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WR - 3H AT A Ahia A AR IOl AT fAeRor faRelwor g AGEry & & fow 34 asf
(1980-2013) & HIccligeh as & 3Hiehsl I AT foham arar 1 SHA FAa@ &9 & fAT aw &g & gy
3R 3 Feart f "eAr T AHEAN FT Udr J9A AR I F Arcarige faRewur @ reaae fRar |
FEH Y Todlg F Y H Th Hode H 200 @A A, 400 fA A, 60.0 A A, 80.0 B AN 3R
100.00 . #. & Fa au Jur S ToawE F F F 20.0 & A, 40.0 & A, 60.0 . A, 80 . A
34‘11100.0%.aﬁ.mWaﬁma&%wﬁngwﬁaﬁaﬁwwWWﬂ*
foT s 3R I ek favewor e av) ot &g & @ @ ggd AR AW F I & Fgeaw HAT 21
Aew AeA @9 e (SMW) (21-27 #$) R 32 wH TA Ssey (06-12 3wTEd) &1 EI YR
AlTGAC F & T7T F 6o 3R G & Foce 23 ¥ 29 TH TH 5o W 40 TH TA 550 (01-07
IFIR) IR 48 TH TH S50 (26 AIFR-02 REFR) Al el AT AR g FT SHRIT FA g 10,
25, 50, 75 3R 90 9faerd TR W AICdifesd HeRTal 9T auT HT geaT HI THGA I Hholel [hdT 7|
AGENT &1 A Fiealigeh at & forw 3rqot AT @anfad faRor & wA & A 1025.6 . M. w AREa
auT g B 90 ufaera & THrEar WY 3 1523.6 . & gt g fr 90 wfaera v @emaer W o5
faeeisor & groe qROTAT &1 IULET FAGERT &7 F H Do & fow Rar a7 FAed: Fawr &9 7
Ul & oY & AT Al IRFH gl & 9ead 28 ¥ 30 A AlGHA AT wedEl (T8 A Seeq) &
2Rt fohar arr STefh e BT IS 42 & 45 TH UH S5 Rl A TS|

ABSTRACT. In the present study the weekly rainfall data of 34 years (1980-2013) for Navsari region were used
for Markov Chain and incomplete gamma distribution analysis. The present study has been carried out to find the
probabilities of occurrence of dry and wet weeks during rainy season and weekly analysis of rainfall for Navsari region.
The dry and wet spell analysis was carried out for weekly rainfall based on Markov Chain Model considering less than
20.0 mm, 40.0 mm, 60.0 mm, 80.0 mm and 100.0 mm rainfall in a week as a dry week and 20.0 mm, 40.0 mm, 60.0 mm,
80.0 mm and 100.0 mm or more as a wet week. The earliest and delayed onset week of rainy season was 21 Standard
Meteorological Week (SMW) (21-27 May) and 32 SMW (6-12 August), respectively. Similarly the earliest and delayed
week of post-monsoon season was 40 SMW (1-7 October) and 48 SMW (26 November-2 December) during 23" - 29"
SMW. The probability of rainfall occurrence at weekly intervals at 10, 25, 50, 75 and 90 per cent levels were assessed
using the incomplete gamma distribution function. The incomplete gamma probability distribution for weekly rainfall at
Navsari region indicates that there is 90% probability of getting an assured rainfall of at least 1025.6 mm and 50%
probability of getting 1523.6 mm. The results through analysis have been used for agricultural planning at Navsari region.
Generally, the transplanting of paddy in Navsari region is carried out during 28" to 30" standard meteorological weeks
(SMW) after monsoon onset, while the sugarcane planting is done during 42™ to 45" SMWs.

