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Infrared radiances over the Tibetan plateau as measured by
INSAT-1A VHRR in an active monsoon situation
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ABSTRACT. INSAT-1A VHRR data have been used for a typical active monsoon situation over India which

prevailed on 12/13 August 1982, to map the temperature pattern over the Tibetan plateau region.

Gray shade

and IR brightness values are analysed over t he plateau and surrounding areas. Spatial and diurnal variations in
the extent of the warm area and cloudiness are discussed. The plateau region is shown to be warmer than
the surrounding which lends support to earlier theoretical and simulation studies.

1. Introduction

It is generally recognised that the Tibetan plateau
has a dominant influence on the Asian summer monsoon
circulation. Its dual action as a physical obstruction
to the lower tropospheric air currents and as an eleva-
ted heat source in summer, has been a subject of in-
vestigation since long (Academia Sinica 1958, Flohn
1958), even though meteorological data over the region
was earlier quite meagre. Koteswaram (1958) pro-
posed a model of the mechanism of the monsoon circu-
lation built around the central idea of the heating of
the Tibetan plateau.

Radiative equilibrium studies of the atmospherc
along 80° E meridian, using numerical models have
confirmed that there is a large net radiative heating
over the elevated Himalaya-Tibet region in July
(Godbole et al. 1970, Kelkar 1970). In a numerical simu-
lation of the Indian summer monsoon, Godbole (1973)
found that the simulated temperatures in the upper tropo-
sphere were about 4° to 13° K warmer above the Hi-
malayas than those at the same level over the equato-
rial region. However, without the Himalayas, this
temperature difference was reduced to about 1° K.

Analysis of 500 mb level temperatures over the region
(Chin and Lai 1974), however, indicates that during
the monsoon season, a closed isotherm of 273° K lies
over the heart of the Tibetan plateau. The tempera-
ture falls southward and is of the order of 267° K over
Sri Lanka. To the north of Tibet, the fall is more rapid
with temperature of 263° K observed at 45° N latitude.

India’s first multipurpose geostationary satellite
INSAT-1A which was positioned at 74° E provided
a unique opportunity during a short period of its useful
life, of observing the data-sparse Tibetan region in
the monsoon season of 1982. The limited data ac-
quired from the satellite have been processed at the
Meteorological Data Utilisation Centre, New Delhi.
A typical case on 12/13 August 1982, when an active
monsoon situation prevailed over India, is discussed to
illustrate the thermal patterns which existed in the
zonal and meridional directions across Tibetan and
adjoining regions. It is. considered that this preli-
minary study would demonstrate the utility of INSAT

data for studying dynamical aspects of large scale mon-
soon systems.

2, INSAT-VHRR data processing

The Very High Resolution Radiometer
on_board INSAT-1A has two types of sensg;m;?)
visible and infrared. The visible sensor measures
radiation reflected by the earth’s surface and cloud tops
in the region 0.55-0.75x. The IR sensor measures
energy radl_.ated by _the earth-atmosphere system in
the 19.5~I..5“ region. A full-disc visible image
comprises 496 > 4096 pixels (picture elements) while
a full-disc IR image has 1024 > 1024 pixels. At the
sub-satellite point a visible pixel corresponds to an area
of 2.75 km x2.75 km on the earth’s surface and an
IR pixel to anirea of 11 km x 11 km. It takes about
23 min to compete a full-disc scan.
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Fig. 1

If we assume the earth’s surface or cloud top to be-
have as a perfect black body and neglect any atmospheric
attenuation in the 10.5-12.5 u region, the black body
temperature can be derived from the IR radiance
measured by the VHRR as follows :

Tp=Cyvfln (Cyv®/R+1) (1)

where Tj is the black body temperature in °K of the
earth’s surface or cloud top, R is the radiance in Wm™=
st—! (cm™), v is the wave number=1/A, A being the
central wavelength 11. 5p. C, and C, are constants having
'values respectively 1.1911 > 1073 Wm—2 sr—* (ecm™?)~!
and 1.439 °K (em™)™L

Table 1 shows the black body radiances at 11.5p -

for the various temperatures. Besides conversion to
temperatures, the radiances received by the VHRR’s
IR sensor are also converted to what are known as
gray shades. A gray shade of 255 corresponds to a
temperature of 179° K and a gray shade of 0 to 317° K.
The temperature-gray shade relationship is not linear
but has been designed to provide a temperature resolut-
ion of about 0.1° K in the range 284-301° K and a
resolution of 1° K outside this range (Fig. 1).

