the trade winds with the mountains
chains.

Fernandez et al. (1996) explored the variability of rainfall
with altitude in Central America by examining the vertical rain-
fall distribution in Costa Rica along a topographic profile which
crossed the country from the Pacific to the Caribbean coasts.
The mountain profile, with highest peak of approximately 3000
m, is oriented parallel to the prevailing large-scale northeasterly
trade winds. Their analysis of rainfall amounts and the seasonal
and diurnal variations at 14 rain-gauge stations located on or
close to the topographic profile reveals considerable variation
with altitude. Maximum rainfall on both the windward
(Caribbean) and leeward (Pacific) sides of the main mountain
range occur at intermediate altitudes rather than on the moun-
tain tops. (See also the work of Chacon and Fernandez, 1985.)
Average yearly maxima of 7735 mm on the windward side and
6692 mm on the leeward side were observed at about 2000 m
and 800 m respectively (see Figure 3).

Analysis of the mean annual cycle of precipitation reveals
two dominant modes (Figure 4). The first and more representa-
tive mode is characterized by two rainfall maxima in June and
September, an extended dry season from November to May,
and a shorter dry season in July–August. Figure 4a suggests this
regime as characteristic (with a few exceptions) of the entire
Central America. This regime is largely explained by the sea-
sonal migration of the subtropical north Atlantic high and the
ITCZ.

The dry season of winter and early spring accounts for less
than 20% of the annual precipitation total of Central America.
It is more intense on the Pacific slopes of the isthmus, possibly
due to an additional drying effect caused by the seasonal rever-
sal of the winds on the Pacific side which blow offshore during
winter. The ITCZ is also at its maximum southeast position
during February and March. The season is further characterized
by strong Atlantic trades (Figure 2), high values of total radia-
tion (direct plus diffuse radiation) and sunshine hours in the low
troposphere levels, despite the fact that radiation at the top of
the atmosphere is at minimum. Cortez (2000) shows that there
is no evidence of deep convection during the period as mean
OLR values are greater than 240 W m�2, and that there is poor
humidity convergence over almost all the isthmus excepting the
southeast.

The onset of the rainy season is in May. There is a latitudinal
variation of onset dates with earlier onset (early May) in the
south and late onset (late May) in the north. The latitudinal

variation may be partially explained by the northward migra-
tion of the ITCZ that causes instability and humidity conver-
gence in southern Central America from boreal late spring to
early fall. As noted by Alfaro (2000b), however, the migration
of the ITCZ cannot explain the generalized deep convection
over the entire region during the rainy season as the ITCZ is not
normally found at latitudes higher than 10–12°N. The first rain-
fall peak occurs in mid-June, and during this period (and for the
entire rainy season), the trade winds are weak (Figure 2), allow-
ing for the formation of mesoscale systems such as sea breezes,
though mostly on the Pacific side.

By the middle of July there is a distinct decrease in rainfall
over much of Central America. The brief dry period is known
as the veranillo, canícula, or the midsummer drought (MSD,
see Magaña et al., 1999). Again there is some latitudinal varia-
tion in the onset dates of the MSD, with earlier onset in the
Southern-Pacific slope and later onset in the Northern-
Caribbean slope. During the MSD there is an increase in the
trade wind intensity associated with a brief retrogression of the
north Atlantic subtropical high.

The second rainfall maximum occurs in mid-
September/October, and is wetter than the first. The subsequent
demise of the rainfall season also shows latitudinal variation
with the tendency for earlier end dates in the north Pacific sec-
tor and later end dates in the south. This latitudinal behavior is
only partially explained by the southward migration of the
ITCZ, since latest end dates are found on the north Caribbean
coast. The reason for such late end dates in the north is unclear.
It could reflect the influence of cold fronts over the North-
Caribbean Central American coast during boreal winter and/or
the intensification of the winter trade winds which transport
humidity and produce precipitation on the windward side.

The Caribbean coasts of Honduras, Costa Rica and Panama
(Figure 4c) exhibit a second rainfall mode, different from the
dominant dry-winter/wet-summer regime. It is difficult to
define a dry season for this region as rainfall is nearly homoge-
neous between January and the middle of October, with typical
accumulations of between 180 and 300 mm per month. The
period accounts for approximately 60% of the annual total in
this region. From mid-October onwards there is a marked
increase in precipitation accumulation until the end of the year,
with a maximum in the beginning of December. This is related
to a maximum in humidity convergence at the end of the year
in the southeastern region. Significantly, there is no rainfall
minimum in July, with instead a relative maximum characteriz-
ing the mode 2 regions. This might result from the low-level jet
influence and the interaction between topography and the low-
level wind (Amador, 1998). Interestingly it is the same mecha-
nism (i.e. the intensification of the trades) which both yields the
MSD over most of Central America and makes the Caribbean
slope wetter than the Pacific slope during July.

