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Summary/Notes

Observed sea surface meteorological parameters are used
in the transfer formulas to compute the main heat exchange co-efficients,
the sensible heut exchange and the latent heat exchange, also the values
of eddy shearing stress of the wind on the sea surface, Bowen's ratio
and dissipation of kinectic energy are computed. The computations
involved are for the periods July 2 to July 10, 1969, and September 9 to
September 21, 1972, at station Cabo Frio (lat 2395, long 42°W) occupied
by the Naval Ship R/V "Almirante Saldanha", which took regular
observations at three hourly intervals. The variations in the computed
values are studied, in relation to surface synoptic situations, and the
results are presented, espectally the effect of the presence and
displacemente of Tropical Maritime Anticyclone.
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ABSTRACT

Observed sea surface meteorolngical parameters are vsed
in the transfer formulas to compute the main heat exchange co-efficients,
the sensible heat exchange and the Tatent heat exchange. also the values
of eddy shearing stress of the wind on the sea surface, Bowen's ratio
and dissipation of kinectic energy are computed. The computations
involved are for the periods July 2 to July 10, 1969, and September 9 to
September 21, 1972, at station Cabo Frio (lat 2305, long 42°w) occupied
by the Naval Ship R/V "Almirante Saldanha", which took regular
observations at three hourly intervals. The variations in the computed
values are studied, in relation to surface synoptic situations, and the
results are presented, especially the effect of the presence and
displacement of Tropical Maritime Anticyclone.
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INTRODUCT ION

The energy exchanges between the ocean and atmosphere
have been studied by Pyke (1965), Wyrtki (1966), Brocks et al (1970) and
Chandrakant (1974) who related the air-sea exchange to the synoptic
changes in weather. These exchange properties, especially the exchange
of sensible heat and Tatent heat from the ocean to the atmosphere, can
be computed by utilizing the routinely measured meteorological
parameters and substituting them in the transfer formulas (Malkus, 1962).

The present authors attempted to associate the air-sea
exchanges, using the data of Cabo Frio (Fig. 1) (2305, 42°w), the
measurements taken by R/V "Almirante Saldanha". Three hourly
observations are used for the periods July 2 to July 10, 1969 and from
September 9 to September 21, 1972. Added to the exchange properties, also
are computed the values of kinetic energy, Bowen's ratio and wind
stress. The variations are described and presented, associating them
with synoptic sequences (for 1969 data) and the upwelling and
downwelling phenomena (for 1972 data) at the region. Cabo Frio region
is noted for its upwelling which has a great biological importance in
the production and variation of sardine, which is fished commercially
for food, in the country (Siiva, 1971).

COMPUTATIONAL PROCEDURE

The transfer formulas method has been used to compute
transfer of latent heat (Qe) and sensible heat (QS), between ocean and
atmosphere, from the knowledge of routinely observed meteorological
parameters. The formulas essentially consider the rate of transfer of
water vapour and sensible heat from above the ocean surface through the
process of turbulence. The form and accuracy of these formulas have been
a subject of controversy, the formulas appear in various forms and there
is no general agreement to which forms of equations are most useful.



In this study the so called Transfer/Exchange/Bulk

aerodynamic formulas as listed by Malkus (1962) are used
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The notation and dimensions used are:

Latent heat transfer between ocean and atmosphere in Cal
cm™? day~!;

Sensible heat transfer between ocean and atmosphere in Cal
cn™? day™?l;

Latent heat of evaporation at sea surface in Cal gm™!

(L, = 59.73 — 0.601T)

Temperature of the air in E

Cs

Temperature of sea surface in 0C;

Drag coefficient (dimensionless);

Scalar wind speed in knots;

-1 0

Specific heat of air at constant pressure in Cal g € *3

Mixing ratio of the air at anemometer level (dimensionless);

Mixing ratio of the air at sea surface (dimensionless);

Density in g cm™3



The values of density and mixing ration are computed for
each observation. The following coefficients have been taken as constant.

Ch = 2x 1073 (dimensionless)

C_ = 0.240 Cal g-! %¢-1

p

The kinetic energy (K), wind stress (ws) and Bowen's

ratio (BO) are also computed using the following expressions (in MKS
units)

]

2 L ye2
K = 5 v
= 2
WS 12.85 CD.V
Q
B = —>_
0 Qe

METEOROLOGICAL ASPECTS OF THE REGION

Weather in the region is subjected to variation by the
presence of tropical maritime anticyclone to east of Rio with easterly
winds blowing on the coast (Figure 2). The cold polar anticyclone in
Argentina, by its presence, pushes the tropical maritime high, and the
winds back to Northeast, North and finally northwest on the approach of
the cold front. Then the winds back to southwest, southeast, as the cold
front advances northeastwards. This cycle repeats itself as the cold
polar anticyclone, already in Tow latitudes, degenerates into tropical
maritime anticyclone. During July to December the cycle is rapid, and
slows down during January to June since the cold airmass is not strong
enough to push the tropical anticyclone into the ocean.



