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THERMAL EFFECTS OF THE TIBETAN PLATEAU
DURING THE ASIAN MONSOON SEASON#*

by S. Rangarajan

Meteorological Office, Poona,

India

Abstract: In recent years, the hypothesis first put

forth by Flohn that the Tibetan Plateau might act as

an elevated heat source during the summer season,

has gained some importance. It has even been

suggested by some investigators that the thermal effects
produced by the plateau might be the dominating factor
responsible for the northward extension of the eas-

terly monsoon current over India. To test the hypothesis,
all available radiosonde observations from central and
southern Asia, including several from Tibet and the
neighbourhood for the year 1957, were utilised and mean
upper air temperature maps were drawn. It is found

that there is no observational evidence for the hypothesis
(which was originally based on indirect evidence) that a
concentrated warm region exists in the upper troposphere
over Tibet in the summer months, On the other hand, a
diffuse warm ridge has been found to extend east-west
along the entire Asiatic continent between the 25th and
30th parallel at 500 mb level. The existence of such a
10, 000 km long warm ridge suggests that the primary
cause for the Asian monsoon and the associated north-
ward extension of the upper easterly current cannot be
linked solely with the Tibetan Plateau but with the entire
Asiatic landmass itself. The reasons for the observed
absence of a concentrated warm region over the plateau,
which was assumed by earlier investigators, are discussed.
The causes for the formation of the easterly jet stream
over the Asian region are also discussed.

1. INTRODUCTION

It is well known that the thermal structure and wind circulation in the troposphere
over South Asia in summer exhibits some remarkable features not found elsewhere in similar
latitudes of the northern hemisphere. These features could be summarised as:

(1) the extension of low tropospheric westerlies of southern hémispheric
origin to as far north as Lat. 20°N into the Indian region -- commonly

known as the southwest monsoon of India; -
b d
(2) the extension of the upper tropospheric easterlies as far north as

Lat. 30°N; and
(3) the occurrence of strong easterly winds (the easterly jet stream) over

the Asian and African areas roughly along latitudes 10° to 20°N.

*Presented at the Symposium on Monsoon Meteorology, TENTH PACIFIC SCIENCE CONGRESS,
Honolulu, September 1961 (see Aust. Met. Mag. No. 41, p 22).
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The above mentioned features are associated with an extreme northward extension of the
sub-tropical high pressure belt over the Asian continent. A discussion of several aspects
of the Asian monsoon is contained in 'Monsoons of the World' (1960). Earlier theories of
the Asian monsoon were based primarily on the concept of differential heating of the vast
Asiatic landmass and the adjoining sea areas in summer. With the accumulation of more
upper air observational data in recent years, the above concept appears to be receiving less
attention and importance. More complex theories or mechanisms involving primarily the
upper tropospheric circulations have been put forward to account for the observed features
of the Asian monsoon. One theory that has gained considerable importance recently is
centred on the hypothesis that the elevated Tibetan plateau acts as a heat source in summer
and is responsible for ushering in the Asian monsoon and the attendant complexities in the
general circulation. The purpose of this paper is to show with the aid of observational data
that the plateau does not produce any perceptible warming of the overlying air. It appears to
play only a relatively minor modifying role in the vast Asian monsoon circulation when
compared with the dominating thermal influence of the vast Asiatic landmass.

2. ORIGIN OF THE HYPOTHESIS OF A TIBETAN WARM REGION

Flohn (1950, 1953) first put forward the hypothesis that the Tibetan plateau might
receive a large excess of solar radiation in summer, thus generating a thermal low immedia-
tely above the plateau and a corresponding high aloft in the upper troposphere. In a subsequent
paper, Flohn (1960) postulated that the heating of the plateau in summer might be the prime
factor responsible for the series of rapid changes in the atmospheric circulation over South
Asia which culminates in the setting in of the monsoon. Flohn's concept of a warm plateau
and an associated high pressure cell aloft was based on indirect calculation of upper air
temperatures. He started with the surface temperature at l.hasa and assuming certaxn lapse
rate conditions estimated the temperature at the 500 mb level to be at least 6 to 8°c higher
than the surrounding regions. As these high temperatures arrived at by a crude estimation
appeared to be highly improbable in view of the peculiar snow clad terrain and other geo-
graphical features of the Tibetan plateau (discussed in Section 7 below), it was decided by
the author to make use of recent aerological data from Tibet and China to test the hypothesis.

