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i INFLUENCE OF THE CENTRAL ASJATIC MOUNTAINS
| ON THE FORMATION OF THE JET STREAM

Z??ollowing is a translation o6f an article by

Pi Pogosydn and K. F. Ugarova in lieteorodlogiya

i Gidrologiya (Meteorology and Hydrology), No.
- 11, Moscow, 1959, pages 16-26,

Meny studies have been devoted to the investigation

of the influence of mountain ran%es, most of all of the Cen-
tral Asiatic Mountain Range, on the formatlon and the va~

riation of intensity and on the gseasonal position of tropo-
spheric jet streams. The majority of investligators belie~
ve that the Himalayas and Tibet exert a substantial influen-
ce on atmospheric circulation at high altitudes and there-

‘ fore also on Jjet streams,
It is“hard to disagree with the conclusions of Tu

Cheng Yeh /4,16/ and other Chinese authors /17,18/ about the
influence of the above-mentioned mountain range on atmos~
pheric circulation in the lower half of the troposhpere and

on the weather of China and Northern India.
It is also pointed out that Tibeb and the Himalayas

exert influence mainly during the cold part of the year and
that they have very little influence during the warm part of
the year. The latter case is caused by the fact that towards
summer the altitudinal frontal zone and the jet stream are
displaced northward, beyond the 1imits of this upland.

During the cold half of the year, according to these
notions, the western aerial current (jet stream) branches
out on meeting the mountain range. As a result of the mecha-
nical action of the mountains, two jet sireams appear north
and south of the highlands, The northern branch of the stream
possesses greater moblility than does the southern because,
according to the opinion of the abovementioned authors, the
displacement of the southern branch is limited by the Himala-
yas.

Soviet meteorologista also attach substantial im-
portance to the influence of the mountains on the character

of atmospheric circulation in Central Asia, indicating that
large horizontal gradients of pressure and of wind velocity
at the 5-6 km level south and north of Tibet are due to the

presence of the mountain range /2, 6, 13/, :
Aerological observatlons performed over Tibet in the

course of last two years permit a comparatively more pene-.
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trating investigation of seasonal variations of the fields
of temperature and wind, as well as of altitudinal frontal
zones and jet streamsi During 1957-59, we constructed se-
vepal series of individual and mean cross~-sections of the
atmospherc between the Equator snd North Pole along diffe-
rent meridians and in different scabons above Eurasia and
North Africa. .

Some monthly profiles express not only subtropical
but also extratropical jet streams. It appeared that, re-
gardleas of orography, during the winter months, the sub-
tropical jet strecans in the Northern Hemisphere can be
found mostly in the 26-30° N latitudinal zone. This cor=-
responds with thelr recurrence in winter, determined by the
velocity of the wind at the 300 mb /7/ level., Only during
certain periods of time, with gsignificant meridianal trans-
formations of the altitudinal thermobaric field, and the
development of a high cold cyclone due to isolation (block-
1ng), at the 30~-40° latitudes, the axis of the sub-tropical
strean can be located at 20-250 N latitudes,

During the summer, urmer the influence of the cir-
culation of the atmosphcre of extratropical lalitudes, a
change of location and intensity of the subtropical Jet .
stream is observed /8/.

We shall cite here only two mean monthly profiles
{January and July) over Tibet and Eastern Siberia (Figs. 1
- and 2), and, as & supplement, data on the geographical po-
gition and intensity of jet gtreams during winter and summer
over different longltudes.

These data are given in Table 1 for four longitu-
des: Western Africa - Greenland, Arabla - North Pole (over
the European part of the USSR), India - North Pole (Over the
Japanese iglands). Here are represented data on the lati~
tude of the location of the axls of extratropical and sub=~
tropical currents at given longitudes in different seasons,
Tt is easy to determine by comparison that in January the
gubtropical Jet streams everywhere fall at & comparatively
narrow latitudinal rangec, Wwhon, however, the physical-geo-
graphical conditions in the subtropical zone of the Northern
Homispherc are far from being homogeneous. ‘

At the same time, depending on the character of the
prevalent eirculation form, extratropical streams can be
found over most different latitudes ranging from the subtro-
ﬁics t? 800 N:; that is, in a range of more than 4-5,000 km