Key words — Rainfall probability, Markov Chain model, Incomplete Gamma distribution, Crop planning and
weekly probability.

taken into account. The average rainfall data gives simple

The agricultural production potential of a given area
is mainly dependant on rainfall, which varies both in
space and time. To get the clear picture of the climate at a
given place, normal of averages of long period data are

understanding for a generalized application. As the
distribution of rainfall varies over space and time, one
need to analyze the data covering long periods and
recorded at wvarious locations to obtain reliable
information. It is also natural to imagine that the total
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agricultural production in any region depends not only on
the total rainfall in a season, but also on its pattern of
occurrence such as spells of rainy and dry days, etc. Thus,
a model-based scientific study of the pattern of occurrence
of weekly rainfall at regional level is therefore crucial for
solving various water management problems and to assess
the crop failure due to deficiency or excess of rainfall.
Markov chain specify the state of each day as ‘wet’ or
‘dry’ and develop a relation between the state of the
current day and the state of the preceding days. The order
of the Markov chain is the number of preceding days
taken into account. The yield of crops particularly under
rain-fed condition depends on the rainfall pattern. Simple
criteria related to sequential phenomena like dry and wet
spells could be used for analyzing rainfall data to obtain
specific information needed for crop planning and for
carrying out agricultural operations (Reddy et al., 2008).
Senthilvelan et al. (2012) used Markov Chain model for
probability of weekly rainfall in Orathanadu Taluk,
Thanjavur District in Tamil Nadu. A week’s period was
considered as the optimum length of time. Markov Chain
probability model has been recognized as a suitable model
to explain the long term frequency behaviour of wet or dry
spells. In this model, the conditional probability has been
accepted as fully justified in the analysis of weekly
rainfall data. Early withdrawal of rains also affects the
yield due to severe moisture stress especially when the
kharif crops are at critical growth stages of grain
formation and grain development (Dixit et al., 2005). The
annual and seasonal analysis of rainfall will only give
general idea about the rainfall pattern of the region,
whereas the weekly analysis of rainfall will be of much
use as far agricultural planning is concerned. Gabriel and
Neumann (1962) analyzed the occurrence of rain at Tel
Aviv, Israel, by fitting a two state, first-order Markov
chain. The two states corresponded to ‘rain’ and ‘no rain’.
This accounts for the form of distribution of dry and wet
spells. In particular, the distribution of the number of rainy
days per week is obtained. Medhi (1976) studied wet and
dry days in pre-monsoon and monsoon seasons during the
period 1967-1970 month wise over Guwahati Airport and
concluded that Markov chain of first order is adequate to
represent each of the months. Fernandez et al. (1983)
applied the same method to determine fine and bad
weather days based on the sunshine hours at four cities.
The fitting and the use of models for daily rainfall
observation are discussed by (Stern and Coe., 1982,
1984). They found that the non-stationary Markov chains
are fitted to the occurrence of rain, gamma distribution
with parameters vary with time of year, are fitted to
rainfall amount. They also concluded that numerical
methods are used to derive results from these models that
are important in agricultural planning. Srinivasareddy
et al. (2008) used Markov Chain model probability of dry,
wet weeks and statistical analysis of weekly rainfall for

Fig. 1. Location map of Navsari

agricultural planning at Bangalore. Rajendram and
Sivasamy (2005) applied Markov Chain model at 10, 20,
40 and 80 mm threshold levels to analyses probability of
weekly rainfall and its agro climatic implications to paddy
crop over Batticaloa, Sri Lanka. In Bangladesh, Sayedur
Rahman (1999) used rainfall simulation model based on
first-order Markov Chain to simulate the annual variation
in rainfall amount. The objectives of the present study
were to find out the weekly rainfall probabilities at
different threshold levels at Navsari, Gujarat.

