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CLIMATE AS RELATED TO THE JET STREAM IN THE ORIENT
Glenn Trewartha
With 9 figures.

Das Klima des Orients in seinem Verbiltnis zum
jet stream

Zusammenfassung: Es bestehen ziemlich iiberzeugende
Beweisgriinde dafiir, dafl viele charakteristische Eigenschaf-
ten des Klimas von Ost- und Siidasien sich aus bedeuten-
den Verinderungen der Windsysteme, die im Zusammen-
hang mit Verlagerungen der jet streams stehen, ergeben.
Fir diese jahreszeitlichen Verlagerungen der jet streams
spielen die Hochlinder von Zentralasien eine bedeutende
Rolle. Die Zerteilung der zonalen Westwinde wihrend des
Winters, wodurch ein jet stream von hoher Geschwindig-
keit an der Siidflanke des Himalaja fixiert wird, hat wich-
tige klimatische Wirkungen zur Folge. Durch den regenerie-
renden und steuernden Einfluf} des jet auf atmosphirische
Storungen werden die Winterniederschlige auf Nordindien-
Pakistan und Siidchina lokalisiert. Auf der iquatorialen
Seite des Himalaja-jet rufen kriftige Abwinde die Trocken-
zeiten des Winters und Friihlings, besonders im Subkonti-
nent, hervor. Der schwichere und ortlich weniger fixierte
nordliche Arm des Winter-jet, nérdlich der zentralen Hoch-
linder gelegen, hat keine derartigen, die Winternieder-
schlige regionalisierenden Auswirkungen wie der mehr fest-
gelegte siidliche Arm. In der tibetanischen, leeseitigen Kon-
vergenzzone zwischen den beiden Winter-jets liegt eine
der kontinentalen Hauptregionen starker Zyklogenese, wo-
bei die dort entstandenen Stoérungen die Winterregen be-
tont auf Siidchina konzentrieren. Die ozeanischen Zentren
der Zyklogenese fallen mit den Winterlagen der beiden
jets in der Nihe von Japan zusammen.

Gleichzeitig mit der Anfang Juni stattfindenden Ver-
lagerung des siidlichen jet von seiner Winterlage siidlich
des Himalaja zu einer, die nordlich der zentralen Hoch-
linder verliuft, folgt ein schneller Vorstoff iquatorialer
Luft iiber Siid- und Ostasien nach Norden, der seinerseits
die Sommerregenzeit- mit dem ,Burst of Monsoon“ in
Indien und dem Einsetzen der ,Baiu Rains“ in Ostasien
einleitet.

To an overwhelming degree regional climato-
logy has been descriptive in character, while ge-
nesis or explanation has been neglected. This is a
highly regrettable situation. A second disappoint-
ing feature is that climatic description has been
based very largely upon averages of the climatic
elements, while the dynamic weather element,

either in the form of the atmospheric disturbance
as portrayed on the synoptic chart, or the more
durable “grosswetter” situation, has been seriously
neglected.

At no time, however, has climatology been so
richly provided with the tools and methods re-
quired for climatic explanation as at present.
Since a climate has its origin in physical processes
of the atmosphere, it follows that the genetic
climatologist is dependent upon atmospheric
physics for insight into climatic qualities and
distributions. As a consequence of the phenomenal
strides made by meteorological science over the
last two decades, a similar accelerated develop-
ment in genetic climatology is capable of achieve-
ment. This paper is meant to provide a sample of
how this new meteorological material can be made
to function climatically.

