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Does precipitation pattern foretell Gujarat climate

becoming arid ?

A. CHOWDH URY and V. P. AnllYANKAR

4\feltorological Office, Punt

(RtceilJtd28 Ap,iI1 977)

ABSTRACT . In recent years, on account of the anomalous behaviour ofsouthwest monsoon, drought conditions
were reported from many parts of the country, Gujarat State in particular. An a ttempt has been made in this paper
10 determine. if Guja rat is tu rning drier.

Sou th west mon so on (season a l) and the annua l rainfall se ries of nearly 70 yea rs were subjected to
so phist ica ted statis tica l ana lyses . Ra infall dat a o ver Guj arat was found to const itute a random
series and d id not exhibi t presence of t rend. cycle o r persistence. The precipitation pattern docs not
indicate that arid cond itions arc gradually increasing over Gujaral State. It is also not feasible to
anticipate years of poor rainfall from the pasI occurrences in the rainfall series.
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1. Introduction

In th e past few years, sou thwest monsoon
rainfall over G ujarat St at e was consecu tively
be low normal, the de partures heing even 50
pe r cent or more and prolonged drought cond i
tion s were reported .

I t is worth mentioning in this context that
considerable speculation is hei ng made by re
kn owned climatologists in o ther parts of the g lobe
to suggest that Indi a is undergoing climatic
ch anges a ud is threatened by d rought an d fa
mine .

One of the methods to determine clim atic shifts
a nd to p roject a time series in to futur e is the statis
tical analysis of th e past behaviour of the sample.

'!'ow in the app lication of statistics it may be
ass umed that the series is composed of combina tio n
of two components , oie., non-determ inistic
co mpo nent (when the d at a co ntain random p ast
which can be handled hy probabili ty concept)
and .dLtcrminist ic component like trend, cycles o r
persss rcncc. The la tter com po nent is dealt in the
paper .

The a im of th e present study is, therefore, to
determine the predictivi tv, if an)', existing in th e
rainfall , series for G uj era t St ale. R aman et at.
(19 72) adopting Friedman's (1957) methodology
for Texas, confi rmed absence of tre nd I cycles or
persistence in the ra infall series in Biha r Stat e.
Apart from a few tests mention ed in these paper s
some recent sophisticated tes ts have a lso been in
traduced in th e present analyses.

2. Basic data

T he most important factor which is essential for
a q ua ntita tive evaluati on and understanding th e
cha racter istics of drought and th e clim ati c sh ift, is
th e ava ila bility of continuou s rainfall dat a for a
ve ry long period. In th e present investigation I I
ra in recording sta tions in Gnjarat State represent
ing d iITeren t agr oclimatic regimes, were selected .
The monsoon (.June to September ) a nd a nnual
rainfall data for nearly 70 yea rs generally ranging
from IR95 to 1970 was ava ila ble for most of the
stations. T he d at a was subjected to va rious sta tis
tica l analyses to de te rmine presence, if any , of
trend , cycles and persis te nce in the rain fall ser ies
in Guj arat .

3. Trend. In rainfall

Compu ta tion of trend valu es provides with a
tool to ascerta in, if a locality is ge tt ing dri~r or
wetter. In case th e rainfall series show a positive
t rend the area could be conside red to be ge tting
wette~ year by year, and if ,it is negativ e, ~hcy
would imp.Iy possible approacn o~drier .Conct l~ lons .
1 '0 det er mine presen ce of tr end I If any In Guiarat ,
the following test were applied :

(a ) Hart' s test f or independence 0/ suaessiue obset
nation

A method of test ing the independence of succe~
sivc ob servation is to compute Von Neumann rauo
as d efined bel ow and test its significance:
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where, X t is the observed val ue a t time I and
4¥ is the mean .

Thi s rat io "..as com puted for a ll the sta tions a nd
results presented in Table I. .\, 5 per cent level of
significance, no evidence of trend was nurio -d for
any of th e stations for both the monsoon and an 
nual rainfal l seri es except at \ 'crava l for which the
rai nfall showed presence of SQIJle trend .
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( b) Linear time trend and correlation

In this method. a linear t ime scale n'qrr -s- ton
to the rainfall ser ies in th e form of :

r = a - hi

TABLE 2

Slope and li near t ime scale correlation coefficient
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(w here Y is the rai nfa ll at th e tim e I, a and"
a rc cons tant s, b gives the slop r- o f th e rt'g rf's!'ion)
is fitted . The slope and the cocffkx.. n t of linear
regression both provide a ba sis to prohe the
presence of trend. T he slope and cocflicicn t al e
d epicted in Table 2. The slope in t-ainfa ll scrn-s fill"
Vera val a nd Surat appears to be q ui u- -tccp . III
case of Porband ar, though the slope is not as
marked as in the above two stat ion", it W,1'o q uite
large.

The linear correlation coe ffi cie nt for the ra infall
(seasonal and annual) at Ver aval alone was found
sjgnificanrat 5 percent level. Sural and Porhanda r
also registered a high, tho ugh no t -ignifica nt
cor relat ion.
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4. Test (or recurri ng eyelts

T her e are two tests for locating the presence of
cy cle in i1 time series sample. The first test compa res
the observed leng th of runs in the sa mple with t ha 1
of expec ted ones. Th e second t(,,51 (",)mpa rt"~ the
number of runs in the sample with the number
expec ted in a random sample,

( a) 1..tIlgth of rllllS

The sam ple distribution of the test was deri ved
b y \\'allace and Moore a nd is based nil ciaj , ...q uare
di srribrution.
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w here Ut , U z and W 3 represent respectively the obscr
ved number of runs of length 1, 2 and 3 or more
j n em p iri cal sample and L·ll L:~ , a nd 11"3eire cxpcc -

- :'hm iti l'll lit u t 5 per (·'· lIt ll'n·l

TABLE 3

Number 01 runs of var tcus lengt hs
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