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. ABSTRACT. In India about 75 per cent of the culiivated area is rainfed and since about 42 per
cent of our food comes from such areas, there is considerable variation in food production depending
upon the amount and distribution of rainfall. Semi-arid areas where the annual potential evapotranspira-
tion exceeds the mean annual rainfall exist in several of our States. Im such areas crop fortune depends
very much on vagaries of weather. The annual rainfall in these areas is usually. less than 75 cm and
there occars sometimes prolonged dry speils within the rainy season. It is then the distribution of rain-
fall doring a season more important than its amount. While the rainfall, coupled with the moisture
storage property of soils ensure the moisture supply, the water loss taking place in the form of evapo-
{ranspiration, runoff and deep drainage places an evapotranspirative demand during the growing season.
1t is, therefore, the progressive balance between the receipt and expenditure of the moisture in the soil
which creates favourable or unfavourable conditions for successful crop production. One can, thus,
with the help of rainfail distribution and potential evapotranspiration values determine conditions for
drought for a specific period in relation to a given variety of crop in the region.

Seversl research workers have attempted to study the various aspects of drought on this basis.
Their siudies mosily relate fo occurrence of dry spells, water availability’ periods, drought mapping,
Palmer indexing and spectrum analysis for assessing and forecasting of drought. These studies have
not taken into account the crop yields in determining the agricultural drought.

In the present paper, therefore, data on rainfall and vield of a crop like jowar have been analysed
for certain, semi-arid areas of wéstern India for characterising the agricultural drought and its intensity.
The recurrence of drought in relation of jowar has also been studied.

1. Introduction distribution of rainfall in these areas make the country
" In India, about 75% of the sown area is depen- surplus or deficit in regard to agricultural production.
. dent on rainfall for cultivation. More than 40% of Bulk of such areas, mostly falling in the semi-arid
food production and the raw materials like cotton tropics, is characterised by an annual .Faiﬂfaﬂ of Iess
and oilseeds come from these areas. The amount and than 750 mm, long dljy spell, short rainy season and
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Fig. 1. Data observed in determining threshold valie
for 9-week rainfall total for Jamnagar

high rate of evapotranspiration. The occurrence of in-
adequate rainfall and the regulting drought at a
particular place and time in relation to a given crop
is, however, beset with uncertainty. One has, there-
for¢, to use probability concepts and statistical
methods for understanding the behaviour of agricul-
tural drought,
i

Tt is known that an agricultural drought is caused
mainly by the rainfall deficiency spread over a long
duration - during the crop season. The infensity of
drought is, however, related to the’ length” of dura-
tion during which the total rainfall is deficient in
relation to that required by the crop for its growth,
In the past, a number of studies were conducted at
the TASRI, New Delhi by examining the data on
potential evapotranspiration and rainfall in relation
to crop yields for determining the expected number
and Jength of "dry spells and the probabilities of
occurrence of rainfall as well as the recurrence of
deficiency in soil moisture (Bhargava et al. 1973,
1974, 1977; Narain ef ql. 1979; Saxena ¢t ql. 1979).
However, very little attention was paid to siudy the
eflect of varying duration of drought on. crop pro-
duction.. Barger and Thom -(1949) developed a
method for characterizing drought intensity of vary- -
ing durations for six Towa countries in USA. In the
present paper, an attempt has been made to use this
method for obtaining the minimum rainfall amounts
for- jowar crop for different durations below which
a drought is said to exist in respect of three districts
falling in arid and semi-arid regions of western India.

