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ABSTRACT. Anattempt has been made to examine distribution and dispersion in rainfali variability in Mad-
hya Pradesh by applying Gamma distribution probability model. The spatial and regional distribution of shape and
scale parameters of the Gamma distribution have been examined. Periods of water surpluses and deficiencies
have n identified by comparing the probability rainfall with the water requirement. Regression equations
have been developed to find probabilitistic rainfall from the mean rainfall. Agronomic practices have been evalua-
ted for efficient utilization of water resources for crop planning.

Key Words — Homogeneous, Physiological, Skewness, Stress, Maturity, Agroclimatic, Flowering.

1. Introduction

Rainfall is the most important natural input for
agricultural production in India. However, it varies
the most, both temporarily and spatially, particularly
in the State of Madhya Pradesh whichis nearly bifur-
cated by the tropic of cancer. With limited irrigation
facilities, rain water shortages lead often to moisture
stress causing substantial reduction in crop yields.
Agricultural planning in this region as such calls for a
scientific anc[J rational analysis of the rainfall for in-
creasing crop output.

In the publications of India Meteorological Depart-
ment rainfall is available mostly as monthly averages.
These averages neither indicate agroclimatic homogene-
ous zones nor gives information on rainfall variability.
In rainfed agriculture, one is interested in knowing how
much rainfall could be expected in as high a probability
level, as possible say in 4 out of 5 years or 3 out of 4
years. Rainfall data in climatological summaries are
rarely given in forms of probabilities.

The present study attempts to examine distribution
and dispersion in rainfall variability over Madhya
Pradesh by determining shape and scale parameters.
Agronomic practices believed to be helpful in soil water
conservation have also been evaluated.

The importance of weekly rainfall in governing and
selecting crop varieties and calendar of agricultural
operations has already been emphasised by Sarker and
Biswas (1980). Da Mota (1978) had also suggested
that analysis for agriculture should be based on rainfall
of shorter periods of the crop growth. Here week has
been chosen as a unit of time.

2. Data

The study utilised daily rainfall data from 190]-
1970 in respect of nearly 100 stations (Fig. 1) in the
State. The crops are normally sown during the middle
of June and by the end of September or early October
the physiological growth and reproduction phases are
completed. The period chosen in the study spans from
23rd standard week (3—10 June) to 43rd standard
week (1—7 October). Estimates of statistical para-
meters according to Mooley (1973), would be stable. if
the data is more than 50 years. For nearly all stations,
this condition was fulfilled.

Das (1987), on the basis of moisture availability,
soil types and crop characteristics, divided the State
into four major agroclimatic zones (Fig. 1). In the
present study mean picture of the variability is obtained
for each of these regions from the stations falling within
them and discussed.

3. Methodology

Monthly, seasonal or annual rainfall over most parts
of India, perhaps, cannot be represented by the normal
distribution (Sankaranarayanan 1933, Pramanik and
Jagannathan 1953, Mooley and Crutcher 1968, etc).
Rainfall series transformed through square root, cube
root, logarithmic transformation, etec. for normalisa-
tion have been found to be of limited success, (Mooley
1973). On the other hand, many studies (Sarker and
Biswas 1980, Das 1987 etc) have confirmed thar Gamma
distribution function (GDF) fits well to the weekly rain-
fall. According to Lewis and Ndolo (1987) also, the
GDF is one of the most appropriate models for inter-
preting rainfall data for different stages of crop growth.
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TABLE 1

