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ABSRTACT: Drought occurrences and frcquen.:ies acrws Maharashtra display &

limited number of commonly-occurring basic patterns, which are defined in Figure { and

illustrated for specific years in Figures 5 and 6. !,foreover, differences in fluctuations of
3ummer monsoon rainfall from year to year, including the occurnences of drought and
extrerne drought conditions, can be stmcturcd into five sets of regionai conditions (Figures

8 and 9), which are illustrated in Figures l0 to 13. 'fhere are marked relationships

between these summer monsoon rainfall conditions artd SSTs of the Indian Ocean in Apr:il
to June before the monsoon season, and of the enstern tropical Pacific Ocean (the EI

Nino phenomenon) in July to September contectporaneously rvith the mon5oon rainfali
event, The former of these two conditions is most marked in western areas of the state,

whilst the latter is more critical over central and eastern areas. 'Ihe possible implications
of these results in relation to global warrning are considered briefly.

II{TRODUCTION
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Throughout India as a whole the fa I-

ure of the summer m,onsoon to provide

sufficient rainfall necessarily leads to

severe problems for society, with drought

and associated famtne as the extrerne

eituation. What is "sufficient" rraries from
place to place, for both the natural en-

vironment and society's adjustrnent to it
have developed over time in relation
to the local average rainfa.ll and the
norrnal (no,n-extreme) fluctuationa
around this. Extreme deviatione from
al'erage ra'nfall, especialtry marked defi-
cits, have therefore attracted much sci-

enffic attention not only becarrse of their
climatological interest but also because of
their critical impact upon Indian society.

Studies of such defic't or drought con-
d:tions have mainly been concerned, in
recent years, with large-scale units for
whtch the rainfall data have been gener-
alised. Thus in many cases an AII-India
da.ta set has hcr:n used, to provide a view
of drougl-rt oer'urences that is meant to
represent the cer:ntry as a whole, apart
frorn ':l-l,r nr.our-ltainous extreme north-
west and north-east (e.g. Bhalme and

Jadhav. I 984; Bhalme et al., I 986:
llooley et al., I 981 ; Mooley and
Partlrasarathy, 1983, 1984; Partha-
sarathy and Pant, 1984, 1985). In more
deta.il, cl'splaying tlhe pattern of condi-
tions across the country, other studiea
have analysed data generalised for each
of 29 Standard Meteorological Sub-
<nir.isions (".g. Mooley et al. l98l ;
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Farthasarathy et al., 1987). There are
aleo stud'es at an intermcd:ate scale of
:;e.neralisat:on, between these two previ-
ous ones, such as for thc thrce regions
used by Anarrthakrishnan and Partha-
sarathy ( 1984) or the ten regions defined
by Greeory (1989. a- b.).

AII of t{rese data. scts are dedved from
}06 District stations, for which long reli-
.rble rero,rds erL'st. These station data can
be util;sed to provide a more detailed
picture of ra:nfall cond'rons within any
given reg:on or area. In a practtcal sense,
suc.h an area can most usefully be one of
the adrniniskative rtates, rather than a
clirnatologcally def:ned unlt based on
Meteorological Subdivisions (Gregory,
l989b). It is the state that must cope
rarth the social and economic problems
rerJting from rainfall-dificit or drought
'r,ond:tions. Thts present study car-ries out
an analysis for one such state -. Maha-
rashbra 

- 
for'the a:mrner monsoons of

th€ I l4 years l87l-1984. Within thir
,rtate, which inco4>orateq both very wet
urd very dry enrdronmen'ts, lie 26 of
rdrese D:strict stations, a number sufficient
for the clear specification of both pat-
'terns and associated intensities of drought
,rr minfall-deficit conditions.

The relevance of guch conditione to
locnl cornmun:ties in Maharashtra is il-
lustratsd by eeveral quotat:ons from
fleohpande (1971). Thrr" he stressed that
'"the dominant natural facto,r that affects
L,esically the life and economy of the
people is the rainfall in its reg me, arnount
and varability" (p. 27') and went on to
-*tate "But its dtstressing feature is 'vari-
ability," (p. 2B). In addit'on, he made
the point that "its impact in terms of eco-

nomic d'stress and human suffering is

greater in the reg ons of intermediate and
Ecanty rainfall" (p. 28). The latter es-

sentially oomprise the Deccan area of
h{aharashtra in general, and especially its
corrtral and western parts.

