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ABSTRACT. West Rajasthan and adjoining part of Gujarat come under thearid zone of India. The climatic
features of this area with particular reference to rainfall and potential evapotranspiration are described. The main
emphasis, in the paper has been given on short period rainfall analysis, moisture availability index and estimated so-
il moisture. Computations have been made for three stations in the arid zone, one station in semi-arid zone and
two stations of intermediate type. By fitting Incomplete Gamma Distribution, weekly minimum assured rainfall has
been computed at different probability levels. The values so obtained for 30%; and 509, probability levels have
been compared with the weekly rainfall average and the computed potential evapotranspiration. The weekly
moisture availability index has been computed on the basis of minimum assured rainfall at 509 probability level.
Weekly soil moisture has been estimated by water balance technique. On the basis of these factors, possible crop

growing season has been indicated.

1. Introduction

A large portion of west Rajasthan and adjoin-
ing Gujarat comes under arid zone. In this
region rainfall is low, variability is high and eva-
poration is more. The region enjoys little bene-
fit of irrigation and suffers from twin problems
of low production and instability. The cultiva-
tion is in general poor and precarious. Certain
parts have better soil and some tracts are compa-
ratively productive. In spite of these difficulties,
some dry land crops are produced in this region,
particularly at places where the soil condition is
better and rainfall marginally meets the water
demands of the crops.

In this paper week by week climatic parameters
have been examined for six stations. Of these,
Jodhpur, Bikaner and Jaisalmer belong to the
arid zone, Udaipur in semi-arid zone, Sikar and
Bhuj are in the border of semi-arid and arid.

An accurate evaluation of weekly rainfall ade-
quacies and deficits on the basis of poiential water
demand provides a scientific basis for agri-
cultural planning. Therefore, the minimum weekly
assured rainfall at different probability levels has

been computed and compared with the potential
evapotranspiration.

2. Data

Six stations chosen for study have daily rain-
fall data for about 70 years. These daily data
have been converted into weekly form. By fit-
ting Incomplete Gamma Distribution to the week-
ly rainfall total minimum assured rainfall has
been computed at different probability levels.
The weekly potential evapotranspiration (PE)
has been obtained by interpolation from the
monthly PE values computed by Rao er al. (1971)
using Penman’s formula.

3. Method

Incomplete Gamma Distribution has been suc-
cessfully applied by many workers to get pro-
babilistic rainfall amount (Thom 1966), (Mooley
1973) and (Hargreaves 1974). Sarkar et al. (1977)
have used this method to compute weekly rainfall
at different risk levels for 87 districts under the
Dry Farming Tracts of India. Biswas and Kham-
bete (1977) have used this method for a similar
detailed study for Maharashtra. The assured
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TABLE i
. Station ‘Lat.  Long  Seasomal
No. {°N) (CE})  ——A———
Mean GV,
1 Bhuyj 23° 157 69° 48"  323.5 71
2 Jaisalmer 26° 54" 70° 55  160.6 71
3 Bikaner 28° 00" 73° 18 2411
4 Jodhpur 26° 18" 73° 01"  325.7 54
5 Sikar 27° 37" 75° 08 380.0
6 Udaipur 24° 55" 738 427 593 2 31

ASSURED RAINFALL AT 307

ieztumulaied soil moisture

Ruinf'all (mm)

Annual B
e Max. Year Min.  Year
Mean C.V.

353.2 70 1311.4 1959 21.8 1899
187.2 67 583.0 1944 0.0 1918

0 49 i58.4 1917 526 1918
63.4 54 1176.5 1917 37.9 1918
$44.4 15 864.4 1942 179.3 1918
650.9 30 1222.8 1917  266.7 1936
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weekly rainfall values at 307, and 507; probability
levels so computed have been compared with
weekly rainfall normal and potential evapo-
granspiration (PE) . Actual water requirement
of crops depends on many factors. This will be
a part of PE of the place which depends on the
stage of the growth of the plants and in the fully
vegetative stage it may exceed PE.

Weekly moisture availability index (MAI) which
is defined as the ratio of assured rainfall to po-
tential cvapotranspiration has been estimated on
the basis of assured rainfall at 307, and 507
probability levels. Hargreaves (1974) used the
monthly MAIL to demarcate northeast Br.az;l
into different zones for agricultural production.

In this study it was assumed that rainfall at the
509 probability level is very deficient if it meets
less than 30% of potential evapotranspiration re-
quirements. This would mean that MAI from 0 to
0.3 would be classified very much deficient. Based
on this consideration the following classification
of climate was adopted for agricultural production
in the same line as done by Hargreaves with month-

ly values.

Criteria Classification

MAT more than 0.3 for

(16-20) weeks Wet dry
MAI more than 0.3 for b}

(9-15) weeks Semi arid
MAI more than 0.3 for '

less than 9 weeks Arid
MAlisnoteven0.3in Yery arid

any week

In addition, week by week soil moisture accu-
mulation has also been estimated for these stations
by water balance technique starting the calculation
from the beginning of the monsoon.

4, Discussion

Table 1 gives normal, the highest and the lowest
annual rainfall along with seasonal and annual
variability of rainfall for the six stations. Among
the arid zone stations, Jodhpur has the highest
annual rainfall 364 mm while the lowest is 187 mm
at Jaisalmer. Jaisalmer recorded zero rainfall
in 1918. Variability of rainfall, both scasonal as
well as annual, is highest at Jaisalmer. Bhujis also
having very high variability. The co-efficient of
variation is not very high at Sikar. Among all
these stations variation of rainfall, both annual
and seasonal, is the lowest at Udaipur.

