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PROBABLE REGIONS OF “JET” STREAMS IN THE UPPER AIR
OVER INDIA

P. R. KRISHNA RAO
(Regional Meteorological Centre, Madras)

ROM an examination of the normal meri-
dional cross-sections of pressure, tempera-
ture and wind for evary 20 degrees longifude
over the Northern Hemisphere, Namias and
Clapp! have given maps for January and July
showing the average position and strength ot
tha “jet” stream. These maps show a “jet”
axis in January over North India at latitude
22°-25° N. while no such axis 1s shown over
India in July. It appears possible from the
normal upper wind pressure and temperature
distribution over Iadia to get an idea of the
probable regions and heights where jet streams
are likely to occur in the upper air over India.
Fig. 1 shows the normal distribution of
temperature and the mean zonal west and east
compoaents of winds, determined from pilot
balloon ascents, in the upper air over Indiza
along 78° K. in summer (monsoon) and winter,
The temperature distribution is based on Indian
Sounding Balloon data and the distribution of
swest and east components of winds have been
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FIG. ). FEast-West componente of winds in m/sec.
are shown by continuous lines and temperatures °K by
dotted lines, Tropopause is shown Ly a double line,

taken from Venkiteshwaran’s? diagrams with
slight modification in respect of winds over
South India above 16 km. on the basis of later
data. The following coaclusions can be drawn
from an examination of this figure,

(a) In Summer (Monsoon)—(i) Between
latifudes 5°N. and 18°N., easterly winds jn-
crease rapidly with height above 10 km., reach
a maximum of 40 metres per second (88 m.p.h.)
between 7°N. and 15°N. at 16-18 km., near
the tropopause, and decrease with height above
18 km. Thus, there is a well-marked vertical
wind shear in these latitudes (5° to 18° N.)
above 10 km. but very little horizontal wind
shear. (ii) Between the equator and 5’ N.
and between 18°N. and 27° N. there is, above
10 km., a well-marked horizontal] wind shear
out very little vertical wind shear. In these
latitudes, the highest wind speed in summer is
apparently not reached at the tropopause but
at soma different height.

(0) In Winter~—(iii) Between latitudes 10° N.
and 18°N. there is a well-marked horizonial
wind shear above 6 km. with westerly winds
but very little vertical wind shear. In this
latitude range also, the highest wind speed in
winter is apparently not reached at the tropo-
pause but at some different height. (iv) Bet.
ween 18° N. and 30-35° N., there is both hori-
zontal and vertical wind shear, with westerly
winds. The vertical wind shear is most promi-
nent and well marked betwaen 22° N. and 32° N,
above 10 km. The westerly winds increase in
speed with height, reaching a maximum of 40
metres per second (88 mp.h.) at a height of
12 to 14 km. between 25° and 30°N., and
decrease with height above 14 km. It is thus
seen that in these latitudes (25° to 30° N.) the
maximum wind spzed-  is reached at a height
of 2 to 3 km. below the {ropopause.

(¢) Both in summer (monsoon) and winter,
the regions in which there Is marked vertical
wind shear are separatad by regions where
there is marked horizontal wind shear. The
marked horizontal wind shear is cyclonic to the
north and anti-cyclonic to the south of the re«
gion of marked vertical wind shear.

3. As Jets' are narrow streams of air of small
vertical extent, confined to a few degrees of
latitude, with well-marked vertical wind shear
with decrease of wind speed above and below
them and with well-marked horizontal wind
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(para 2) that ‘jel’ streams are most likely to
occur in the {following regions over India.
(2) Between latitude 5°N. and 18°N. in the
south-west monsoon s2ason near about the
tropopause (16 to 18 km.) and specially bet-
ween 7° and 15° N, the ‘jet’ wind will be east-
erly. (b) Between latituda 22° and 32°N. in
winter, at 12 to 14 km., specially between 25°
and 30°N.,, the ‘jet’ wind will be westerly.