With th's in mind, the focus c'f thic
study is upon markedly below average
currlmer Elonsoon minfall cond:tions over
the period 1871-|98.{, with these being
seen as providing some guide to possible
fuhre cond:tions. Such rnarked rainfall
deficitq can lead to drought and its as-

sociated problems for society. Amongst
these are famfne, but is must be remem'
bered that famine can be caused, or 'in-
tensified, l:y other conditions. Often these

are man-rnade in nature, but excessive
rainfall at the wrong time of the year can

also lead to crop damage and to an in-
tenc'fication of famine. Thus the account
by Snrbramanian ( I 975 ) of what. is

termed "the Maharashtra drought l97O-
73" in fadt was concerned with crop
shoriage and fam:ne over this period, for
marked summer monsoon rainfall def'cits
(i.e. droughts), although eharacteristic
.especially of 1972 and partially of 1971.
'were not so of t970 and 1973.

THE TERRAIN ABTD THE STATION
NETWORK

The etate of Maharashtra (Deshpande,
l97l ) covers more than 300,000 square
k'lometres across the north-western Dec-
can anC the coast to the west. Th's
Konkan coas-'al belt is relatively naxrow,
being between 50 and B0 kilometres in
width, and is represented in the climatic
data by four stati,ons ( I, 2" 3, 4). To the
east of this rises to more than 900 metxet
the d-ssected edge of the Deccan :n terms
of the Western Ghats or the Sahyadris'
but none of the stations is located here
(for sta::on num,bers, names and loca-
tions see Figure I ).
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The Maharashtra area of the Deccan

plateau east of the 'Western Ghats is

ma;nly drained by tho Godavari river

.n d it, tributaries, the Krishna, the

Bhima" the Wardha and the 'Wartn-

ganga. In the western and central

;; the basins lie between 500 and

300 metres above sea level, whllst above

these basins the plateau tracts, declining

rn general f,rom wect to east, vary betweetr

600 and 450 metres. Major vanges rising

frorn the plateau to between 700 and 900

motrcs ASL extend eastwards from the
'Western Chats, espec:ally betwcen the

Krishna and Bhima basins (the Mahadev

Range), the Bhima and Godavari bas:nr

(tho Balaghat Range) and north of tlrc

iodav.ri (the Ajanta Range)' The val'

lcry basins immediately east of the

Weetern Chata contain atation 7 in the

Naoik catchment of the upper Godavari'
rtation 9 in the Mutha valley of thc

Bhirrn, and stations 10, I 2 and I 3 in the

Krishna basin. Further east tho S'na

ba^gin (parallel to the Bhima) is repre-

srted by otat'ons I I and 14' whilst the

Godavari catchment proper contains

,rtations 15, 17 and 18. On the edges of

the higher ranges lie stations I (the

Balaghat Range) and | 6 (the Ajanta

Range).

To the north of the Ajanta Range the

Iand falls to heights between 150 and 300

metres above sea level' and drains west-

wards v"a the 'fapi bas'n with its trib-

utary, the Purna. The plateau imrnrediately

south of this basirt contains stat:ons 5

and 2 l, whilst ;n the basin itself are sta-

dons 6, 22 and 23. Norihwards along

a,nd beyond the Mahara-'htra horder rises

thc Satpudas Range, but this is not repts'
*ntod in tfie station network. F nally'
east of the Tapi bas:n over the north-
east of Maharashtra state the Wardha
and the Wainganga basins (again at

between 150 and 300 metres) drain
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soutftwards to the main GodavaJi lyttem'
StaCona 24 a.nd 25 lic in the uPPGr

Wainganga basin, ctation 19 in tlre uPPer

Wardha baoin, and station 26 between

the lowet rcaches of both these rivera'
whllst tho inten'ening Nagpur plateau in
the north (rising to about 450 metrec) ie

represented bY *tation 20.

AVERAGE PATTERN OF RAINFALL

This area receiver its summqtr (June to
September) montootl rainfall partially
from the wegt and partially from tha
east. The syttems moving inland from the

Arabian Sea brins heavy rainfall to thc

Konkan coact, with avcrage value+

bohreen 2000 and 2500 mm, and ever>

tligher totalr over the westcrn slopes and

crectr of tlre Weetern Ghatr (see Figure

2). A marked rain-shadow effet ir
found eastwarde to the lee of tlris area"

which ir aceentuated by ttre d,ecrease in
rainfall from east to wett as the monloorl
lows cross thc Deccan from the cagt

durlng the retleat of the monsoon'

As a result, av€rage lummer mon-

soon rainfall dec,reases to betwee'n 400

and 600 mm along a north-south belt

east of the Weste,rn Ghats' Such valuec

would be seen to produce semi-arid or
porhaps even arid cond:tions in an

i.dian context (Mather' 1974; Singh'

