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Analysis of surface meteorological observations in the Caribbean Sea in the Caribbean Oceanographic Resources

Exploration (CORE) Project during April and May, 1990 are preseated. The computed latent heut flux over the

west central Caribbean Sea was affected by the movement of cold fronts and high pressure systems, The

estimaied net oceanic heat gain shows that the waters between the Bahamas and Antigua lost heat energy

(60 W - m™?) from the air-sea interface and this may form a source of heat encrgy to the overlying atmosphere

during the pre-hurricane period. In contrast the waters to the south, between Belize and Guyana, gained heat

encrgy at the sea surface. Part of this heat energy may be transferred to the colder upwelling regions. The
cvaporation rate ix low (3 mun - d°*) acar the Guyaan const und in high (8.5 nan « d=Y) betwoon the Haluunas and

Auntigun. The estimated net heat gain at the sea surfuce during the pre-hurricane period may have un influence

on the growth and development of hurricanes moving over the region from the eastem Atlantic Ocean.

Voici unc étude d’observations météorologiques superficiclles effectuées dans la Mer des Caraibes lors du Projet
d’Exploration des Ressources Océanogrphiques des Caraibes (CORE — Caribbean Oceanographic Resoucces
Explorution Project) au mois d’avril et mai 1990, L'on a découvert que le flux de chaleur tuteate calculé qui
s'extend par la zone centrale de I'ouest de la Mer des Caraibes est touché par le mouvement de fronts froids et
par de systémes de haute pression. L'augmentation de Ja chaleur océanique nette approximative indique que les
eaux situées entre les lles Bahamas et Antigue ont subi une pene d'énergie calorifique (60 W - m™?) par conséquence
du croiscment aérien ¢t maritime ¢t ceci peut constituer une source d’énergie calorifique 2 1'atmosphere qui
s'étend par-dessus avant le commencement de la saison des ouragans. Par contre les eaux qui se trouvent au sud,
catre Bélize et Giiyane, ont augmenté d'énergic calorifique a la surface de la mer. Une partie de cette énergie
calorifique peut étre transferée aux régions turbides plus froides. Le taux d'évaporation est bas (3 mm - jour!)
pres de la cOie giyannaise et s'avére élevé (8,5 mm - jour~') entre les lles Bahamas et Antigue. L'augumentation
de la chaleur nette approximative qui a lieu 2 la surface de la mer avant Ie commencement de la saison des
ouragans peut influencer la croissance ¢t le développement d*ousagans qui traversent la région & partir de la zone
de Pest de 'Océan Atlantique,

He aquf un estudio de observaciones meteorolégicas superficiales llevadas a cabo en el Mar Caribe a lo largo
del Proyecto de Exploracién d¢ Recursos Ocecanograficos del Caribe (CORE — Caribbean Oceanographic Resouces
Exploration Project} durante abril y muyo de 1990. Se descubrid que ¢l flujo de calor kateate calculado que se
extiende por la zona central del Mar Caribe se-afecta por el novimiento de frentes frios y por sistemas de alla
presién. Indica ¢} aumento del calor ocednico neto calculado que las aguas situadas por entre las Islas Bahamas
y Antigua perdieron energfa calorifica (60 W - m-2) por el cruce aéreo maritimo y esto puede proveer una fuente
de energfa calorifica a la atmdsfera por arriba antes del comienzo de 1a estacidon de los huracanes. Por el
contrario, las aguas que se¢ hallan en ¢l sur entre Bélice y Guayana, aumentacon energia calorifica en la superficic
del mar. Una porcién de esta encrgia se puede transferir a las regiones de turgencia mds frias. La tasa de
evaporacion es baja (3 mm - déa~!) cerca de Ia costa de Gidayana y resulin elevada (8,5 nun - dfa™) eatre tus Islas
Bahimas y Antigua. El aumento de calor ncto aproximativo que tiene lugar en la superficic del mar antes del
comienzo de la estacién de los huracanes puede influir €] crecimiento y el desarrollo de huracanes que cruzan
la regi6n desde Ja zonu del cste del Océano Atldntico.