One of the relatively new discoveries concern-
ing the atmosphere and its circulation is the
existence at high altitudes in the lower middle
latitudes of the jet stream, or streams. Since its
discovery less than 15 years ago, the jet stream
and its effects upon weather have been the object
of very intensive research. The effects are ex-
pressed in a variety of ways but chiefly through, (1)
the jet’s regenerative and steering effects upon
cyclonic disturbances and (2) the strong subsidence
which develops to the north and south of the jet
axis. It has not been proven that the jet actually
originates the atmospheric perturbations, but
certainly they intensify and concentrate under-
neath the jet stream and their trajectories tend to
follow its course, so that thay are steered by it.
The function served by the jetappears to be that of
removing the air aloft which is rising in the con-
vergent cyclonic system at lower levels. Since the
jet stream represents a strong convergence of air



206 Erdkunde

streams aloft, it is logical to expect that this con-
vergence at high altitudes will be reflected in sub-
sidence on the margins of the jet at lower levels,
especially the equatorial flanks. It becomes ob-
vious that the jet stream, especially where it is
locationally stable, should expressitself in weather
and in climatic conditions at the earth’s surface,
both temperature and precipitation. The region
here selected in which certain coincidences be-
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Fig. 1
Representation of the westerly flow in the high tropo-
sphere around the Central Asiatic Highlands in the cooler
months (After Yin).

tween jet stream and climate will be pointed out,
is southern and eastern Asia.

In summer the zonal westerlies and their widely
fluctuating jet stream lie north of the central
Asian highlands. Since this jet is not confined by
terrain barriers it fluctuates widely in latitudinal
position, so that its climatic effects are less con-
centrated latitudinally, and hence less obvious.
As the zonal westerlies and the jet follow the
sun southward in winter they are increasingly
obstructed by the Tibetan Highland and its still
higher flanking mountains, which act in such a
way as to bifurcate the high-velocity westerly air
stream in winter, causing a southern branch of the
westerlies and its jet to wrap themselves around
the southern flanks of the Himalayas, while the
other jet flows around the terrain barrier on the
north side (Fig.1)!). The southern winter jet, lo-

YB. W. Thompson, An Essay on the General Circulation
of the Atmosphere over South-East Asia and the West
Pacific. Quar. Jour. Royal Met. Soc., Vol., 77, 1951,
571—574. — A. M. Chaudbury, On the Vertical Distri-
bution of Winds and Temperature over India-Pakistan
along the Meridian 76°E. in Winter, Tellus, Vol. 2, 1950,
56—62. C. S. Ramage, Relationship of General Circu-
lation to Normal Weather over Southern Asia and the
Western Pacific During the cool Season. Jour. of Meteoro-
logy, Vol. 9, 1952, 405—406.
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cationally confined as it is by the high mountain
wall of the Himalayas, is relatively fixed in posi-
tion and has very high velocities, features that
are less well developed in the branch flowing east-
ward on the northern side of the highlands. The
two branches of the winter jet, one to the north
and the other to the south of the Tibetan barrier,
tend to converge again east of the obstructing
highlands, the lee confluence being most marked
along the Pacific margins of the continent and in
the longitude of Japan, where there is located a
fixed high-level trough of great latitudinal di-
mensions. In this area of confluence in the vicinity
of Japan the average latitude of the southern jet
is about 33” N. and that of the northern one about
41° N.

The Cool Months; Double Jet,
One North and the Other South of Tibet

There is a rather sudden reappearance of the jet
stream to the south of the Himalaya in October
and November and once it arrives in this southerly
position it is likely to remain there, and is less
subject to disappearance and reappearance than it
is in spring, so that fall weather on the subconti-
nent is less fickle than that of late spring.

With the reappearance in October-November
of the zonal westerlies and the subtropical jet to
the south of the Himalaya, and the nearly simul-
taneous establishment of a discontinuity between
easterly and westerly air streams in the northern
part of the subcontinent and Burma-Indochina,
there is initiated a set of large-scale weather
changes that have important climatic repercus-
sions over much of tropical eastern, as well as
southern, Asia, for the winter jet stream which
appears over northern India, continues eastward
to southern China and Japan.

