Kashmir at the

Gulmarg 0r pahalgam 1M

same time.

On a Decembe
dip to —40°C at Dras Of
it may be as hip
Thiruvananthapuram o
time.

am in Meghalaya T i
* z?:avlvsz)f’lnlr cm of annual rainfall whi

infall
Jaisalmer (Rajasthan) the ann-uaih;aGan
rarely exceeds 12 cm. Tura, 10 e
Hills, may sometimes recglve R
rainfall in a single day as IS recelV
Jaisalmer in 10 years. .
The Ganga delta and the coastal plai :
Odisha are hit by strong rain storms almos
every third or fifth day in July and August,
while the Coromandel Coast, a thous&}nd
kilometres to the south, goes dry during
these months.
5. The people of Mumbai and the Konkan
Coast do not have to suffer the extremes of
climate but these extremes affect the life of
people of interior parts of the country such
as Delhi and Agra. _
Places like Goa, Hyderabad, Bhubaneshwar
and Patna get rains by the first quarter of
June while the rains are awaited till the end
of June or early July at places like Agra,
Delhi and Chandigarh.

(3]

a receives a8 high

ns of

'The climate of India is a complex phenomenon and js
influenced by a large number of geographical factorg

n

1. Location and La ‘
mainland of India extends it tonte,
and the Tropic of Cancer
closer to the eq

passes through the g

UL

hand lie in the warm temperate';r e “ .
eXperience comparatively lowey tempel: .
places record considerably low t:

_A COMPRERENSIVE
INDIA

GEO( Rap,,

n winter. Water bodies “OMprigip,,
and the Bay of Bengal Surroypg
make climatic conditigp, I -
astal areas. W
5. Distance from ghaSensAreas near iy, Cogg,
pave equable Of maritine climate. On the C""lrar}
L rior locations.are. deprived of the moge, .
¥ntcn0 e of the sea and experience eXtreme
mﬂu.cnctal climate. For example the annug] range or‘
continen Kochi does not exceed 3°C Whercag(i):

ture at © Qi
temperatu 20°C at Delhi. Similarly, the amount o

'c as high as | e an
;snﬁlsjal fainfall at Kolkata is 119 cm which fyjg
Jow of 24 cm at Bikaner.

3. The Northern Mountain Ranges, i
mentioned earlier, India is separated from tbe rest of
Asia by the impenetrable wall of the H‘malayan
mountain ranges. These fADgES protect Indla. from the
bitterly cold and dry winds of .Central Asia during
winter. Further, these mountain ranges act as gy
effective physical barrier for rain bearing south-wes
monsoon winds to cross the northern frontiers of

India. Thus, the Himalayan mountain ranges act as 5
vgen'mgtic JIVIde between Eﬂe Tndian Sub-continent and
Central Asia.

4. Physiography. Physiography of India has a
t of climate such as

, direction of winds
nt of rainfall. ct, physical map of
very closely related to the climatic conditions
'cgﬁy. Places located at higher altitude have

along the €0

d

Pupfon 201, R
()] lalll
:

coo.l climate even though they are located in the
peninsular India, e.g., Ooty. Several hill stations and

the Himalayan fanges are much cooler than the places
located in

the Gr.eat Plain of North India. The greatest

Fhmmphym the peninsular India is

'Bha Ghmandfcccm scanty
Himalayas Physiographic control of the mighty

; ;;;"’ef the climate of the country goes
engal 8. Thc monsoon winds from the Bay ©f
Piysibgmph-bﬁ" urcated into two branches by the

Ic features. One branch goes to the
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ATE
y
. alley through the Meghalaya plateau
W] shaped Chferrapunji valley forceg thé
o0 e monsoon winds to rise along the stee
#e ‘make this area the wettest place in ths
M other branch of monsoons from the Bay of
s the Ganga valley. Its northward-
ted by the Himalayan ranges and
rds up T plain. Initially
es heavy rainfall but the amount of
jecreases as the monsoons loose much of the

; content while advancing westwards.