~The relative  occtirrence " of ‘drought for Ihe‘;e ' areaq o

has also been discussed,

-records  were obtained from India Meteorological

- Economics and  Statisties, Ministry: of Agriculture,

“the contribution due to trend in vield was removed
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Fig. 2. Drought base line fitted to threshold values for
_Surendra Nagar

2. Extent of data and its Processing for amalysis

For the purpose of the study, three districts,
namely, Jamnagar & Surendra Nagar cach located in
Gujarat State and Jalgaon in Maharashtra State were .
selected, These districts fall in the arid and semi- %_
arid regions of the country, An important crop of
this region is jowar (Andropogon Sorghum). The
yield of this crop is affedted, besides rainfall, by
other climatic factors such as temperature, humidity,
as well as chemical and physical properties of thi
soil etc. All these are reflected in the final yield and,
therefore, the characterization of drought includes all
such. influences which are accompanied by spells of
low rainfall. The weekly rainfall data as well as the
yield for jowar crop used in this study related to
different number of years as shown in Table 1.

It is observed from Table 1 that there was
a sufficient length of records available in respect of
Jalgaon and Jammnagar whereas for Surendra Nagar,
a continuous length of records for yield and rainfall
were available only for 14 years. The daily rainfall

Department, Pune whereas yield records pertaining
to kharif season were extracted from Directorate of

New Delhi, ,

EY

As a first step to' cafry out the analysis of the data,

by fitting a simple linear regression by the method of

least squares, Tt was found that there was.no. trend. . -

in case of Jalgaon and Surendra Nagar but a trend
was noted in Jamnagar and, therefore, the yield data
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TABLE 1
Exfent of data
District Lat. Long.  Years of record .
. ¢N) (°BE) . —A- <~ Soil series
rainfall vield both ’
Jamnagar 220297 70004” 1901-75 1950-78 Medium

(Gujarat) (15yry (29yr) 26yr Dlack,
coastal
alluvium
» Surendra Nagar 22059 7{°28” 1901-69% [956-78 Sandy and
(Guijarat) ©2yr) (23yn) 14yr medium
black
Jalgaon 210034 75734 1946-77 1950-78 Medium
(Mgaharashtra) (B2yr) (29yr) 28yr to deep
black
TABLE 2
Standard climatological weeks
Week  Dates included Week | Dates included
No. No.
25 18-24 June 33 13-19 Aug
26 25 June -1 July 34 20-26 Aug
27 2-8 Nuly 35 26 Aug. -2 Sept
28 9.15 July 36k 3-9 Sept
29 16-22 July - 37 10-16 Sept
50 2329 uly 38 17-23 Sept
31 30 July - 5 Aug 39 24-30 Sept
32 6-12 Aug 40 1-7 Oct

was adjusted for trend values for this district. The
term drought used in this study relates to one or
more week period (within the crop season) during
which the total rainfall is deficient for normal crop
yield. For this purpose, it is important to define the
périod for which the deficiency in rainfall would
affect the crop production, The entire crop season
extending from mid-June to early October was con-
“sidered as the period of study. Though there were
some differences in the crop season of different dis-
. tricts, by and large, the period suggested above coin-
cides with the crop growth period in general. Another
reason for taking the entire period for study was
that there is no information available on the portion
of the crop season during which the crop is muost

affected by . drought. It was, therefore, congidered
worthwhile to examine a relatively longer period.
To facilitate the idenfification and comparison, a
standard climatological week. system wags adopted in
tabulating the n-week rainfall totals, ie., from 25th
to 40th standard week, These standard weeks are
shown in Table 2.

Based on agronomic conditions, it was assumed that
the earliest date on which a drought for the crop could

_begin would be 25th standard week (18-24 June),

whereas all droughts must end with the last date of the
40th standard week (1-7 Oct). Also, a drought could -
begin no later than 17 through 23 Sep (week 38).
Thus the maximum duration could be 16 weeks and
minimum duration could be 3 weeks. The rainfall for
each standard m-th week with 25<m <40 were prepared.
From these weekly rainfall, n-week rainfall totals for 1
<n< 16 beginning during the m-th week were tabulated
for each year in each district. These totals give the total
amount of ramfall received during any given number of
conseculive weeks beginning during the crop growing
season.  Corresponding to each n, the smallest n-week
total from amongst those relating to different values of
m was obtained for each year. For instance, if =9, we
would have 8 rainfall totals for m=25 to 32 from which
the minimum could be chosen for each year. Such mini-
mum values for n == [ to 16 for each year give the driest
periods for that year. These periods begin and end
during the jowar growing season but do not include the
same standard weeks from year to year., Only the dura-
tion remains the samie bui not the dates of beginning
and ending.

