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Climatology of dry and wet spell over Vidarbha region during monsoon months
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ABSTRACT. In this investigation 10-day periodwise simple probability, 10-day periodwise probability of
consecutive dry and wet spells of different lengths.and monthwise different parameters and properties of Markov Chain
Model over Vidarbha region during south-west monsoon months have been studied.

For this purpose, daily rainfall data (1 June - 30 September) of 11 stations covering all the districts of Vidarbha for
the period 1960-90 haye been utihzed.

The study reveals that over Vidarbha during monsoon season (June - September) probability of a day being wet and
probability of consecutive wet spell of different lengths are by and large high during the last and first 10-day periods of
July and August respectively when the monsoon is at its peak. During the first two 10-day periods in June and last two
10-day periods in September, the probabilities of a dry day and that of consecutive dry spell of different lengths are quite
high. During July and August a maximum of 12-14 wet days are expected and wet spellon an average,lasts for 2 days.
Stationary probability of the occurrence of wet day (1) is found to be maximum during July making it the most humid
month in the monsoon season.

Key words — Markov chain model, Dry spell, Wet spell, Stationary probability.

October, November and December for Madras.
Information on chances of a wet day and wet spell of a
particular length highest in a particular 10 day period
could be of some use to the agricultural planners and

1. Introduction

Many scientists in India and abroad have studied the
behaviour of wet and dry spell by applying Markov Chain

Model. Pioneering work on this subject was done by
Gabriel and Neumann (1962) who studied the sequences
in daily rainfall occurrence at Tel Aviv and found them to
be well described by a Markoy chain model. Some of the
recent studies in India include those by Pandharinath
(1991), Sarkar (1994).

Recently Sarkar (1997) has studied the behaviour of
dry and wet spell for each consecutive 10-day period in
*Present affiliation : Metcorological Office, Hyderabad, India
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farmers for irrigation water, application of fertilizers,
pesticides etc. to crops.

Keeping in view, the potential use of the 10-day
behaviour of wet and dry spell for the medium range
weather forecasting and its further usefulness to the
farming community, the present study has been taken up.
Monthwise different parameters and properties of Markov
Chain Model were also studied.
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TABLE 1

Ten day periodwise probabilities (%) of dry days, P(D), wet day, P(W), dry days preceded by a dry day, P(DD),

wet days preceded by a wet day, P(WW)

1 i

P(W) P(D) P(WW) P(DD) P(W) P(D) P(WW) P(DD) P(W) P(D) P(WW)

P(DD)
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Average
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TABLE 2

10-day periodwise probabilities (%) of consecutive dry spells of different lengths

3 4 6 3 4 5 6 3 4 5 6
June
Akola 55 44 28 2 43 36 30 33 24 18 13
Amraoti 53 42 27 51 43 35 29 32 22 16 1
Gondia 51 40 24 57 49 42 36 16 9 6 3
Buldhana 50 39 23 54 45 37 31 38 29 23 17
Chandrapur 50 39 23 42 32 25 19 27 19 13 9
Sironcha 48 36 21 49 40 32 26 23 15 10 6
Nagpur 50 39 24 45 36 29 23 22 14 9 6
Yeotmal 45 34 19 46 37 30 25 29 20 14 10
Wardha 49 38 22 43 34 27 21 22 14 9 6
Pusad 43 32 17 43 34 27 21 31 23 16 12
Brahmapur 52 41 25 46 38 3 25 21 13 9 5
Average 50 38 23 48 39 32 26 27 18 13 9
Akola 27 17 I 7 38 28 21 16 31 22 15 11
Amraoti 25 16 10 6 29 20 14 10 30 21 15 1]
Gondia 11 5 3 1 22 15 10 7 14 8 4 3
Buldhana 27 17 11 7 38 29 22 17 27 18 12 8
Chandrapur 16 9 5 3 22 15 10 6 16 10 6 3
Sironcha 18 I 6 4 27 20 14 10 16 10 6 4
Nagpur 15 8 4 2 27 19 14 10 21 14 9 6
Yeotmal 14 8 + 2 25 17 11 8 23 15 10 6
Wardha 17 9 5 3 23 15 10 6 18 11 6 4
Pusad 24 15 9 5 3l 22 16 11 24 16 10 0
Brahmapur 13 7 4 2 17 10 6 4 15 9 5 3
Average 19 11 6 4 27 19 13 9 21 14 9 6
August
Akola 23 14 5 35 26 20 15 49 41 34 29
Amraoti 25 16 7 35 26 19 14 39 29 22 17
Gondia 10 5 1 17 10 6 + 18 11 7 4
Buldhana 24 15 6 31 22 16 11 47 38 3l 25
Chandrapur 13 T 2 24 16 11 8 29 21 15 11
Sironcha 12 6 2 25 18 13 9 20 12 7 5
Nagpur 13 7 2 30 21 16 11 31 22 16 I
Yeotmal 18 11 4 31 23 16 12 30 22 15 11
Wardha 19 11 4 31 22 16 12 35 26 19 14
Pusad 18 11 B 32 23 17 12 39 30 23 18
Brahmapur 13 7 2 23 16 11 8 26 18 12 9
Average 17 10 3 28 20 15 10 33 24 18 14
September