\alues of variance test ratio

Region IV

Region [ Region 11 Region 111
e ean—y e = Py,
Weeks Datia  CGird Bastda Now- Panna Rewa Raigarh Jabalpur
gong
26 473 310 49.5 6231 033 6.1 61.98 39.17
30 59.8 45.3 50.0 59 .8 58.63 52.5 56.66 59,91
34 57.3 58.0 643 70.7 51.54 45.9 42.83 52.17
38 39.0 30.8 44.3 49.0 40.02 67.9 57.25 42.16
In tropics, even in the rainy season. in some ol the TABLE 2
weeks, weather remains dry. Thus. the weekly rainfall
st i inc ac . 1-7¢ /2 > T 3
?VGIL:S;I?EG Sfér‘li::\mgg‘tl:)Z(gB)Fd::({ug:::s[itdr%\\'?:qug% Weekly distribution of shape and scale parameters
1 , S as sugges 3
(1951). Accordingly.
F(x)=¢ +pG(X) _ ) : . : )
where F (x) is the mixed GDF. ¢ s the p!'ob'lh"l'l\‘ “'I:QCL Region | Region Il chlT [11  Region IV
B ey . ok LLdises 0. = Moy e S -
of zero rainfall and p is (1—¢q) y g ¥ B ¥ B y B
G (x), the GDF is given by — = — —
X y—1 —x/8 =
a r g 2 - ) 53 1.26 15.5 0.85 21.2 0.88 22.5 0.89 36.7
X) = o - dx for x>l .
x) J ﬁ‘:’/.}, ! 24 1.06 26.1 0.79 37.7 0.91 34.3 1.05 53.3
0" for x< 0 25 0.97 32.7 0.94 39,9 0,87 50.4 1.11 53.7
= o X :
: " 26 0.98 42,7 0. 58.3 0 70.5 1.53 .
Here B is the scale parameter and indicates range or i 4.1 03l 9 9,83 : hod
dispersion of the rainfall x, larger values indicating a 27 1.16 42.6 1.28 57.9 1.31 61.5 1.74 4l.1
greater tendency of x to deviate from the mean y. the 58 1.09 50.5 1.19 69.3 1.49 56.7 1.46 S8,
shape parameter. is inversely related to skewness. 1 X )
Larger values of y cause the probability function of 29 1,29 54.8 1.48 57.0 1.41 68.1 1.60 44.4
x to approach normality. Both £ and » assume 30 1.15 66.9 1.33 68.1 1.61 58.9 2.05 46.0
value = 0.
alue = 0 31 1.38 48.7 1.30 60.7 1.32 72,9 1.44 588
In order to fit the mixed GDF. it is essential 10 ¢sti- 2 1,19 63.5 1.23 68.3 1.50 70.1 1.43 47.7
mate Band y from observed data serics. Thom (1951) | .
suggested maximum likelihood estimate (MLF)tothese 3117 $8.7 1.7 69.9 1.27 68.1 1.51 50.4
parameters as follows : 4 1.30 47.3 1.25 60.4 1.28 65.5 1.45 51.3
|2l 44 i 35 1.15 $5.7 0.91 69.9 1.28 55.4 1.24 58.6
yY=——""ad 36 1.16 57.7 1.07 68.5 1.28 55.4 1.67 40.3
' 37 1.04 56.3 0,82 68.0 1.10 54.9 1.09 55.3
8 = x/? 3 0.91 52.7 1.07 42.5 0.94 51.9 1.05 50.2
| \\'_‘\ 39 0.98 47.0 0.72 54.4 0.89 40.2 094 45.7
A=Inx — - P, In x; 40 0.89 39.0 0.85 41.8 1.01 43.1 0.92 51.9
—_—
=il 41 0.69 83.5 0.77 49.6 0.79 3,3 0.99 33.3
The vur:a_bles Xy, Xoyevinnnnnssses o are '|_hc non=zero 42 0.83 56.2 0.72 37.0 0.85 23.6 0.94 28.0 |
values of rainfall whose mean is v. In being the natural 1 0.50 61.1 0.60 33.1 0.90 14.2 0.94 25.6

logarithm.
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Fig. 1. Agroclimatic classfication by moisiure availability index and soil types : (as per Das, 1987)

In the present analysis the probability level chosen
was 757,. The minimum rainfall Px" at this level is
obtained by putting p=0.75, g=0.25 in the equation

M Y1 —xf8
X e
P, = (1—‘—q—|—p) = dx
¢ l
0 P Y

4. Results and discussion
4.1. Test for goodness of fit

Variance ratio test suggested by Cochran (1954) was
used to test the goodness of fit of the Gamma distribution
function. This test can be applied to any distribution
for which the theoretical variance is computed inde-
pendently from parameters estimated by a method other
than the method of moments. The test statistic is

M
T =S (oem
o Z}‘ By

where, x* i is the Chi-square statistic with (1—1)
H—

degrees of freedom.

