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B ABSTRACT : Thedaily rainfall datafor the period of 13 years (1989-2001) of different 15 rain gauges
stations form the sub montane zone of Maharashtrawere collected considered for analysis. Average weekly
rainfall of all stationswas calculated formthedaily rainfall. Theweekly assured rainfall valuesat 50 and 75%
probability level swere computed by incompl ete gamma distribution. Weekly assured rainfall was considered
for moisture avail ability index (MAI). Thewet and dry spellswere calculated by Markov Chain model. The
onset and withdrawal of monsoon were decided by weekly rainfall frequency distribution method. The
overall situation of the moisture availability period, onset and withdrawal of monsoon assured rainfall, dry
and wet spell. From the assured total rainfall at 50 to 75 per cent probability it is clear that the maximum

rainfall was received in the month of July and August especially in 28, 29 and 30 mw.
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griculture is the backbone of Indian economy.
A Agricultural productionisclosely related with rainfall.

Advanced farm technology has a great potential to
increase crop production. The main reason for very low and
highly unstable yields in these areas is the availability of
adequate soil moisture during active growth period of the
crops. Onset, progress, intensity, temporal and spatial
distribution of monsoon rains decides the fate of dry land
agriculture. The distribution of rainfall is the matter of more
serious concern than the total amount of rainfall.

The farmers have adopted their farming system by
experience of generationswithout proper knowledge of agro-
climatic conditions, effective cropping pattern and importance
of scheduling of irrigation. Hence, study of rainfall
characteristicsisvery important in general and drought prone
areas. Thisincludesmeanrainfal, itsdeviation and variability,
withdrawal of monsoon, the duration, and frequency with their
interaction with crop and soil so that this resources can be
put to more efficient use in agricultural planning.

The cropping patterns are basically dependent on MAL.
Hargreaves (1971) defined MAI istheratio of assured rainfall
expected at 75% probability level and estimated potential
evapotranspiration for the concerned period. Bhishnoi (1980)
has defined MAI as

MAI =AE/PE

where MAI = Moisture Adequacy Index, AE= Actual
evapotranspiration, PE= Potential evapotranspiration

The knowledge of rainfall variability and MAI with the
soil type of particular area is necessary. MAI is the prime
factor for crop planning, especially in the tropics where it
varies both in time and space. MAI were worked out on the
basis of average monthly rainfall (Raman and Murthy, 1971)
and crop planning was done. If there aredry spellsin between,
causing crop failure the monthly MAI at different risk levels
for agricultural planning of majority of season’s crops, the
weekly MAI valueswill be more suitable.

B METHODOLOGY

The weekly meteorological rainfall data of different
stations under sub montane zone of Maharashtra state was
collected for the study and rainfall variability, Potential
evapotranspiration (PET), moisture availability index (MALI),
moisture availability periods etc. were computed. The data
were collected form IndiaM eteorological Department (IMD),
Pune from 13 years (1989-2001) were available which hasbeen
analyzed. For MAI calculation actual weekly rainfall datawere
used.

The Markov chain model was used to estimate the
conditional probability of dry and wet spell. For determining
dry and wet spell the limit of 15 mm rainfall at initial growth
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stage of the crop and 30 mm rainfall at active growth stage
were considered. If the rainfall was equal to or grater than 15
mm, in a particular meteorological week, that week was
considered to be wet, otherwise it was considered as dry in
initial growth stage. Similarly in active growth stagetherainfall
wasgrater than or equal to 30mm inaparticular meteorol ogical
week, that week was considered as wet, otherwise it was dry.

Rainfall variability:

Studies of the variability of annual and seasonal rainfall,
frequency of dry spell on monthly and weekly basis provide
useful information for knowing the climatic potential of
agricultural production. Mean weekly standard deviation (SD)
and coefficient of variation (CV) has been computed for the
period of 1989 to 2001. Theweekly rainfall data of that period
from sub montane zone of Maharashtrawasused. The measure
of variability of distribution about the mean isthe coefficient
of variation, which can be expressed as:

100* s
X
Where as ¢ = Standard deviation of weekly rainfall and

X =meanweekly rainfall

CV =

Onset and withdrawal of monsoon:

The frequency analysis of weekly rainfall was carried
out on the basis of weekly data of 13 years. For deciding the
onset and withdrawal of monsoon, frequency of weekly rainfall
of 21 mw to 25mw was considered. During this period, the
week which show sudden risein the frequency of rainfall was
considered as onset of monsoon.