11,12/

’ As investigations have demonstrated, tntraseasonal
displaccments, as well as the average monthly position, of the
axis of the subtropical Jet stpeam are also determined by
the character of the circulation in the hemispherc,
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Thus, for instance, the anomalous southern position
of the axis of the subtropical, stream over Western Africa
in 1959 was stipulated by significant meridienal transforma-
tions of thc thermobarie field of the trioposphere, accompa-
nicd by frequent invasions of cold to the south, and by the
devclopment betwecn the Azores and Western Africa of an i-
solated (blocked) high cold cyclone, at the southern periphec-
ry of which the strengthening of the subtropical stream took
place, A similar anomaly, however, is comparatively rarec.
It is not acclidental that, with the exception of Western
Africa, during 1958-59, the axes of all other subtropical
gtrcams werc located between 27 and 330 N,

These facts lecad to the concluslon that the position
of subtropical jet stream over India and Tibet 1is not stl-
pulated by the presence of the Central Asiatic mountain ran-
ge, but by general conditions, specific as well for other
subtropical regions.

' From the constructed vertical cross-scctlon of the
atmosphere along the line Trivandrum - NP-7, passing over
India, Tibet and Siberia, 1t can be seen that the subtropi-
cal jet strecam is located not only in the Himalayan foothills
vut slso over the mountain ranges (Fig. 1), That is, the
displacement of the axis of the subtropical stream is not
limited by the foothills. In individual cases, as, for
instance, on 6-10 February 1958, with the dispiacement of
the wermth crest northwards, the axis of the subtropical
jet stream was located immediately over the mountain range
at the 29-30N latitude, As far as the maximal wind velo-
cities at the jet axis are concerned, their magnitude is
substantially dependent upon the prevalent synoptic proccs~
ses, _

Physical-geographlcal conditions exert an influence
on the intensity of the subtroplcal siream in differecnt
gseasons. In particular, high wind velocities over the Ja-
pancse islands arc due to large contrasts of temperature
which occur between the condensed alr over Asia and the warm
air over the ocean /11/. During & west~-cast transfer, me-
ridianal processes occur herc almost incessantly, accompé-
nied by advection of cold, causing cold air from Siberia
and Mongolia and warm air from the Pacific Ocean to draw to-
gether, This process is 80 edominant that it is rcflected
cven on median ATggp and OT?§§0 maps, on which a depression
of cold and low pressure is clearly cxpressed over Yakutia
and the Far East during winter /11/.

At the same time, over Arabla and India, where phy-
gical-gcographical conditions and the character of circula-
tion do not cause the formation of such significant tempc-
raturc contrasts, Jet streams are comparatively weaker,



As has been stated carlier, the positlon of extra-

| tropical jet strecams is lcsd stable becausc their formation

is dircctly rclated to cyclonld activity. During some years
therefore, depending upon the preyalent proccsscs, the great-
est Pfreoguency of Jjet streams can Be bbscerved over various
latitudos., At the same time, due to physical-geographical
peculiaritics, the grecatest fre%uency of extratropical jet
streams 1e obscrved at the 100 W meridian, prodominantly
within tho limits of 50-60°N latitudes.

This zonc of maximal frequency of extratropical jet
gtrocams is also dctected over the European part of the USSR
and Western Siberia, while, however, the intensity of
strcans dcercascs with eastward displacement. Further to
the east, cxtratropical jet strcams arc most often observed
somcwhat more to the south, in the 40-50°N latlitudinal zone
(fongolia, N _rthorn China), and over Japan they usually
merge with t8e subtropical jet.

It follows from the above that the extratropical
jot strcam obscrved over Mongolia and Northern China is not
in any way connccted with the Central Asiatic mountailn
system, Concurrcntly, as data of acrological obscrvations
shows, cxtratropical jets develop sporadically also in the
foothills of Ticn-Shan and Tibet. Their formation, howecver,
is not conneetcd with the branching of the subtropical
strecam, but with a meridional transformation of a thermoba-
ric strocam, accompanicd by an invasion of cold massces of alr
into Kezakhstan and Central Asia, An analysis of one of the
cxamplcs of the formation of 8 similar jet stream will be
given below.