The Chi-square values of the variance ratio test for
a few selected stations from each of the four agroclimatic
zones for selected weeks is given in Table 1. At all the
stations the Chi-square values indicated non-signi-
ficance at 5% level. In fact in none of the stations/
weeks considered in the study, these values were signi-
ficant. It was, therefore, concluded that the weekly
rainfall in Madhya Pradesh follows the Gamma distri-
bution.




32 H. P. DAS axp A. CHOWDHURY

74° ‘76° 7a° 80” az2° ° | . °
— a4 T o ° o
oW es P T R T~ R 7
= 1
WEEEK NO 28 ]
| - w . v - WEEK NO 30
N ~ (STABLE PHASE OF MONSOONY ~ -
2€ o i L o (STRONG MONSO
1 € “ewaLich 26¢ a. ¢ QEsoN PHASE] L
- & "
>
PR 1-5
e
% aEwa :
) -
e 247
° AMBIKAPUR
JABALPUR i Wi
A3
»
22
Ay .
20 20 ¢
40|
!
o
.vuconumz'
. ~ -5
u|- ~ 7 . Ty Y, o
|. 1, 1 1 J L 1 L L L 1 e \: L § o
- 1
74’ 76 70 80° 82 [T T4 76 78 80 s2° 8e°
4 80° 82° 84® 74° 76° 78° o ° K
8 80
— ™ p ' T T T T R .l‘
5 WEEK NO.34
o (WEEK MONSOON PHASE) | o o
| -2 26} H2¢”
. o
- Y . b
53k . I e - REWA R
¢ 4 o Ly
a ;
. -, ~ JABALPUR “.l:’unt L4
aMBIKAPURS ~ o
B ol o INDORE ¢
22k 22| |22f-y 2"
I -
] ¥ :
4
. o 1-0 h
20 20| |28 5 e
bl )" s
~?>10
< o4
CJAGDALPYR
0 Y ‘
‘o s, -] |iel -
= i . L = 1 S— | 1 L i M bt " e
74 7c® ra® ao® 82° 8a® 74° 76° 78° 80" 82" ae’

Fig. 2. Spatial distributios of shape parameter (y)

4.2. Regional variations of shape and scale parameters

The estimated values of y and 8 for the crop season
is given for each week [or the 4 agroclimatic zones of
the State in Table 2. It is seen that the Regions | and
111, y values are quite low after 38th standard week.
meaning thereby that positive skewness, in general,
exists. A smalier y also indicates that a few larger
values cause positive skewness and that the mean de-
parts further from the median values. In Region Il
also, this trend is observed but only in the 37th week,
while in Region IV it is seen in the 39th week. Except
Regions 11 and 111 where skewness is observed towards the
beginning of the crop season. in the rest of the cases,
the y values are quite large. i.c., the weekly rainfall is
‘more’ normally distributed.

The B values, by and large, are found o Increase
till 35/36 th week in the four zones. A larger value
indicates greater tendency of rainfall to deviate from the
mean. In other words, it means that substantial dis-
persion exists till first week of September or so. The

dispersion is about 3 times that observed in the beginning
of the season.

4.3, Geographical distribution of y and

Geographical distribution ol y and A has been
studied by plotting these parameters for each week and
analysing them. The illustrations are given only for
4 weeks in general representing onset, active, weak and
withdrawal phases of the monsoon (Figs. 2 & 3).

During the commencement of crop growth stages,y
is less than one in NW Madhya Pradesh. Thus, weak
skewness in rainfall exist only in the northwest: over
rest of the regions hardly any skewness is seen at emer-
gence and early development phases. As the monsoon
season advances, rainfall distribution becomes less and
less skew. i.c., it approaches normality. The 30th
week clearly brings out this feature. However, rainfall
pattern again becomes skew in the western parts of the
State in 34th week and in central parts in 38th week.
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Fig. 3. Spatial distribution of scale parameter (8)

This skewness only not persist but increase in magnitude,
till monsoon finally withdraws,

Analysis of the scale parameter reveal some interesting
features during advancing stage of the monsoon over
the State. Distribution of p shows large departures
from mean in NE Madhya Pradesh and least over to

SE and NW Madhya Pradesh. By 30th week f exceeds
a value 60 north of tropic of cancer and persist till
34th week. It is only towards the end of the monsoon
that B values start decreasing. Nevertheless value*
less than 50 are seen only in [ew districts, i.e., Mandla,
Balaghat, Durg, Chindwara, Betul etc. and the ex-
treme east.
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Fig, 4. March of rainfall ag 759, probability level (R) and potential evapotranspiration (PE) in four regions

TABLE 3

Regression equation of assured rainfall at 75", level (v) and mean rainfall (x)

Sid.
week No.