1984), where an average annual value

nf approximately 560 rrrm is taken to be

the boundary between these two condi-

tions. Across central and eastqrn Maha-

rashtra, however, average summer mon-

soon values increase stead:ly to morc

than 1200 mrrr over the 'W'ainganga

basin, where conditions become sub'

humid. Moreover, the variab'lity of qum-

mer rnonsoon rainfall, as exp,ressed by
tho coeffieient of variation, is less in the

wetter west and east (values below 25

per ceot) whilst it rises to 30'15 PeJ cent

over the drier areas (Figure 2).
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Although the pattern of rainfall in
absolute terms is similar in each of the
monsoon moths to that of the monsoon
period as a whole, the percentage of the
iotal monsoon rainfall fall'ng on avetrage

in each of these months varies between
different parts of the state. The percentage
propoltions can be seen in Figure 3,

where it can also be noted that olr

average:

i) the onset of the monsoon ,a;nlall in
June is far more marked along the

Konkan coast than elsewhere;

ii) the peak falls tend to be in July
over much of the state, but over the
central plateau area it is September that
is the wettest rnonth;

iji) August is a relatively dry month
over the $restern half of the state;

ir) relatively drier condiitions also occur
in September over the Konkan area in
the west and the Wainganga catchmeot
and the Nagpur plateau in the nortll-
ea#;

v) about 60 per cent of the total sum-
rner monsoon rainfall occurs in June and

July over western areas, 55 petr ce.rrt ovcr
northern areas, but o,nly about 45 per
cent oveJ southern plateau arcal

COMMON SPATIAL PATTERNS OF
RAJINFALL FLUCTUATIONS

The most common spatial patterns of
aurnrner monsoon ra;nfall fluctuations can
be defined and evaluated from a principatr
components analys:s of theqe 26 data sctr
over the I 14 years of record. Thts wac
cffected not only for the season ae 6
whole but also for each of the four
moniths individually. In each case five
components each yielded an eigenvalue
greater t{ran unity, and collectively they

incorporated between 67 pet cent (June)
anC 74 per cent (August) of the overall
variance of the data set (see Table I for
the monsoon season itsefl). In all case*
Coiuponent I was clearly the dominant
one, however, and it displayed a sim:lar
pattern in all m,onths and the season as a
whole.

The maps of the Load:ngs on Com-
ponent I (Figure 4) indicate a pattern
where either rainfall deficits or rainfall
surpluses loccurred everywhere over'
Maharashtra. Tlrey were at their gteatest,
however, along tfie Konkan coast and
over ceiltral Maharashtra, with rathet
less marked deficits or surpluses over the
area east of the Western Ghats and over
the Waineanga catchment in the north-
ea,sL

The maps of the Loadings on Cornpon-
ent 2 for June. Septernber and the mon-
soon season, and on Component 3 6or

July and August (Figrrre 4) indicate
a gradient between the nortih-east and
the soudr-west, suggesting that in some
ycars the north-east experienced marked-
Iy drier (wetter) condit:ons than did thc
rest of t}e state. In ser.'eral of these drier
casea (Lc. with negative scores) the
north-east would sdll have been wetter
than average but wlthout the excessive
surpluses of other areas; in other casesr

however, real def:cits would have oc-

curred in the north-ast but not elsewhere'

ln contrast, the maps of Loadings for
Cornponent 2 ir July and August, and
Cornponerrt 3 in September and the mon-
soon leas<rn as a whole (Figure 4), dis.
play a pattern \dth marked gradients
between the area imrncdiately east of the
Westerr Ghats and both the coastal area
to thc west and the main plateau area to
the east. As for Component 3 in June.
this suggests a coastlnterior gradierrt
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Tablc l. Loadingp on the firrt five pr:rrcipal mrponrents frour aa analyrir bf Eonlodt
leason (June to September) rainfall 6a Mahararhha rtate, hdia, fc 26'

rtati<rl over 114 f'ears (1871-1984)

COMPONENTS
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that does not appear in the threc main
patte"rzrs for tho other periods.

When considering droughts as rnajo'r
phenomona, the monsoon $aason as a
whole rep,resents the most e{fective t'me
unit, rather than conditions in any one
montfi alone. On this basis, if standard-
ised soores are computed for each of the
I t4 years on Cornponent I, five yearr
had negative scores greatet than -2.0
*andard deviations i.e. five years wrth
the most widespread ra:nfall deficits and
the moet universal drought conditions.
'Thesewere 1899, 1918, 1920, 1972 and
l87l in order of their scores. The de-
tailed patterns (Figr;re 5), when the fall
fo,r t'hat year at any stat:on ir cxpressed
as a percentage of the I 14 year averagc
for that station, do not perfectly match
the general component pattern, but they
cach havc much in cornrnon with it.