It needs reemphasis that, to a remarkable degree,
this southern jet is stable in its location as deter-
mined by the highland barrier to the north. There-
fore its climatic effects are likely to be more ap-
parent than where a jet is permitted to wander
over a wide latitudinal range.

Of unusual climatic consequence are the cool-
season perturbations, designated by the Indian
meteorologists as “western disturbances”, which
follow the course of the jet stream across northern
India-Pakistan and also southern China?®). The

2) D. A. Mooley, The Role of Western Disturbances in
the Production of Weather over India During Different
Seasons. Indian Jour. of Meteorology and Geophysics.
Vol. 8, 1957, 254—260. — A Brief Report on Western
Disturbances Held at New Delhi. Indian Jour. of Meteo-
rology and Geophysics. Vol. 7, 1956, 1—6. — P. R,
Pisharaty and B. N. Desai, ,Western Disturbances“ and
Indian Weather. Indian Journ. of Meteorology and Geo-
physics. Vol. 7, 1956. 333—338.
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Winter rainfall in the Indian subcontinent is principally concentrated in the north and is caused by western depres-
sions which follow underneath the jet stream, one branchof which lies south of the Himalayas. (Rainfall in inches.)
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Fig. 3
Distribution of mean west-wind speed (m/sec) at 12 km over the Far Eeast in winter (solid lines) and mean preci-
pitation pattern in centimeters in winter over China (dashed lines). The heavy line shows the mean position of the
jet stream (After Mohri and Yebh).

origin of these western disturbances is not so
clear. Some may have arrived from farther west,
probably the Mediterranean Basin or Western
Europe. Other appear to originate along the
polar front in West Pakistan. Most of them are
relatively weak disturbances, and not very cons-
picuous on the surface synoptic charts. Some exist
only in the form of above-surface waves. It is
significant that since upper-air soundings began
in 1920, and their detection was made more pos-
sible, a larger number of western disturbances has
been reported. In northwestern India about five
a month are reported from January through
April. Their tracks are pretty much confined to
the north where they follow underneath the jet
to the south of the Himalayas.

The significant climatic consequence of the jet-
steered western disturbances acrross northern
India is the ligth to moderate rainfall which they
generate, amounting to 1 to 3 inches during the
three winter months alone, and considerably more
than this in the pre-monsoon spring months. It is
still heavier in the highlands to the north where
the deep snowfall provides abundant meltwater

in spring and summer for irrigation on the Indus-
Ganges lowlands. The November rainfall map of
India, for example, shows an appreciably greater
amount of precipitation in the northern than in
the central parts (Fig. 2). Over most of the north-
western part of the subcontinent there is a modest
secondary rainfall maximum in the cooler months.
Quantitatively it appears somewhat feeble com-
pared with the stronger summer maximum, but
small as it is, it is highly effective for winter crops
because of the greatly reduced evaporation in
winter. In the extreme northwest, as for example
at Peshawar, winter rainfall may equal that of
summer, and in Kashmir, cool-season precipita-
tion, much of it from western disturbances, pre-
dominates.

The western disturbances and their rainfall con-
tinue into the spring months as well, so that the
rainfall map of the subcontinent in April some-
what resembles that of winter. They are not
able to produce as much rainfall in the dry, hot
air over the northwest at this season, but there
they are accompanied by severe line squalls. In
the more humid air of the northeast, however,
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Fig. 4
The principal region of cyclogenesis in the Far East is over the waters just to the east of the continent with major
centers over the East China Sea, the waters south and east of Japan, and the Sea of Japan. Continental centers are
to be found in the lee-convergence zone to the east of Tibet and over Manchuria. The value of an isoline at any point

represents the number of cyclones that formed within a radius of 2.5 latitude degrees from that point in months
October through April, 1932-1937. (After Miller and Mantes, and Yeb.)

they yield relatively more abundant rainfall (in
the Ganges Delta, 2 to 5 inches in April and 5
to 10 in May) than in winter, some of it asso-
ciated with violent and destructive thundersqualls.

