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Climate-smart agriculture: Leveraging weekly rainfall trends for
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ABSTRACT

Rainfall variability has a significant impact on rainfed agriculture, crop planning and cropping patterns in diverse
agro-climatic zones. Considering this important aspect of agriculture the present study, was carried out to analyse
previously available meteorological data and find out different weather trends regarding rainfall and determine suitable
time periods for agricultural activities in the study area. The study used incomplete gamma probability, initial and
conditional probability and consecutive probability of weekly rainfall across Baharampur, Midnapore, Darjeeling,
Sagar Island and Sriniketan regions of West Bengal. Conditional probability analysis was helpful for identifying the
transition period from dry spell to wet spell and vice versa while consecutive probability analysis helped in identifying
sustained rainfall or dry period. The study revealed that Baharampur had high probability of dry spell and limited
sowing opportunities, while Midnapore recorded early and extended wet spell suitable for rainfed agriculture starting
from 13™ standard meteorological week (SMW). Darjeeling experienced concentrated monsoon from 227440t
SMW and Sagar Island had wet spell from 234-39™ SMW followed by long dry spell whereas Sriniketan depicted
a widespread monsoon week starting from 16 SMW to 43' SMW. Thus, the findings could help in planing crop
cycle adjustment as well as contigency plans for a climate resilent agriculture.

Keywords: Conditional probability, Initial probability, Markov chain model, Rainfall probability,
Wet and dry spell

A significant part of Asia relies heavily on monsoonal
rains for agricultural production. Additionally, evidences
suggest that substantial climatic variations occur at the
micro-regional level, impacting the distribution of rainfall
across various parts of Asia. Precipitation, specifically
rainfall, stands out as the most crucial climatic variable
for hydrologists and water professionals. The analysis of
rainfall data properties and trends holds significant interest
for hydrologists, meteorologists and anyone seeking insights
into the impact of climate change on water availability and
management (Jain ef al. 2023). The timing of the onset and
withdrawal of the rainy season is intricately connected with
the preparation of the crop-weather calendar. This linkage
enhances the comprehension of the crop growing period, the
optimal dates for sowing and harvesting of specific crops
in each region and the critical growth stages of the crop
that will encounter either rainfall or dry conditions (Manna
2023). Therefore, conducting research on climate change,
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particularly focusing on changes in rainfall patterns and
their distribution, is essential for sustainable water resource
management (Meshram et al. 2017).

Taking into consideration the studies by Singh et al.
(2008) in Pusa, Bihar, Dugal et al. (2018), Kumar ef al.
(2018) and Ray (2016) in Odisha, Kumar and Bharadwaj
(2015) in Ludhiana, Punjab, Alam et al. (2016) in
Bundelkhand, Madhya Pradesh and Ghosh ef al. (2014) in
Raghunathpur and Manna (2023) in districts of Nadia, North
24 Parganas, Purba Bardhaman, Howrah and Hooghly in
West Bengal as well as reports of Fujibe et al. (2005) and
Gadedjisso-Tossou ef al. (2021) outside India, our present
research work was based on the probability analysis of
rainfall covering Baharampur, Midnapore, Darjeeling, Sagar
Island and Sriniketan with the aim to find out different
weather trends regarding rainfall and determine suitable
time periods for agricultural activities.

MATERIALS AND METHODS

The study mainly focused on major agro-climatic
zones of West Bengal i.e. Hill zone (Darjeeling), Gangetic
alluvial zone (Sriniketan, Baharampur), Red and lateritic
zone (Midnapore) and Coastal saline zone (Sagar Island).
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Daily weather data (rainfall, maximum and minimum
temperature) from 1969 to 2007 for Darjeeling, Midnapore
and Sagar Island; 1969-2008 for Sriniketan and 1970-2007
for Baharampur were collected from Indian Meteorological
Department. Analysis of weekly dry spell and wet spell was
carried out by using the weekly rainfall data on Markov
chain statistical model considering 10 mm rainfall as
baseline, which means <10 mm rainfall was considered
as dry week and >10 mm as wet week. Probability of
occurrence of rainfall at 90%, 75%, 50%, 25% and 10%
levels were analysed using incomplete gamma probability
distribution by using WEATHER COCK software developed
by ICAR-Central Research Institute for Dryland Agriculture,
Hyderabad, Telangana for weather data analysis (Rao 2011).
Wet week preceded by a wet week (W/W) and dry week
preceded by dry week (D/D) denotes continuity of rainy
weeks and dry spells, respectively. Wet week preceded by
dry week and dry week preceded by wet week are denoted
as (W/D) and (D/W), respectively. Different notations
mentioned under this analysis are elaborated as follows:

Initial probability: Initial probability was calculated
using the formula:

F(W.
by - <N )
F(D.
b o) - (N )

Where, P (W,), Initial probability of ith week being
wet; P (D,), Initial probability of ith week being dry; F(W)),
Frequency of i week being wet; F(D,), Frequency of it
week being dry; N, Total number of years data considered
for analysis.