If Component 2 is considered, thc five
years with the most marked grad:ents, as

reqrescnted by the largest neqative scores,
were 1892, 1928, 1967,1974 and 1983.
Of these, in 1928 and 1967 drier than
average conditions dominated in thc
-north-eadt, but it was only in 1974 that
drought oonditions (falls below 75 per
cent of the average) d'stinguished thic
area (Figure 5). As for the spatial gradi-
ents of Component 3, such relat:onshipr
were found in several years when large
defic:ts or drought conditions wqre effec-
tively limirted to the rain-shadow zone.
Howcver, in 1935, 1948 and 1949 thcse
wetre very localised, and it was only in
195 I that the whole of this area war
aficcted by drought whilst tfic rcst of the
ltate wa! not (Figurc 5).

Years with common patterns of surplus
or deficit can also be evaluated by aP-
plnng a clasdfication procedure to thc

T?ANSACTIONS OF THE INSITTUTE, OF INDIAN GEOGRAPHERS

Soores recorded on each of the fivc criti-
cal components metioned earlier all

harrng an eigonvalue greater than unity.
If \ffard's glouping algorithm is used
(Ward, 1961), ten groups of years witih
considerable internal coherence a,re de-
firred. Two of these groups comprise
years in whtch drought conditions were
widespread. The first group consists of
1871, 1899, 1918, 1920 and 1972 (rhe
patterns for these have ahcady been dis-
played * Figure 5). The second such
group involvcd the yearc 1876, 1877,
t904, t905, t9il, 1925. 1929, 1941,
1952 and 1984. Thc patterns for thesc
ter! ycarr are shown in Figure 6.

An alterinativc approach to scheduling
major drought years would be as t:ollows.
lf drought at a station is taken as a mon-
soon rainfall which is lcss than 75 per
cent of the long-term averagc (i.e. a
deficit of more than 25 per cent), then
th:s occurred at trhree-quarters or mpte of
the stations ( 19 or rnore out of 26) in
the sarne five years spectfied earlier ag

having the largest negativc load;ngs on
cornponent I (see Figure 5). tf, however,
the critical nurnber of stations is taken ar
more than l0 out of 26 (i.e. more than
40 per cent of them) then all of the
stations specified by thc carlier classifica-
tion procedure, except for 1929, are
included, plus tfic year 1912. Collec-
tively, these 16 years (i.e. those, apart
from l95l and, 1974, shown in Figures
5 and 6) can bc seen as the major wide-
spread drought years across Maha-
rashtra within thc I 14 ycarr of the ar-
alysic.

Thc relationship botrrcen thcse two
rcts of cvaluation, and tlhe relative inten-
sifes of drought in the variotrs years, are
graphed in Fierrrc 7. At the same t'mc
arc shown thc.{glr yaars in which severe
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of such years at a level (0.05) signifi-
cantly greater than randonr. These more
fo,rmally tested and established temporal
phases conf:rm the subjective interpreta-
tion made ea,rlier from, Figure 7.

COMMON TEMPOR^AL PATTERNS
OF RAIMALL FLUCTUATIONS

If indlvidual stations are cornpared in
terrns of the dming and intensity of
drought condittons, or of rainfall condi-
t;,ong as a whole, then each station
wrll display some characterist'cs peculiar
to itself. However, there may well be

cotlaln basic underlylng tendenc'es which
r:ean th,at several stations are essent:ally
alike in ternrs of the:r temporal fluctua-
tions, whilsi ,others differ from these con-
d'tions. By apply'ng Ward's classlfication
procedures (Ward, 1963) to the loadings
of the 26 stations on the five signif'cant
compon'ents delim:ted earlier, group ngs
of sta.tions can be defined each of which
displays cons'dera.ble homogeneity in
tgrrras of ternporal fluctuations from yeat

to )'ear.

Jfre resultant hierarchical pattern for
the monsoon season as a while !s shown
in Irigure t]. F ve distinct txrouPs of statione

ttm be een, w'thin each of which in-
te.*aal varia.nee is very lirn:ted. Moreover,
'rv},en these ave mapped (Figure 9) a

coherent regionai slructure appearg,

Sir::.:}ar classlf'cat:ons were carrted out for
c.;rcli crf the faur m'onths separatell', and
t:he results are also rnapped in Figure 9.

Effectil'ely the same ftve regtons are de-

f'ned for August and September as for
th.e monsoon season, whilst for July the
only difference is that the two northqrn
regi,:ns ar* merged into one. It is !n June
that a somewhat different reg'onal pat-
telTr emergeg, with a progressive change
frorn the coast to the north east.

drought (i.e. rainfall less than 50 Per
cenrt of the average) occqrred oVer o, r€-
latively wide area (i.e. at more t-han five,
orll*or" tlhan 20 per cent, of the 26 sta-
tiohs). This Figure suggests that these

wi{espread drought years were especially
coBtentrated in the approx'mately 3A

yeirs period from the end of the last
ceritury tfirough to the late 1920s. In con-
trapt" there was a 20 year pertod befo3e

thi end of last century when none of
tlaese widespread droughts occurred.
whilst hetwee,n 1930 and 1970 only two
euoh eve,!f,ts wqe r@orded.