2. Data and methodology

Daily rainfall data recorded at the Meteorological
Observatory of Navsari Agricultural University, Navsari
(20°57' N latitude, 72°54' E longitude and 10 AMSL),
Gujarat for a period of 34 years (1980 - 2013) have been
used for the present study. Fig. 1 shows the location map
of the Navsari region. Weekly rainfall values have been
computed from daily values and were used for the present
analysis. In this study data was distributed into two
seasons, monsoon season (June to September) and Post-
monsoon season (October to November). The dry and wet
spell analysis was carried out using weekly rainfall based
on Markov Chain Model considering threshold levels less
than 20.0 mm, 40.0 mm, 60.0 mm, 80.0 mm and
100.0 mm rainfall in a week as a dry week and 20.0 mm,
40.0 mm, 60.0 mm, 80.0 mm and 100.0 mm or more as a
wet week. Probabilities of rainfall occurrence at weekly
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interval for 10, 25, 50, 75 and 90 per cent levels were
assessed using the incomplete gamma distribution
function. The different notations followed in this analysis
are given below:

2.1. Initial rainfall probability (%)(Wx)

Initial probability indicates the minimum quantity of
rainfall to be expected for a particular time series data.

Initial rainfall probability of getting greater than
20 mm rainfall during ‘x” week = Wx

_ No. of years with > 20 mmrainfall during'x'week

Wx
Total no. of years

2.2. Conditional rainfall probability (%)

Conditional probability indicates the probability
level at which a particular amount of rainfall is anticipated
for a particular place over a specified time series data.
Conditional probability is useful in predicting the receipt
of particular quantity of rainfall for specific purposes
based on historical data. Similarly conditional rainfall
quantity can be fixed for various operations like weeding
(10 mm), fertilizer application (15 mm) and plant
protection (10 mm).

2.3. Conditional rainfall probability (%) (W/Wx)

Conditional rainfall probability (%) of getting
>20 mm rainfall during next week also when there was
rainfall of > 20 mm during this week (x)

No. of yearswhere next week received
> 20 mmrainfall when this week also

% = received> 20 mm rainfall <100

No. of years when this week (Wx)
received > 20 mmrainfall

2.4. Conditional rainfall probability (%) (W/Dx)

Conditional rainfall probability (W/Dx) of getting >
20 mm rainfall during next week when this week was dry,
i.e., the rainfall was <20 mm

No.of yearswhere next week received
> 20mm rainfall when this week (x)
W _ received< 20 mmrainfall <100
WX No.of yearswhen this week was dry

i.e.,< 20 mmrainfall was received

where,
R = Rainfall,
\%% = Wet week,

W/Wx = Wet week followed by wet week and

W/Dx = Dry week followed by wet week

2.5. Incomplete Gamma distribution

The incomplete gamma distribution probability
analysis was done in accordance with that of

Victor (2000) and Kar (2002).

The general formula for the probability density
function of the gamma distribution is,

il . i

Xz 7, >0

where, vy is the shape parameter, p is the location
parameter, B is the scale parameter and I" is the Gamma
function which has the formula

1“(a):.|.(:ota‘le‘t dt

The case where, n = 0 and B = 1 is called the
standard Gamma distribution and the equation for the
same reduces to

X=0; y>0

Since the general form of probability functions can
be expressed in terms of the standard distribution, all
subsequent formulae in this section are given for the
standard form of the function (Singh at el., 2009).

3. Results and discussion

Analysis of weekly rainfall data of 34 years
(1980-2013) indicated that the monsoon starts effectively
from 22 Standard Meteorological Week abbreviated as
SMW (28 May-3 June) and remains active up to 39 SMW
(24-30 September) at Navsari. Therefore, mean length of
rainy season was 18 weeks (126 days). The earliest and
delayed week of onset of rainy season were 21 SMW
(21-27 May) and 32 SMW (6-12 August), respectively.
Similarly the earliest and delayed rainfall week of post-
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TABLE 1

Weekly probability (%) analysis for 20.0 mm rainfall in Navsari region during monsoon season (SMW 22 to 39)
and post-monsoon season (SMW 40 to 48)

