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\ ABSTRACT. Drought is a recurring feature in the arid regions and prediction of droughts has

- got great relevance with respect to planning for afforestation, sand dune stabilisation, establishment of
grasslands etc. Some attempts have been made ai the Central Arid Zone Research Institute, Yodhpur
1o develop techniques for prognostication of droughts in the Indian arid region on the basis of climatic-
fluctuations and variability.

The climatic spectrum of the Indian arid region exiends from extremely arid to semi-arid conditions.
Through application of the theory of conditional probabilities based on first order Markov chain model,
the climatic fluctuaiions during the years 1901-1970. were studied, It was observed that the occurrence
of extreme arid conditions in the succeeding year could be predicted with 92 per cent confidence while
climatic lypes cam be predicted with 83 per cent confidence.

Drought incidence may not be affecting whole of the region simuliapeously and some parts night
experience localised droughts. However, in some years the whole region experienced drought conditions
and studies reveal that even w such years the drought intensity aod its time of occurrence varied from
region to region. Studies on the incidence and spread of droughts over western Rajasthan indicate that
drought condition originate first in the northeastern region, during the month of July spread in a south-
westerly direction during. the month of August and dissipate with an easterly movement in the month
of September. This pattern is observed to repeat during the years of severe drought. In the present’
paper, the applicability of the above techniques have been discussed.

‘ Long range prediction of droughts is not yet possible with 100 per cent confidence. Therefore, a
combination approach using different techriques might provide the necessary confidence in prediction
of droughts, - :

1. Introduction ring phenomena in the arid regions and prediction of

.. droughts as such holds great importance in respect t
berg (1974) summarising the global research E : Jn respect to
on;]?nc'ad: drrogug(hts pczinte 4 out !ihat 1o tadical one sided  planning and execution of programmes like afforesta-
£ rainfall can be identified tion, sand dune stabilization and establishment of grass-

' 11 defined cycles o
ttf‘éﬁi &re ?grecasiing ofydmughts. Droughts are a recur- lands etc. As droughts dq not occur all of a sudden as
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Fig. I. Climatic shifts in differert regions of western Rajasthan during 1901-1970

floods do, but are usually the ultimate result of a set
of weather sequences that require extended periods of
time to develop (Linsley er al, 1959%), some chances
exist, to understand the pattern of drought incidence,
spread and decay over a given region which could
be of some predictive value. Such attempts have
been carried out with some success over (he
Deccan plateau (Subrahmanyam and Sastri 197 1) and
over western Rajasthan and northwest India (Rama
Krishna and Sastri 1980, Sastri and Malakar 1981,

Sastri and Rama Krishna 1981 and Sastri ez al, 19381y,

Further, a knowledge of the climatic fluctuations over a
given region enables us to estimate the conditions under
which extreme aridity is likely to prevail, based on the
conditions that prevailed during the precedmg year.
Such a combination approach can provide ‘the neces-
sary confidence in knowing the possibility of occurrence
of droughts. The present paper deals with the applica-
tion of such a combined approach for understanding the
pattern of droughts over the Indian arid region.

2. Materials and metbodo!ogy_

The monthly water balance computations for

the period 1901 - 1970 were carried out in respect of
the 11 stations representing the respective districts of
western Rajasthan, using the book-keeping procedure
of Thornthwaite and Mather (1948) and incorporating
the potential evapotranspiration (PE) values estimated
using Penman’s equation. The climatic variability at
these stations was studied using the moisture mdex

(7,) of Thornthwaite estimated as :

Annual water surplus—Annual water deficjt

m=

Annual water need (PE)

Utilising the above index {/w ), the climatic shifts
were considered to have been towards :
Semi Arid (SA) if ,, lies between —33.3 & —66.6°%
Arid (A) if I, lies between —66.7 & —80.0%,
Extremely Arid (EA) if 7, is less than -—80.0°%

© After classifying the climatic conditions that prevail-
ed during different years considered, the conditional
probabilities for the occurrence of sequences of exire-
mely arid, arid and semi-arid conditions were eslimated

L :2:3’{%2
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TABLE 1

Conditional probabilities (in per cenf) for the occurrence of
arid and semi-arid conditions in western Rajasthan

Probabilities (P} of occurrence of arid and
semi-ari¢ conditions
Station r A ——my

(A/ (SA/BA) (A/A) (SAJA) (A/SA) (A
EA) S4)

Barmer 16 2 0 20 50 0
Bikaner 23 2 25 6 15 0
Churu 52 4 53 i7 40 0
Gangana- 18 0 0o 50 o 0
Jaisalmer 8 — 0 - —
Jalore 33 17 29 14 33 25
Jhunjhuan 50 15 35 i7 _ 54 31
Jodhpur 27 7 28 5 57 29
Nagaut 29 7 25 10 2% 0
Pali 46 16 52 12 40 30
Sikar 25 3 s 32 36 32

based on the first order “Markov ¢hain model”. The
conditional probabilities wére estimated for the follow-
ing situations:

(i) P(EA/EA), P(A/EA) and P(SA/EA) to
represent the probability of occurrence of EA,
A and SA conditions respectively during an
year that follows in year with EA conditions.

(i} P(EA/A), P(A/A) and P(SA/A) to re-
present the probability of occurrence of EA,
A and SA conditions respectively during an
year that follows an year with A conditions.