7 (1.

soon Winds. The most dominating factor
climate is the ‘monsoon winds’ as a
is of —~ 1 called the monsoon climate .
srsal "6f“ﬂie monsoon winds brings
?,é?nfe ip the seasons—the harsh
-~ sud egly giving way to eagerly
on or rainy season. The south-west
ons from the Arabian sea and the Bay
rainfall to the entire country. The

n winter monsoon travel from land to sea
‘much rainfall except along the
st after getting moisture from the Bay

5.

of Bengal.
6. Upper Air Circulation. The changes in the
: upper air circulation over Indian landmass influences
. the climate of India to a great extent. Jet streams in
‘ per tem influence the Indian climate in
ing ways :
let Stream. Westerly jet stream

speed during winter ovel the
; “This jet stream is bifur ated by the
" The northern branch of this jet
; : the northern _ofthis,,bq.ﬂier-

nch blows eastwards south of the
s along 25° north latitude.
ch of jet stream
e winter weather

Lo o

le for

ent. Winter rain and
'ms in north-western plains and occasional
snowfall in hilly regions are caused by these
ances, These are generally followed by cold
> whole of northern plains.

2

e

121

shift of the sup’

hcmiSphcre,Thc w:s;:]rtical rays in the northern

' Yy jet stream i

easterlx.]et stream which owes 1ts 'lsgl_n E IEC ati .
of the Tibet platean. Th; o -
an easterly cold '

latitude and blowi

. ng ov - . g
in the sudden on £ over peninsular India. This helps

set of the south-west monsoons.

ban?. Tropical Cyclones and Western Distur-
- ces, iropncai cyclones originate in the Bay of
engal and Arabian Sea and the influence large parts

of jori
.tl'le per_lmsular India. Majority of the cyclones
originate sfluence the

weather conditions during the south-west monsoon
season. Some cyclones are born retreating
monsoon season, i.e., in October and November and

influence the weather conditions along the eastern
coast of India. ~

The western disturbances originate over the
Mediterranean sea and travel eastward under the
influence of westerly jet stream. They influence the
winter weather conditions over most of Northern-
plains and Western Himalayan region.

8. El-Nino Effect. EI-Nino is a narrow warm
current which occasionally appears off the coast of
Peru in December (See Fig. 5.9). It is a temporary
replacement of the cold Peru current which normally
flows along the coast. This current is responsible for
wide spread floods and droughts in the tropical regions
of the world. Sometimes it becomes more intense and
increases the surface water temperatures of the sea by
10°C. This warming of tropical Pacific waters affects
the global pattern of pressure and wind systems
including the monsoon winds in the Indian Ocean.
Meteorologists believe that the severe droughts of
1987, 2009 and 2014 in India were caused by El-Nino.

E
La Nina usually follows

9. La Nina. After an El-Nino, weather conditions
return to normal. However, some times trade winds
become so strong that they cause abnormal
accumulation of cold water in the central and eastern
pacific region. This event is called La Nina, which in
effect is the complete reversal of El Nino. A l:a N1?a
an active hurricane season. But in nci%.

0!

a strong El Nino. How

the two weather pattern anomalies compare -
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| - gmmap» Main branch of jet — stream in winter
o > Jet— streamin summer
(after Pédelaborde)

ideas are well recognised by Pierre
yrde (1963), in his book entitled ‘The
‘map, showing the seasonal shift of
stream, has been reproduced in figure
that in winter the western jet stream
the southern slopes of the Himalayas but
shifts northwards, rather dramatically,
s along the northern edge of the Tibet
odic movements of the Jet streamm are-

of the monsoon.

varam (1952), put forward his ideas
onsoon winds based on his studies of
irculation. He has tried tO establish 2
p between the monsoons and the
- conditions prevailing over Tibet Plateau.
soidal plateau at an altitude of about
e sea level with an area of about 4.
This plateau is surrounded by mountain
rise 6,000-8,000 m above $¢2 level. It
amer and is 2°C to 3°C warmer than

the adjoining regions. Koteswaram.,
¥ Flohn, feels that because the Tibet

. of heat for the atmosphere it

-

-
¥.return current from a sou

tors of the onset and subsequent®

FIG. 5.4. Jet Stream (After Pedelaborde)

generates an area of rising air. During its ascent the
air spreads outwards and gradually sinks over the
equatorial part of the Indian Ocean. At this stage, the
ascending air is deflected to the right by the earth’s
rotation and moves in an anti-clockwise direction
leading to anticyclonic conditions in the upper
troposphere over Tibet around 300-200 mb (9 to 12
km). It finally approaches the west coast of India as a
th-westerly direction and 1s
termed as equatorial westerlies (Fig. 5.5). It picks up
moisture from the Indian Ocean and causes copious

rainfall in India and adjoining countries.