ANALYSIS AND DUSCUSSION

July 1969

Table 1 presents the air-sea exchange values that are
plotted in Figure 3. The figure shows the variations in the air-sea
exchange values for the period July 2 to 10.

From the surface synoptic maps (though not shown here)
during the period, one can notice that the tropical maritime high during
the beginning of the period is located at southeast of Cabo Frio, then
south of it, then east and finally northeast and away northeast. It is
observed from the figure that air-sea exchange values increased when the
winds are strong northeasterlies. This situation creates a classical
situation for upwelling in the region. During the period of 02 July 1969,
03 GMT to 09 July 1969, 19 GMT, the pressure ranged between 1025 mb and
1013 mb, sea surface temperature is generally lower than the air
temperature. Analysis of the temperature and salinity distribution, at
10 m depth, shows a surface anomaly of cold and less saline waters
indicating upwelling (Mascarenhas, 1971). At the beginning of the
period, though the winds are between west and north, probably due to the
presence of the cold front, afterwards the conditions became stable from
03. July 1969, 00GMT, with winds from northeast, east rarely changing
to southeasterlies, till 09 July 1969, 19 GMT. Ts being Tess than Ta’ a
negative increase in (TS - Ta) and increase of windspeed at the station
resulted in the increase of Qe values. For a decrease of pressure and
winds blowing from northeast, the exchange values especially, Qe’ Bowen's
ratio, wind stress and kinetic energy increased. The values of QS are
mostly negative and low. Comparing the values of Pyke (1965) and Malkus
(1962), as shown in the following Table 2, one can notice large
exchanges for Qe at Cabo Frio.
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TABLE 2

COMPARISON OF EXCHANGE VALUES - JULY/69

AUTHOR Qe Qg
cal cm~2 per sec cal cm~2 per sec
MALKUS 70 20 to 30
PYKE 50 to 400 30 to 200
PRESENT 170 to 1270 -55 to +85
STUDY

September 1972

Table 3 presents the air-sea exchanges, that are
plotted in Figure 4. The figure shows the variations in exchance values
for the period September 11 to 21.

During this period, TS is always less than air
temperature throughout. Gama et al (1974) reported intcense upwelling
throughout. Winds are mnderate to strong northeasterlies and
southeasterlies. QS is mainly from atmosphere to sea and Tatent heat
transfer is from sea to atmosphere. Large exchange values for Oe are
observed throughout the period. When the wind direction is southwest
the exchange values are less (11 September 1972, 21 hours toc 13 GMT)
though the upwelling continues. TS range is found to be between 16.5 and

21.5 whereas for Ta’ it is between 21.0 and 28.5. Table 4 shows the
comparison of between values.
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TABLE 4
COMPARISON OF EXCHANGE VALUES - SEPTEMBER/72

AUTHOR Qe Qs
cal cm™2 per sec cal cm™2 per sec

MALKUS 70 20 to 30
PYKE 50 to 400 30 to 200
PRESENT 300 to 2000 -500 to -1
STUDY

CONCLUSIONS
July 1969

The variations in air-sea exchange values reveal that the
latent heat transfer is from sea to atmosphere at Cabo Frio and
larae amounts take place in the region, whereas sensible heat
transfer is either from sea to atmosphere or vice-versa. During
this period QS values are less. +ve values of Qs are observed
when the cold air passes the region;

. Negative air-sea temperature difference and positive air-sea

temperature difference are observed during the period. The
former is found to be due to upwelling while the latter due to
passage of cold air;

. Whether upwelling or downwelling the exchange values showed

higher values, especially 0.

September 1972

|F

Large exchanges of latent heat transfer from sea to atmosphere
are observed during this period at Cabo Frio. Higher values for



.

Qe and more negative values 'for Qs are noticed in this period
as compared to July'69;

2. Due to strong upwelling throughout the period (Gama et al 1974),
the negative temperature difference is noticed in all the
observations;

3. During upwelling, the exchange values increased;

4. To have large exchanges, specially latent heat transfer, the
winds from Northeast blowing on to Cabo Frio create condition
for upwelling in the region. The direction of wind does not
effect the exchange values directly, but the velocity of winds
due to presence of anticyclone and its displacement, which
enhances upwelling at Cabo Frio, is also the one affecting
Qe values.
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Fig. 1 - The coast between Guanabara Bay and Cabo Frio  (Mascarenhas et
al, 1971)
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