Computation of weekly PET :

It is assumed in all agrometeorological studies that
potential evapotranspiration expressthe maximum demand of
the atmosphere, while actual evapotranspiration may
sometimes be higher than PET covering the soil surface
completely. It has been found that early stage of crop growth
(3 to 4 weeks), actual evapotranspiration isabout aquarter of
potentia rate due to small. India Meteorology Department,
Pune hasinstalled 35 lysimetersin various soils and climatic
zones of the country to find out the water requirement of
different crops. Venkatraman et al.(1976) found that the
cumulative seasonal ET isabout 70 per cent of the cumulative
PE. It has, therefore, been considered for this study that the
difference between weekly averages rainfall and PE of the
corresponding period will go into stored soil moisture and
plants can use it even after the end of rainy season.

Computation of weekly MAI :
Mean weekly rainfall of past 13 years was used for
estimation of actual evapotranspiration (AE). By using weekly

AE and weekly PET, theweekly MAI was calculated as:

MAI =AE/PE

where MAI = Moisture Adequacy Index, AE= Actual
evapotranspiration, PE= Potential evapotranspiration.

M oistureavailability periods:

TheMAI for 50,100 and 200 mm available water holding
capacity were cal culated which represented shallow, medium
and deep soils. The growth period was considered as the
period during which the MAI was more that 0.5 at the time of
sowing and active vegetative growth period and more than
0.3 at the time of maturity. All the periods during active
vegetative growth for which MAI was less than 0.5 were
considered as stress period.

Computation of dry and wet spells.

Markov chain model property can be utilized to
understand thetime evol utionary processesin the atmospheric
system since metrological events occur in sequence. Markov
chains can be used to answer and analyze similar problems
involving dynamic system. Markov chain and geometrical
distribution of sequences of dry and wet events are related.
For example, the distribution of wet spellsof lengthk isgiven
by:

P(w=k)=(1-P1)P1x P1=P(w/w)

and probability of wet sequences with length greater
thank is
P(w=k)=P1*

B RESULTSAND DISCUSSION

This zone covers Kolhapur, Nasik and Satara. The soils
of sub montane zone are characterized as very shallow soils
50 mm available water holding capacity, medium soil having
100 mm available water holding capacity and deep with 200
mm available water holding capacity were considered.

Rainfall of sub montane zone:

The grouping of sub montane zone of Maharashtra
based on climatic parameters. The different stations/tahsilsin
sub montane zone are grouped into five rainfall zones are
Rainfall Zone-l: Panhala,Surgana, Peth and Javoli Rainfall
Zone-11-Ajara, Bhudergad, Patan, Mulshi, Shahuwadi, Rainfall
Zone-l11- Maval ,Shirda, Rainfall Zone-IV- Karveer,Gadhinglg).
Rainfall Zone-IV-Kagal and Karad.

Therainfal distribution (mean S.D.and C.V.) of the zone
is given in Table 1. The rainfall zone-l covers the different
stations of sub montane zone of Maharashtra which covers
Panhala,Surgana, Peth and Javoli.

Peth :
Themean annual rainfall of Peth was2278.4 mmwith SD
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of 626.1 and CV covers 27.5 (Table 1). The distribution of
annual rainfall in different season’s viz., pre-monsoon,
monsoon and post-monsoon was 2.7, 2197.5 and 78.2 mm
respectively with SD of 9.4, 600.7 and 49.6 mm, respectively
with CV of 346.4, 127.3 and 64.4 per cent. [twashigh deviation
and less variability in monsoon season.

TheMAI valuesfor the meteorological weeksfrom22to
42 inthree types of soils are reported in Table 2 for deciding
the water availability periods, the number of weeks having
MAI values > 0.3 and > 0.5 were counted.

Thewater availability period, at 50 per cent probability
level for > 0.3 was 19 weeksin shallow and deep soils. While
> 0.5 MAI itwas 18 weeksin shallow and deep soils and 19
weeksin medium soils. Hence, period of 18to 19 weekswill be
available for crop growth in shallow, medium and deep soil
onceintwo year i.e. long duration crops of 130-150 days can

be grown in thisarea with 50 per cent.

The water availability period, at 75 per cent probability
level for >0.3is15 weeksin shallow soils, 18 weeksin medium
and deep soils. While> 0.5 MAl it is 14 weeksin shallow, 15
weeksin medium soilsand 16 weeksin deep soils. Thusperiod
of 14 to 18 weeks will be available for crop growth and
development, 7.5 times in 10 years i.e. medium and long
duration crops of 90-130 days can be grown in this area.