4. It is known that a ‘jat’ siream is associated
with a concentration of horizontal temperature
gradient below it and occurs in a field of pro-
nounced baroclinity. Horizonfal iemperature
gradients calculated from Indian Sounding Bal-
loon data over different latitudes show that
there is a concentration of pos.tive horizontal
temparature gradients (ie., femperature in-
creasing with latitude) below region (a) i.e.,
5° to 18°N. in the summer (monsoon) and of
negative horzontal temperature gradients be-
low region (b), i.e., 22° to 32°N. in winter.
This can also be seen from the slope of the
isotherms in Fig. 1 which also indicate pro-
nounced baroclinity in the regions (a) and (b).

5. It is seen further thal region (b) covers the
range of latitudes over which the transition
from the tropical to thz polar stratosphere
occurs in winter. In this range of lalitudes in
winter, e.g., over Agra (Lat. 27° N.), the doubio
tvpe of tropopause is fairly frequent and thera
are also a number of occasions when the polar
type of tropopause occurs there at a height of
11 to 12 km. It is also interesting to note that
both regiong (¢) and (b) occur over latitudes
where pressure is highest at the surface in the
respective seasons. Palmen3 has shown that
“the strongest west wind in the upper tropo-
sphere must be observed almost vertically above
the sub-tropical high pressure belt, i.e., around
latitude 30°.” This is found to be true over
India and it is found further that the strongest
east winds, in the summer (monsoon) near the
tropopause, also occur vertically above the re-
gion of highest pressure at the surface over
India.

6. While the existence of a westerly jet over
{he middle latitudes has been recognised and
studied by wvarious authors, notably by Palmen
and co-workers, an easterly jet such as might
oceur in region (a) above near the tropopause
fias not so far been annouicad. In the mert-
dional cross-section for summer along longi-
fude 80° W. given by Hesst and that for August-
September over the tropical Atlantie given by
Vuorela,b concentration of easterly winds is
shown just above the tropopause over the tro-

pical latitudes. It is seen that over India a
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shear to the north and south of them, it seems-
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region of strong easterly winds with the cha-
ractaristics of a ‘jet’ exists near the tropopause
over latriudes 7° to 15° N. All indications there-
fore point to the existence of an easterly jet at
or near the tropopausz in summer over the low
tropical latitudes. Examination of some high
pilot balloon ascent data on a number of con-
secutive days over stations in South India be-
low latitude 15°N. points to the existencs of
an easterly jet at 16 to 18 km. on individual
occasions. On some occasions, the easterly
winds have reached spezeds of 80 to 90 metres
per second (175 to 200 miles per hour).

7. Chaudhury® has discussed the existence of
two westerly jets in winter over India near
about the 200 mb. level (ie., at about 12 km.),
& “Himalayan Jet” at latitudes 30° to 35° N.
and an *‘equatorial jet” at latitudes 15° to 20° N.
The “Himalayan” jet occurs in region (a) abova
but the possibility of the “equatorial” westerly
jet is not indicated by the normal wind, temn-
perature and pressure distribution. It appears
probable that Chaudhury’s equatorial westerly
jet is not a separate jet with marked vertiecal
wind shear both above and below it, but is a
concentration of westerly winds in the southern
edge of the wind field of the ‘Himalavan’ Jet®
Yeh? discussing the circulation of the high tro-
posphere over China in winter also finds a
westerly ‘jet’ at about latitude 30°N. but not
another westerly ‘jet’ to the south of it.

8. It has been pointed out by Palmen? that
the jets seen on the mean meridional cross-
sectiong are not identical with “meandering” jet
streams associated closely with polar front dis-
turbances and that the latter phenomenon can
hardly be studied by the aid of climatological
data. While this may be s0, there can ba no
doubt that the regions of about 10° latitude
width, where mean ‘jet’ streams are shown, are
the most likely regions where “meandering” jet
streams will occur although in individual cases
the ijets may occur at different positions and
heights, and with grealer intensities than indi-
cated by the highest mean wind spead within
the mean “jet” region.

A detailed study of the subject is being
mad2 and the results will be published sepa-
rately.
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