- . Introduction

'Nauonal Institute of Oceanography, Dona Paula, Goa—403 004,

2:::32“1 MeLeorological Service, Kingston 10, Jamaica, West The Caribbean. Sea is situated in the northern
Indice & e  JEmACR trade wind belt with prevailing winds from the
3National Meteorological Scrvices, Norman Manley Intecnational east and north-east. The meteorological condi-
.zﬁ“w:‘l‘ﬁfgh ::::";‘:HZ“C'“';“E;W Ametica. tions in the lower layers of the atmosphere
$Mecteorological Office, Antigus and Barbuda. over the Caribbean Sea are influenced by the
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movement of cold fronts and high and low
pressure systems over the Atlantic Ocean. The
low pressure systems are mainly of tropical
cyclonic disturbances. The cold fronts weaken
while passing over warm waters of the Carib-
bean Sea and these weather systems affect the
temperature and humidity of the air over the
region. This in turn affects the transfer of heat
energy across the air-sea interface and the heat
budget at sea surface. Many notable studies on
the air-sea interaction of the Caribbean Sca
and adjacent regions have been carried out
(Hastenrath 1968; Bunker 1976; Hastenrath and
Lamb. 1978; Ismer and Harse 1987; Etter et al.
1987) based on multi-year surface meteorologi-
cal ‘observadons, In this report, the meteoro-
logical conditions and surface heat budget of
the Caribbean Sea during the pre-hurricane
period (April and May) of 1990, using the me-
teorological data collected on board the R.V.
Sagar Kanya in the Caribbean Oceanographic
Resources Exploration (CORE) P[OjeCl, are
presented.

Data and Methods of Analysis '

A total of 137 sets of surface meteorological
observations comprising dry and wet bulb tem-
peratures, sea surface temperatures, wind speed
and direclion, atmospheric pressure, and cloud
cover and type were collected at three hourly
intervals along the tracks of the cruises (Legs
I 10 IV) covering the Exclusive Economic Zone
(EEZ) of the Caribbean Islands from the Be-
lize coast to the Guyana coast (Map 1, p. 4).
The incoming global solar radiation (both di-
rect and diffuse) reaching the sea surface was
measured with an on board pyranometer at 10-
min intervals from local sunrise to sunset.
These data were averaged at 1-h intervals and
then daily averages of global radiation were
obtained and later corrected to albedo at sea
surface. The daily averaged solar radiation (Q))
was also computed using the empirical formula
of Scckel and Beaudry (1973) with a cloud
carrection factor given by Reed (1977) and a
correction factor due to albedo (Payne 1972).

Dry and wet bulb temperatures were obtained -
at a 10-m height above the sea surface using .
an unaspirated psychrometer. Wind observa-

tions were recorded with anemometers installed
at a 22.6-m height above the sea surface,

The fluxes of fatent heat (@,). scusible heat
(@), back radiation (Q,) at the air-sca inter-
face were computed using the standard bulk
aerodynamic formulae (Stevenson 1982). These
computations were carried out for each set of
observations and their daily and spatial aver-
ages obtained. The equations for the computa-
tions of the above heat-budget components are
given in Appendix I. The computational pro-
cedure outlined in Stevenson (1982) was

.adopted. The heal budgct componenls are ex-

pressed in W - m™

The net oceanic heat gain (@) at the sea sur-
face was estimated from the daxly averages of
global solar radiation, back radiation, and tur-
bulent heat ﬂlJXLS (latent heat and sensible
heat) as:

Q=0 U ~a)~ 0, _QE_QH

where @ = albedo at sea surface (6%; Payne
1972). : -

The evaporation (£) rate (mm - Jd7) at sea sur-
face was obtained from the latent heat flux as:

E=864xQ/L

where L = latent heat of vaporization (2241

W.s-g™h.

The bulk exchange coefticients of wmoisture
(Cp) and heat (Cp) are known 10 vary with the
wind speed and atmospheric stability
(Kitaigorodski et al. 1973; Kondo, 1975; Pond
et al. 1974; Large and Pond 1981, 1982). Since
the observed wind speeds over the Caribbean
Sea varied from calm conditions to strong
winds, the exchange coefficient (C;) was com-
puted following Konde (1975) and later cor-
recled o atmospheric stability following the
procedure outlined in Stevenson (1982). How-
ever, for C, a constant value was chosen for
stable (0.82 X 1073) and. unstable (1.12 x 1073)
conditions (Stevenson 1982). Since the air tem-
perature measurcments (dry and wet bulb) were
abtained at a.10-m height, no height comection

- was applied. As the measured wind speeds were

obtained at a height of 22.6 m, as mentioned
above, a height comrection factor was used to re-
duce the measured winds to a standard height of
10 m (outlined in Stevenson 1982).
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The Richardson number (R)) and stability pa-
rameler (/1) were computed for each set of
observations to determine the stability of the
atmosphere overlying the sea surface.