For good germination and emergence growth of crops,
the chances of getting rainfall > 15 mm at more than 50 per
cent probability arefrom 24 to 42 mw. Therefore, farmer should
take their sowing operation in 24 to 27 mw. In these weeks
probability of getting rainfall subsequent week (w/w) ismore
than 50 per cent. For growth and devel opment, probability of
getting rain > 30mm is given in Table 3. The probability of
gettingrain>30mmin 28 is69 per cent probability of getting

Table1: Rainfall distribution (mean S.D. and C.V.) of zone-|

Rainfall Annual rainfall Pre monsoon Monsoon Post monsoon

sone Mean SD C.V. Mean SD C.v. Mean SD C.V. Mean SD C.V.
(mm) (mm) (%) (mm) (mm) (%) (mm) (mm) (%) (mm) (mm) (%)

|

Peth 2278.4 626.1 275 2.7 9.4 346.4 21975 600.7 127.3 78.2 49.6 63.4

Javali 1739.8 461.9 26.5 43.4 24.8 57.0 1517.8 424.8 28 178.6 156.4 87.6

Table2: MAI for assured rainfall at different probability levelsin various types of soilsat Peth

: il i _
MW PRT(MM)  —5— g ef/vsgoif) prolaa:cli: e Deosol P (mm)  Sha @Viﬁ’ pm&iﬂ:&% sl Deep 5ol
2 64.4 0.0 0.01 0.02 0.02 0 0.01 0.02 0.02
23 595 9.0 0.26 0.15 0.09 0 0.01 0.02 0.02
24 546 38.0 1 0.61 0.43 3 0.09 0.05 0.02
25 455 720 1 10 1 a4 1 071 0.48
26 39.9 56 1 10 1 24 0.69 058 052
27 371 50 1 10 1 15 0.43 0.44 0.46
28 350 83 1 10 1 24 0.69 056 052
29 336 219 1 10 1 128 1 1 1
30 336 21 1 10 1 153 1 1 1
31 308 126 1 10 1 88 1 1 1
32 315 122 1 10 1 57 1 1 1
33 308 132 1 10 1 69 1 1 1
3 322 169 1 10 1 9% 1 1 1
35 308 124 1 10 1 73 1 1 1
36 301 133 1 10 1 60 1 1 1
37 329 58 1 10 1 35 1 1 1
38 336 27 1 10 1 12 1 1 1
39 322 36 1 10 1 1 1 1
o 336 1 10 1 011 0.87 1
M 329 0 0.39 10 1 0.01 0.39 1
2 315 19 056 0.79 1 10 0.29 035 1
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Table3: Conditional rainfall probability (%) of Peth

Rainfall probability (%)

Mw At >15mm At>30mm

w WIW D/W W/D w WA D/W W/D
23 38 60 62 40 38 60 38 40
24 62 88 100 12 46 67 100 33
25 92 83 100 17 85 45 100 55
26 85 82 0 18 54 100 0 0
27 69 100 75 0 54 100 33 0
28 92 100 100 0 69 100 100 0
29 100 100 0 0 100 100 0 0
30 100 100 0 0 100 92 0 8
31 100 100 0 0 92 100 100 0
32 100 100 0 0 100 100 0 0
33 100 100 0 0 100 100 0
34 100 100 0 0 100 92 0 8
35 100 100 0 15 92 83 100 17
36 85 100 100 0 85 91 0 9
37 100 69 0 31 77 70 0 30
38 69 78 0 22 54 71 33 29
39 54 57 67 43 54 57 33 43
40 62 0 20 100 46 0 14 100
41 8 0 58 100 8 0 25 100
42 54 14 17 86 23 33 0 67
43 15 0 36 100 8 0 33 100
44 31 0 0 100 31 0 0 100

rain in the next week (w/w) is also 100%. Thusif sowing is
donein 24 mw then 27, 28 and 29mw will coincide with growth
of period of crop.

Conclusion:

By considering the overall situation of the moisture
availability period, onset and withdrawal of monsoon, assured
rainfall, dry and wet spell and different soil moisture conditions,
the cropping pattern is suggested for sub montane zone of
Maharashtra. Rainfall wasvariableat al stationsin thiszone.
Peth received the highest rainfall (2278.4mm) Most of the soils
were medium and deep with reddish brown in colour. From
assured rainfall at 50 per cent and 75 per cent probability level
it isclear that maximum rainfall was received in the month of
July and August in 28,29 and 30mw.
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