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A stochastic model of drought
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ABSTRACT. The paper deals with an application of stochastic process o daily rainfall series of
various meteorological sub-divisions and of different climatic regimes. An Aufo-regressive AR(1) model
is used to gemerate m-day minimum rainfall with the auto-correlations estimated through statistically
transformed distribution of minimum rainfall of different durations. The model statisfactorily explains
the observed minimum rainfail of different durations. Further, the probabilities of minimum rainfall
of different durations are estimated to understand how best one can delineate the areas of droughts.

1, Introduction L

Yearg 1965, 1972, 1979 are of large scale droughts
in India and are related to large scale flow patterns
in general circulation (Krishnamurty er al. 1981).
However, droughts in India have generally been of
a localised nature, Every year they occur in one part
of the country or the other. WMO (1975) has
enumerated definitions of droughts based on rain-
fall analysis and water budgeting technique. Much
work on duration of weather has been undertaken on
rainfall and drought (Palmer 1965; Feyerherm and
Bark 1965). However, the present study based on
stochastic process satisfactorily explains the observed
minimum rainfall of various durations, Further, the
probabilities of minimum rainfall of different dura-
tions are estimated to understand how best one can
delineate the areas of droughts.

2. Method

A variable ¥, N(0, 1) is generated through a Markov
chain as follows 1

Yo =

Yi= pVit T4/1 =5 m, i 21 (1
where p is the auto-correlation between ith and (j—])th
variable, ; are random numbers with N (0, 1).
Gringorten (1966) used Eqn. (1) to simulate probability
distribution through Monte Carlo exercise. Fig. 1
is the outcome of such an exercise, viz., it consists
of a very large number of simulated time series,
representing in  Jlength and other

to a monthly series of hourly obervations. One
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single model is used for different meteorological vari-
ables and different stations by resorting to each specific
time series on the basis of frequency distribution of
hourly observations of the variables under consideration.
With this, values of the meteorological variables were
transformed into a statistical normal variate with mean
zero and standard deviation unity N (0, 1). The duration
of different time series was considered by allowing differe-
nces in serial correlation in both the actual and simulated .
series, The degree of dependence between successive
observations largely determined the pattern of fluctuation
within a time series and also the duration of persis-
tence of high or low meteorological values. High values
of correlation corresponds to a time series in which
hour-to-hour variation was relatively small and the
effect of random variation damped. A time series in
which variations were more prominent yielded lower
correlation coeflicients. Under this circumstance, dura-
tion for the same value of a climatic variable would
also be shorter, as illustrated for all levels of cumula-
tive frequency P, as shown in Fig. 1.

3. Data and resulis

3.1. Application of the model to tropical monsoon
rainfall

The data field consisted of 19 years {1955-1973)
daily rainfall, The input to the model was the mean
daily rainfall over a division covering monsoon period
fune to September. Fig. 2 gives the areal extent of
divisions. The numbers in the figure represent meteorg-
logical divisions, ) i

Cumulative frequency distributions of the mean
daily rainfall for the four monsoon months for the 24
divisions were formed, Due to want of space diagram
fqr one division, i.e., for west Rajasthan is shown in
Fig. 3. Further, from the mean daily rainfall, m-day
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Fig. 3. The cumulative frequency distribution of mean daily

precipitation amount over Rajasthan {west) based on

19 years {1955-73) of records
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Fig. 2. Numbered sub-divisions show the areal coverage for

the application of the stochastic model over India
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Fig. 4. The estimates of cumulative probability of the

m-(day minima oi daily mean precipifation over
Rajasthan (west) for the 4 monscon months.,
The solid lines are direct estimates based on 19
years of data. The broken lines are the estima-
tes from the modet
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TABLE 1

Fercentage days with no measurable precipitation and probability of measurable precipitation in consecutive days taken at random over the