.

If these apparent tenrporal coneentra-
tions are tested by the hypergeome-tric
.f:.equency distrlbution (Cregory, 1979,
1989b). the n-umber qf widespread
droughts in each of the two decades
1903-19! 2 and 1904-19l 3 (i.e. four)
was grea{:er 116rr p,:ght be expected at
rando,m (at the 0.05 level of s:gnifi-
canee). Agatn, in terrns of 30-yerr periods
the occurtrence 'of etght 11,!d.espread

droughts in each of the penods 1896-
1925 to I904-1933 was also sisnificantly
greater than random (at the 0.05 level).
In,conttra.st, if tJre 29 year* in whic.h no
*iation experienced drought conditions

{i.e. no statlon with ra'nfall below 75
per cant r:,f the average) were considered
these. were effectively randorily d:stxi-
buted in time. No deeaiie ct' 30-yrar
perieid displayed a concentrertion stgr:ifi-
cantly greater than ,ra,ndorn. If s'mpl)' the
four years with wide,gpread extreme

drought are cons'dered" they display no
a:gnif:cant cone-entration in tirne, neither
at the ciocade nor the 30-year level. If,
however, the 86 years are ,c-on"ide,red in
rvhich no stat:on recorded such extreme
drought (i.e. no slatlon witl'r a cleficit of
mcrre than 50 per cent of the average),
tihen tfie 3O-year per'od l92l-1950, with
27 such years, displayed a concentration
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FIGURE 9. Regions of rainfall flrrrctuations (1871-1984) acmos Maharashtra 3tate.'

Sor the monsoon season (June to Septernber) as a whole (se Figure 8) and for each
of the four months separately.
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?AITERNS AND INTENSrIIIES or, RAINFALL-DEFICIT @NDmoI{s IN IIAHARASI{TI.A |7

below av€:rage (a deficit of between 0

and 25 perr cent), above average (a

s,trrplus of betrnreen 0 and 25 per ceqt)'
wet (a eurplus of between 25 ax'd 50 per

cent) and very wet (a surplue of mote

than 50 per cent).

^r-1,nalys:s will show (Table 2) that the

yean of rrrrked monsoon season rainfall
deficit or drought in regional terms are

effect;wely the saroe as those defined
earlier in station terrna. Apart from the

final grnup in Table 2, with only two

drought regions wlthin four below aver-

:rge regions, these years repeat those

ehown in Figure 7. The one year from the

lalter figure that is missing here is 1912.

!n tiris ],ear only rhree of the regions had
below a.l'err)ge rainfall, but two of these

were drarught reg:ons. T}rts wae th.: only
year in which these circrrmstances occur-

red.

These characteristics arc reflected irr

temporal c.hanges as shown by cumulative
percentage devtat:on curves (Figure l2).
Thus in Regons A and C, Years with be-

low average rainfall dominaled, from the
late l890s through to 1930. Then a
period of fluctuating cond't'ons was fol'
lovred by mainly above average condl
tiorls from the eartry 1950s to the nnid-

1960s, r, "hen fluchrating cond:dons re-

tnmed fo:' the rest of :he Period. The
rnain di#erernce between the two

regions vlras t}re frequent al:ove
ilverage ra'nfall years early in the
per'od in Re.gion C. Region D had pat-
terns much in cornmon with these until
1930. Above average years tended to
occur from then unt:l about 1950, after
lvhlch below a.nd above average condi-
tions seerned to fluctuate ,randomly. As
for Region E" t-h's differed from Region
D hy the run of wetter years from the
mid--1900s to about 1920, and bv the
vuri of dtior )'ears fi'o*r the early 1960s

Thrr monsoon (""d Augrnt and

Septernber) Patterns comPrise:

Region A - 
th" Konkan Coast and the

westgrn slopes of the Western Ghats;

Region B 
- 

part of 'the drY area to the

east of the'lVest€rn Ghats "loog the

rvestern edge of tfie Deccan;

Resion C 
- 

the Central and Fastegn

Malaras&rtra uplan&' incorporating the

upper Godavari \r/alley and rnost other
rributary valleys of the Godavari systerr.:

Reg:on D - -. the TaPi Basin, north-

wards from the Ajanta Range:

Re.g:on E 
- 

the Wardha and Wain-
grmga catchsnents and the Nagpul
Pl;rteau in tlre nortll-east'

It is a cornbination of regions D and
E into one northern Region D that dis-

tineuishes the July Pattern.