Initial rainfall

S.No.  Week No. Month Date

Conditional rainfall Conditional rainfall

probability (%) (Wx)  probability (%) (W/Wx)  probability (%) (W/Dx)
Monsoon season
1. 22 May 28-03 8.8 0.0 35.5
2. 23 June 04-10 32.4 36.4 60.9
3. 24 June 11-17 47.1 62.5 444
4. 25 June 18-24 52.9 83.3 50.0
5. 26 June 25-01 67.6 87.0 72.7
6. 27 July 02-08 85.3 79.3 40.0
7. 28 July 09-15 73.5 92.0 44.4
8. 29 July 16-22 79.4 77.8 429
9. 30 July 23-29 70.6 83.3 70.0
10. 31 July 30-05 79.4 96.3 57.1
11. 32 August 06-12 88.2 66.7 50.0
12. 33 August 13-19 64.7 81.8 50.0
13. 34 August 20-26 70.6 66.7 60.0
14. 35 August 27-02 64.7 68.2 41.7
15. 36 September 03-09 61.8 66.7 46.2
16. 37 September 10-16 58.8 75.0 35.7
17. 38 September 17-23 58.8 45.0 28.6
18. 39 September 24-30 38.2 15.4 38.1
Post-monsoon season

19. 40 October 01-07 242 37.5 8.0
20. 41 October 08-14 15.2 0.0 3.6
21. 42 October 15-21 3.0 0.0 6.3
22. 43 October 22-28 6.1 0.0 6.5
23. 44 October 29-04 6.1 0.0 32
24. 45 November 05-11 3.0 0.0 0.0
25. 46 November 12-18 0.0 - 6.1
26. 47 November 19-25 6.1 0.0 0.0
27. 48 November 26-02 0.0 - 0.0

monsoon season were 40 SMW (1-7 October) and 48
SMW (26 November-2 December), respectively.

The results pertaining to initial and conditional
probabilities of dry and wet weeks are presented in Tables
1 to 5) for monsoon and post-monsoon rainy season for
20.0, 40.0, 60.0, 80.0 and 100.0 mm rainfall for the 22 to
48 standard meteorological weeks (SMW). It may be

noted from the data that the probability of occurrence of
wet week (Wx) during monsoon season was highest
during 29 to 32 weeks at 20.0 mm rainfall probability
level. The analysis of initial rainfall probability (Wx) for
20.0 mm rainfall in monsoon season (22 to 39 SMW)
indicated that the maximum probability is (88.2%) was
during SMW 32 and minimum (8.8) during SMW 22.
Similarly, at same rainfall probability level wet week
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TABLE 2

Weekly probability (%) analysis for 40.0 mm rainfall in Navsari region during monsoon season (SMW 22 to 39)

and post-monsoon season (SMW 40 to 48)

S. No.

Week No.

Month Date Initial rainfall

Conditional rainfall

Conditional rainfall

probability (%) (Wx)  probability (%) (W/Wx)  probability (%) (W/Dx)
Monsoon season
1. 22 May 28-03 5.9 0.0 18.8
2. 23 June 04-10 17.6 333 429
3. 24 June 11-17 353 58.3 455
4. 25 June 18-24 50.0 76.5 353
5. 26 June 25-01 55.9 73.7 73.3
6. 27 July 02-08 73.5 64.0 55.6
7. 28 July 09-15 61.8 81.0 53.8
8. 29 July 16-22 70.6 75.0 40.0
9. 30 July 23-29 64.7 68.2 50.0
10. 31 July 30-05 61.8 71.4 69.2
11. 32 August 06-12 70.6 41.7 30.0
12. 33 August 13-19 38.2 46.2 429
13. 34 August 20-26 41.2 429 40.0
14. 35 August 27-02 41.2 71.4 40.0
15. 36 September 03-09 52.9 50.0 37.5
16. 37 September 10-16 44.1 60.0 31.6
17. 38 September 17-23 44.1 26.7 31.6
18. 39 September 24-30 29.4 0.0 20.8
Post-monsoon season