Akola 39 28 20 15 69 62 55 50 56 46 39 32
Amraoti 28 18 12 8 48 38 31 25 54 46 38 32
Gondia 27 18 12 8 44 35 29 23 50 40 32 36
Buldhana 43 33 25 19 63 55 49 43 52 43 36 30
Chandrapur 26 17 1 7 55 47 41 35 54 45 38 32
Sironcha 18 11 6 4 41 32 25 19 44 34 26 21
Nagpur 24 15 9 6 54 45 38 32 48 38 31 24
Yeotmal 26 18 12 8 57 49 42 36 51 41 33 27
Wardha 30 21 15 11 58 50 43 37 49 40 32 26
Pusad 40 31 23 18 66 59 53 47 55 40 39 32
Brahmapur 25 16 1 7 42 33 25 20 42 32 25 19
Average 30 21 14 10 54 46 39 33 50 41 33 28
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TABLE 3

10-day periodwise probabilities (%) of consecutive wet spells of different lengths

L
1 11 111
Days Days Days
3 4 5 6 3 4 5 6 3 4 5 6
June
Akola | 0 0 0 4 I 0 0 11 6 3 2
Amraoti 2 1 0 0 2 1 0 0 8 4 2 1
Gondia 1 0 0 0 3 | 1 0 23 15 9 6
Buldhana 1 0 0 ( 2 0 0 0 10 5 3 2
Chandrapur 2 1 0 0 4 | 0 0 16 10 ] 3
Sironcha 2 1 0 0 3 | 0 0 15 8 5 3
Nagpur 2 1 0 0 6 3 1 1 15 9 5 3
Yeotmal 3 1 0 0 5 2 1 0 13 7 -+ 2
Wardha 3 1 0 0 3 | 0 0 15 0 5 3
Pusad 3 1 0 0 5 2 0 0 10 5 3 1
Brahmapur 1 0 0 0 5 2 1 0 22 14 9 6
Average ) 1 0 0 4 I 0 0 14 8 5 3
July
Akola 7 3 1 1 6 3 | 1 12 7 4 2
Amraoti 9 4 2 ] 7 3 1 1 12 7 4 2
Gondia 21 12 7 4 21 13 B 5 23 14 9 (]
Buldhana 5 2 | 0 8 4 2 1 13 7 4 2
Chandrapur 12 6 3 2 13 7 4 2 23 15 10 6
Sironcha 14 8 4 2 18 10 6 4 27 19 13 9
Nagpur 9 4 2 1 12 6 3 2 19 12 7 5
Yeotmal 11 5 3 | 15 9 5 3 22 ] 3 2
Wardha 9 4 2 1 11 5 2 | 15 9 5 3
Pusad 3 1 0 7 3 | 0 13 8 4 2
Brahmapur 24 15 10 6 17 10 6 3 24 16 11 7
Average 12 6 B 2 11 7 4 2 18 11 7 5
August
Akola 12 6 3 2 7 3 1 1 12 7 5 3
Amraoti 11 6 3 2 8 4 2 1 8 4 2 1
Gondia 21 13 8 5 19 12 ] 4 21 13 9 6
Buldhana 14 8 5 3 9 4 2 1 11 0O 4 2
Chandrapur 16 9 5 3 25 9 5 3 22 16 11 8
Sironcha 21 13 8 5 20 12 8 5 17 10 6 4
Nagpur 13 7 3 2 11 5 3 | 13 7 4 2
Yeotmal 17 10 6 4 11 6 3 1 13 7 4 2
Wardha 13 7 4 2 9 4 2 1 10 5 3 1
Pusad 11 6 3 1 7 3 | 0 11 4] 4 2
Brahmapur 19 11 6 4 22 14 9 6 19 12 8 5
Average 15 9 5 3 13 7 4 2 14 8 5 3
September