Thus, the conclusion can be madc that jet streams,
found to the north and to the south of a mountain range, de-
volop independently of one another and arc not branches of
the same strcam.

The position of the jJet strcams changes substantial-
ly toward the summer. Subtropical jet strecams over the cn-
tirc Northern Homispherc arc displaced on the average 1400~
1600 km northward, Concurrcntly, in connectlon with the
total deerease of temperaturc contrasts between theEquator
and the Pole, jet strecams decrcase markedly. Instead of
180~220 km/h in wintertime, maximal velocities in summer do
not exzcced 100-140 kn/h on the average. The groatest weake-
ning of jet strcams from winter to summer is observed over
the Japancsdé islands; 1t is duc to a warning up of the Asia-
tic mainland and to & substantial decrcasc of temperature
contrasts between the continent and the ocean.

Changes in the position and intensity of jet streams,

which have occurred from winter to summer, can be seen on
the cxample of a region of India, Tibet and Siberia, the mean
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vertical profile of the atmosphere for July 1958 of which,
is reprcesented in Fig. 2.

As the data in Fig. 2 shows, the position of the
subtropical jet strecam in summer 1s a groximately the same
at all studicd longitudcs in the 42-4& N latitudinal zonc.
Conscquently, the mountain rangc of Central and Middlec Asia
docs not cxert any significant influence on the scasonal
position of jet streans., ‘

However, this cannot be said in relation to the in-
tensity of jet strecams., Thus, in July 1958, the mean velo-
city of the jet stream north of Tibet appcarcd to be some-~
what greater than in other rocgions. This fact might be ex-
plained by the radiational conditions of the high platecau
/1,%/. Yet, the fact has to be taken into consideration
that, duc to gecographical conditions over the southern A~
siatic mainland, warming up of the air progresscs most ind
tensively. In the conditions of Central Agia, the compara-
tively cold masses of air progressing inland invading the
continent from the north and the northwest, are warmed up
continuously., This occurs not only over the mountain ran-
ges of Central Asle but also to the wost of them, in almost
mountainless regions, At the time of the general west-cast
transfer, watcr vapor in the warming air 1is eliminated from
the state of saturation, fronts are eroded. Even in the
system of depressions, moving in from the west or developing
in Central Asia, clear weather is observed, which facilitates
the radiational warming up of the underlaying surface and
air, It is casy to discover on thce mean monthly maps of
paric topography that, starting from the northwestern coas-
tal arcas of Africa and he Pyrenees and on to Central Asia,
the structurc contours OT§880 712/ are gradually displaced
northward; that is, the proccss of the warming up of air
with the castward movement 1is cxpresscd on mean 0T maps
independently of the presence or absence of mountains., It
18 possible that warming up of alr occurs somewhat morc in-
tensively over Tibet than over adjacent regions, It is e-
vident, howecver, that irrespectively of the existence of
the mountain range, the altitudinal crest could still be lo~
cated over these regions as a result of the west-cast
transfer and the warming up of the air,

In spring and in autumn, the subtropical jet strecam
occupics a position which 1is intermediate between the winter
(279N in January) and the summer (430N in July) positions.
On the 909E mcridian as well as in other regions, the Jet
stream is displaced in the spring from south to north and in
autumn from north to south, The disappearance of the strean
in May over India /14, 15/ is explainable by the fact that



the planctary altitudinal frontal zonc is displaced into
morc northerii regions in acdordancc with the radiational con-

ditions. ) =
The gradual transfor of the subtropical stream during
April, Mey and Junc is demonstrated in Fig., 3. A time pro-
filc of the dircction and velocity of wind for five statlions,
located approximately along the 900 E merldian in the foot-
hills and over the mountain range, 1is depicted here,

It follows from the data in Fig. 3 that strong winds
arc obscrved in April predominantly over the north of Indla;
that 1s, tho subtropical strcam still almost maintains its
winter position, :

According to the mcan cross-scetion for April along
tho 909K moridian, the axis of the subtropical stream ls lo=-
cated at the 290N latitude. The positlion in May is already
different. Strong winds arc observed mainly over Lhassa and
Kheeriu; in Calcutta the strong winds completely dlsappear;
that is, thc subtropical jet 1s displaccd northwards to the
upland,