3. Drought tlwesholds

For determining the drought threshold, i.e., the
minimum amount of rainfall below which a drought
may . exist, the yield adjusted for trend, if any, was
plotted against the minimum rainfall values for the
corresponding week for each year as in Fxg 1 with
n=9 for Jamnagar. Each point in Fig. 1 represents
one year. It may be seen that only two years out of
ten years having a minimum 9-week rainfall of less
than or equal to 62 mm have yields with a positive
deviation from the trend, When the rainfall amount -
is greater than 62 mm, 9 years have positive yield
deviations and 6 years have negative yield deviations.
The point beyond which increasing rainfall becomes
relatively ineffective in determining vield should be
such that at least half of the yields are above the trend
line. Thus, 62 mm can be taken as the ﬂ]:gshqld value
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below which drought existed. This criterion is, there-
fore, adopted for fixing the threshold value of drought,
i.e., that amount of n-week rainfall total beyond which
progressively at least half of the points lie above the
line with normal yield and preceding which either
none or very few years have yields above the
line. In this manner, the drought threshold for all n,
i.e., the minimum required rainfail amount of n-week
duration were determined for each district. These
amounts of rainfall below which a drought is said
to exist are given in Table 3.

4, Drought base regressions

1t is apparent from Table 3 that drought thresholds
increase with n. This relationship is shown in Fig. 2
for Surendra Nagar district. It appears to be of a
parabolic type of relation as revealed by the good-
ness of fit of the curve, The parabolic trends were,
therefore, fitted for all the districts. The fitted equa-
tions along with R® values are given in Table 4.

It is to be noted that the value of R® in each case
is very high. The coefficients of X* were also significant
indicating a good fit to the observed values. From
these fitted regression lines for each district and
corresponding to cach value of n the rainfall values
were read which provide the estimates of ‘drought
base values’. These amounts are further shown in
Table 3.

The amount of deficit in rainfall for s-week from
the base value would constitute a measure of drought
intensity with n-week duration. If the n-week rainfall
is higher than the base value corresponding to n, the
rainfall is not considered as deficient. It is quite likely
that a number of deficits, each for different duration,
may be recorded during a dry year. Shorter periods
would often be contained within longer periods of
droughts. The greatest single deficit, regardless of the
duration involved, is taken to be the measure of
drought intensity for that season.

5. Correlation of rainfall deficit with jowar yield

In order to test the accuracy of the drought base
values in depréssing the crop yields for each district,
the correlations between the maximum rainfall defi-
ciency and the yield/deviation of yield from trends, as
the case may be, for cach year were worked out. These
correlations were compared with the corresponding
_correlations worked out by including the . years in

which no ramfali deficit was noticed, The results qre'

given in Table 5.

Jdlgon

TABLE 3 )
‘n’ week drought threshold and base value in mm at various
districts
Jalgaon J amnagar Sulendia Nagal
n A

—
Threshold Base‘ ‘_Threshold Base Threshoid Base

1 — 0 — 0 e
2 — 0 e 0 —
3 i8 20 7 3 0] 1
4 32 45 12 6 [ 1
3 62 71 13 - 1 15 7
6 76 100 26 19 47 17
7 108 130 37 3t 54 32
8 149 162 43 44 54 52
9 181 196 62 61 63 77
10 266 - 231 62 81 99 108
1 285 269 79 103 Ho 143
12 352 308 124 128 118 183
13 358 349 191 156 278 228
14 359 391 200 187 283 278
15 420 435 212 220 3356 133
16 458 482 251 257 384 392
TABLE 4
Parabolic equations fitted to drought threshold data
Station Parabolic equation Values of
i
Jamnagar ¥=11.55—7.08%X-+1.40X2 0.97
Surendra Nagar ¥==29.52—16.98X +-2.48X? 0.95
JalgaOn _—=—--44.07-§'13.65X~!~0.89Xa 0.98
TABLE 5
Coecflicients of correlation of maximum rainfall deficits with
yield deviations *
& District All years Drought years
Jamnagar ). 5T* —{}, 68*
Surendra Nagar ), G2F —00.83*
—0.23

