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Estimation of evaporation rates over the Arabian Sea from satellite
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Abstract. Utilizing both the SAMIR brightncss temperatures of Bhaskara I and
GOSSTCOMP charts of NOAA satellite serics, the cvaporation rates over the Arabian
Sea for June 1982 are estimated through the bulk acrodynamic method. The spatial
distribution of evaporation rates estimated from the sateilite data sets coincides well with
those obtained from ship observations as well as from elimatologicat data. The accuruacy in
the estimation of evaporation rates has considerably beeh improved after the removal of
bias in sca surface temperature and is about *0-8 mm/day.
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1. Introduction

The ocean-atmospheric coupled system exchanges heat, momentum and energy
between the two fluids. A larger part of the heat is supplied by the tropical oceans,
through evaporation for development of large-scale weather systems. Monsoon
rainfall pattern over India has been related to the air-sea interaction parameters
over the Arabian Sea (Shukla 1975; Shukla and Mishra 1977; Bhumralkar 1978;
Rao et al 1981; Gadgil et al 1984 and Babu et a/ 1985). The knowledge of
evaporation rates over the ocean is essential for parametrizing ocean-atmospheric
coupled predictive models. For real-time acquisition of evaporation fields over
wider oceanic areas, Liu (1984) suggested the possibility of using sateliite
measurements of surface wind speed (SW), sea surface temperature (SST) and
integrated water vapour (WV) content data derived from satellite multichannel
microwave radiometer (SMMR) in the bulk parametrization method in which the
WYV content was related with surface humidity. He further suggested the possibility
of combining observations from different sensors such as infrared sensors —
AVHRR (advanced very high resolution radiometer), HIRS (high resolution
infrared sensor), VAS (VISSR atmospheric sounder) and microwave radiometers
on board individual satellites for the estimation of evaporation rates. Taylor (1984)
also mentioned that satellite microwave radiometers provide good estimates of
parameters for use with the bulk aerodynamic formula. Several investigations have
been reported in the literature relating WV content in the atmosphere with
humidity fields in the lower levels over different regions (Reitan 1963; Bolsenga
1965; Smith 1966 and Zillman 1972). Similar studies have not been documented so
far over the northern Indian Ocean.
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In the present paper, the feasibility of deriving evaporation rates from SAMIR
data of Indian satellite Bhaskara Il and AVHRR data of NOAA series is studied.
An empirical relation between surface dew point temperature and WYV content is
derived for monsoon season based on observations made over both the Arabian Sea
and the Bay of Bengal where seasonal variability of weather is well pronounced. A
typical mean monthly distribution (June 1982) of evaporation rate over the Arabian
Sea estimated from satellite data is compared with that obtained from ship’s data
and also with climatological pattern.

2. Data and methods

The evaporation rate £ (cm/day) from the sea surface can be estimated from the
following bulk-aerodynamic formula

E=9'0284 x 10“3 (e_v,' — ea) U(.ra : V (1)

where ¢, and e, are the saturated vapour pressure of air (mb) at SST and vapour
. pressure of air (mb) at anemometer height respectively and U, is the wind speed
(m/sec) at anemometer level. The constant (9-0284 x 107%) has been obtained after
considering p (density of air) as 1-2x 10~ (g/em*) and Cp, (drug coefficient) as
1:4 x 107* (Rao et al 1981) though Cp, varies with wind speed and low level stability.
The assumption of constant p and Cp, if applied uniformly in both sources of data
(satellite and ship), may not matter as far as relative comparison of results from
these two sources is concerned. _

SAMIR (satellite microwave radiometer) data analyzed for this study are limited
to 4° 10 24°N and 60° to 80°E over the Arabian Sea. The values of surface dew point
temperature and wind speeds derived from SAMIR and SST from AVHRR
(NOAA) averaged over each 4° square. grid in the study area of the Arabian Sea
during June 1982 have been used in (1). In the analysis of evaporation rates derived
from conventional ship’s data obtained from Indian Daily Weather Reports
(IDWRs), linear interpolation has been done for some grids for which data are not
available,