Results and Discussion

The computed diabatic moisture coefficient
(Cg) for each set of observations varied be-
tween 1.13 x 1073 and 3.5 x 1073 (at lower
wind speeds) and each value was used in the
computation of latent heat flux for each set of
observations. The mean value of C, averaged
over the number of observations in each area
of the study (Leg I to Leg 1V) varied between
1.61 x 1073 and 1.83 x 1073, These values of
Cy are within the reported range of values
(Kondo 1975; Bunker 1976; Etter et al. 1987)
in the Caribbean Sea und Atlantic Oceun.

1008 4

89

The meteorological parameters und the com-
puted heat-budget components are presented
below, for the different areas covered by each
leg of the cruise.

(a) Leg I: Jamaica-Belize-Jamaica

Figure 1 represents the daily means of the ob-
served meteorological parameters and computed
heat-budget components and net oceanic heat
gain at the sea surface in this area. The sea
surface temperatures (SST) were high
(>28.5°C) off south-eastern Jamaica (15-16
April) and low (<26.5°C) off north-western
Jamaica (22-23 April). In the central area be-
tween Jamaica and Belize the SST was uniform
at 27.5°C. The wind speed (/) and atmos-
pheric pressure (P) attaincd maximum values in
this urcu on 19-20 April in association with the
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Fic. 1. Daily means of meteorological parameter, sensible heat, latent heat, back ra-
diation, evaporation, incoming solar radiation, total heat loss, and net heat gain in

the region between Jamaica and Belize.
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movement of a ridge of high pressure into the
central Caribbean area (Fig. 2). The relative
humidity (R.H.) and the difference in sea and
air specific humidity (¢, - q,) were in phase
and both exhibited a slight variation on 19-20
Apdl due o e nides of B2t gesaue. Toe

values of differences between sea and air tem-
perawure (T, ~ T) were small and positive

- throughout. This indicated the presence of un-

stable conditions in the overlying atmosphere.
The fluxes of sensible heat (Q.). lutent hew
elme DS ZwoC TmIaces xg METS RMTueln

o'W sto'w

/%N\uié)u

10’y

Fic. 2. Surface pressure (mb) on 20 April at 1200 Z over the tropical North Atlantic Ocean

and north-western Curibbean Sca.
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higher off north-western Jamaica than those off
south-castern Jamaica. These fluxes exhibited
variations in the central region where the la-
tent heat and evaporation (E) attained higher
values (275 W -m2 and 8 mm -d™!) on 20
April. These variations were associated with
the movement of the ridge of high pressure
(relatively dry air) which enhances specific hu-
micity differences (g, — ¢,) and thereby latent
heat and evaporation. The sudden drop in Q,
from 20 April to 21 April may not be real, for
the compulation wias made from one set of
obscrvations on 21 April. Associated with the
dominant high pressure system, clear sky con-
ditions prevailed in the west central Caribbean
Sca except offshore near south-castern Jamaica.

92

As a consequence, here the sea surface re-
ceived relatively less incoming solar radiation
(@). The incoming solar radiation and total
heat loss (2,) due to sensible heat, latent heat,
and back radiation were in phase. Further, it is
seen that the waters of this area gained (>100
W -m2) heat energy at the air-sca interface.
The higher latent heat on 20 April dominated
the heat energy received at the sea surface and
thereby led to a net heat loss of 20 W - m™2 on
this day.