3. THE MEAN THERMAL FEATURES AT 500MB LEVEL IN JULY

As the average elevation of the Tibetan plateau is 4 to 5 km a. s.1., the nearest
standard level where the direct thermal effects of the plateau might be noticeable is the 500 mb
level. It was therefore decided to construct mean maps of isotherms for the months of June
and July for the entire region covering the south and central Asia. As aerological data from
Tibet and the adjoining parts of the U.S.S. R. were available to the author for the year 1957
only, the choice of data for the rest of Asia had also to be restricted to the same year for the
sake of homogeneity. The mean values of 500 mb temperatures for stations in China (including
Tibet) and the adjoining parts of U.S.S. R. were calculated from the daily plotted values
contained in the synoptic charts published by the Meteorological Service of the People's
Republic of China. The mean temperatures for other stations in Asia (excluding India) were
obtained from the monthly Climat data published by the United States Weather Bureau. The
data for India, Tibet, China and the U.S.S. R. pertained to the 00 GMT hour of observation
while the rest to the 1200 GMT hour. This difference in the synoptic hour (which was inevitable
on account of the fact that the CLIMAT TEMP data are published for the 12 GMT hour only)
might not introduce any appreciable error in the configuration of the isotherms since it was
found after an examination of Indian radiosonde data that the mean difference at 500 mb level
due to diurnal variation between the two synoptic hours is of the order of 0.5 to 1°C only.
Further, the temperatures used over the region under special consideration in this study, viz.
Tibet and neighbourhood, were all pertaining to the 00 GMT only. Figure 1l shows the position
of all radiosonde stations the data of which were utilised. Figures 2 and 3 show the mean
500 mb isotherms for June 1957 and July 1957 respectively. In the maps, the areas having an
elevation of more than 3 km have been shaded, thus bringing out clearly the location of the
Tibetan Plateau. An examination of the charts reveals that there is no concentrated warm
region over the plateau in either June or July. Since July is the month when the Asian
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monsoon gets fully established, the July chart will be discussed in detail. Over the northern
portions of the Tibetan plateau, the mean isotherms run practically east-west indicating no
excess heating of air over the plateau. Over the southern parts, the temperatures are of the
same order as those over North India and the plains of China. The actual mean temperatures
of four radiosonde stations in Southern Tibet ranged from -1°C to 0°C only, these also being
the temperatures at Gauhati, Delhi, Allahabad, Jodhpur, Karachi and Calcutta and at several
stations in the plains of China between the latitudes 25° and 30°N. The isotherm of -2°C
encloses a very extensive warm ridge running along the entire east-west dimension of the
Asiatic continent. Temperatures decrease both to the north and to the south of this ridge.
This elongated warm ridge lying between 25°N and 30°N is the most conspicuous feature of
the thermal structure over Asia in summer. The absence of a concentrated high temperature
region over Tibet and the orientation of the elongated warm ridge along the entire continent
(about 10, 000 km long) suggests that the differential heating of the entire Asiatic landmass
might be the main contributary factor for the monsoon circulation. The position of the warm
ridge coincides with that of the sub-tropical high pressure ridge at the 500 mb level and aloft
which is a part of the stable general circulation of the atmosphere in summer. The large
excess of solar radiation absorbed by the Asiatic landmass in summer and the consequent
warming of the air above due to convection and radiation, appears to be the cause for the
location of the sub-tropical high in a more northerly position over Asia than over the other
parts of the northern hemisphere. That there is a progressive northward shift of the sub-
tropical high due to differential heating in summer is demonstrated by the relative positions
of the warm ridge in June (Fig. 2) and July (Fig. 3). The configuration of the isotherms-in
June is practically the same as-that in July except that the warm ridge is somewhat less
intense in June and occupies a more southerly position.