Lack of observations make it impossible to
trace the winter jet and its disturbances across
northern Burma, but again over southern China
and Japan its climatic effects, expressed through
cyclonic concentration and associated rainfall, are
noteworthy. While it is still impossible to state
that the jet creates atmospheric disturbances, cer-
tainly surface cyclonic activity is concentrated
underneath the jet which appears to provide a
favorable environment for the development and
intensification of these disturbances through its
action in removing aloft the rising air in the
cyclone. Thus the position of the southern winter
jet at about latitudes 25 to 30 ° N. over southern
China, and 33° N. over Japan, is coincident whith

the principal regions of winter cyclogenesis and
of storm tracks in those areas (Fig.3). Some of
the disturbances in South China arrive from
northern India by way of Burma, and they inten-
sify underneath the jet over China. Others appear
to originate in the lee-convergence zone east of
Tibet between the two branches of the jet stream.
Lee eddies of small diameter develop in the
stagnation point east of Tibet, and under the in-
fluence of the frontal zone and the strong jet
adjacent, move eastward intensifying as they pro-
ceed. Ramage®) shows a strong maximum of cyclo-
genesis over interior China just to the lee of Tibet,
while the map of Miller and Mantis* reveals an
oceanic center of winter cyclogenesis in the vici-

%) C. S. Ramage, op. cit., 407.

4) James E. Miller and Homer T. Mantis, Extratropical
Cyclogenesis in the Pacific Coastal Regions of Asia, Jour.
of. Met., Vol. 4, 1947, 29—34.



210 ) Erd/eunde

nity of the jet just south of Japan (Fig. 4). Dis-
turbances originating in the latter center move in
an eastand northeast direction paralleling the long
axis of the Japanese archipelago, thereby produc-
ing a maximum affect upon its climate®. The
relatively permanent East Asian upper-air trough
has the effect of intensifying storms arriving
from farther west and of creating conditions
favoring cyclogenesis.

The climatic effects of the winter jet and its
perturbations in East Asia are striking. South
China with its steady and strong subtropical jet
is a region of relatively abundant cool-season pre-
cipitation, while North China where the northern
branch of the jet is weak, diffuse, and fluctuating,
is a region of cool-season drought. A steep winter-
rainfall gradient exists at about latitudes 30 to
34° where the east-west isohyests are packed close
together ®. North of latitude 34 ° the precipitation
is only about one-half of what it is south of lati-
tude 30°. Mohri™ attributes this to the fact that
the cold anticyclones advancing southward, are,
after reaching about 30° N., steered eastward by
the jet stream rather than allowed to progress
farther southward. Thus the dry cold continental
air is confined largely to the northern latitudes.
A second effect of the cold anticyclones being
halted at about 30” N. and steered abruptly east-
ward by the jet, is to conspicuously steepen the
winter temperature gradients over central China.
Isotherms like isohyets are closely spaced over
Middle China. The generally steep temperature
gradients over eastern Asia in winter are also be-
lieved to be associated with the fact that this is
a region of jet confluence. Here the subtropical
jet from south of the Himalayas is moving north-
ward, while that branch of the jet flowing around
the northern flanks of the highlands is moving
southward (Fig.5). The effects of this conver-
gence of jets and associated air streams from dif-
ferent latitudes is to pack the isotherms together.

Within South China where winter rainfall is
relatively abundant there is a marked zone of
concentration extending in a southwest-to-north-
east direction, which coincides with the axis of
the locationally-stable jet (Figs.3, 5). Rainfall
drops off to the north and to the south of this
axis of maximum, but more sharply to the south
where subsidence associated with the jet is more
marked. Not only is the maximum amount of

5) C. S. Yao, The Origin of the Depressions of Southern
China. Bull. Amer. Met. Soc., Vol. 21, 1940, 351—355.