The Caribbean

Temperature
Temperatures on the islands of the Caribbean remain fairly
constant throughout the year, with a small annual range of only
2–7°C (see Figure 5). As opposed to the dominant monsoonal
type variation of Central America, the annual cycle of temper-
ature for the Caribbean exhibits a summer–winter variation
similar to that of more northern latitudes, but with high tropical
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temperatures and in the context of the small range. In the mean,
temperatures steadily increase from May and peak in
August–September. The summer months are the warmest with
mean temperatures peaking in the upper 20 s Celsius, but rarely
exceeding 37°C for any station. For the smaller islands of the
Lesser Antilles, the summer heat is tempered by the easterly
trades.

Coolest temperatures occur during boreal winter and early
spring (December to April) with values generally in the low 
20 s for sea-level and coastal stations. Temperatures, however,
never generally fall below 18°C. The summer–winter variation
becomes more pronounced for territories at increasingly higher
latitudes, which also come under the occasional influence of
intruding polar fronts in winter. Inland, on the larger islands of
the Greater Antilles, the cooling influence of the sea breeze is
lost, though in some cases this is compensated for by increasing
altitude.

Precipitation
The differences in size, shape, topography, and orientation with
respect to the trade winds greatly influence the amount of rain-
fall received by the island territories of the Caribbean. The
larger and more mountainous islands of the Greater Antilles
(Cuba, Jamaica, Hispaniola, Puerto Rico) receive rainfall
amounts of up to 160 cm per year, with in excess of 500 cm on
the highest peaks. There is, however, a distinct rainshadow
effect on their southern coasts, which are distinctly arid. To
their east the northern Windward Islands (as far as Antigua)
receive lower rainfall amounts, tending to be slightly drier.
Precipitation increases with southerly latitude and the
Windward Islands, Trinidad and Barbados tend to be well
watered. Normal yearly rainfall is between 180 and 230 cm for
the Windward Islands (from Montserrat through Grenada),
150 cm for Trinidad, and 125 cm for Barbados. The dry belt of
the Caribbean is found over the southwestern islands of the
Netherland Antilles (Aruba, Bonaire, Curacao), which possess
a semiarid climate and receive less than 60 cm per year on
average. In general the eastern sides and windward slopes of the
Caribbean islands receive more rainfall because of the prevail-
ing northeasterly trade winds, while the lee slopes and interior
portions of the mountainous islands are drier.

Except for the Netherland Antilles, the Caribbean islands
generally receive most of their yearly rainfall in the summer
months (Figure 5). This reflects the influence of the migrating
north Atlantic subtropical high, the warming of the Caribbean
Sea, a reduction in trade wind strength, and the appearance in
mid-June of easterly waves/tropical disturbances which leave
the west coast of Africa and traverse through the Caribbean
region. These easterly waves are convection centers carried by
the trades that frequently mature into tropical storms and
hurricanes under conducive atmospheric and oceanic condi-
tions such as warm sea surface temperatures and low vertical
shear. They represent the primary source of Caribbean rainfall,
and their onset in June and demise in early November roughly
coincide with the mean Caribbean rainy season. Unlike Central
America, the southernmost Caribbean territories lie too far
north (~11°N) to come under the direct influence of the ITCZ.

The northwestern Caribbean territories (Jamaica, eastern
Cuba, and Hispaniola) possess a distinct midsummer break in
rainfall similar to the MSD of Central America (see Figure 5).
Onset, however, tends to be later than in Central America, with
the MSD for the Caribbean territories occurring in mid to late

July/early August. Consequently the annual cycle of rainfall for
the northwest Caribbean is bimodal with an initial peak in
May/June and a second greater maximum in October. The
islands of the Lesser Antilles generally lack the earlier maxi-
mum, with rainfall totals increasing from the onset of the rainy
season in May to a late fall rainfall peak. The eastern side of
Dominica and Martinique has one long rainfall season with a
peak in November, while Barbados has a broad minimum in
February and March, and a broad maximum between
September and November. This lack of an early rainfall season
peak in the eastern Caribbean might be accounted for by the
fact that only the western Caribbean Sea is warm enough to
support convection (i.e. exceeds the 27°C convection threshold)
at the onset of the rainy season (Wang and Enfield, 2001, 2003),
and it is only the southwestern Caribbean which is conducive to
tropical cyclogenesis at the start of the rainy season.

A slightly different rainfall regime characterizes the flat
islands of the Netherland Antilles, which have their main rainy
season from October through January, with the “small rains”
from June to September. The islands are at their driest between
February and May, with an absolute minimum in April.

Outside of the rainy season, rainfall in the Caribbean dry
season can occur from the southern tip of intruding cold fronts
form North America. The influence of the fronts is particularly
noticeable in northern Caribbean territories (especially the
Bahamas) but rarely extends below Jamaica or east of Puerto
Rico.