19. 40 October 01-07 15.2 20.0 3.6
20. 41 October 08-14 6.1 0.0 32
21. 42 October 15-21 3.0 0.0 6.3
22. 43 October 22-28 6.1 0.0 32
23. 44 October 29-04 3.0 0.0 3.1
24. 45 November 05-11 3.0 0.0 0.0
25. 46 November 12-18 0.0 - 0.0
26. 47 November 19-25 0.0 - 0.0
27. 48 November 26-02 0.0 - 0.0
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followed by wet week (W/Wx) was highest during the
SMWs 26, 28 and 31. While, for dry week followed by
wet week (W/Dx) was more for SMWs 26, 31 and 34.
Maximum conditional probability for (W/Wx) was 96.3%
during SMW 31 and minimum (0.0%) during SMW 22.
Maximum conditional probability (W/Dx) for dry week
was 72.7% (SMW 5) and minimum 28.6% (SMW 17)
(Table 1). In case of post-monsoon season (SMW 40 to

48) maximum initial rainfall probability for wet week
(Wx) was 24.2% (SMW 40) and minimum of 0.0% (SMW
46 and 48). Maximum conditional rainfall probability for
wet week followed by wet week (W/Wx) was 37.5%
(SMW 40) and minimum of 0.0% (SMW 41 to 45, 47).
Whereas, maximum rainfall probability for dry week
followed by wet week (W/Dx) was 8.0 % (SMW 40) and
minimum of 0.0 % (SMW 45, 47 and 48) (Table 1).
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TABLE 3

Weekly probability (%) analysis for 60.0 mm rainfall in Navsari region during monsoon season (SMW 22 to 39)
and post-monsoon season (SMW 40 to 48)

Initial rainfall

S.No.  Week No. Month Date

Conditional rainfall Conditional rainfall

probability (%) (Wx)  probability (%) (W/Wx)  probability (%) (W/Dx)
Monsoon season
1. 22 May 28-03 5.9 0.0 12.5
2. 23 June 04-10 11.8 50.0 26.7
3. 24 June 11-17 29.4 40.0 41.7
4. 25 June 18-24 41.2 64.3 35.0
5. 26 June 25-01 47.1 81.3 55.6
6. 27 July 02-08 67.6 56.5 455
7. 28 July 09-15 52.9 83.3 50.0
8. 29 July 16-22 67.6 69.6 455
9. 30 July 23-29 61.8 61.9 38.5
10. 31 July 30-05 52.9 61.1 37.5
11. 32 August 06-12 50.0 41.2 29.4
12. 33 August 13-19 353 333 31.8
13. 34 August 20-26 324 36.4 26.1
14. 35 August 27-02 29.4 80.0 25.0
15. 36 September 03-09 41.2 35.7 40.0
16. 37 September 10-16 382 46.2 23.8
17. 38 September 17-23 32.4 273 21.7
18. 39 September 24-30 235 0.0 11.5
Post-monsoon season
19. 40 October 01-07 9.1 0.0 6.7
20. 41 October 08-14 6.1 0.0 0.0
21. 42 October 15-21 0.0 - 0.0
22. 43 October 22-28 0.0 - 3.0
23. 44 October 29-04 3.0 0.0 0.0
24. 45 November 05-11 0.0 - 0.0
25. 46 November 12-18 0.0 - 0.0
26. 47 November 19-25 0.0 - 0.0
27. 48 November 26-02 0.0 - 0.0

The probability of occurrence of wet week (Wx) at
40.0 mm rainfall was highest during 27, 29 and 32
standard meteorological weeks. Initial rainfall probability
(Wx) for 40.0 mm rainfall in monsoon season (week no.
22 to 39) maximum was 73.5% during SMW 27 and
minimum was 5.9 during SMW 22. While at same
probability level wet week followed by wet week (W/Wx)
was highest during SMW 25, 26, 28, 29, 31 and 35.