Conditional probability:

F(WW,)
P (W/W)= ———
F(W)
P (D/D) :&D‘)
F(D,)

Where, P(W/W), Probability of a wet week preceded
by another wet week in i" week of the year; P(D/D),
Probability of a dry week preceded by another dry week
in i week of the year; F(WW,), Frequency of wet week
preceded by a wet week in i week of the year; F(DD,),
Frequency of a dry week preceded by another dry week in
ith week of the year.

Incomplete gamma probability: Incomplete gamma
probability was analysed according to Victor (2000) using
the formula:

(x—a]”l exp(x—aj
_\UBPB B
f(x) = BT X>a,7,p>0

Where y, Shape parameter; o, Location parameter; 3,
Scale parameter and I, Gamma function.
Gamma function was derived using the formula:
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(o) = J‘: e dt

Where a, 0; B, Standard gamma distribution.
The equation of standard gamma distribution reduces to,

y-1,-x

f(c)=

X >y >
ro

Analysis of weekly rainfall probability: Weekly rainfall
probabilities were calculated through module named
‘Incomplete gamma probabilities.exe’ and ‘Initial and
conditional probabilities of rainfall’. The later is commonly
known as Markov chain probability analysis. Station-wise
weekly rainfall data was used as an input to obtain the
weekly probability of rainfall at a level of 90%, 75%, 50%,
25% and 10%.

Analysis of consecutive dry and wet weeks: The
‘Probability of wet and dry weeks’ module in the software
calculates the probability of experiencing two, three or
four consecutive weeks as wet weeks, defined by receiving
a given amount of rainfall. Conversely, it also assesses
the likelihood of encountering consecutive dry weeks,
characterised by receiving less than the specified amount
of rainfall, over two, three or four weeks. By analysing
weekly rainfall data into the module, the software analysed
the percentage probability of experiencing either consecutive
wet weeks (2W, 3W or 4W) or dry weeks (2D, 3D or 4D)
accordingly.

RESULTS AND DISCUSSION

Incomplete gamma probability: For Baharampur, most
of the weeks [up to Standard Meteorological Week (SMW)
22], rainfall at 90% probability was below 5 mm, suggesting
high risk of dry period which implies that farmers’ should
not rely on rainfall during these weeks for sowing of seeds
unless supported by irrigation. From 23 to 37, week
assured rainfall at 90% probability ranged from 5.4—17.5 mm
while during 237940t week, rainfall was assured to happen
for each probability levels, suggesting peak monsoon season
and a proper sowing window for rainfed crops. From week
415, rainfall amount at all the probability levels decreased
gradually, signifying the withdrawal of the monsoon season
(Fig. 1A).

In Midnapore, at 90% probability, weeks 13th-25t is
expected to have rainfall more than 7 mm. According to
the previous data records during this period, at 50%, 25%
and 10% probability, expected rainfall varied from 48-71
mm, 73—123 mm and 103-189 mm suggesting the peak
monsoon season. Thus, in Midnapore, week 13t"-17t can
be identified as sowing window, where the vegetative stage
will fall within 18%h-—221d week, followed by reproductive
phase (Fig. 1B).

In Darjeeling, expected rainfall at 90% probability
was found to be <5mm for the weeks 117" and from
37th-52nd, Sowing seed without having irrigation facility
should be avoided during this period. From week 22"4—40th,
assured rainfall varied from 2.0-8.6 mm at 90% probability
and 32.8-67.9 mm at 50% probability with an expectation
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of 78.6—153.4 mm at 25% probability and 144-273 mm of
rainfall at 10% probability (Fig. 1C).