4. WIND CIRCULATION OVER ASIA

The structure of the wind circulation in the upper troposphere over Asia is deter-
mined by the position of the sub-tropical high pressure belt. Westerlies prevail to the north
of the ridge and easterlies to the south. Within the ridge itself, there are anticyclonic cores
which are often of a migratory nature rather than stationary. To understand the general
features of the circulation associated with the sub-tropical high, the day-to-day charts are-
more illustrative than the climatological mean charts. As pointed out by Pisharoty and Asnani
(1960) typical charts show out important features in a better way than the mean charts in which
certain features may be obliterated. As figures 1 and 2 of Pisharoty and Asnani (not repro-
duced here) would indicate, separate anticyclonic¢ cells form over Eastern Tibet and adjoining
Southwest China and over Iran and adjoining areas. The formation of an anticyclonic cell
occurs over Tibet only on some occasions, as was revealed by an examination of daily series
of 500 mb charts .for July 1957 and for July and August of 1960. The assumption of a 'Tibetan
high' existing as a quasi-permanent feature does not appear to be justified. A more correct
nomenclature seems to be the 'Asian high' since the probability of the formation of an anti-
cyclonic cell over Tibet is about the same as one over regions to the west of it, viz. Iran,
Iraq and adjoining regions. This fact is supported by climatological evidence The mean
resultant winds at 500 mb, 300 mb, 200 mb, 150 mb and 100 mb levels at New Delhi and
Bahrein in July, baséd on a few years' radio wind data, are given in Table 1.

Table 1. Mean resultantupper winds over New Delhi
and Bahrein in July (Radio winds 1957-60)

Station 500 mb 300 mb 200 mb 150 mb 100 mb
New Delhi [ 040°/3 kt [125°/2 kt [|120°/6 kt {105°/ 12kt | 090°/2 0kt
[Bahrein | 090°/3 kt |090°/11kt [100°/17kt |105°/24kt| 100°/34kt
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The occurrence of stronger easterly winds at Bahrein than over New Delhi indicates
that the anticyclone to the north of Bahrein is more steady, and perhaps more powerful too,
than the one to the north of India. The Asian high pressure ridge has at least two cells
embedded within it, the positions being somewhat migratory.

S. THE ONSET OF THE ASIAN MONSOON IN RELATION TO THE
SEASONAL WARMING OF THE ASIATIC LANDMASS

Flohn (1960) has put forth the theory that the seasonalwarming of the Tibetan
plateau might act as a switch to bring about the onset of the monsoon through the following
processes:

(i) Reversal of the normal temperature and pressure gradients in the
layers between 500 and 300 mb.

(i) The sudden swing of the westerly jet from south of the Himalayas
to the north of the Tibetan plateau.

(iii) The migration of the tropical easterlies towards northern India
together with their extension to the stratosphere and the formation
of an. easterly jet in Lat. 15° to 20°N.

(iv) The advancement of the I, T. C. to Northern India together with a
rapid extension of the equatorial westerlies (burst of the monsoon).

In the first place, it may be pointed out that the onset of the monsoon is not a single
event but a series of successive everits taking place within a fairly long period of time. The
average date of onset of the monsoon in the extreme south of the West Coast of India is about
1st June, while the corresponding date for New Delhi and adjoining areas is about the last
week of June. An intervening period of nearly 4 weeks is involved, during which the general
circulation of the atmosphere over Asia undergoes several changes before getting geared up
to the monsoon pattern of July. The gradual northward advance of the monsoon is itself not
steady at all but takes place in a variety of forms from year to year. The onset of the monsoon
might be before the average date in the southern parts of the country but may be delayed beyond
the average date in the northern parts. It is thus impossible to fix any unique single date for
the onset of the monsoon for any year. The correlations observed by Flohn between the
temperature at Leh and the onset of the monsoon over Malabar Coast doe not necessarily reveal
that the former exercises an effect on the latter. Year-to-year variations in the large scale
features of the general circulation of the atmosphere and in the location of the sub-tropical
high pressure belt are such as would show some correlations as the one found by Flohn.
Secondly, the reversal of the temperature gradient attributed by Flohn to the heating of the
Tibetan Plateau appears to be a feature not confined to the Indian region but existing along the
entire Asiatic Continent. The reversal is only the result of the extreme northward extension
of the vast elongated warm ridge which has already been discussed under Sections 3 and 4.
Table 2 showing the mean temperatures at 500 mb and 300 mb levels at four pairs of stations
would illustrate the point. The four pairs have been chosen so as to show that along four meri-
dians over different parts of Asia, the northern station is warmer than its southern counterpart.