Akola 4 2 1 0 1 0 0 0 3 | | QO
Amraoti 10 5 3 1 3 | 0 0 6 3 | 1
Gondia 12 7 4 2 9 5 3 | 4 2 | 0
Buldhana 9 5 3 1 3 1 0 0 5 2 1 |
Chandrapur 10 5 3 2 7 3 2 ! 5 2 1 0
Sironcha 14 8 4 2 ] 4 2 1 5 2 1 0
Nagpur 10 5 3 1 3 ] 1 0 5 2 | 0
Yeotmal 3 8 4 2 5 2 1 0 3 | 0 0
Wardha 14 8 5 3 5 2 1 0 4 2 1 0
Pusad 8 4 2 1 0 0 0 4 2 0 0
Brahmapur 12 6 3 2 8 3 1 1 4 2 1 0
Average 9 6 3 ! 5 2 1 0 4 2 1 0
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2. Data and methodology

In this investigation the study area chosen was
Vidarbha and the study was conducted for the south-west
monsoon season (June-September). Daily rainfall data
(1 June — 30 September) of 11 stations.covering all the
districts of Vidarbha region, for the period 1961-90 have
been utilised in this study. A day was considered wet
when it received rainfall of atleast 2.5 mm/day; otherwise
it was termed as a dry day.

The probabilities of dry day P(D), wet day P(W), dry
days preceded by a dry day, P(DD), and wet days
preceded by a wet day P(WW) have been calculated for
each consecutive 10-day period in June, July, August and
September using the following equations:

P(D) = F(D) ()
P(DD) = F(DD)/F(D) 2)
P(W) = F(W)In (3)
P(WW) =F(WW)/F(W) 4)

where F(D) and F(W) are the frequencies of dry and
wet days respectively during a 10-day period; F(DD) is
the frequency of dry days preceded by another dry day.
F(WW) has similar meaning; n is the period in days, ie.
10 in the present case.

In each 10-day period probability of the continuation
of dry/wet spell of different lengths has been calculated by
the following formulae :

P(W,) = P(W) x P(WW)"! ®)
P(D,) = P(D) x P(DD)"" (6)

Where, P(W,) and P(D,) are the probabilities of *y’
consecutive wet days and dry days respectively in a
particular 10-day period.

For the monthwise computations of different
parameters and properties of Markov Chain Model, Victor
and Sastri (1979) was followed. Stationary probabilities
for the occurrence of dry and wet days (mand m,
respectively) were worked out using the following two
equations :

1-P(W/W)
= (7)
1+ P(W/D)-PW/IW)
7= PW/ID) )

1+ PW/D)-P(W/W)

where P(W/W) and P(W/D) are the probabilities of
occurrence of wet day preceded by another wet day and
that preceded by a dry day respectively.