The south-west monsoon in southern Asia is
overlain by strong upper easterlies with a pronounqed
jet at 100 to 200 mb. These easterly winds, which
often record speeds exceeding 100 knot are known as
the Easterly Jet Stream of the tropics. The Easterly
Jet Stream was first inferred by P. Koteswaram and
p R. Krishna in 1952 and aroused consxderablel
interest among tropical meteorologists: A carefu

h
study of the jets would suggest that the cOre of the

casterly jet is at 13 km (150 mb) while that of ¢

westerly jet is at 9 km. :
strongest winds in the casterly jet M3Y
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tharacteristic air circulation over souther

it 600 and 3,000 m.

11is caused. Raman and Ramanathan
sing the tropical easterly jet stream
it the easterly winds become Very active

troposphere after the beginning of the
.. The latent heat produced due to cloud
» nto inversion of temperature and causes
anth Krishnan is of the opinion that the

monsoons are deeply influenced by the

. cyclones in the UPPer troposphere
o o 03 .

ndian monsoong particular] .

; larly th,
»have generated 5 1o of int);re'e g
'815ts all over the world. Copc

n and eastern Asia in summer. Soli

't6,000 m and dashed lines that at about 600 m. Note that the low-

d lines indicate qir fioy, of
level flow is very uniform between

on data collection and of intensive studies of
monsoon regimes by various meteorological services
and organisations from different nations have been
made during the last six decades. Much has been done
but much more is yet to be done. The first attempt
Was made during International India Ocean
Expedition (IIOE) from 1962 to 1965. It s
organised jointly by the International Council of
Scientific Unions. (ICSU), Scientific Committee 0
Ocean Research (SCOR) and UNESCO with World
Meteorological Organisation (WMO) joining -
meteorology programme. Special oceonographic anf
atmospheric studijeg were carried out with the 2id Os
research vessels, instrumented aircrafts. rocke-ts i
well ag Special upsonde and dropsonde Sofmdmiy
Two more experiments were conducted, jointly’ ith
India and the former USSR in 1973 and | 9771’1‘:Jese
limiteq Participation from other countries. oon
€Xperiments are known as the Indo-Soviet Mo,fsely :
Experiment (ISMEX) and Monsoon-77 respect!”’

re 18
! Was observed from these experiments that mce the
R O S . - vonus wheT
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southern hemisphere crossed
o eir Way t© India. It was also
ﬂucmations in the intensity of
A et the equator resulted in the
‘ao;snf a1l over Maharashtra. Upper air
z% ,:fwf he Bay of Bengal were also made

' ',ﬂ ,mnsi“c data c.ollectio.n effort was made
- o . of anotheT international experiment —
e Experimem in 1979. It is popularly
- EX-1979. It was organised jointly by
;,,.s ic ReseatchProgramme (GARP) of
’Mhec(mnci] of Scientific Unions (ICSU)
‘, ‘w’?l[;lMeteOrological Organisation (WMO)
¥ ' World Weather Watch (WWW)
v the. It is so far the largest scientific effort
pf‘“me d the frontiers of our knowledge of the
i }w by the international scientific community.
g% ountries pooled their talents and
 pany as 45 ¢ 2
[ B under the aegis of the United Nations for
f M venture. Some idea of the dimensions of
‘i : experiment may be had from the fact that in May

LA,
b

of the monsoon :

@ :V/[:fﬁ 1\1/19%n9ext f‘i’é‘vi rDte;lcember 1978 to 5
e eastern Indian
Ocean and the Pacific along with the land
areas adjoining Malaysia and Indonesia.
(if) Summer Monex from 1 May to 31 August
1979 covering the eastern coast of Africa,
the Arabian Sea and the Bay of Bengal along
with adjacent landmasses. It also covered the

Indian Ocean between 10° N to 10° S
latitudes.

(iii) A West African Monsoon Experiment
(WAMEX) over western and central parts of
Africa from 1 May to 31 August 1979.

' [TELNINO CURRENT, WALKER CIRCULATION AND SOUTHERN OSCILLATION

/

Note the eastward shift
inan abnormal year

1 e_-.dharn OSCI“Ohon
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rmational MONEX Management Centres
were set up in Kuala Lumpur and New Delhi
rise the winter and summer components of
ment.