Hurricanes
Tropical storms and hurricanes are seasonally common in the
northern Caribbean and Gulf of Mexico. They merit brief dis-
cussion due to the significant loss of life, the extensive infra-
structural damage, and the disruption to the Central American
and Caribbean economies and way of life that occur with hur-
ricane landfall or even passage nearby. In the mean eight hurri-
canes will pass near or through the Caribbean region in a year,
but this number can vary significantly from year to year. Global
climatic phenomena such as the El Niño Southern Oscillation
(ENSO) seem to play a role in determining the number of
storms which will develop and pass through the Caribbean.
During the warm phase there is an apparent decrease in the fre-
quency of tropical storms due to an increase in wind shear over
the Caribbean during the hurricane season (Banichevich and
Lizano, 1998). There is also evidence of decadal variation in
storm activity with some decades on average being less active
(1970s to 1990s) than others (1920s to 1960s) (Goldenberg 
et al., 2001).

The hurricane season runs from June to November with a
peak in activity in September. The peak occurs prior to the
rainfall maximum of the Caribbean, suggesting that although
hurricanes are significant they are not the primary rainfall
mechanism for the Caribbean territories, as is often thought,
mainly because their effects over specific locations depend on
the cyclone’s relative position and their velocity over the
Caribbean Sea. The coincidence of hurricane peak activity and
maximum tropical wave activity is, however, not surprising
given the importance of the waves to cyclogenesis. Most
(though not all) of the tropical cyclones that ply the Caribbean
Sea originate from tropical waves in the easterlies. A warm
ocean and low vertical shear fuel their development.
Development during the peak period generally occurs in the
10–20°N latitudinal band (termed the main development region
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or MDR) just east of the Lesser Antilles in the eastern north
Atlantic. Early in the hurricane season, however (June), the
development region resides in the Caribbean and Gulf of
Mexico.

Hurricane development is suppressed in July leading to a
bimodal distribution of the annual cycle of north Atlantic hurri-
canes. This suppression coincides with the previously noted
intensification of the trades in July, which yields upwelling in
the southwestern Caribbean and lower sea surface tempera-
tures, high vertical shear and reduced convection.

Sometimes (as with Joan in 1988), hurricanes pass over
Central America and continue their activity in the eastern trop-
ical Pacific. The eastern tropical Pacific is itself an important
region of hurricane development but these affect mainly the
Pacific coast of Mexico, and occasionally the northern part of
Central America (Guatemala and El Salvador).

Michael A. Taylor and Eric J. Alfaro
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Table 1 Information for the 10 Caribbean stations used to generate Figure 5. Values in column 1 correspond with a
specific subplot in Figure 5. Values in column 6 indicate available monthly data used to calculate the climatology.
Asterisked years indicate years with 6 months or more of missing data. Data source for stations 1, 2, 3, 4, 5, 6, 8 and 9
is the Global Historical Climate Network (GHCN). Data source for stations 7 and 10 is the respective meteorological
services.

Figure WMO Data
No. Station name identifier Coordinates Elevation range

1 Nassau International 78073 25.05N, 7 m 1960–2000
Airport (Bahamas) 77.47E

2 Guantanamo Bay (Cuba) 78367 19.90N, 23 m 1960–2000
75.13E *1992–1996

3 Kingston, Norman 78397 7.90N, 14 m 1960–2000
Manley International Airport (Jamaica) 76.80E

4 Santo Domingo 78486 18.43N, 14 m 1960–2000
(Dominican Republic) 69.88E *91–95

5 San Juan International 78526 18.43N, 19 m 1960–2000
Airport (Puerto Rico) 66.00E

6 Juliana Airport (St. Maarten) 78866 18.05N, 9 m 1960–2000
63.12E

7 V.C. Bird International 78862 17.12N, 8 m 1960–1995
Airport (Antigua) 61.78E

8 Grantley Adams 78954 13.07N, 56 m 1960–2000
International Airport (Barbados) 59.48E *89–91, 93

9 Piarco International 78970 10.62N, 15 m 1960–2000
Airport (Trinidad and Tobago) 61.35E *81–83, 85–86, 95

10 Queen Beatrix 78982 12.50N, 18 m 1971–2000
International Airport (Aruba) 70.02E
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Figure 3 Distribution of average yearly rainfall with altitude on the
Caribbean and Pacific sides of a topographic profile in Central
America. The periods of analysis are 1966–1984 and 1981–1984 for
the Caribbean and the Pacific sides respectively. (After Fernandez 
et al., 1996.)

Figure 1 The central line (with asterisks) depicts the mean annual
cycle of temperature over Central America as determined from
principal component analysis. The upper and lower solid lines
represent one standard deviation. The horizontal line is the annual
mean of 24.7°C.

Figure 2 Annual cycle for zonal wind component (u) at the 900 hPa
level. Monthly values are from Juan Santamaría synoptic station
(10°00�N, 84°12�W, from Alvarado, 1999), period used:
1972–1989). The annual average value is �5 m s�1. Notice that
negative values are westward winds.
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Figure 4 Lines with asterisks are the (a) first and (b) second pentad rainfall dominant annual cycle patterns, using empirical orthogonal
function analysis of 94 gauge stations. Bands are given for one standard deviation (solid lines). (c) Asterisks (solid circles) are locations at
which the first (second) mode dominates.
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