As an cxample, a vertical cross-scction at 15 h.,

14 ¥ay 1958, along the line Trivandrum - SP-7 9Fig. 4) can

be cited, Here, according to the data of the actual wind,
the axis of the jet is located approxinmately at 359N lati-
tudc, i.c., dircctly over the mountain range. North and
South of the Himalayas and Tibet the wind velocitles decroasc
sharplys The transfer to the summer position occurs in

Junc. Toward thc middle of that nonth, the strong winds over
Lhasa have alrcady completely disappeared, A subtropilcal

jot strecam 1s located over the northern periphery of Tibet,.

In autunn, a displaccmont of the subtropical jet from
north to south occurs in a sinmilar manner. It can bc scen
on tho timec cross-scetion for September, October, and Neven-
ber (Fig. 5.) that the maximal froqueney of strong winds
moves gradually from the northern regions to the southern.

If in Scptomber winds with 100 kim/h velocity can be obscr-
ved only in Zhatsyan and Khermu, in October they arc alrcady
noticed also in Lhasa, In the middlc of QOctober, as nmentioned
by scveral investigators /14, 15, 16/, a sudden appcarance

of a jet strean over the north of India takes place,

Judging from a vertical cross-scction of atmosphore along the
90CE moridian for October 1958, the axls of the subtroplcal
jet can be obscrved on the average at 380N latitude, Btrong
winds appcar in Novenber over Gaukhati and Calcutta., Strong
winds in Novenber are also often observed north of Tlbet,

Thesc are, however, already oxtratroplcal jeot strcans,
the axis of which arc located closc to the 300 nb surfacc
level, while nmaximal velocities at thc axls of a subtropical
arc usually located closc to the 200 mb surface lovel.
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Thus, the sudden developnent of a subtropical jet
~ strean over Northern India in October, as well as its disap-

pearantc in lay, is rclated to scasonal displaccmonts of a
jot stroan which hore, as well as in other roglons of the
subtropleal zonc, is detcrmincd by general radictional con-
ditlons. ‘ _
o would like to dwoll longer on a single cxanmple of
the ovolution of a jJot strcan in a réglon of Central and Mid-
dlc Asia in tho period of 2-12 January 1959, Maps of cqual
velocity lincs of the isobaric 300 ub surface, naps of diur-
nal variations of the temperaturc of the troposphere; and
vortical cross-scetions for that period werc preparcd.

: According to the analyzcd natorial, in the beginning
of the period investigated, threc jet streams were obsorved
over the torritory of Asia; two oxtratropical and ono sub=-
tropical, which mor%cd over the Far East, forning a wide zone
of strong winds, The oxtratroplical jot strcans werc bran-
ches of a jet which passed over tho Europcan territory of
tho USSR, One of thc branches was located over the north
of Yestern Siboria and later over Eastcrn Siberla in more
gsouthcorin latitudes., The sceond, norc intcnsive, branch pass-
cd over the Caucasus, south of Middle Asla, and further along
the northorn fronticr of the nountaln range.

The cqual-vclocity naps denonstrate clearly that the
proscnee of two Jjot streams north and south of the Hinalayas
and Tibet was not caused by a branching of the Jet undor
the influcncce of the mountain rapge: a subtropical jet pass-
od in thc south and onc of the branches of the oxtratropical
jot d4id so in thc north, ‘

Invasions of cold in Middlc Asiatic territory have po-

riodically lcd to tho strengthening of the oxtratroplical

jet strocan on the northern periphery of the mountain ridges,
foncurrcntly with a very strong advection, the subtropical
jot grow stronger as, for instancc fron 2 January to 4 Ja-
nuary, whoen the invasion of cold to the north of India here
causcd a significant incrcasc of naximal velocities, fron
140 to 250 kn/h in the center of the jet and from 60-90 to
110-160 ki/h at the 500 nb surfacc level. 24 hours later,
after the air warned up, the contrasts of temperaturc and
the wind velocitics corrcspondingly docrcascd over India.