VEX-1979 suffered some setback due to
behaviour of the monsoons in that year.
‘he cold surges was intense in China Sea
> winter MONEX. A strong anticyclone
in the Arabian Sea in summer of 1979. The
monsoon was deflected southwards before
ie Kerala coast under the influence of this
' and started blowing parallel to the coast.
ly the onset of southwest monsoon over
delayed by 12 days. Moreover, July was
d by several weak or break-monsoon
and there was only one monsoon depres-
re, 1979 was not a normal monsoon year
 failed to study the normal behaviour of
5. But the vagaries of the monsoon are
nd in a scientific and analytical
of the monsoons, a study of anomalies
re important. It is in this context that

) assumes unparalled significance.
'ctions, the Southern Oscillation and

ne. They w“* ' al
5. The one which has aroused

g

75 -8 83 -87 -88 -92 95 -98

considerable interest 4
d mong th.
dlfﬁ‘rcn.ce betwcen an El buI]lL m, :
Os?nllatlon. El Nino (EN) i ano ang ,he&sts i
which appears off the Coast of}l)] W Wann%"‘hethe
e

Spanish, it means The Cp;y Chrics o 10 Deg,
around Christmas. Ip SOme r .becauxe

.The El Nino phenomenom Which :

Indian monsoon, reveg)g that n Ueng,,
temperature goes up in (h When g Sty
\ ! € Southery p,.... Srfy
India receives deficient rainfal] How acifie ceae
been some years during whjcp etrler,t ere hal:{
phenomenon did not oceur, but I d.e ing
deficient rainfall, and converse] ' stil] g,
sufficient rainfall during an E] Nino year. 5 CCeiye
the one hundred years from 1870 to ]'9703t"dyof
Indian monsoons shows that out of 43 de:f.the
monsoon years, 19 were associated with an FJ ;;em
On the other hand, there were 6 EJ Nino years Wh?c(;
were also years of good monsoon rain. Analysis of
meteorological data for three decades from 1972.73
to 2013-14 shows that out of 14 draught years 9 py
been El Nino years and 5 were non El Nino years,
Years 1972-73, 1979-80, 1987-88, 2009-10 and
2013-14 were the years of severe drought and
witnessed strong El Nino. On the other hand, years
1991-92, 1994-95, 1997-98, 2004-095 and 2006-07
were no El Nino year and India still had to face
drought conditions (Fig. 5.10). Thus, although there s

Year

1972 1974 1979 1982 1986 1987 1991 1
-73

013
1997 2002 2004 2006 2009 2
o5 03 -05 -07 ~-10 -14 |
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ns to be associated with
nb one-to-one correspondence.

= »at discovery was made by
in 1920 thle workmg as. the

the nsmg hmb over Indian Ocean
be conductive to good monsoon
In other words when there is low
Indian Ocean in winter months, the
coming monsoon will be good
cient rainfall. Its shifting eastward
 position, such as in El Nino years,

rainfall in India. Due to the close
en an El Nino (E.N.) and the
ation (S.0.), the two are jointly
ENSO event. Some of the predictors
Walker are still used in long-range

Oscillation, but the most frequently used is the
Southern Oscillation Index (SOI). This is the
difference in pressure between Tahiti (17°45'S,
149°30'W) in French Polynesia, representing the
Pacific Ocean and Port Darwin (12°30’S, 131°E), in
northern Australia representing the Indian Ocean. The
positive and negative values of the SOI i.e. Tahiti
minus the Port Darwin pressure are pointers towards
good or bad rainfall in India (see the following table)

Scientists of India Meteorological Department
(IMD) joined an international study programme
called the Tropical Oceans and Global Atmosphere
(TOGA) in 1985. This is an interesting and ambitious
programme which investigates both teleconnections
effects and the internal variability. As a follow up to
TOGA, the climate variability (CLIVAR) was set up
in January 1995, to develop an internationally
operational climate forecasting system.

Another major programme is the Indian Middle
Atmospheric Programme (IMAP) initiated by the
Department of Space. This programme has been

launched to augment the existing weather prediction
scheme.

After the severe drought of 1987, parametric and
power regression models have been developed to
forecast monsoon rainfall by utilising signals from 15
parameters. Some of the parameters are global while
others are regional. These parameters are divided into

four broad categories, viz. (a) temperature, (b)

pressure (¢) wind pattern and (d) snow cover and are
listed below :

(a) Temperature related parameters
1. El Nino in current year
2. El Nino in previous year
3. Northern India (March)
4. East coast of India (March)
5. Central India (May)
6. Northern hemisphere (Jan. and Feb.)
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