Similarly the probability of occurrence of dry week
followed by wet week (W/Dx) was more in 26 and 31
SMW. Maximum conditional probability (W/Wx) for wet
week was 81.0% during SMW 28 and minimum of 0.0%
during SMW 22 and 18. Maximum conditional probability
(W/Dx) for dry week was 73.3% during SMW 26 and
minimum of 18.8% during SMW 22 (Table 2). In case of
post-monsoon season (week no. 40 to 48) maximum initial
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TABLE 4

Weekly probability (%) analysis for 80.0 mm rainfall in Navsari region during monsoon season (SMW 22 to 39)
and post-monsoon season (SMW 40 to 48)

S.No. Week No. Month Date

Initial rainfall probability =~ Conditional rainfall probability

Conditional rainfall

(%) (Wx) (%) (W/Wx) probability (%) (W/Dx)
Monsoon season
1. 22 May 28-03 5.9 0.0 9.4
2. 23 June 04-10 8.8 333 29.0
3. 24 June 11-17 26.5 44.4 36.0
4. 25 June 18-24 353 50.0 36.4
5. 26 June 25-01 41.2 71.4 45.0
6. 27 July 02-08 55.9 57.9 40.0
7. 28 July 09-15 50.0 82.4 412
8. 29 July 16-22 61.8 52.4 46.2
9. 30 July 23-29 50.0 58.8 353
10. 31 July 30-05 47.1 43.8 389
11. 32 August 06-12 41.2 35.7 20.0
12. 33 August 13-19 29.4 20.0 16.7
13. 34 August 20-26 17.6 333 25.0
14. 35 August 27-02 23.5 75.0 19.2
15. 36 September 03-09 353 41.7 18.2
16. 37 September 10-16 29.4 40.0 12.5
17. 38 September 17-23 20.6 429 18.5
18. 39 September 24-30 23.5 0.0 11.5
Post-monsoon season
19. 40 October 01-07 9.1 0.0 6.7
20. 41 October 08-14 6.1 0.0 0.0
21. 42 October 15-21 0.0 - 0.0
22. 43 October 22-28 0.0 - 3.0
23. 44 October 29-04 3.0 0.0 0.0
24. 45 November 05-11 0.0 - 0.0
25. 46 November 12-18 0.0 - 0.0
26. 47 November 19-25 0.0 - 0.0
217. 48 November 26-02 0.0 - 0.0

rainfall probability for wet week (Wx) was 15.2 % during
SMW 40 and minimum of 0.0% during SMW 46 and 48.
Maximum conditional rainfall probability for wet week
followed by wet week (W/Wx) was 20.0% during SMW
40 and minimum of 0.0% during SMW 41 to 45 and
maximum conditional probability for dry week followed
by wet week (W/Dx) was 6.3% during SMW 42 and
minimum is 0.0% during SMW 45 to 48 (Table 2).

Probability of occurrence of wet week (Wx) at
60.0 mm rainfall was more in SMW 27, 29 and 30. Initial
rainfall probability (Wx) for 60.0 mm rainfall in monsoon
season (week no. 22 to 39) maximum was 67.6% during
SMW 27 and minimum of 5.9 during SMW 22. Similarly,
at same probability level the occurrence of wet week
followed by wet week (W/Wx) was more in SMW 26,
28 and 35. The occurrence of dry week followed by wet
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TABLE 5

Weekly probability (%) analysis for 100.0 mm rainfall in Navsari region during monsoon season (SMW 22 to 39)
and post-monsoon season (SMW 40 to 48)

S.No.  Week No. Month Date

Initial rainfall

Conditional rainfall Conditional rainfall

probability (%) (Wx)  probability (%) (W/Wx)  probability (%) (W/Dx)
Monsoon season
1. 22 May 28-03 5.9 0.0 6.3
2. 23 June 04-10 5.9 50.0 21.9
3. 24 June 11-17 23.5 25.0 30.8
4. 25 June 18-24 29.4 40.0 333
5. 26 June 25-01 353 50.0 40.9
6. 27 July 02-08 44.1 46.7 47.4
7. 28 July 09-15 47.1 75.0 389
8. 29 July 16-22 55.9 52.6 46.7
9. 30 July 23-29 50.0 52.9 29.4
10. 31 July 30-05 412 429 15.0
11. 32 August 06-12 26.5 44.4 16.0
12. 33 August 13-19 235 0.0 19.2
13. 34 August 20-26 14.7 20.0 20.7
14. 35 August 27-02 20.6 85.7 11.1
15. 36 September 03-09 26.5 444 12.0
16. 37 September 10-16 20.6 28.6 14.8
17. 38 September 17-23 17.6 50.0 10.7
18. 39 September 24-30 17.6 0.0 7.1
Post-monsoon season
19. 40 October 01-07 6.1 0.0 6.5
20. 41 October 08-14 6.1 0.0 0.0
21. 42 October 15-21 0.0 - 0.0
22. 43 October 22-28 0.0 - 0.0
23. 44 October 29-04 0.0 - 0.0
24. 45 November 05-11 0.0 - 0.0
25. 46 November 12-18 0.0 - 0.0
26. 47 November 19-25 0.0 - 0.0
27. 48 November 26-02 0.0 - 0.0