During this peried the southernmost branch of the
oextratropical jet strecam has, as a result of displaconent of
the altitudinal trough and of the focus of cold to the cast,
also boen displacced castward; in the morning of 4 January
it could not bc detocted any morc over the Caucasus and to-
wvard 6 Jamuary strong winds disappcarcd completely over the
territory of Middlo Asia and Panir., Iwo branches of the
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extratropical jet strecom still existed on 6-7 January in
the norc castorn regions. In tho following days, the south-
crn branch of the coxtratropical jet was displaccd in accor-
dancce with synoptic proccsscdg into the rogion of Tibet and
Southcostern China and toward 10 Jonuary 1t merged with thb
subtropical jet at the 25-300N latitudes.

Besides the subtropical jet, during 10-14 January
over Asia an oxtratropical jot stroan was obscrved which
passcd markedly to the north cf the upland. Only wecak winds
werc dctected over Middle Asia and the foothills of tho Cen-
tral Asiatic range, Only beginning with 15 January did a
new cxtratropical jot begin to develop over the northern
foothills of Ticn-Shan as a rcsult of s nogtic pProccsscs.

Phus it also follows from the clicd cxamplc that the
Central Asiatic mountain range docs not prescent an obstacle,
dividing the jot strcam into two parts - a northern and a
southcrn onc, The origins and development of coxtratropical
and subtropical jet strecans occur absolutely independently
and arc duc nainly to the genocral scasonal radiational
conditions and circulatory processcs ST/

The position of the subtropical jet during transi-
tional scasons dircctly over the nmountain range once iore
deronstratcs convineingly that Tibet and the Himalayas arc
not obstacle that linit the passage of jeot stroans over
then.

The process of norging of Jet stroams over the cast
of Asis originatcs under definite forms of ncridional cir-
culation and can take placc in any other rogion of the sub-
tropical zonc. Duc to physical-gcographical conditions,
howecver, the merging of oxtratropical and sub-tropical jet
streans nmost frequently takes placc over Eastern China and
the Japancsc islands,.

As far as the influcncc of radiational warning up
and cooling of air over Tibet on the scasonal position and
intensity of the subtropical jet strcan 1is conccerncd, ac-
cording to our view this problen is not of o docisive natu-
ro, As we have scon, independently of the presence or the
absence of nountain ranges, formatlon and scasonal dlsplacc-
rnonts of subtropical jet streams teke placc in all regions
of the carth alimost identically.

In conclusion, we consider it nccessary to dwell
on a roport, published rceontly by a group of authors /57,
dealing with the influcncc of nountaln systoms on the for-
nation of a jet strecan, ‘

It contains nocan nonthly vertical cross-gecctions,
drawn over lowldnde (along thc 640E nmeridian) and over the
rnountain systens of Middle Asla (along the T3°E neridian)



for August 1956 and September 1957. On the basis of an a- -
nalysis of the cross-sectlon, the suthors maintain that "an
orographically-conditioned Jet streanm %orrespands to each
large mountain system: & maximum over Dzhambul - Arklt cor=
responds to the Tien-Shan mowntain system, a maximum ovVer
Osh ~ Sary-Tash corresponds to the Pamir-Ajtal system, "

Through & thorough study of invsetigatlon data, par-
ticularly oftthe daily mape of baric tepography of upper le-
vele, we have established that in August 1956 the axis of
the jet stream wss dieplaced several times, together with
~ the cold invasions far to the south so far as & contrast of
temperature existed, independently of the presence or &b
gence of & mountain range, The sams cen be escertalned
from the figurss which accompany this report /5/. Over moun-
tains &5 well as over lowlend, there can be observed a wide
zone, elongated southward, of great wind velocities,in which
displacement of individual jet streams took place during the
month,2§n both cross-gections for August 1956 (/5/, Figures
1 and .