Region |1

— e ————A _—

Region |
— s &

Region 111 Region 1V

— A —

Equation Correla Fquation Correla- If.'quminn Correla- ‘ Equalinn Correla-
uon ton tion non
coeflicient coeflicient coefficient coeflicient
23 — y=0.06 x—0.7 0.27 v—0.28 x—4.5 0.70**  y=0.13 y—0.23 0.37
24 vy -0.08 x —1.6 0.60%*  y=0.2]1 x—4.1 0.55% v—0.42 x—9.0 0.78** =048 x—12.0 0.68**
25 y—=0.35 v—8.8 0.81**  y—0.69 x -28.0 0.72%%  y—0.60 yv—22 .4 0.65%* r=0.26 y 5.0 0.74**
26 v—0.42 v —§.8 0.90%* r—=0.28 y : 2.1 0.56* y—0.34 x—2.1 0.47* ry—0.45 yv—I1 .85 0.96**
27 ryr—0.25 x—=1.6 0.65%* y=0.11 +11.8 0.56* v—0.43 x [ 13.9 0.48* y=0.35 x+-1.63 0.83**
28 v=0.32 v—4.2 0.66** v-0.14 x 120 0.48 vo0.22 v 19.4 0.45* y—0,43 x—4.3 0.87**
29 v—0.21 v 3.4 0.36 =023 vy 9.4 0.50* v-0.24 x4 13.5 0.48* y—0.43 x 1 2.0 0.92%*
0 v=0.14 y- 5.8 0.26 v=0.26 2.1 0. 54* v—0.17 x - 14.1 0.43* y=0.47 x—8.7 0.81**
3 r=0.21 x—=0.5 0.65%*% 1--0.37 x—8.3 0.94** }—0.41 y—9.1 0.81%* y=—0,59 v—15.9 0.97**
37 020 v —0.7 0.48 =0.25 x—2.9 0.81**  v—0.52 x—16.2 ).87** 1—0.49 x—12.0 0.85%*
33 vy 017 x11.9 0.30 ¥=0.29 +—3,7 0. 72%*  y—0.28 x + 1.4 0.73** y—0.38 x-+0.2 (), 77+
34 r=0.11 x+2.5 0.19 =019 x 0.9 0.53* =017 x 1 0.6 0.46* ¥y=0.39 x—3.9 0.66%*
15 yr=0.14 x—4.8 0.41 =019 y—2.1 0. 50* ry-0.29 x—4.0 0, 48* y—0.43 x—4.1 0.6]**
6 v=0.33 v—].0 0,215 y=0,19 v —6.1 0.61** +—0.32 x+4.4 0.46* vy=0.37 x—6.6 0,73
37 r=0.04 v—0.4 0.13 ¥=0.21 x—6.4 0.44* y=0.36 x—8.9 0.51*
H __ -

significant at | %, ,

* = sinificanmt at 5%,
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4.4. Water availability periods

By comparing probability rainfall R at any level
with the water needs as represented by PE, it is possible
to identify periods of water surplus of deficiency and
their extent. As the four regions identified are considered
fairly homogeneous with regard to rainfall within the
region and PE, it is possible to compare R and PE.
Fig. 4 illustrates the weekly pattern of estimated R at
75% vis-a-vis PE. Since som= of th recently developed
crop species can withstand moisture stress up to certain
degree, curves for 1/2 PE have also been drawn.

Region T appear characteristically dry with the esti-
mated rainfall at 759 probability level never exceeds
PE for even 1/2 PE except for 2 to 3 weeks. Thisis the
dry zone where weekly variations in PE is quite large.
in view of fairly high temperatures even in the monsoon
season.

In Region 11, variability in PE is comparatively less.
Though assured rainfall in any week does not exceed
PE for a large number of weeks, it does exceed 1/2 PE,
implying  thereby that crop prospects are somewhat
better here.