(b) Leg !I: Jamaica-Bahamas-Barbados

Figure 3 shows the observed meteorological
parameters and heat budget componeats in this
area. The observations in this arca form two
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Fia. 4, Dailly scuns of incoiing solur radiation, ttal heat
loss, and net oceanic heat gain in the region belween the
Bahamas and Antigua.
b

groups separated by 17° N with one group
lying beiween the Bahamas and Antigua north
of 17°N and the other group south of 17°N
up to Barbados. In the northern group, a high
pressure system prevailed from 1 May to §
May and the winds were relatively strong
(14 m - s7Y). The SST exhibited a gradual in-
crease from 24.6°C near the Bahamas to
27.6°C near Barbados. The differences in sea
and air temperature showed little variation from
) May 10 5 May. Tfic effect of the high pres-
sure system could also be seen in relative hu-
midity and in differences in sea and air spe-
cific humidity pauerns during that period. The
higher winds speeds (14 m -s™!) and higher
specific humidity differences (6 g - kg™') con-
tributed to higher latent heat (375 W - m™2)
on 3 and 4 May. The back radiation was nearly
uniform throughout. Correspondingly, higher
total heat loss occurred on 3 and 4 May
(Fig. 4). However, due to higher clouding, the
incoming global solar radiation reaching the sea
surface was less and constant than the total
heat loss during 3, 4, und 5 May. This fed 10
loss of heat energy (150 W - m~2) from the sea
surface north of 17° N during 3, 4, and 5 May
and hcat gain (150 W -m"2) on 7 May south
of 17° N, .

(c) Leg 11i: Barbados — Trinidad and Tobago
Figure 5 shows the observed meteoroiogical

parameters and computed heat budgel compo-
nents and net heat gain at the air-sea interface
in this region. The winds were constant from
the north-east with speeds of around 5Sm - s™L
The SST varied between 27°C and 28°C. The
relative humidity was approximately 76% and
was uniform over the region. Sea and air tewm-
perature ditferences were near zero around Bar-
bados and attained small positive values in the
waters off Trinidad. The sea and air specific
humidity differences decreased from Barbados
to Trinidad and Tobago. The atmospheric pres-
sures did not show appreciable variation. Sen-
sible heat was always positive and attained a
maximum of 4 W - m~2 on 14 April. The latent
heat flux was high (140 W - m™2) in the cen-
tral region between Barbados and Trinidad and
Tobago. The back radiwtion was approximately
S0 W - m~2 throughout. The total heat loss pat-
tern was in phase with that of latent heat, The
net heat gain at the sea surface followed the
pattern of incoming radiation. The waters of

- the central region received relatively less heat

al the sea surface whercas the waters near
Trinidad and Tobago gained a higher amount
of heat (290 W - m™2),

(d) Leg IV: Offshore Guyana

Typical variation of hourly mean measured in-
coming solar radiation is shown for George-
town, Guyanua on 25 April (Fig. 6). The bro-
ken line in this figure represents the day’s
nmican solar radiation reaching the sea surface
in this region. Figure 7 shows the observed
meteorological parameters and computed heat
budget components in this arca. The variations
in the meteorological paramelers in this area
were similar to those recorded in the Barbados
— Trinidad and Tobago passage except for the
atmospheric pressure which was lower. Simi-
[arly, the sensibie heat and back radiation did
not change much between these two areas. The
latent heat and evaporalion values were lower
oft the Guyuna coust.

Summary

A summary of the surface heat budget around
the Islands of the Caribbean Sea during the
pre-hurricane period (April-May) is preseated
in Table 1.
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Fiu. 6. Measured incoming solar radiation at Georgelown
on 25 May 1990.

The incoming solar radiation exhibited wide
variation off Jamaica with lower levels (242 W
-m™2) of radiation in the south-east due to high
clouding. Elsewhere in the Caribbean Sca the
solar radiation reaching the sea surface varied
between 314 W -m~2 and 348 W . m2. The
overall mean solar radiation was 319 W - m™2,
The total heat loss due to sensible heat, latent
heat, and back radiation increased westward
from 143 W -m=2 off the Guyana rcgion to
251 W -m™2 in the central Caribbean Sea.
However, the total heat loss north of 17° N be-
tween Antigua and the Bahamas was high, ex-
ceeding 390 W - m™% The waters of the cast-
crn Caribbean Sea gained heat encrgy at the
air-sca interface varying between 135 and 182
W - m~2% However, the western Caribbean Sea
gained relatively less heat energy at the sea
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6. 7. Daily means of meteorological paramters, sensible heut, lutent heat,
back radiation, evaporation in the region between Trinidad and Guyana.