2.1 Retrieval of WV content and surface wind speeds from SAMIR

The SAMIR on board Bhaskara II, an Indian experimental satellite for earth
observations, consists of three Dicke type microwave radiometers which measure
the brightness temperature at 31-4, 19-35 and 22-235 GHz with a spatial resolution
of 125 km and a temperature resolution of about 1°K. The details of SAMIR sensor
have been given by Pandey er af (1984). : :
SAMIR data for Bhaskara II orbits in 1982 over the Arabian Sea are obtained
from Space Applications Centre, Ahmedabad. For cach grid the average brightness
temperatures at 19-35 and 22-235 GHz frequencies have been computed and then
WYV content (gm/cm?} and wind speed (m/sec) are estimated from the following
regression equations given by Pandey er al (1984) and Pathak et al (1983).

WV=0.3178-8.9963 F, R )
SW=~14-43~0-1187 T5(19)+0-1833 Tp(22), . (3)
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where T5(19) and Tp(22) are the brightness temperatures at 19-35 and 22-235 GHz
frequencies respectively and F = In(280 — T5(22)) — In(280 — T5(19)).

2.2 Relation between WV content and surface dew point temperature

In general, the moisture content in the atmosphere is more in the near surface layer
and decreases with height. Smith (1966) originally developed the following general
empirical relation between WV and surface dew point temperature £,(°C)

£ Eu

% 10( aly— B/t + 'Y), ‘ (4)
glA+1)

where Ey = 6108 dynesiom?; @ = 7-5; B = 178-5°C; y = 1484°C; ¢ = 0622 and A is a
power function which is dependent on both season and latitude. In order to simplify
(4), (ta+ ) term is taken as 160-2°C after considering normal ¢, value (11-8°C) for
the northern Indian Ocean. Minimum errors are expected if climatological ¢, is
assigned since t, is one order less than vy. For the northern Indian Ocean region, A is
taken from Smith’s (1966) table. Finally (4) is simplified as following

ty =—0-3632+ 15-0661 In (WV) (5)

In order to compare the r.m.s error in the estimation of #, from the above equation
with that obtained from the actual data, a direct regression equation is also
developed using the radiosonde data collected on board various research ships over
two different parts of the northern Indian Ocean during MONSOON 77, Figure 1
shows the location of research ships along with the period of observations. The
number of observations at each location is given in table 1. A low correlation
(correlation coefficient: 0-26; r.m.s error: £ 0-87°C) is obtained between t; and
In (WV), using all the data points as mentioned in table 1. This correlation is
constderably improved (correlation coefficient: 0-94; r.m.s error: + 0-24°C) when
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Figure 1. Location of the Research Ships along with the -pe-riod- of obscrvations.
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Table 1. Number of radiosonde observations used for
development of regression felation between dew point
temperature and WV content.

August
Location June July 1977

10-5°N & 66-0°E 60 68 -
12-5°N & 63-°E 52 68 -
12-5°N & 68-0°E 56 72 -
14-5°N & 66-0°E 44 72 -
15-2°N & 89-0°E - - 36
17-2°N & 91.0°E - - 32
17-3°N & 87-0°E - - 36
19-3°N & 89-0°E - - 40 -

averaged monthly values at each location — total 12 points (4 ships X 3 months)-
instead of individual values, are considered giving rise to the following equation:

1, 13-93+6-628 In (WV). (6)

It is to be pointed out here that even though daily ¢, WV values do not correlate
well due to small-scale fluctuations, monthly averages agree better.

The scatter diagram of In (WV) versus dew point temperatures and the
regression lines obtained separately by (5) and (6) are shown in figure 2. Equation
(6) is finally used to estimate surface dew point temperatures from the SAMIR
derived WV content since r.m.s. error (+0-92°C) obtained by (5) is high.