3. Results and discussion
3.1. Basic probabilities

The probabilities of a dry day, P(D), wet day P(W),
dry days preceded by a dry day P(DD) and wet days
preceded by a wet day P(WW) in each 10 - day period for
the four months of south-west monsoon season have been
presented in Table 1.

Examination of the data reveals that the probability
of dry day far exceeds that of wet day during the first two
10-day periods of June, and again during the month of
September over the region. P(D) values are comparable
during 21 June to 20 August so also the P(W) values. P(D)
registers comparatively lower values (average 52%)
during the two 10-day periods of 21 July to 10 August;
similarly P(W) values are by and large high(average 48%)
during this period indicating that in Vidarbha this is the
peak monsoon activity period.

Data in Tablel further reveals that the P(DD) values
are generally more than that of P(D) in all the 10 — periods
except 1-10 June like P(D) and P(W), here also P(DD)
and P(WW) values are comparatively low and high
respectively during 21 July - 10 August.

3.2. Consecutive dry/wet spells of different length

Ten-day durationwise probabilities of continued
dry/wet spells of different length have been presented in
Table 2 and 3. During the first two 10-day periods in June
and last two 10 days in September the probability of wet
spell of 5 or more continuous days is almost zero. During
21-31 July and 1-10 August the probability of consecutive
wet days is about 15-18 % for 3 consecutive days and is
comparable with the last 10 day period of June (21-30
June) and last two 10 day periods of August (11- 20 and
21-31 August). Wet spell of 4 consecutive wet days also
has got comparatively fairly high probability values
during 21 July — 10 August.

In contrast, even 5 consecutive dry days has got
comparatively large probability values (at least 30%)
during the first two 10 day periods in June and last two 10
days in September. For obvious reasons, probability
increases as the dry spell length decreases. Thus in each
10 day period during 1 June-20 June and again during 11
September-30 September whereas for 4 consecutive dry
days the probability is at least 30%, for 3 continuous dry
days it is at least 40%.

3.3. Parameters and properties of Markov Chain
Model

Monthwise different parameters and properties of
Markov Chain probability Model [viz. P(W/W), P(W/D),
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Figs. 1(a-d). Expected dry/wet days & dry/wet runs

expected length of wet and dry run, expected number of
wet and dry days and 7, and 7, ] for each of the 4 months
of monsoon season have been computed and monthwise
variations of expected dry/wet run and expected dry/wet
days for each of the 11 stations of the region have
analyzed; for the sake of brevity graphical analysis for the
four stations have been presented in Figs.l(a-d). The
figures reveal that the probability of occurrence of wet day
preceded by another wet day P(W/W) has higher values
than that preceded by a dry day P(W/D). P(W/W) values
are fairly high during July and August. On an average wel
spell lasts for 2 days during July and August whereas dry
spell lasts for 2-3 days in July and August and 4-6 days in
June and September. On an average a maximum of 12-14
wet days are expected in July and August; these values are

been

-
-

in fair agreement with the values in the ‘Climatological
Tables, 1951-80°, of India Met. Deptt. (1999),
21- 22 dry days are possible in June and September

whereas

Stationary probability of the occurrence «
found to be maximum in July or in other words that

f wet day (1) 18
f dry
day(m,) in July is found to be the least which indicates that
this is the most humid month over the region.

-

2 (April 2001)

Conclusions
Following conclusions emerge out from the study:

In Vidarbha region during 21 July to 10 August
probability of a day being wet as well as that of
three consecutive wet days have the highest
chances of occurrence.

(ii) On an average wet spell lasts for 2 days during
July and August whereas dry spell lasts for 2-3
days during July and August and 4-6 days in
June and September.

(iii) During July and August a maximum of [2-14
wet days and during June and September 21-22
dry days could be expected.

(iv) Stationary probability of the occurrence of wet

day is found to be maximum in July making it
the most humid month of the region.
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