Table 2. Mean July temperatures
at 500 and 300 mb levels (1957)

Long. 300FE 45°E ] 80YE 105°E
500mb
Aswan Bahrein Allahabad Chengtu
-1°c -3°Cc -1°¢c -2°c
Khartoum Aden - Madras Bangkok
-8°C -8°C -5°C -6°C

(continued)
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Table 2 {contd. )

Long. 30°E 45°E 80°E 105°E
. 300 mb
Aswg.n Bahrein Allahabad Chengtu
-26°C -28°C -23°%¢ -27°C
Khartgum Aden Madras Bangkok
-32°C -32°%¢C -30°C -31°C

The reversal of the temperature gradient is thus seen to occur along the entire length of the
Asiatic continent in association with the disposition of the sub-tropical ridge (which in turn is
related to the seasonal warming of the Continent) and not merely confined to the Indian region
in association with the warming of the Tibetan Plateau. If one were to consider the establish-
ment of the upper tropospheric easterlies as coincident with the regular establishment of the
monsoon conditions over Asia, the primary cause is the heating of the entire Asiatic landmass
itself. The distribution of clouding and precipitation over Southern Asia, which are governed
by orographical and geographical factors, could in turn have a secondary effect on the thermal
structure and the wind circulation. The heating of the Tibetan Plateau during prolonged spells
of relatively cloudless conditions could be effective at times and may at best modify the
thermal structure and wind circulation over a very limited area surrounding the plateau.

6. THE EASTERLY JET STREAM AND THE PRIMARY CAUSE FOR ITS FORMATION

The upper tropospheric easterly winds to the south of the sub-tropical high pressure
ridge increase steadily with height and attain a maximum speed between the 150 mb and 100
mb levels, constituting the easterly jet stream. These easterlies extend right up to the tropo-
pause and become a continuation of the steady easterly winds of the stratosphere, which are a
feature of the entire northern hemisphere in summer. Koteswaram (1958), after an examina-
tion of the upper tropospheric winds over South Asia and North Africa, established the
existence of the easterly jet stream. He postulated that the heating of the Tibetan Plateau
might be the cause of the preferred location of the jet stream over Asia and in particular over
India. In a later paper, Koteswaram (1960) suggested that the heated Tibetan Plateau might
act as a thermodynamic heat source which in conjunction with a sink at the equatorial regions
might produce the energy required to drive and maintain the easterly jet stream and also the
associated Asian monsoon. From what has been stated earlier in this paper, there is no
evidence for a considerably heated Tibetan Plateau. Any suggested mechanism for the origin
and maintenance of the easterly jet will have to invoke other primary factors which are perhaps
modified only to a limited extent by the mechanical and thermal effects of the Tibetan Plateau.

As the easterly winds attain the maximum speed between the 150 mb and 100 mb
levels, it was considered worthwhile studying the contour and wind pattern at the 100 mb
level during the monsoon season. For this purpose, the L. G. Y. upper air charts for the
northern hemisphere published by the United States Weather Bureau (1960) proved to be
extremely valuable. The publication .of these charts has revealed for the first time the main
features of the pressure and wind circulation over Asia at the 100 mb level. From these
charts, it will be seen that the most striking feature of the 100 mb level circulation in July
is the existence of an extensive and permanent anticyclone over the southern and central parts
of Asia. Another permanent anticyclone of smaller extent and intensity exists over North
America. In addition, migratory anticyclones of smaller intensity also occur occasionally.
The preferred location of the permanent anticyclones over vast land areas would suggest a
relationship between their formation and the excess seasonal heating over the land. In addi-
tion to convective processes, the radiative processes also seem to play an important part
since the thermal effects of continentalityare seento extend as high as the 100 mb level, which
is near the tropopause level over most areas within the monsoon regime.
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