%) Tu-Cheng Yeh, The Circulation of the High Tropo-
sphere over China in the winter of 1945—46. Tellus, Vol. 2,
1950, 173—183.

) Keitaro Mohri, On the Fields of Wind and Temperature
over Japan and Adjacent Waters During the Winter of
1950—51. Tellus, Vol. 5, 1953, 340.
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Fig. 5
Characteristic air flow at about 10,000 feet, November to
March. 1. Tibet lee-convergence zone; 2. polar front;
3. I. T. C. (After Thompson.)

winter precipitation concentrated underneath the
jet, but also the zone of maximum days with pre-
cipitation, as well as the zone of least rainfall
variability.

The weaker and locationally more variable
branch of the winter jet that operates over
northern Asia north of the central highlands has
no such striking effects on the winter climates
of that region. Here the winter perturbations are
by no means few, but their tracks are not concen-
trated, and over the continent at least, they are
poor generators of precipatation, the strong
thermal anticyclone providing an unsatisfactory
environment for abundant condensation. As these
northern disturbances approach the Pacific coast,
however, the more humid atmosphere plus the
effects of jet confluence and the upper-level East
Asian trough, cause their intensification, if not
actual cyclogenesis. Japan, as a consequence of its
location within the j jet confluence and close to the
upper-level trough, is strogly cyclonic throught
all latitudes, with abundant cool-season precipita-
tion. Miller and Mantis® show a second region of
strong winter cyclogenesis over the Japan Sea at
about latitude 40° N. which approximately coin-
cides with the mean location of the northern
branch of the jet stream in these longitudes.

But if the jet has the positive effect of concen-

trating cyclones and their precipitation along its
axis, it likewise has a marked negative effect

%) Op. cit., 32.
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upon precipitation distribution through the sub-
sidence which prevails to the north and to the
south of the jet axis, but more emphatically to
the south over southern Asia. Due to the very
active convergence of high-level air flow into the
jet, there must be a compensating subsidence on
its margins. This subsidence and its aridifying ef-
fects will be especially noticeable where the jet
is relatively stable in its location, as is the winter
jet of southern Asia where terrain barriers limit
its latitudinal fluctuations.

Most of central peninsular India and also pen-
insular southeast Asia, south of the tracks of the
western disturbances, experience a drought in the
cooler months (Fig. 2) The usual textbook ex-
planation is that the dry season in southern Asia
1s caused by a land monsoon which prevails at
the low-sun period. Actually, however, the
drought in India continues on beyond the cool
period of northerly winds and into the intensely
hot period of April and May when northerly air
flow is not so conspicuous. Moreover, if a mon-
soon system is defined as having its origin in the
differential heating of land and water, then this
northerly flow is scarcely a monsoon. It is, never-
theless, strongly subsident air with a westerly
component in the north and an easterly com-
ponent in central India. It appears now that
much of this drought-generating winter subsidence
is associated with the orographically located and
very stable jet to the south of the Himalayas®.
Thus the same jet which influences the course of
the winter perturbations and the distribution of
their rainfall over northernmost India-Pakistan,
also acts to produce the drought which prevails
over central peninsular India, and which persists
there in spite of the heat of April and May until
the jet finally disappears to the north of Tibet
in June. There is also a sharp falling off in the
amounts of winter rainfall in China south of the
belt of maximum lying beneath the jet. That the
winter drought in China south of the jet is not so
marked as it is in India may be associated with the
much greater cyclonic activity and totally heavier
rainfall in the former area. However, the actual
amount of decline in rainfall over a distance
of several hundred miles south of the zone of
winter maximum is far greater in the case of

China than of India.
Summer or Warm Montbhs;
Single Jet North of Highlands

During late May and early June revolutionary
changes occur in the general circulation patterns

9) Ramagc, op. cit. 403. H. Riehl, M. A. Alaka, C. L.
Jordan and R. ]. Renard, The Jet Stream. Meteorological
Monograph, Vol. 2, No.7, Amer. Met. Soc., Aug., 1954, 91.