The distinctivenees of t'hese five regions

in terms of year to year fluctuations can

be illustrated (Figure l0) bv correladng
the I 14 monsoon ,rainfall values for one
central station in each region with rhe
equ:valent yalues for eaeh of the other
25 statio,ns trsed in Maharashtra. To pro-
vide a more general picture of conditions,
and although the spatial distrbut'on of
etations within any o.ne of these five re-
gions is far from regular, it is perhaps

reasonable to average *.he annual mon-
soonal ra'nfall of these district stations to
yield regional ralnfall values for each of
the rnonsoon seasons lBTl-1984. These
can then be converted to petcentage of
the 1 l4-year average I'alue for that
specific reglion. The resultant regional
peJcentages for the monsoon seasor as a
whole are presented graphically in Figure.
! l, in terms of years that are yery dry (a
deficit of more than 50 per cent), dry
(a deficit of between 25 and 50 percent),,
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t3,l' tD tDt- rI rta D rlb {uro ,s0

FIGURE ll. Moroon (Jurrc toSeptember) rainfall fluctuationsfromyear to year to
year (1871-1984) fc each of the frve reg'orc in Maharashtra state mapped in
Figur€ 9. Each year's reg:oral rainfalt is e:rpressed ar a percentage of the regional
1871-1984 mean rnotroon searor rainfall, and geaeralired irrtb 25 per cent
Yearr with a atrong El Nino phcncnenon atie rtippled.
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Table 2" Moncoon soason (Jure to Septernber) aroustt yearc (deficit > 25 per cemt)

affecting hrno or raore of the five regims defined in Maharadltra, when at

Ieast 6our of, them received le thnn tbe average rainfall, in the period

l8?1-1984.

2A inANs,rcrroNs or rrrE'TNSTITUTE or INDIAN GEoGRAPITERS

ALL IT[/E rcgios belorry avera{re FOUR r€sioms helow averagc

FIVE, regions -": 7 5 lh of average

r899. l9l8
FOUR refonr -..75% of average

1920, 1972
"fi{REE regions <75% of average

rs7t, l9l I, 1925, t94l
'IWO reg:ons <75Vo of average

1876, r877. 1904, 1929,1952

"IHREE regians <75?b of avetrRge

t905, I c)84

TWO region* '1 75gh of ar"erirge

1880, 1950, 1971, l9B2

-Trbls 3. Estimater of (i) the pnobability and (ii) dhe necurrenceinterrral of sumrr
mon:ffir drought cqrditixrc (rainfall deficita '' 25 per ce*rt) and erh.emo

drought "o'ditiot" 
(rainfalldeficitr >5o per oent) ooiltrina lor-narherr

within Mahararhtra etate, and in cafh bf Se 6ve regionr previorly dcfined'

batcd or conditior in t87l'1984'

Stare A B CDE

hobabiliB

Drought (>25 Per cent defidt)
Extrerne
Drought (>50 Per cent dcfrcit)

Rchrnr Paiod

Drought (>25 Per cent deficit)

E":rtremc
Dro,rglrt (250 Per cent deficit)

29 .42 .50

.tB

2.4

.38 .35

.r05 .04

2.0 2.6 2.9

.72

.26

1.4

09.05

3.5

24.03.9 I t.l 5.6 9.5 25.0
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to the mid-1970e. Finally, the di.gtinctive

fetritures of Regton B are the run of do-
minantly drier years betwecn the mid-
l9l0s and the late 1950s, and the ho-
quent wetter ycars to the end of thc
period.

Another approach to regional drought

frequencies is in terms of extreme event
theory, applied on a sPat:al basir
(Gregory and ParthasarathY, 1986;
Gregory, 1987). Thus it is possible to
present estimates of the probability (and
return period) of drought in general and

any intensity of drought in part'cular,
occurrtng somewhere within Mahamshtra
or any one of the defined regions. The
resultant curves are presented in Figure
13. These are conservative estimates of
extreme events, for they are necessarily
based solely on the siations used in the
analysis and not on all poss'ble trocatione

in the areas involved. On th's basis, how-
ever, the probabilities and retr.Lrn pertods
of both drought (a deficit greater than
25 per cent of the average) ""d extreme
drought (a deficit greater than 50 Per
cent of the average) are listed in Table
3. Thus in Maharashtra as a whole, fot
cxample, an extreme drought can be ex-
pected somewhele at teast one year in
four, whilst a simple drought will occur
ebou,t two years out of three.