Indian sub-divisions for the four monsoon months — June o September

Percentage Prob, of some Percentage  Prob. of some
days with no measurable days with no measurable
measurable pptn, in con- . measurable . pptn. in con-
Sub-division Month pptn. secutive days Sub-division Month ppin. secutive days
selected at selected at
randomin random in
. { e ]
2 4 8 2 4 8
days days days days days days
Kerala (34) Jun. 5 91 84 4 Orissa (7) Jun o2t 68 M4 32
Jul 3 93 87 78 : ~Jul ) 4 93 g 75
Aug - 14 80 70 55 Aug 4 93 87 75
Sep 23 66 53 34 Sep 8 87 67 60
Konkan (23) Do. 1;’ ';g 3§ 55;11 Coastal AP, (27) _Do. .38 gg 23 -9
: ' 20 4 26
2 26 93 88 21 65 47 28
18 12 62 44 24 61 42 923
Cogstal Mysore Do. g S 9 = Tamilnadu (30) Do. 52 28 10 2
4 97 7 38 44 22 6
2% o oo 32 052 33 15
37 46 25 6
Gujarat (21) Do. 56 4 20 7 ' .
22 70 58 40 Rayalaseema (29) Do. 52 18 10 0.7
24 68 57 40 : 38 46 22 9
50 38 2 10 42 42 26 10
46 40 24 8
Saurashtra-Kutch — Do. s o156 Telangana (28) Do, 38 44 24 7
0 60 48 30 . 19
s B iz 20 6 50 30
© 35 50 30 10
Rajasthan (West)  Do. 80 10- "3 ¢ Interior Mysore Do. 32 5 32 12
an 36 36 15 4 " (North) (32) ) S 8 75 6l
55 3G 15 4 : 15 76 63 45
76 i6 10 3 32 56 39 20
Rajasthan (East) Do. 60 26 15 5 Interior Mysore Do. 36 43 22 8
(18) 27 63 50 30 (South) (33) 18 71 36 38
22 69 57 40 . 24 64 48 29
49 0 26 11 34 52 3B W
© Uttar Pradesh Do. 4 46 31 13 Madhya Maharashtra - Do. ¥.0 # 16
{(West) (11D 1; 2'17 ;é 54 14- 78 68 30
64
35 55 40 22 _ ) 7 28 60 42 22
Marathwada (25) Do. 48 36 20 8
Uttar Pradesh Do. 48 40 23 3 30 60 40 20
{East) (10) 19 73 60 42 30 54 34 20
. G 85 75 60 42 44 26 10
32 58 43 21
. Bihar Plateau (8) Do. ’ Sg gg 40 20
Madhya Pradesh Do. 33 56 42 26 558
(West) (19) 6 91 85 75 9 & 74 58
7 20 84 74 23 64 46 24
26 66 54 38
Bihar Plains (9} Do, 34 54 33 15
Madhya Pradesh .Do. 21 70 59 42 ) 14 78 66 45
(East) (20} 3 94 20 84 10 81 70 52
3 95 91 85 27 60 42 20
16 76 63 46
Gang. West Bengal Do, 23 68 46 28 Vidarbha (26) Do, i’g’ gg ;Z gg
®) - p ¥ »n 9 10 8 72 354
27 62 44 20




390 ' P. P. KAMTE anp S. D. DAHALE

minjmum, m varying from 1 to 8 days were compui-
ed, The same for west Rajasthan is shown in Fig, 4.

3.2. Fitness of the model to rainfall

Kamte ef al. (1982) computed the average values
of day to day correlation (75 ) for west Rajasthan
for the monsoon months, These values were referred
to the model charts Fig. 1 at the key y values,
These gave estimates of m-day minima, as plotted
and joined by broken lines in Fig. 4. A similar pro-
cedure was followed for other divisions. The solid
and broken lines almost coincided showing that the
model is applicable to m-day minimum precipitation
of wvarious climatic regimes. As such no separate
siatistical test of goodness of fit was applied. More-
over, other research workers have concluded that
higher order models do not contribute substantially
to the explained variance of rainfall series over that
explained by AR(1) process. Due to want of space
the figures for other divisions are not presented.

3.3. Probability of measurable precipitation

Taking 2.5 mm as measurable precipitation, Fig, 4
gives no measurable precipitation in a day or the
probability of measurable precipitation on consecu-
tive days taken at random. For example in Fig. 4 for
the Rajasthan (west) for the month of June, there
is no measurable precipitation on 80% of days, or
the probabilities of measurable precipitation in 2, 4
and 8 consecutive days taken at random are 10, 3 and
0 % respectively. A similar interpretation is given to
the rest of months, Table 1 gives the spatial and tem-
poral distribution of percentage of days with no mea-
surable precipitation during summer monsoon over
India based on a threshold value of 2.5 mm as measur-
able precipitation.

During the month, of June, Gujarat, Saurashtra,
Kutch, Rajasthan (east & west), Tamilnadu and
Rayalaseema show more than 50% of days with no
measurable preécipitation,

For the months of July and August, all sub-divisions
continue to show low percentage of days with no
precipitation e¢xcept for the sub-division of Rajasthan
(west) which continue to show more than 50 % of
days with no measurable precipifation,

During the month of September except for the re-
gions of Gujarat, Saurashtra, Kutch and Rajasthan

(east & west), rest of the divisions shows less than
50% days with no measurable precipitation.

Table 1 also shows the probability of measurable
precipitation on 2, 4 and 8 consecutive days taken at
random for the 24 sub-divisions over India, The main
feature is that the probability of measurable precipita-
tion on 8 consecutive days taken at random is less
than 50% during all the monsoon months for Gujarat,
Saurashtra, Kutch, Rajasthan (east & west), Coastal
A.P., Tamiinadu, Telangana, Interior Mysore (S) and
Marathwada sub-divisions,

4. Conclusions

(i) A stochastic model satisfactorily explains
the observed minimum rainfall distribution.

(ii) Measurable precipitation (2.5 mm) pro-
bability clearly delineates the areas which
are sensitive to droughts and areas which
may seldom be affected by droughts.

(ifiiy The wvalues in [Table 1 reflect the conti-
nuous and discontinuouns behaviour of the
sonthwest monsoon over India,
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