week (W/Dx) was highest during 26 and 28 SMW.
Maximum conditional probability (W/Wx) for wet week
was 83.3% during SMW 28 and minimum of 0.0% during
SMW 22 and 18. Maximum conditional rainfall
probability (W/Dx) for dry week was 55.6% during SMW
26 and minimum of 11.5% during SMW 18 (Table 3). In
case of post-monsoon season (week no. 40 to 48)
maximum initial rainfall probability for wet week (Wx)

was 9.1% during SMW 40 and minimum of 0.0% during
SMW 42,43, 45 to 48 and conditional rainfall probability
for wet week followed by wet week (W/Wx) maximum
and minimum was 0.0% during SMW 40, 41, 44 and
maximum conditional rainfall probability for dry week
followed by wet week (W/Dx) was 6.7% during SMW 40
and minimum of 0.0% during SMW 41, 42, 44 to 48
(Table 3).
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The occurrence of probability of wet week (Wx) at
80.0 mm rainfall was highest during 27 and 29 SMW.
Initial rainfall probability (Wx) for 80.0 mm rainfall in
monsoon season (week no. 22 to 39) maximum was
61.8% during SMW 29 and minimum of 5.9 during SMW
22. At same probability level the probability of wet week
followed by wet week (W/Wx) was more in SMW 26, 28
and 35. Probability of dry week followed by wet week
(W/Dx) was more in SMW 26 and 29. Maximum
conditional rainfall probability (W/Wx) was 82.4% during
SMW 28 and minimum of 0.0% during SMW 22 and 18.
Maximum conditional rainfall probability (W/Dx) for dry
week was 46.2% during SMW 29 and minimum of 9.4%
during SMW 22 (Table 4). In case of post-monsoon
season (week no. 40 to 48) maximum initial rainfall
probability for wet week (Wx) was 9.1% during SMW 40
and minimum of 0.0% during SMW 42, 43, 45 to 48 and
maximum and minimum conditional rainfall probability
for wet week followed by wet week (W/Wx) was 0.0%
during SMW 40, 41, 44 and maximum conditional rainfall
probability for dry week followed by wet week (W/Dx)
was 6.7% during SMW 40 and minimum of 0.0% during
SMW 41, 42, 44 to 48 (Table 4).

Probability of wet week (Wx) at 100.0 mm rainfall
was high during 29 and 30 standard meteorological weeks.
Initial rainfall probability (Wx) for 100.0 mm rainfall in
monsoon season (week no. 22 to 39) maximum was
55.9% during SMW 29 and minimum of 5.9 during SMW
22, 23. Similarly at same probability levels occurrence of
wet week followed by wet week (W/Wx) was more during
28 and 35 week no. and dry week followed by wet week
(W/Dx) probability was more during 27 and 29 week no.
Maximum conditional rainfall probability (W/Wx) for wet
week was 85.7% during SMW 35 and minimum of 0.0%
during SMW 22 and 18. Maximum conditional rainfall
probability (W/Dx) for dry week was 47.4% during SMW
27 and minimum of 6.3% during SMW 22 (Table 5). In
case of post-monsoon season (week no. 40 to 48)
maximum initial rainfall probability for wet week (Wx)
was 6.1% during SMW 40, 41 and minimum of 0.0%
during SMW 42 to 48. Maximum and minimum
conditional rainfall probability for wet week followed by
wet week (W/Wx) was 0.0% during SMW 40, 41 and
maximum conditional probability for dry week followed
by wet week (W/Dx) was 6.5% during SMW 40 and
minimum of 0.0% during SMW 41to 48 (Table 5).