TasrLe 1 — Daily average of heat budget parameters
and net heat gain () along with evaporation (E)
in the arca of Leg |

Qs Oy O @ @

E
Date (W - m?) (mm - d)

15.4.90 242 4 118 62 58 4
16.4.90 300 1 123 61 115 1
17.4.90 3 4 185 65 67 7
18.4.90 283 8 227 65 -17 8
19.4.90 283 5 214 6l k) 8
20.4.90 22 27% (XL {V)
21.4.90 303 2 142 58 101 5
22490 303 5 153 72 73 S
23.490 323 2 122 68 131 4
Overall mean 296 4 173 64 55 6

surface than that of the eastern Caribbean Sea.
North of 17°.N, the sca surface lost heat en-
ergy (63 W-m™2) 1o the overlying atmosphere

due to higher latent heat flux. The evaporation
rate was low (3 mm - d7!) off the Guyana coast
and increased gradually towards the west cen-
tral Caribbean Sea to 6.5mm-d-!. A higher
rate of evaporation was recorded north of
17° N between Antigua and the Bahamas. The
overall mean values of net oceanic heat gain
and rate of evaporation were 102 W - m™
and Smm -d™!, respectively, during the pre-
hurricane period in the area of study of the
Curibbean. |

The values of net heat gain recorded in this
study are comparable with published values
(Hastenrath and Lamb 1978; Etter et al. 1987).

The present study was based on observations
collected in a single survey in 4 single yeuar
during the pre-hurricane period. The estimated
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net heat gain at the sea surface was of such
order of magnitude as to have some possible
influence on the growth of tropical hurricanes
passing through the region from the eastern
Atlantic. It must be emphasized that the net
heat gain at the sea surface may be utilized
partly to increase the temperature of the water
cotumn and partly be adverted to the surround-
ing colder water regions where upwelling is
present. Though the net heat storage in the
upper layers of the sea is negligible on an
annual basis, the same may not be true for a
season. This suggests that further studies be
carried out to estimate the heal storage in the
upper layers of the Caribbean Sea during the
pre-hurricane months and (o dctermine the
advection ol heat, 10 any, 0 the stntonnding
regions.
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Arpenpix 1

hcoming solar radiation
Qi = A, +A, Cos 1 +B Sinl+A,Cos2

+ 8, Sin 2

Q, = @, (1-062N,, +0.0019) where

Q. = daily averaged shortwave solar radiation
(W - m™?) under clear sky conditions

Q, = daily averaged shortwave solar radia-
tion (W'- m~2) corrected to cloud cover
and noon altitude of the sun

A, = —15.82 + 32687 Cos |

A, = 9.63 + 19244 Cos (1 + 7/2)

B, = -3.27 + 108.70 Sin 1

A
B

—0.64 + 7.80 Sin 2(! ~ w/4)

~0.50 + 14.42 Cos 2(1 - r/36)

{ latitude in radians = (1 — 21) X 27/365
t time of the year in Julian days

N, = daytime average cloud amount in tenths
"= noon altitude of the sun in degrees

NN
I}

i

a
OS
Latens hear flux

Q= aCoLlg(g,—aqp Uy, where
a = air density (1178 g - m™)
L, = latent heat of vaporization (2441

Wes-g™h
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saturation specific humidity at sea sur-
fuce temperature ‘
specific humidity of the air at 10m
height above the sea surface

wind speed (m-s7!) at 10 m height
above the sea surface

moisture coefficient

Sensible hear flux

Tio

oo

heat transfer coefficient

sea surface temperature

air temperature (dry bulb) at 10 m
height above sea surface

Cp = Spetipc haat of fea walin

Back radiation (longwave

0,

Qs

=
a

€0

Qs
Oy

N

o

ab torhboml PredLad (+10207- kg . 0k)

34(0.39 - O.OSIeLm) +4 TS3(TS ~-T\o)
where

“longwave back radiation (W - m™3) un-

der clear sky conditions

cmmissivity of sea surfuce (0.97)
Stefan=Boltzmann's constant [5.678 x
0 W ("R) 7|

waler vapor pressure in the air at 10 m
height above sea surface (mb)

Qab(l - 0.7 N) where

longwave back radiation (W - m2) cor-
rected o cloud cover

cloud amount in tenths