REGIONAL MONSOON RAINFAII
At'[D SSTI

These fluctuations in regional rainfall,
end especially in &ought conditions, a.r,e

at least partially influenced by fluctua-
tions in sea-aurface temperaturcg (SSTs),
cryecially for the Indian Ocean and the
crstern tropical Pacific Ocean. The for-
mer ia the ocean surface over wh;ch the
monsoon sJrctcrn blows towards India
whilct the latter, via\the El Nino srrstem
rnd thc relatcd Soutlrern Orcillation, ir

TRANSACTIONS OT TIIE INSTITUfT OT U{DIAN GEIOGRAPIIE&S

ccen to influence atmocphedc circulatiol
patterns over largo arcas of the world,
and erpecially thc tropicr.

Most rources (".g. Mooley and
Partasarathy, 1983; Rasmussen and C-ar-
pernter, 1983; Bhalmc and Jadhaw
l9B4) recognise 26 El Nino years (iq
with higher than average SSTs over the
eastern trop'cal Pac'fic Ocean) dudns
the I I 4 years of the present record 

-see Figure I l. If these are related to the
number of stations in the Maharashtra
network experiencing drought conditioru
(;.e. monsoon ra'nfall less than 75 pel
cent of the average) in any given year,
the following relationships appcar
(Table 4).

There appears to be a relatively higher
concentration of El Nino years in the high
drought frequency, and a lower concen-
trat'on in the very low drought frequency
group. These concentrations d:ffer s'gni-
ficantly from rardom at the 0.05 level,
with a Chi-squared value of 11.7.
Nevertheless, it is still true that in 18 of
rhe 26 EI N:no yean fewer than 40 pcr
cent (i.e. ten or less) of the stations ex-
pcrienced rainfall that was below 75 per
cent of the averaga

For a more cffeotive aliaeosment, how-
e'ver, the Meteorological Office data on
SST anomalies for major oceanic unit .

can be used. The five sets of regional
rainfall data were each correlated with
rx SST data sets, namely those for the
Indian Ocean and the eagtern trop:cal
Pacific ocean for each of thee season 

-January to March, before t*re monlooD
reason; April to June, bcfore and oveJ-
l.pping the start of the monsoon reasoni
and July to Scptember, contemporan€our
with the bulk of the rrroDcoon aealon.
Thc eimple correlation coefficicntc arc
lLred in Tablc 5.
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Tabtre 4. The number of stations in the lVtaharashtra network experiencing drorght

oonditions (a monsoon seasbn ranfatl deficit ",. 25 per ceat) in El Nino and

rcn-El Nino Yearr, 1871-1984.

Number of stations El Nino Years no,n-E! Nino years Total Years

0--l
2 -.. l0
tt -,25
Total

6

t2

I
26

45

36

7

8B

5l

48

l5

il4

Table 5. Correlation coefiicients between regftxral moqrsooo gearoa (.hme to Septerrr-

ber) rainfall and three seasonal sea arrface ternperatuee (SSTs) for tha

easterar tropical Pacific Ocean (P. O.) andthe IndianQcean (I. O.)' for the

period 1871-1984.

Sea surface R.sions

P. O. jfno

P. O. amj

P. O. jas

l. O. jfm

I. O. amj

l" O. jas

,"\

+.13

-"00
-.201x1
*'.29 (xx;

+.40 (x-:+;

+.26(xx;

D
1)

+.1 I

-.03
-.tI
+.?Z(xy

*'34 (xx1

+.16

C

+.01

-.1 9 (xtr

-.451x'r1
*.321xx1

*.241x;

+.14

n

+.09
*.08

*.36 (x*;

+.23 (x1

*.?5 (xx1

+.1B

1:
l-

+.1 :i

-.02
-.28 (+x;

*.23 (x-1

*.21(x;
+.1I

(rE) correlation coeffic:ent statistically significant at the 0.05 level, in a two'tailed test'

(*r+) correlation coefficient statistically signifieant at the 0.01 level' in a trro-tailed

test.

Thusstatistically signiflcant relat'on-
ships with a posit've stgn occurred

between the regional rainfalls and ante'

cedent Ind'an Ocean SSTs, and signif cant

relationshlps with a negative sign between

the rainfalls and contemporaneous eastern

trop:cal Pacific Oeean SSTs. Appreciat-
ing that considerable levels of correlation

,:r::rld exist betweqr these several SST

data sets, multipl'e regJression and correla'

tion analyses were carried out to f:nd the

highest level of multiple correlation coin-

cident w.th all the independent variables

being statistically significant at least at

Ge 0.05 levet. In each case (Table 6) it
was a comblnation of April to June SSTs
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Table 6. Multiple rcgrcEi,on relationships between mon&on scason (June to Septern-

ber) rainfall of the five regions defined in Maharashtra (Figrrre 9), and

the SSTs for (i) JuIy to Septenrber over the eastern tropical Pacific Ocean

(p. O. jas) and (ii) April to June over the Indian Ocean (I. O. ami). Multi-
ple correlation coefficientr are giveo Gor the rcgresionr and signs and F valuec

for each of the indepesrdent vadabl,es (i. e. the SSTr): in all cases eigni'

frcance letels are ako given

RECIONS

regression

P. O. jas

I. O. amj

: corr. coef.
: signific.