3. Results and discussion

To examine the validity of the empirical relation between WV content and ¢, over
the northern Indian Ocean during the other seasons, the #, values estimated from
SAMIR WYV content during Bhaskara II orbits in 1982 are compared with ship’s
data (within 125 km, since spatial resolution of SAMIR is 125 km) (table 2). Dew
point temperature estimates from SAMIR in general agree fairly well with the ship
data when WV content is more than 4 gm/cm?. It is further seen that the SAMIR
estimates of dew point temperatures are negatively biased (mean difference
between satellite and ship data being — 1-27°C) during January whereas they agree
with ship’s data during June (bias 0-12°C). The seasonal variation in the ¢, bias may
be due to two sources: (i) wind effect in SAMIR brightness temperatures (T) and
(it) scale height effect in WV. Lower winds in January result in lower Ty which
leads to lower/underestimated WV (r;) values. Figure 3 shows that vertical
distribution of WV content in January over the Arabian Sea (For example: Minicoy
Island; -Data source: Ramage and Raman 1972) is lesser exponential when
compared to that in June. This lesser scale height effect gives rise to smaller WV for
same iy and hence underestimates t, for a given WV, '

The satellite-derived SST over the Arabian Sea for June 1982, obtained from
NOAA-GOSSTCOMP Charts are found to be negatively biased (— 1-4°C) with
respect to ship SST data. This is comparable with the bias ( — 0-9°C) obtained from
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Figure 2. Scatter diagram of In{WYV) versus ¢, with regression lines.
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Figure 3. Vertical distribution of humidity at Minicoy Island in the Arabian Sea.
 the study of Pathak (1982) for the north Indian Ocean. The negative bias, generally
- found more in warnter oceanic reg;ons ;is the result of the algorithms being
‘presently used by NOAA which incorporate water vapour corrections on the basis

" of global climatological averages (Legeckis ef ol 1980). The winds derived from the
~ SAMIR data for June agree wcli “with shlp data (bms r—046 mlsec, T.M.S.
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Table 2. Comparison of dew point temperatures estimated from SAMIR data with the
in situ observations.

Time of (IST) WYV content Dew point
Orbit - Observation SAMIR {g/cm?) °C)
Date No. SAMIR Ship Position SAMIR SAMIR Ship
M 2) (3) (4) (5) )] N ]
13.1.1982 821 1908 1730 1R°9 N 2:06 15:2 17-9
6043 E
24.1.1982 985 1517 1730 0°10 N 330 20-1 250
72°57TE .
28.1.1982 1038 0242 0530 19°41 N 3-56 20-8 240
: 85°57 E
-29.1.1982 1053 0227 2330 1°P11I'N 376 21-4 22-0
T 75°43 E
24.2.1982 1447 0351 0530 16°11 N 3-87 217 19.7
62°12E
19.3.1982 - 1778 073 0530  1I°28N 414 24 220
74°29 E
20.3,1982 1813 0728 0530 1342 N 4.30 22-8 24-0
73°50 E
22.3.1982 1842 0523 0530 06°33 N 5.96 261 26:5
87748 E
130.3.1982 1962 0338 0530 13°05 N 4-59 23-4 234
. 74°01 E
07.4.1982 2081 0013 2330 08°58 N 3-56 20-8 25-1
‘ 76°16 E
19.4.1982 2275 1940 1730 09’19 N 470 237 234
: 70°2 E
23.4.1982 2326 0508 0530 16°32 N 3-63 210 21-8
- 67°34 E
26.4.1982 2370 0252 0530 15722 N 5-40 253 250
) : 85°53 E
’ 04.5.1982 2498 1301 1130 05°07 N 4-37 22-8 230
: . 82°27E
23.5.1982 2788 1715 1730 06°41 N 6-55 27-1 26-8
. ‘ 762 E
-04.6.1982 2061 - 0241 0530 16°13 N 4-85 240 23-8
f ’ 69°59 E - :
16.6.1982 3154 2025 1730 08°59 N 6-39 26-8 269
84°04 E
28.6.1982 3265 0454 0530 19°12 N 5-88 260 26-0
T4 E

error: £ 0-94 m/sec). A scatter diagram between observed (ship data) and
estimated (from SAMIR Tp) wind speeds is presented in figure 4,