In addition to the real time VHRR data processing
mentioned above, the Data Analysis and Jateractive
Display (DAID) system at MDUC, New Delhi, provi-
des many other capabilities for analysis of the data,
DAID was used in the present study to obtaix computer
plots of isopleths of gray shade and tempeature over
selected image sectors. The software filtes out noisy
data and also smooths out the contours. Another use
made was to obtain information about indvidual pixel
gray shades along straight line segments of an image.
This process is termed in the software as “licing’. Lati-
tude/longitude grids were super-imposed on the con-
tours by means of the navigation capabilities of DAID.

TABLE 1
Black-body radiances at 11.5 pu at various temperatures

Radiance
[Wm sr?
(cm™2)™2

Temp. Radiance Temp.
(°K) [Wm™®sr1 (°K)
(em™)71]

0.0642
0.0768
0.0908
0.1062
0.1228
0.1409
0.1602

0.0075
0.0108
0.0150
0.0203
0.0266
0.0341
0.0429
0.0529

Four INSAT images were selected for the present
study, viz., 1200 and 1800 GMT of 12 August 1982
and 0000 and 0600 GMT of 13 August 1982. During
this period the monsoon was vigorous over Gujarat
region and active over Orissa, coastal Andhra Pradesh,
Telangana and coastal Karnataka. The axis of the
monsoon trough was passing through Ganganagar,
Gwalior and Ambikapur at 0300 GMT of 12 August
and shifted southwards appreciably the following day.
A monsoon depression was centred at 1200 GMT of
12 August near 20. 5° N and 87. 5° E. It crossed
the north Orissa coast by the next morning.

A sector of INSAT visible image for 0600 GMT of
13 August is reproduced in Fig. 2, from which the
cloudy and cloud-free areas can be differentiated. It
is seen that the central part of the Tibetan plateau is
cloud free and the surface features can be observed

clearly.

The four INSAT images were sectorised for the pur-
pose of temperature contouring over an area bounded
by 70° E to 105° E longitude and 20° N to 50° N lati-
tude. The temperature contouring was done at intervals
of 25° K from 200° to 300° K. For the 0600 GMT
image, additional contours for 310° and 315° K were
also plotted. For the purpose of slicing a wider area
was sectorised. The zonal slice was taken along
32.5° N latitude from 60° to 100° E. The meridional
slice was taken along 90° E longitude from 25° to 50° N,

3. Results and discussion
3.1. Orography of the Himalaya-Tibet region

~ What is generally designated as the Tibetan plateau
in meteorological literature is actually a region of
highly variable terrain. The main plateau lies between
80° to 104° E and 30° to 37° N. The contour for a ter-
rain height of 3 km is shown in Fig. 3. South of the
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main plateau runs the Himalaya range with individual
peaks rising above 8 to 9 km. - The Kunlun range lies
to the north of the plateau and further north between
40°and 45° N lies the Tien Shan range. In between
the Tien Shan and Kunlun mountains is the desert of
Takla Makan and the Gobi desert is situated to the
northeast of the plateau. Tsaidam is a low-lying
basin within the plateau region.

3.2. Zonal and meridional slices

Figs. 4and 5 show the pixel-to-pixel variation in gray
shade along 32.5° N latitude and 90°E longitude res-
pectively. In each of the four images selected for
this study, the purpose of slicing is to examine the di-
fferences in IR radiances over the Tibetan plateau from
those over other areas located along the same latitude or
longitude and whether these differences can be attri-

Fig. 2

buted to topographical features, The zonal slice runs
across the Afghanistan plains, the Hindukush moun-
tains, the Indus valley, the Himalayas and the Tibetan
plateau. The meridional slice cuts through the Gange-
tic plains, the Himalayas, the Tibetan plateau, Kunlun
range, Sinkiang and the Altai range.