: sr8n.

: F value
: sigrufic.

: srgn.
: F value
: signific.

A

.46

.00r

l.t
.0t

+
25.4
.001

B

.40

.001

5.9
.05

,+

t 7.0
.00t

C

.53

.00r

24.7
.001

+
12.5
.00t

D

.46

.001

20.7
.00t

+
r t.5
.00t

E

.37

.001

rfe
.001

+
7.4

"0,

in the Indian Ocean with July to Septem-
ber SSTs in the eastern tropical Pacific
Oc€an that beet satisfied thesc criteria.

Thus for all five regions the regress:on

relationship was signif'cant at the 0.001
lcvel, whilst both vat'ablec (SSTs) were
jgniflcant at the 0.05 level or better. For
Regionr A and B, in the west, the April
to June SSTs of the Indian Ocean were
the more important, whilst for Reg'ons
C, D and E (in the eentrc and east) the

July to Septernber SSTs of the e.stern
tropical Pacific Ocean wcre thc more im-
portant. It would tfius appfat that a

warmer/cooler Indian Ocean irnmediately
pt'or to the monsoon aeallo'n, which
would #fect the moisture-holding eapa-

city of the monsoon airflow and perhaps

also the intensity and frequency of rnon'
coon lowu, was associated with an iB-

crease/decreasc in rn<rnlioon rainfall,
espccially ovetr the areas closest to thc
Arabian Sea area of the Indlan Ocean
C-onverscly, the change in atmospheric
circulation syltcrrs rclated to warmcr/
cooler SSTs ooer the eastcrn tropical
Pacific Ocean were associated with a de-
crease/increase in monroon rainfall.
ecpecially over thc more inland areat.

IMPLICATIONS F1OR THE FUTURE

The occulrences, frequencier and pat-
terns of large summer monsoon ratnfall
deficits over Maharashtra state have been
analyse.d and sumrnarised for the I 14

-vear per:od l87l -1984. What are the im-
plications of these relationsh:ps for an
appreciation of possible future drousht
occurreaces in Maharaehtral
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The spatial distributions of below aver-
age, drought and extreme drougtrt con-
ditions have b,een shown to vary in detail
from one drought year to another (Fig-
ures 5 anl 6): moreover, it was only in
I 899 that drought cond:tions occugred
over the whole of the state. Such a uni-
r"ersally occurring drought in the futtrre is
obviously a poss'b'lity, but the probab-
ili,ty of it is very low. On the other hand,
monsoon seasons in which eonsiderable
aneas of drought condttions are spatially
embedded in widespread below avetrage

rainfall conditions are likely to recur w'th
a frequency of one or two per decade.
The pattern reflected by Component I in
,Figure 4 will no doubt contine to be the
commonest pattern of monsoon rainfall
distr:bution, especially for euch very dry
(drought) years.

Over the past, years of complete
.drought absence have been virtually
random in occurrence, as have been wide-
spread extreme droughts. In contrast,
periods have occurred when droughts
'have been more frequent than might
have been expected by chance whilst
such relationships have varied between
.on€ regton and anothcr. There is no

tuarantec that these characteristics will
pod"t into the fuhrre, however, and thir
,tnust also be partially true of the longer

|erm drought returrr periods (Figure 13)

ARANSACIX'NS OT TEE INSTTTUTE OT INDIAN GEOGRAPHERS

Whether or not the monaoon aeasoD
rainfall characteristics that have been
established for the period l87l-1984 will
continue into the future depends marked-
ly on the issue of nran-induced global
lr,rarming. Whilst the future occurrence of
this during the coming decades is now
widely, though not universally, accepted
throughout the relevant scientific com-
mun:ty, there is as yet no reliable assess-

ment of probable regional, as distinct
from global, impact (Houghton et al.,
1990). However, it is to be expected that
the observed reladonships (modest
though they are in magnihrde) between
SSTs and monsoon season rainfall in
Ma}arashara will be sustained, as they
are. phys:cally based. If, therefore, global
warrning leads to a rise in sea su,rfacc
temperatures over the Indian Ocean and
the eastern tropical Pacific Ocean, a con-
com:tant impact on these rainfall con-
clitions must be expected.
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