Two closed equal-velocity lines of 20 snd 25 m/mec
are represented over the mountain systems (Fig. 2); at the
50-420 1atitude & closed center with 19 m/sec veloclty can
bve found; consequently, the presence of an independent ma-
ximun of the velocity of wind over the mountain crests 1is
stipulated not so wuch by the mountalin range as by general
eirculetory conditions, characteristic also for adjacent
lowland areas,

We do not tend to deny completely the influence of
large mountain systems on the character of wind in the tro-
posphere, It is obvious that the encounter of cold aerial
masses wlth mountainous obstacles of 4-5 km average height
and the development of large temperature contrasts ls sc~-
companied by some acceleration of wind at altitudes, parti-
cularly on the surface of the axis of & Jet siream, It is
difficult to state at this time the order of magnitudes
of this sdditionsal acceleration of wind velocity. More com~
plute data are necessary for its determlnation. Yet, a8
was demonstrated sbove the formation and evolution of a
jet stream 1is determined mainly by general radiatlonal and
circulatory conditions.
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Table 1

The Position and Intensity of Western Jet Streams in
January 1957-59 at Different Longltudes

i Subtroplcal i Extratropl-
| _det | cal Jet
Line of sy 8% -  Swgm C
s | Oross~Section |o o ° oﬁ"ai‘ﬂ | %
y ig§m§g§§§§3 B8ss 182 34
i~ S2,° gI029S 52,8 §ES 12%0s
EECES ELEDTCREEER 238 3538
1957 ARABIA -~ NORTH POLE % 20 |18 7 g0 | 3w
WESTERN AFRICA=
GREENLAND - - . - - . - 27 260 | 160! 4959 ; (10—-13D 300 -25D
ARABIA ~HORTH FOLE' | 8 iso | 180 &7 120 250
1958 WESTERN PACIFIC ~
NORTHPOLE = | 33 Py 20 - -
WESTERN AFRICA GREENLAND] 2l 186 | 200) 61 {20 260
1950, INDIA ~NORTH POLE. .| 27 190 | J00) 51 90 250
WESTERN PACIFIC=.
NORTH POLE ., . . . .. a2 220 | o -
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4) Nagpur.

Heikhe,
13) Krasno

gatam.

8
12) Kyzyl.

3) Vizaga
16) Dixon Island.

2

7) Lhasa,
1

2) Madras.
11) Khami,
15) Dudinka,

Mean verticsl cross~section of the atmosphere
6) Gaukhati.

along the line Trivandrum - NP-7,

18) NP"?.

Pig, 1.

1) Trivandrun.
Calcutta.

10) Tungkuang,
14) Tunguska,
Islang,
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Fig. 2. Mean vertical cross-sectlon Trivandrum - NP-7.
July 1958,

5) Lhasa, 6) Kheykhe. 7) Kbeermu, pun‘khuan. 9) Kha-
mi. 10) Kyzyl. 11) Krasnoyarsk, 12) P. Tunguska. 13)
Dudinks. 14) Dixzson Island, 15) Vize Island. 16) NP-7.

Table 2

1) Trivandrum. 2) Madres. 3) Vizagag%tam., 4) Galeutta.
)

The Position and Intenslty of Western Jet Streams 1n July
1956~58 at Different Longitudes.

Subtropical Extratropl-
Jet cal Jet
Line of 8% b, 1%egs w
N Cross-Section teg’ dup 'g§§ ggu®lam Sl
: EERCIE I e O Pt s
» : o -t o 8 e -t = -
> vy el 2088 3 2ng vl |<wdE
%
1956; ARABIA NORTH POLE . . 43 140 200 67 80 320
1957 ARABIA NORTH POLE . .| 4 | W0 | 20 7 §0 310
WESTERN AFRICA a 16 e
s I N .4 43 100 | 200 ] 54 o | 290
ARABIA NORTH POLE | | 42 120 200 64 9% o0
INDIA NORTH POLE . . 43 140 180 80 70 300
WESTERN PACIFIC :
NORTH POLE R ' 110 | 26| 60 70 | 260
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Fig. 3. The time vertlcal cross-section of wind for station

Zhotsyan ( 38005' N'latitude, 88003' E longitude },
Eheerr { 36012f If laﬁitude, 9%038' E longitude )}

Lhasa ( 29°43% W latitude, 91°02' B longitude ),
Gawkhati ( 26°05' X latitude, 91°43' E longitude ),
Calcutta = ( 22939 N laﬁitude5 88°271 £ longitude ),

for April - July 1958.' . 1 = equal-
velocity lines of an observed western wind at =100 km/h

velocity;:z - equal - velocity lines of a geostrophic wind.
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Pig. 4. Vertical cross-section of atmosphere along
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