Both Figs. 4 and 5 clearly bring out very low
shade values (10 to 20) at 0600 GgMT, i.:,ryhigher g;’.’
peratures over the central Tibetan plateau (86° to 91° E
in Fig. 4 and 30° to 34° N in Fig. 5). In the meridional
slice, no other region has such low gray shade values.
In the zonal slice, comparable values are observed
only over the warm and cloud-free Afghanistan plains

- (60° to 67°E). In Figs. 4 and 5, the pixel-to-pixel varia-

tion in gray shade is of particular interest in certain
segments, viz., 67° to 72° E, 80° to 86° E, 86° to 91°E,
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and 95° to 100° E (in Fig. 4), and 28° to 30° N, 34° to
42° N, and north of 45° N (in Fig. 5). In order to
understand these variations, the INSAT cloud pictures
(visible and IR) were examined so that the effects of
orography and cloud development could be isolated.

67° to 72° E — This segment covers the Sulaiman
mountain ranges between 67° to 70° E and plain area
to the east of 70° E. At 1200 GMT, the presence of
convective clouds is the cause of the sharp peaks at
68° E and 72° E in the gray shade curve. At 0600 GMT,
the gray shades are, in general, lower and the varia-
tions in gray shade are attributable to orography.
The orographic effects are clearly reflected by the nature
of the variation at other times.

80° to 86° E — The region between 75° and 80° E has
uniform gray shade throughout the day with littlz
spatial variation mostly because of permanent snow
cap. This is in contrast with the steep and irregular
variation observed over 80° to 86° E segment. Since
this segment is over the western part of the Tibetan
plateau which is without much undulations, the gray
shade variations are attributable to the presence of low
clouds which is in fact confirmed from satellite pictures.
At 0600 GMT, the warm land surface of the plateau
is distinguishable in cloud-free areas. Between 86°
and 91° E the plateau is generally cloud-free and gray
shade values are quite uniform.

- 95° to 100° E — Although this is a region of pronoun-
ced variations in terrain height, the gray shade varia-
tions are most intense only at 0600 GMT where oro-
graphic effects are accentuated by isolated patches of
low clouds. '

28° to 30° N — This segment runs across the Himala-
yas which are the cause of steep variations in gray shade
at 0600 GMT.

34° to 42° N — The cold and cloudy peaks of the Kun-
lun to the north of the Tibetan plateau are evident
from the high gray shades in the middle of this seg-
ment. Further north over Sinkiang, which is at a
much lower elevation, the gray shades are again lower.

North of 45° N — Convective clouds were present at
1200 GMT and 1800 GMT masking the effects of oro-
graphy which are noticeable only at 0600 GMT. It
must be borne in mind that the gray shade — tempera-
ture relationship is not linear (Fig. 1). Hence, a large
variation in gray shade may correspond to a small
variation in the temperature over the middle segment
of the curve, i.e., when the gray shade is between 16
and 150,

3.3. Temperatuie contours

From the radiance data of the four selected images,
temperature contours were plotted with the help of
DAID ona region bounded by 20° to 50° N and 70° to
105° E apnroximately. These are reproduced in Figs.
6 to 9. However, some unnecessary details have been
omit{#d therein to bring out the essential features more
clgairly. The term temperature is used here in the
ense defined by Egn. (1). The actual surface temperature
Ture or cloud top temperature when the surface is
obscured, will be higher than the satellite-derived one,

Tsge=Tp-- AT (2)

because (i) the emissivity of the surface may be less
than one, and (ii) the atmospheric column may not be
totally transparent in the 10.5-12.5x region, but have
some attenuating effect. The second term in Eqn.
(), ie., ATis about 1-2° K at Ty = 260° K and
tincreases to a value of 6-8° K at T4 = 300° K (Gupta
1978). However, since the bulk of the water vapour
resides in the lower troposphere the attenuation errors
in the temperature estimation are negligible for middle
and high clouds and for®highly elevated terrain like
the Tibetan plateau. The IR emissivity values of
different types of surface are very close to 1.0, varying
between 0.95 for sand, 0.986 for thick green grass,
0.996 for dry snow and 0.998 for water (Kondratyev
1972).