over India and likewise over eastern Asia whose
repercussions are felt in the regional climates. As
long as the zonal westerlies and their jet stream
are located south of the Himalaya, the strong
subsidence south of the jet prevents the north-
ward advance of moisture-bearing winds and
their rain-generating perturbations from the south.
Thus drought prevails over much of the sub-
continent in April and May in spite of the super-
heating of the land at that time. Characteristically
the shift from the dry weatherless spring period
to the cloudy, ramy, season of the so-called sum-
mer monsoon with its numerous perturbations, is
abrupt and accompanied by relatively violent
weather in the form of thunderstorms and squall
winds. This rapid northward surge of the
southerly currents and their atmospheric distur-
bances hasbeen called the “Burst of the Monsoon”.
Its occurrence in June is syncronized with basic
changes in the jet stream and with longitudinal
shifts in the location of the South Asian upper-air
trough (Fig. 6). As the subcontinent begins to heat
intensively in April and May the zonal westerlies
move northward, but the movement is resisted by
the high mountain barrier. This results in that

branch of the jet which has been south of the high-
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Schematic profile of the planetary wind belts along 78° E.
in the different seasons. J, jet stream. (After Flohn.)
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lands during winter and spring to become some-
what fickle, so that it alternately disappears and
then reappears south of the mountains. Finally
the jet disappears completely from south of the
highlands and flows as a single jet to the north
of the mountains. Simultaneously there occurs a
longitudinal shift in the low-latitude trough and
ridge positions, and the high-level meridional
trough that previously was located around 85° E.,
abrupt shifts westward some 10° so that it takes
up a position over western India at about 75° E.
With the disappearance of the southerly jet and
the westward shift of the high-level trough, the
equatorial southwesterlies (so-called summer
monsoon) surge northward with their accompa-
nying unsettled weather (Fig. 7) *°. This is scarcely
a monsoon in the usual meaning of that term for
it is not the result of the differential heating of
land and water. Such a northward advance of
southerly air would occur in summer even if the
tropical-equatorial area south of Asia were enti-
rely land. What is here called a monsoon is only
the normal seasonal migration of the planetary
winds following the sun. But apparently the
heating of the land is unable to produce a north-
ward advance of the equatorial southwesterlies
over India until the dynamic features of the
circulation aloft become favorable. It is a well-
known fact that the onset of the summer monsoon
is retarded over India more than it is over Burma.
Yin suggests this may be due to the fact that as
long as the meridional trough is located at about
85% E., as it is in spring, it acts to accelerate the
southwesterly monsoon over Burma, lying east of
the trough, while at the same time retarding it
over India to the west. When the jet reappears
south of the highlands again in fall the south-
westerlies and their perturbations are forced to
retreat as the subsidence zone south of the jet is
reestablished. What becomes clear is that the sea-
sonal climates of India are intimately associated
with jet stream locations.

But the shift of westerlies and jet to the north
of the central Asian Highlands during the warmer
season has important climatic repercussions in
eastern Asia as well. When the Indian jet of

19) Maung Tun Yin, A Synoptic-Aerologic Study of the
Onset of the Summer Monsoon over India and Burma.
Jour. of Met., 6, 1949, 393—400. The following authors
have expressed some doubts concerning Yin’s explanation
of the ,Burst of the Monsoon®.

R. Frost, Upper Air Circulation in Low Latitudes in
Relation to Certain Climatological Discontinuities. British
Meterological Office, Professional Notes No. 107, 1953,
1—25.

P.R. Pisharaty and B.N.Desai. Op. Cit.,, 333—338.
Frost has been able to correlate the Burst of the Monsoon
with a rapid raising of the lower tropopause level at Hab-
baniya in Arabia.
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Schematic flow pattern during July at 10,000 feet and also
2000 feer. 1. polar front; 2. convergence zone between
southwesterly and southeasterly air streams.