There is 2 marked change in PE-R pattern in Region
II. In this region for nearly 5 weeks (28th-33rd wecks)
75% rainfall exceed PE, whereas for a still larger period,
it exceed 1/2 PE. Thus water deficiency period is res-
tricted to only a few weeks at the beginning and end
of the crop szason.

An unambiguous difference emerges between period
ol water availability in relation to water need in the
Region IV. This can be considered as a wet zone where
water deficiency is minimum.  Water deficit could be
just for 1 to 2 weeks, most likely at sowing time or at the
physiological maturity stage. Since the demand in
these stages is even less than 1/2 PE (Replay 1966).
it is felt, the deficiency would have no adverse effect
on the crop growth or the vield during this period.

4.5. Assured rainfall

Areawise, the State of Madhya Pradesh is the largest
State in India. The network of observatories. though
adequate from climatic point of view, does not seem to
be so, for, agroclimatic purposes. Recourse has,
therefore, to be taken to regression analysis to gt in-
formation for unrepresented stations and those locations
at which data is missing (or some period.

Regression equations have been developed between
the mean regional rainfall as the independent variable,
and the probabilistic rainfall at 75% level as the depzn-
dent parameter. These cquations are given in Table 3.
Correlation coefficients and the level ol significance are
also shown in the table. These equations establish the
linear relationship between the actual (observed)
regional rainfall and the theoretical values. These can
be used to determine the theoretical values for any week
if the corresponding mean rainfall for the region is
is known,

4.6 Aeronomic evaluation of the resulrs

Generally warm climate, a shorter duration cold
season with nearly all rainfall occuring within the
summer season is the characteristic [eature of all the
four regions.

The southeast and central portion of the State have
mostly deep soil. At 75% probability, the maximum
weekly rainfall during 30-32 weeks in this area is quite
high (i.e., 40-60 mm). The heavy soils can retain
adequate moisure throughout the entire range af re-
productive and maturity stages. In this area, it is sugges-
ted bunding of water on the surface during the wet
season, since most of the water is lost as surface run-
off. Ponding of water would allow large quantities
to move into deeper depths because it holds the water
in contact with soil longer.

The northeast Madhya Pradesh eXxperience com-
paratively lower amounts at the same probabilistic
level. With the advance of the rainy season, one may be
tempted to suspect a surplus of available moisture of
35-55 mm in a week in late vegetative growth period.
However., the mixed red and black or red and yellow
soil variety precludes such a possibility.

The rainfall though substantial, may not be frequently
large enough to overcome the excessive transpiration
losses and to percolate down due to lower rate of mois-
ture movement in the moist soil. Moisture conservation
methods may be adopted so that the crop does not
suffer moisture inadequacy during flowering and post
flowering stages.

The rest o the State is a low rainfall belt, The assured
rainfall at 75% level in any week hardly exceed 20 mm.
These are so low that they do not allow safficient move-
ment in deeper soils to ensure crop every year, though
the soils are alluvial to medium black. In such areas,
it is suggested that alternate fallowing and cropping
or fallowing every [ourth year must be practiced to
conserve as much water from the briel wet period as
possible. A system of bench terrace would also help to
conserve the rain water in these areas to prevent run-
off. thus helping to ensure good crop yield.

£, Conclusions

Some aspects of spatial distribution of weekly rainfall
at 75% level of probability has been studied. Utility
of the two statistic parameters emerging out of Gamma
distribution model in producing reliable information
during crop phenology, has been demonstrated. The
study also helps assessing the timing mechanism for the
crop usage in Madhya Pradesh.

The following broad conclusions could be drawn:

(i) Weekly rainfall is normally distributed between
26/27 to 37/38th week particularly over
southeast Madhya Pradesh.

(ii) The rainfall does not disperse much from the
mean in the beginmn_g of the crop season.
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(iif) In the northwest parts of the State, rainfall
does not seem to be adequate to meet even
half of the transpiration demands, in 3 out of
4 years.

(iv) Regression equations developed here enables
to find rainfall at 759, probability  level
from mean rainfall values.

(v) Ponding of water must be practiced as a mois-
ture conservation method to over-come loss
of water.
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