4.1. Assured rainfall

Fig. 1(a) & 1(b) depict the average weekly
gainfall, assured rainfall amount at 3077 and 50%;
probability levels and potential evapotranspi-
ation (PE) for Udaipur and Sikar respectively.

TABLE 2
Moisture availability index (MAI)

S. Probabi- Number of weeks exceed
No. Station lity level A —

(%) R T R (E T, R

1. Udaipur 30 17 16 16 16 16 12

50 16 14 13 11 10 6

2. Sikar 30 16714 12 11 1) - 7

50 10 "9 9L TREES | D

3. Jodhpur 30 12 08 91 71 =5 O

50 5 21 — — —

4, DBikaner 30 12 108" 6 4 D

50 8§ 2 1 — — —

5. Bhuy 30 1291 0. T a2

50 6.3 L2 1.

6. Jaisalmer 30 29 6 3 1 — —

50 ——————

It is seen that assured rainfall at 509 level is
more than 12 mm at Udaipur from 26th to 36th
week and at Sikar for 9 weeks from 27th to 35th
week. Assured rainfall is above 20 mm once in
three years for 16 weeks at Udaipur and 12 weeks
at Sikar. Average rainfall and assured rainfall
at 30% level are more than PE for 10 and 5 weeks
at Udaipur and Sikar respectively.

Fig. 1(c-e) gives the assured rainfall pat-
tern of three stations, Bhuj, Jodhpur and Bikaner.
It is seen that average rainfall and assured rain-
fall at 30% level at Bhuj are more or less equal
to weekly PE for a few weeks only. At the other
two stations PE is higher than weekly average
and assured rainfall at 309, level.

Among these stations assured rainfall both in
amount and duration is more or less same at
Bhuj and Jodhpur and is of the order of 10 mm
for about seven weeks once in two years. At
30% probability level assured rainfall at both
the stations is of the order of 20 mm for 10 weeks.
At Bikaner assured rainfall exceeds 10 mm for
2 weeks only at 509 level.

The assured rainfall at 509 probability could
be computed only for two weeks at Jaisalmer,
Fig. 1(f). The amount is more than 10 mm for
eight weeks once in three years.

4.2. Moisture availability index

Table 2 gives the number of weeks when mois-
ture availability index (MAT) exceeds 0.2, 0.3. ...
0.9 at 309 and 50% levels. At Udaipur MAI is
more than 0 5 for 10 weeks at 509/ level and it
exceeds 0.3 for another 3 weeks. At 309 level
MAI exceeds 0.5 for 16 weeks. At Sikar MAI
is more than 0.5 and 0.3 for 5 and 9 weeks once
in two years. At 30% level MAI is more than
0.5 and 0.3 for 11 and 12 weeks respectively.
Thus the duration of water availatflity period is
seen to differ significantly among the stations
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in the same climatic zone. Crops upto growing
period of 13-15 weeks at Udaipur and of 10-12
weeks at Sikar may be suited.

In arid zone MAI has not exceeded 0.5 at 50%
level at any station even during the monsoon
period, although it is more than 0.2 for 2-3 weeks
at different stations. At 309 level MAI is more
than 0.5 for 4-7 weeks and it exceeds 0.3 for
8-10 weeks at three stations, Jodhpur, Bikaner
and Bhuj. Of these stations, water availability
period is more at Bhuj than other two stations,
Jodhpur and Bikaner. Although crop production
without irrigation is highly speculative in arid
zone, shorter duration rainfed crops about 8 10
weeks may be harvested once in three years,

At Jaisalmer MAI is not even 0.1 in any weeks
at 509 level and it exceeds 0.2 for six weeks only
once in three years. Rainfed crops are unsuitable
in this region.

4.3. Soil moisture accumulation

Fig. 1(a-f) gives amount of average weekly
s0il moisture accumulation at different stations,
calculated by the water balance technique. In
this calculation accumulation in a particular week
may be zero for a year and may be very high fof
another year. Average has been worked out taking
all the values. Although averages figure hardly
occur, it gives an idea how much water may be
available to crops. Maximum moisture accumula-
tion is at Udaipur and the lowest is at Jaisalmer
67 mm.

5. Conclusion

The present study has brought out some dis-
tinct features in climatic parameters, viz, rainfall
(average as well as assured), soil moisture and
moisture availability index for the six stations.
It is seen that there are distinct variations in each
parameter from one station to another in the
same region. It, therefore, appears that classi-
fication based on rainfall alone is not adequate.
A new classification on the basis of moisture
availability index appears warranted. The classi-
fication and potential for agricultural production

as emerging from this study can be summarised
as below :

Description

Station
Wet dry —

Classification

No station in the re
gion of study

Udaipur & Crops of growing pe-
Sikar riod (12-14) we-
eks at Udaipur and
(10-12) weeks at
Sikar may be suited

at 409 level

Arid Jodhpur, Shorter duration cre-

Bikaner & ps may be harvested

Bhuj once in three years.

Jaisalmer  Not fit for rainfed
agriculture

Semi-arid

Very arid

It is believed that the proposed classification is
an improvement upon the old classification. How-
ever, further work with a large number of stations
is required to map out and demarcate the areas
into various agroclimatic zones.
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