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Brightness temperature data from satellite microwave radiometer (SAMIR) onboard Bhaskara 11 have been analysed for
15 orbits over the North Indian Ocean during Jan.-June 1982 for which seatruth data on surface waves (shipborne wave
recorder data from R ¥ Gareshani and visval observations from other ships as reported in IDWR) are available. Using this, an
attempt has been made 10 obtuin an empirical relation between brightness temperature and significant wave height. Linear
correlation between significant wave height and brightness temperature at 19 and 22 GHz, and multiple correlation at 19and
22 GHz are studied. Significant wave height derived from the linear regression at 19 GHz as well as from multiple regression at

19 and 22 GHz, yiclds betier estimate.

Bhaskara II (India’s second satellite for earth
observations) has onboard a passive microwave
radiometer system (SAMIR) for measuring upwelling
radiation from the earth’s/ocean’s surface (brightness
temperature) at 19.35, 22.235 and 31.4 GHz. SAMIR
has! a spatial resolution of 125km and temperature
resolution of 1° K.

Brightness temperiture measured by SAMIR is
useful in obtaining information on a number of
oceanographic and meteorological parameters like sea
surface wind, sea state, atmospheric water vapour and
liquid water content® 5. The usefulness of SAMIR
data for deriving information on sea surface winds has
been reported®. The relation between wind specd and
brightness temperature at 19 GHz has already been
_ studied” ~'2, In fact the brightness temperature at
19GHz is mainly sensitive to surface emissivity
variations which in turn depend on surface slope
distribution and the latter can be related to wave
heights. In view of this, in the present study, an attempt
has been made to abtain an empirical relation between
brightness temperature and significant wave height
using SAMIR data of the Bhaskara II orbits for which
seatruth data on sea surface waves are available.

SAMIR data were obtained from SAMIR Data
Utilisation Cell, Space Applications Centre,
Ahmedabad. Data on brightness temperature at 19.35
and 22,235 GHz (+ 2.8° look angle) for 150rbits of
Bhaskara II over the North Indian Ocean during Jan.-
June 1982 for which seaturth data on sea surface waves
were available (Fig. 1), were analysed. It was made sure
that the data used were collected during cloud free
period and free from land contamination. Data on

*Initial results presented at the N1IO-NAS seminar on Oceans and
climate 28-29 Oct. 1983, NIO, Goa
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brightness temperature at 31 GHz frequency were
noisy and hence were not used in this study. The
seatruth data on sea surface waves were derived from
the shipborne wave recorder onboard R V Gaveshani
and visual observations from other ships as reported in
Indian Daily Weather Reports (IDWR). The analogue
records of sea surface waves!'? obtained from
shipborne wave recorder at selected stations during the
107 cruise of R V Gaueshaniin June 1982 were digitised
and significant wave height was computed using zero
up-crossing method. In respect of wave data from
other ships (published in IDWR)'#, the wave height
reported i1s taken as significant wave height. It is
presumed that the sea state/wave height remains fairly
constant up to about 3h and does not change
significantly within 125km (spatial resolution of
SAMIR being 125 km) and data for regression analysis
was chosen accordingly.

Correlations between significant wave height and
brighiness temperature at 19 and 22 GHz were studied
by linear regression analysis. Multiple regression
analysis was also made using data at 19 and 22 GHz'5.

From the regression analysis, it is seen that the
significant wave height (H,) and brightness tempera-
ture (Tp) can be correlated under moderate sea
conditions as in the present case. The values of
correlation coefficient (r=0.9415) as well as RMS
error { +£0.205m) obtained by Eq. 1
H,= —8.7138 + 0.0631 Tg,,
explain clearly that the significant wave height and
brightness temperature at 19.35 GHz are well
correlated. Correlation between significant wave

height and brightness temperature at 22 GHz, as
expressed by Eq. 2.

H; = —3.3229+0.0228 Ty,
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Fig. 1—Chart showing Bhaskara II orbits and sca truth station positions
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is poor (r=0.5910 and RMS error = £0.493m). It can
~ be seen from the multiple regression (Eq. 3)

Hs= _8-6758 +00696 TB19 —0.0053 Tszz

that the significant wave height increases with
brightness temperature at 19.35 GHz and slightly
descreases with brightness temperature at 22.235GHz
resulting in r =0.9467 and RMS error= £0.197m.

The accuracies envisaged in the estimation of wave
hight from the present study in comparison with those
from other methods are as follows:

Linear regression at 19 GHz 14+ 0.205m
Multiple regression at 19 and 22GHz : +0.197m
Shipborne wave recorder data

(zero up-crossing analysis) :30.135m
Wave data from IDWR : 4+ 0.250m

Nordberg ef al® have measured brightness
temperature at 19.35 GHz during 6 low altitude passes
over the Atlantic and North Sea at significant wave
height ranging from” < 1m to about 7.8 m. They have
reported that brightness temperature at 19GHz
increases with significant wave height as well as wind
speed and that it is almost same at winds <7m.sec .
It may be noted that these conclusions are based on
limited data. The present study which is based on
comparatively more data suggests that even at lower
wind speeds there is significant variations in brightness
temperature (Table 1). The poor correlation found at
22GHz is due to the presence of water vapour
resonance at this frequency making it more sensitive to
water vapour than sea surface characteristics'®. Of
course the brightness temperature at 19 GHz is also
affected to some extent by water vapour. The
measurements at 19 GHz from the low aircraft flights
by Nordberg et al. must have involved relatively
smaller water vapour depths than in the case of satellite
borne SAMIR. Hence error due to the atmospheric
effect might have been less important in their case. But
the brightness temperature at 22GHz used in
conjunction with that at 19GHz (in multiple
regression) appears to help to remove the minor effect
of the atmospheric water vapour on thé brightness
temperature at 19 GHz. This may be the reason for
arriving at a shightly better results from multiple
regression at 19 and 22GHz over simple linear
regression at 19 GHz. In general, from the present
study, it may be concluded that fairly better estimates
of significant wave height can be obtained from the
linear regression at 19 GHz as well as {rom the multiple
regression at 19 and 22 GHz,
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Table 1-——Brightness Terhperature at 19GHz and Sea
Surface Wind Speed (seatruth) during 1982

Date Time Brightness Surface

(IST, hrs) temp. wind speed

(°K) (m.sec ')
15 Jan 1843 149 2.68
31 Jan 0201 149 3.00
13 March 0855 149 2.68
15 March 0834 156 3.63
19 March 0734 150 2.66
20 March 0728 146 2.12
19 Apnl 1940 153 3.66
23 April 0508 147 2.06
4 May 1301 156 4.2]1
24 May 1701 164 3.57
29 May 0402 159 3.06
7 June 0150 171 4.38
8 June 0147 173 4.83
8 June 0147 i 4.75
17 June 2012 167 3.87
24 June 0454 165 4.18
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