(After Thompson and Flohn.)

winter suddenly shifts to the north of the central
Asiatic highlands in June, and the equatorial
southwesterlies begin to pour northward, condi-
tions become ripe for the beginning of the first,
or early-summer, rainy season in both China and
Japan, the Baiu (Fig. 8). The two events are so
concurrent in time that it suggests a cause-and-
effect relationship (Fig.9)"). As the continental
jet takes up its summer position exclusively to
the north of Tibet, the jet stream east of the con-
tinent over Japan bifurcates, one branch swinging
south and flowing with cyclonic curvature off
the south coast of Japan and the other main-
taining a more northerly position. Simultaneously
there is a sweeping northward of the equatorial
southwesterlies (summer monsoon) over China
and Japan, partially induced by the increasing
broad, thermal low over the continent. The branch-
ing of the summer jet over East Asia and Japan

1) K.Suda and T. Asakura, A Study of the Unusual
»Baiu“ Season in 1954 by means of Northern Hemisphere
Upper Air Charts, Jour. Met. Soc. of Japan, Vol. 33, 1955,
233—244,

C.S. Ramage, Analysis and Forecasting of Summer
Weather over and in the Neighborhood of South China.
Jour. of Met., Vol. 8, 1951, 296.
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Composite profiles of 5-day mean rainfall and pressure for 5 stations in southern Japan, and composite profile of
5-day mean rainfall for 9 stations in southern China and Formosa. (After Ramage.)

and the northward surge and intensification of
the southwesterlies in eastern Asia, are fairly con-
current with the development of the Okhotsk High
to the north of Japan. Upper-level pressure
troughs develop in the southwesterly current over
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The date of the first appearance of the southwest monsoon
in India and of the Baiu in the Far Eeast.
(After Suda and Asakura.)

China and move slowly eastward toward Japan,
intensifying under the southerly branch of the jet
and along the front formed by the cooler air
moving southward from the Okhotsk High. It is
these perturbations, taking a northward course
across southern Japan, that bring the Baiu or
early summer rains to that region. A similar wet
season in southern China is associated with distur-

bances in the form of velocity convergences in
the monsoonal southwesterly currents'?).

It has been suggested that the Baiu rains are
heavier over Japan when a single jet prevails and
less when there is a double jet'®. In other words,
when the confluence of the summer East-Asian
jets occurs to the west of Japan, usually over the
margins of the continent, Baiu rains are ab-
normally heavy, and when the confluence occurs
farther to the east, over the western Pacific, the
rains are less abundant. This summer bifurcation
and confluence of the jet over East Asia should
not be confused with the winter bifurcation which
occurs west of Tibet, and the confluence which
occurs to the lee of that highland barrier. A mid-
summer secondary minimum of rainfall in Japan
and southern China occurs when a strengthening
of the Pacific Anticyclone temporarily weakens
the southwesterly flow and its perturbations. But
as the high retreats again in late summer, and the
Baiu stream is again temporarily reestabilished,
the second summer maximum results '4).

12) C.S. Ramage, Variations of Rainfall Over South
China. Through the Wet Season. Bull. Amer. Met. Soc.,
Vol. 33, 1952, 308—311,

13) §. Matsumoto, H. Itoo and Akio Arakawa, An Aero-
logical Study of the Pre-Summer Rainy Season in Japan.
Jour. Met. Soc. of Japan, Vol. 32, 1954, 85—95.