The incomplete gamma probability distribution for
weekly rainfall at Navsari region as given in Fig. 2
indicates that there was 90% probability of getting an
assured rainfall of at least 1025.6 mm and 50% probability
of getting 1523.6 mm. However the analysis indicates that
at 75% and at 25% probability level the rainfall values
were 1244.9 mm and 1841.3 mm respectively. There was
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Fig. 2. Incomplete gamma distribution of weekly rainfall at
different probability levels at Navsari region

10% probability of getting 2162.0 mm of assured rainfall
during 34 years, which was maximum expected rainfall.
Mean and expected weekly rainfall at different probability
level (Fig. 2) showed that from 23" SMW onwards the
rainfall was recorded within the range of 16.5 mm to
18.9 mm per week and contributed up to 40" SMW. Fig. 2
indicates that 29™ week has the highest rain, contributing
148.9 mm and 23" week recorded the lowest rainfall of
only 16.5 mm. At 50 per cent chances rainfall was assured
in 24™ week. A rainfall more than 50 mm per week occurs
from 24™ to 36™ week at 50 per cent probability level.

4. Crop planning

The study of weekly rainfall data cannot be
neglected since this kind of study provides useful
information in crop planning. Modeling the weekly
rainfall data is very important especially for crop planning
to prepare schedules of farm operations in irrigation of the
crops. Besides that, it can also be used for the predication
of water storage in supplying water. Therefore, this study
focuses on indentifying the most appropriate probability
model to describe the distribution of weekly wet and dry
spells in Navsari region.

Paddy and Sugarcane are the major crops in the
region and have growing period of 120-150 and 360-420
days, respectively. The crop planning of this area is done
at 50 percent probability level so that early sowing of
paddy crop for nursery can be done in 24™ and 25" week
for better germination. Therefore, germination will be
difficult after these weeks. The transplanting of paddy
should be completed in the last month of July. The 31%,
34™ and 39™ weeks would be tillering, panicle initiation
and maturity respectively. The harvesting of paddy should
be completed in October. Another major crop of the
region is Sugarcane, which is about 12 to 14 months (360-
420 days) duration. The sowing of sugarcane should be
completed in the October-November (autumn planting)
and January-February (spring planting). For autumn
planting 2™, 8" and 51 weeks would be tillering, yield



760 MAUSAM, 66, 4 (October 2015)

formation and ripening respectively. For spring planting
18™, 27" and 2" weeks would be tillering, yield formation
and ripening respectively. During the years with delay in
onset of monsoon, the length of growing season may start
as late as 27" week (2 July-8 July) in the region. Under
normal condition, it starts by 24" week (11 June-17 June).
During the years with early withdrawal of southwest
monsoon, the length growing season ends by 40™ week
(1 October-7 October). During some of the years, the post-
monsoon rain may extend the length of growing season
upto 50™ to 52" week (10 December-16 December to
24 December-31 December).

5. Conclusion

Markov Chain model has been fitted to weekly
rainfall data to obtain sequences of dry and wet spells
during the monsoon season. Rainfall is the critical factor
in farm management. The Markov Chain Model, the rain
prediction model based on data for 34 years (1980-2013).
Month wise, July is more rain producing month than
others months produces 20-30% rain of whole year while
week wise 24™ to 36™ weeks received more rainfall then
other weeks. The Markov Chain Model concludes that
there is decrease in dry weeks than wet weeks. These
results a prediction of slow increase of rains may be
forecasted in coming weather situations. Due to long dry
spells, dryness was found which has a serious impact on
water availability, socio economic factors, viral diseases
and environmental problems for entire place. It is required
to create the means for the storage of rainfall that can be
utilized on the hard time to meet the shortage of water.
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