“Significant at 527

*

-, 31
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TABLE 6

Probability of the occurrence of droughts of nine week duration

It

Prstrict -~ A X
25 28 31
Jamnagar 0.08 0.12 0.19
Surendra Nagar . 0.06 .09 0.22
Jalgaon ] .01 0.02 0.06

1t is noted from the table that the correlation coeffi-
cients are high and algso significant at 5% level in
two out of three cases. In the case of Jalgaon, the
poor correlations suggest prominent influences of fac-
tors other than the rainfall, In each of the three cases,
the correlations are increased by omitting the years
for which no deficit was noticed. The variation in
yield explained by drought deficits ranges from 40
to 70%. Such a high variability in yield atiributable
to rainfall deficiency suggests that the drought base
values obtained for different durations can be used
with sufficient accuracy for evaluating the intensity
of agricultural drought in the region.

6. Probability of the occurrence of drought

The  drought base values obfajned in Section 4
give estimates of the minimum -amount of rainfall
required for crop growth during a given number of
consecutive weeks in a particular district. As such,
corresponding to each value of r, the observed rain-
fall total in a given year, if found below the corres-
. ponding drought base value, will indicate the existence
of a drought. The relative frequency of such cases
when determined over a long period of time would,
therefore, provide an estimafte of the probability of
the occurrence of drought. Since the period of n-
weeks can begin with any week m where 25 < m <4),
such probabilities for droughts of varying durations
can be computed for each value of m during the crop
season. For the sake of illustration, however, we have
determined values for the case when n=9 and m=25,
28 and 31, The results are presented in Table 6. For
computing these probabilities, Jdata of rainfall of 75
years, 69 years and 32 years respectively for Jam-
nagar, Surendra Nagar and Jalgaon were considered.

Tt is observed from this table that in the case of
Jalgaon, the probabilities are very small, there be-
ing hardly any drought. This should otherwise be

expected since for this district the correlation between
rainfall deficit and the yield of crop was found to
be very poor as well ag insignificant. In the case of
Jamnagar and Surendra Nagar, the probabilities vary
between 0.06 & 0.22. The probability consistently
increases as s increases from 25 to 31, The relatively
high value of the probability for m= 31 as compared
to those for other values of = indicate that a drought
of 9-week duration is expected to occur more fre-
quently during August to September of the season.
One can, therefore, say that the drought of 9-week
duration during the period early August to September
end is expected to occur once in 5 years in the case
of Jamnagar and once in 4 years in the case of
Surendra Nagar,

7. Summary

In India about 75% of the total cultivated area is
under rainfed and the occurrence of drought is also
more. or less quite frequent in most of these areas.

“The assessment of drought is, therefore, of great

significance for crop planning. In the past, no attempt
seems to have been made to assess drought hazards
in dryland areas. In the present paper, therefore, an
attempt has been made to characterize the drought
in three districts falling in arid and semi-arid regions
in western India in relation to jowar crop. For this pur-
pose, the estimafes of the minimum amount of rain-
fall which is just sufficient for crop growth. during
a given number of congecutive weeks were worked
out, The occurrence of rainfall below these drought
base values gives rise to drought conditions. These
values were subsequently used to determine the proba-
bility estimates of the occurrence of drought of varying
durations, It is observed that in Jamnagar and Suren-
dra Nagar, the occurrence of drought of 9-weeck
duration during early August and end of September is
relatively more frequent and is expected to occur once
in five and four years respectively.
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