4 Ramage, Bull. Amer. Met. Soc. Vol. 33, op. cit., 309.



214 Erdkunde

Summary and Conclusions

One may doubt whether bona fide monsoon
circulations are an adequate explanation of the
seasonal climatic phenomena of southern and
eastern Asia. The evidence is fairly strong that
many of the region’s distinctive climatic fea-
tures result from large-scale changes in atmospheric
circulation patterns associated with locational
shifts of the jet streams. In these seasonal shifts
in the jet the highlands of central Asia, with
their excessive altitude but short latitudinal ex-
tent, play an important role. The splitting of the
zonal westerlies in winter so that a high-velocity
and positionally-stable jet is anchored along the
southern slopes of the Himalayas, carries in its
train important climatic consequences. Through
the jet’s regenerating and steering effects upon
perturbations it localizes the winter precipitation
of northern India-Pakistan and of South China.
On the equatorial side of the Himalayan jet
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Although I have long been interested in the geo-
graphy of the Soviet Union my first trip to this
country was in the summer of 1957. Travel at this
time was made possible by the opening of the USSR
to foreigners for 30-day tourist visits.

The main value of my trip was not research on
some geographical topic or area in the Soviet Union
but the meeting of many Soviet geographers and the
visting of several geographic institutions 1).

I was deeply impressed by (1) the friendliness of
Soviet geographers and their sincere desire for inter-
national contacts, for learning about geographic work
in other countries, and for the international recogni-
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strong subsidence acts to create the dry seasons of
winter and spring, especially on the subcontinent.
The weaker and locationally less stable northern
branch of the winter jet, to the north of the Cen-
tral Highlands, has no such regionalizing effects
on winter precipitation as does its more stable
southern counterpart. In the Tibetan lee-conver-
gence zone between the two winter jets, is a region
of strong cyclogenesis, the perturbations which
originate there markedly influencing the winter

rainfall of South China.

Concurrent with the disappearance in early
June of the Himalayan jet from its southern win-
ter position to one north of the Central High-
lands, there is a rapid northward surge of equa-
torial air over southern and eastern Asia, which
in turn ushers in the summer rainy season with
the “Burst of Monsoon™ in India and the begin-
nings of the Baiu rains in southern China and

Japan.
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tion of Soviet work, and (2) the tremendous scale
of geographic training and research programs in the
Soviet Union.

A warm reception was extended to me. In parti-
cular, the Soviet geographers who had participated
in the 18th International Geographical Congress in
Rio de Janeiro in 1956 helped to establish contacts
with other Soviet geographers and with research and
training institutions. Altogether I was able to talk in
small groups with about 140 geographers.

I was asked to talk about the organization of
American research in geography at the Institute of
Geography of the Academy of Sciences of the USSR
and this talk was later published 2). T was also invited
to lecture on American agriculture at the All-Union
Geographical Society in Leningrad and before the

1) For general accounts of geography in the universities
and the Academy of Sciences of the USSR see:

Dresch, Jean: ,L’Enseignement de la Géographie et la
Recherche en Union Soviétique®, Annales de Géographie,
No. 345, Vol. 64 (September-October 1955), pp. 378—386.

Ryabchikov, A. M.:  Geographical Education in State
Universities of the Soviet Union®, paper presented to In-
ternational Geographical Seminar in Aligarh, India, Mos-
cow, 1955, 18pp. and map (processed).

Kalesnik, S. V.: ,Podgotovka Issledovatelia i Prepoda-
vatelia Geografii v Universitetakh SSSR“, in Voprosy
Geografii, Sbornik dlia XVIIIgo Mezhdunarodnogo Geo-
graficheskogo Kongressa (Akademiia Nauk SSSR, Geogra-
ficheskoe Obshchestvo Soiuza SSR). Moscow-Leningrad:
Izdatel’stvo Akademii Nauk SSSR, 1956, pp. 18—23; also
avaible in French as §. V. Kalesnik, ,La formation des
explorateurs et des professeurs de géographie dans les uni-
versités de P'URSS®, Essais de Géographie, Recueil des Ar-
ticles pour le XVIIle Congreés International Géographique.
Moscow-Leningrad: Izdatel’stvo Akademii Nauk SSSR,
1956, pp. 18—23.

%) Vestnik Akademii Nank, 1958, no. 2. pp. 23—30.