(7ii) P(EA/SA), PaA/SA) and P(SA/SA) to
represent the probability of occurrence —of
EA, A and SA conditions respectively dur-
ing an year that follows an year with SA
conditions.

For identifying the pattern’ of droughtf, the inci-
dence and spread of droughts over western Rajasthan

were studied in depth during typical years which ex-
perienced severe drought. For depicting the spread

‘of drought, the departures of actual monthly water

deficiencies from normal values were calculated and
were expressed as a per cent ratio of water need (PE),
in units of ‘one tenths’ (referred to as ‘D’ in the rest
of the text), '

3. Resulis and discussion

The climatic spectrum of the Indian arid region
extends from extremely arid to semi-arid conditions
as shown in Fig. 1. The annual moisture index values
generally remained below normal in large number of
years. In general fluctuations from arid to extremely
arid conditions exist in these regions which are off-
set by a large positive departure, only occasionally.

The probabilities of occurrence of extremely arid
conditions P(EA) and EA conditions followed by EA,
A and SA conditions are shown in Fig. 2. The simi-
larity between the pattern of P(EA) and P(EA/EA)
indicates that the probability of occurrence of EA
conditions will almost remain the same even when EA
conditions prevailed during the preceding year.

The patterns of P(EA/A) and P(EA/SA) indicate
that the chances of occurrence of EA conditions fol-
lowing an year with A conditions are highest in -
Jaisalmer region and are low in the Sikar region on
the eastern side. The chances of occarrence of EA
conditions following SA conditions, however, are higher
in the region comprising Bikaner, Churu and Nagaur
districts.

The conditional probabilities thus obtained can be
A and SA conditions in different regions are presented
in Table 1. '

The values of P(A/A) are zero at Barmer, Ganga-
nagar and Jaisalmer suggesting that arid conditions
will not prevail during two consecutive years in these
regions. Similarly two consecutive years do not ex-
perience semi-arid conditions in>the Bikaner, Barmer,
Churu, Ganganagar, Nagaur and;' Jaisalmer region. In

-the other regions SA conditions following a year with

SA conditions may occur once out of 3 or 4 occasions.

The conditional probabilities thus obtained can be
used to assess the conditions that are likely to prevail,
in a given region, in advance. Assuming that events
with higher probability are likely to occur, the fluctua-
tipns in climatic conditions during the five-year period
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Fig 3, Spread of drought over western Rajusthan
during ihe year 1918

Fig.'d. Spread of drought over western Rejasthan

during the year 1968
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at these 11 stations (1965-1969) were- tested. The
analysis revealed that out of the 39 occasions when
EA conditions prevailed the methodology “enabled the
expectation of the EA conditions on 36 occasions thus
providing 92 per cent confidence. The expected condi-
tions on the whole occurred in 46 out of 55 occasions
indicating 83 per cent confidence.

Apart from such a knowledge on the drought vul-
nerability of a region, it is of utmost importance to
planners, also to know, the pattern of spread of
drought in a region. This can enable them to plan
timely mieasures to combat the intensity of drought
and to effectively mitigate the drought effect as the
regions that are further likely to be affected by drought
are known in advance once the drought spell begins.
1n the Indjan arid zone, often some part or the other
experiences localised drought. However, in some years
the whole region experiences drought conditions, Stu-
dies reveal that even in such years the drought inten-
sity and its time of occurrence varied from region to
region. To project a pattern of drought spread in the
western Rajasthan, two case studies are presented,
one pertaining to the extreme arid conditions that
prevailed over entire Rajasthan during the earlier part
of the century, i.e, 1918 and the other during the
later part of the century, i.e., in 1968, Diagrams depict-

ing the spread of drought based on the departures of

actual monthly water deficiency from normal values
(D) are presented for the four consecutive months,
June to September which is the main rainy season in
this region (Figs. 3 and 4).

A perusal of these figures clearly indicates that the
zone of maximum drought intensity changed both its
intensity and location in different months indicating a
sequential pattern of drought spread and decay over the
region. A critical appraisal of the figures reveal two
interesting and very useful features that control the
incidence and spread of droughts over western Rajas-
than. Firstly it can be seen that d_roug\hts have a general
tendency to originate in the northeastern region around
Churu and Jhunjhunu during July, spread in a south-
westerly direction into Barmer region durmg August
and dissipate with an easterly movement into Pali
region during September. Secondly the effect of
drought is more discernible and occurs early in regions
receiving comparatively higher rainfall than in regions
of lower rainfall, Similar patterns of drought incidence
and spread were observed during the recent droughts

-of 1979 and 1980 over western Rajasthan (Sastri er al.

1981, Sastri & Malakar 1981) which also supports the
view that the mcidence of drought over western Raja-
sthan is not a sporadlc event but follows a pattern of
spread and decay. This type of analysis when com-
bined with the  information on the drought
vulnerability of a given region provides the neces-
sary confidence for the prediction of drought
occurrence and spread over the Indian arid region,
Such a combined approach apart from enabling the
prediction of drought in advance also identifies . the
likely regions to be affected by drought in the Indian
arid zone so that ameliorative measures can be taken
up in time. These techniques can also be applied for
other regions to assess their predictive utility and when
analysed critically over small periods of time like week
or so may prove as a very useful tool in agricultural
and hydrological planning to combat the droifghts.
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