The mean distribution of evaporation rates over the Arabian Sea for June 1982
estimated from Bhaskara II — SAMIR and NOAA-AVHRR data and from ship
“observations are presented in figures 5a, b respectively. It is found that the spatial
- trends of evaporation- rates derived from satellite ‘data fairly agree with those
obtained from ship observations. They are also. comparable with climatological
trends given by Hastenrath and Lamb (1979) (figure 5¢c). However there is a
consistent underestimation of evaporation rates (shown by solid line contours in



Evaporation rates over Arabian Sea 423

¢ x
v X
~
]
= x
2 0 X x
E . X X
T
@ i x
z
ﬂ X
8 %
&%
o x
=
) =
X
48 ' 50 ' 60 ' 70 15

WIND SPEED OBSERVED { m/Sec )

Figure 4. Scatter diagram of wind speeds observed versus estimated.

figure 5a) from satellite observations which could be mainly due to the effect of
negative bias of SST from AVHRR data as discussed earlier. When the bias
(- 1-4°C) in SST from NOAA-AVHRR data set is removed, the accuracy in the
evaporation rates improves to *0-8 mm/day (error 16%). The dashed line
contours in figure 5a represent the evaporation rates after the removal of
bias—correction in SST. This error estimate is based on monthly averages obtained
~in.11 four-degree grids where both satellite and ship observation coverages ar¢
reasonably good when compared to those in other grids in the area of study. Table
3 shows the number of data points considered in the averaging process for each
grid. The present result is encouraging compared to the 30% error reported by
Simon and Desai (1986) for the equatorial Indian Ocean based on GOES winds and
TIROS temperature and humidity data. Further studies over the northern Indian
Ocean are planned using variables derived from a single sensor (SMMR}) to achieve
evaporation estimations with better accuracy.

4. Conclusions

(i) An empirical equation between mean monthly WV content and the surface dew
“point temperature fields over the: northern Indian Ocean is developed for the

- summer monsoon season with a correlation coefficient (0-94) and r.m.s error of
+0-24°C. : ' o



424

M Venkateswara Rao et al

: (661
‘qQuUie] PUE YIRIUMISER 19)J8) UOUNGUISIp sunf uzaw [enforoeuiyd (3) suonearasqo diys
woy (q) 1SS W selq 3maowal (~—) 1a1je pue { ) 910§5q €1Bp N[I21ES WO (W) Z84T
sunp Suump eog ueiqesy AR 1340 (Lepyuns) syer uoneiodeas Jo connquysyq s aandyy

09

3008 ..2. : o09 3,09 .&. o9 3408

002

) 1@

ol —r

o}

3,08 o0l o09 3,08 0L 209 3.09

0L

09N



Evaporation rates over Arabian Sea

425

Table 3. Number of obervations used in the averaging

process
Grid No. Areca Satetlite Ship
1. 4-8°N; 60-64°E - 2
2. " 4-8°N; 64-68°E 1 1
3 4-8°N; 68-72°E 3 1
4, 4-8°N; 72-76°E 30 11 -
5. 4-8°N; 76-80°E - 25
6. 8-12°N; 60-64°E - 9
7. 8-12°N; 64-68°E 3 8
8. 8-12°N; 68-72°E 20 20 -
9. 8-12°N; 72-76°E 23 23
10. 8-12°N; 76-80°E - 10
11. 12-16°N; 60-64°E 4 3
12 12-16°N; 64-68°E 16 5
13. 12-16°N; 68-72°E 32 10
14. 12-16°N; 72-76°E 24 30
15. 16-20°N; 60-64°E 18 5
16. 16-20°N; 64-68°E 29 12
17. 16-20°N; 68-72°E 39 16
18. 16-20°N; 712-76°E - 6
19. 20-24°N; 60-64°E 11 3
20. 20-24°N; 64-68°E 22 7
21. 20-24°N; 68-T2°E 4 3

(ii) The evaporation rates can be estimated with a reasonable accuracy of
+* 0-8 mm/day using different satellite data sets (SAMIR, AVHRR) when the bias
in SST from NOAA-AVHRR data is removed.
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