The 1200 GMT (local evening) pattern (FFig. 6) shows

-that most of the Tibetan plateau and the Tien Shan

mountain range have T values of 275° to 300° K. These
are comparable to Ty values over the desert plains of
Takla Makan and Gobi. The cold pools (225°K) lying
over the Himalayasand to the south of them are attri-
butable to high and tall clouds.

The 1800/0000 GMT (local night/local morning}
patterns (Figs. 7 and 8) show that T is of the order
of 250 to 275°K over most of the elevated region.
In fact, the 275° K isotherm at 0000 GMT almost
coincides with the orographic contour shown in Fig. 3,
with lower values persisting to the north and south of
it. Because of cloudiness, temperature of 225° K persists
over the Gangetic plains. Again, temperatures above
275° K are observed over-large parts of the Tibetan pla-
teau and the desert areas. The 0600 GMT (local noon)
contours (Fig. 9) show very explicitly the warming of
the Tibetan plateau. The 275° K isotherm is seen to be
pushed much to the south pointing to an increase in the
extent of the warm area. A large area of the plateau is
warmer than 300° K and T is greater than 310° K in the
core of the warm area. The deserts have the same
order of temperature.

It is very often argued that although the pattern of
variation of a satellite-derived parameter can be consi-
dered reliable, the absolute value of that parameter
cannot be taken for granted. From this point of view,
whatever surface temperature observation were avail-
able over Tibet (Table 2) were plotted for comparison
with T'p values (Figs. 6 to 9). T values areseen to be
very closely agreeing with the surface observation at
0600 GMT (Fig. 9) and 1200 GMT (Fig. 6). Whereas
during night time (Figs. 7 and 8), at some stations, the
recorded temperatures are a few degrees higher than
Ty which tend to be around 275°K. These differences
which are within the range of AT discussed earlier are

due to local effects not representative of the surroun-
ding areas.

4. Conclusion

This study based on the short period data obtained
from INSAT-IA has demonstrated that the Tibetan
plateau region was considerably warmer during an
active monsoon situation over India. A detailed

study with data spanning over different phases of a
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TABLE 2
Coordinates of stations in the Tibetan region

Station Latitude Longitude Height
(Deg. Min. N) (Deg. Min. E) {metres)
Tingri 28° 38 87° 05 4302
Degin 28 39 99 10 3591
Jiulon 28 59 101 33 2994
. 202N 4 W
i

Lﬂsﬂ 29 42 91 08 3650
Batang 30 05 98 55 2589
Dengoin 31 25 95 36 3874
Nagqu 31 29 92 03 4508
Ganzi 31 38 99 59 3394
Gar 32 30 80 05 4279
Yushu 33 06 98 45 3704
Tuotuohe 33 37 99 59 3394
Darlag 33 48 99 48 3968
Mado 34 57 98 08 4221
Tongde 35 09 100 20 3290
Lanzhou 36 03 103 53 1518
Germu] g, 36 12 94 38 2809
Dulan 3 | 36 20 98 02 3192
Xining 36 45 101 36 2296
Gangca 37 20 100 10 3301
Pishan 37 37 78 17 1376 \
Da-Qaidan 37 50 95 17 3174
Mangya 37 56 83 39 1264
Jiuquan 39 46 98 31 1478
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monsoon secason would be very useful to show the vari-
ations in the warm source region of the Tibetan plateau.
It is hoped that INSAT-1B will provide an opportunity
to monitor the Tibetan region continuously. This
would help to analyse the role of the plateau during
the onset of the monsoon and to establish any linkage
between the intensity of the warming and the activity
of the monsoon,
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