In Sagar Island, 15-16™ and 475214 weeks received
<5 mm of rainfall at 90% probability while 237437t
weeks received 4.6 mm to 20.3 mm of rainfall with 90%
assurance establishing 23'9-39t weeks as monsoon window.
Meanwhile, in Sriniketan, 15-14% and 44th-52nd weeks
registered assured rainfall at 50% and 10% probability
with 1.6-7.9 mm and 1.1-4.6 mm at 50% probability and
5.4-27.5 mm and 5-24.9 mm of rainfall at 10%, respectively.
From week 16143, rainfall amount in all probability
levels increased, indicating active monsoon period whereas
amount of rainfall during 2379-33' week rose to 44-71
mm at 50% probability level. Week 29 had the chance of
getting 70.9 mm rainfall at 50% probability and 183.2 mm
rainfall at 10% probability indicating possibility of severe
weather condition. Towards the end of the monsoon season,
week 39 showed last heavy rainfall of 54.4 mm at 50%
probability, with extreme event reaching 233 mm with
10% probability (Fig. 1D and E). Thus, probability-based
analysis of rainfall is very much useful for identifying the
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Fig. 1 Weekly expected rainfall at 90%, 75%, 50%, 25% and
10% probability levels.
A) Baharampur, B) Midnapore, C) Darjeeling, D) Sagar

Island and E) Sriniketan.

sowing window and accordingly planning for rainfed crops
can be done (Manna 2023).

Initial probability: The probability of occurrence of 10
mm of assured rainfall ranged from 0-97% in Baharampur
where 70% of the weeks had <30% probability of having
10 mm rainfall indicating a predominance of dry condition.
Probability of dry spell was more frequent with an average
of 70% while in Midnapore, 28 out of 52 weeks had more
than 50% probability of wet spells, suggesting higher wet
spell probability than Baharampur in which 13 to 25 week
data showed distinct phases of wet spells with 85-100%
probability of 10 mm of rainfall while 35%—48% SMW had
90-100% probability of having dry spell (Supplementary
Table 1A and B).

Probability of wet spells ranged from 21% to 92% with
75% of the weeks having probability of wet spells more
than 40% in Darjeeling. The wettest spell was identified
between 22" to 38™ week with 74-92% probability of
assured rainfall while the probability of dry weeks were
mostly limited between 47th—7™ meteorological week
(Supplementary Table 1C).
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In Sagar Island, the probability of wet weeks ranged
from 0-100%, the probability of wet spells was low i.e.
8-18% and 0-18% during 154 SMW and 47th-52nd
week, respectively whereas higher chances of occurrence
of wet spells was observed between 23" to 39t week (with
82-100% chances of occurrence) whereas in Sriniketan,
dominance of dry spell was observed from 157t week
and from 46M-527d week but occurrence of wet spells
was predominant from 2337t week (Supplementary
Table 1D and E). The assessment of initial probability for
dry and wet spell using weekly rainfall values provides a
useful contribution for understanding rainfall persistence
and requirement of irrigation if any (Barman et al. 2024).

Conditional probability: The persistence of wet days
was observed with more than 75% probability in 12, 18t
and 21537 SWM in Baharampur while continuity of
dry spell was observed from 15-14th week with more than
80% chances of occurrence and from 45%-52"d week with
85-100% probability. Chances of dry week after a rainy
week with a probability of 75-100% was observed from
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6th-11t% week and the severity of dry week continuation was
observed in 46™, 47t 49t and 515t week. Chances of rainy
week after a dry spell were observed from 20™"-32"d week
with 67-100% probability level and from 3440t week
with 78%—-100% probability (Supplementary Table 1A).

In Midnapore, continuation of wet spell was observed
from 71M-15™ Week (66-94% chance), 17"-24™ week
(89-100% chance) and 25"-27% week (80-89% chance),
while continuation of dry spell was observed to occur
from 32"d-45% week (83-100% chance) with peak dry
season (100% probability) in 415 week. Probability of
dry spell after a rainy week was observed from 315t-33d
week, 35136, 40141, 43 and from 4548 week.
Confirmed wet spell after a dry week (100% probability)
was expected on 151, 17t 19th_21st and 231425 week
(Supplementary Table 1B).

In case of Darjeeling, continuous wet spell occurrence
was observed during 17"-18% and 215-40™ weeks with
85-100% probability while continuous dry spells with
>85% probability were observed from 475214 weeks
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Fig. 2 Probability of consecutive dry and wet weeks in the study
areas.
A) Baharampur, B) Midnapore, C) Darjeeling, D) Sagar
Island and E) Sriniketan.
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and 152" week. The chances of getting a wet spell after
dry period varied from 0 to 75% probability and chances
of getting a dry spell after wet spell varied from 25% to
100%. This signifies the dominance of persistent wet season
in Darjeeling (Supplementary Table 1C).

In Sagar Island, strong tendency of persistence of wet
spell was observed between 2339t week with 82-100%
probability whereas persistent dry spell was observed
from 155" week (85-91% probability), 11-13™ week
(88-93% probability) and from 48t —527 week (90-100%
probability), signifying the prolonged dry spell before and
after the monsoon season in Sagar Island. Occurrence of
wet period after a dry spell was observed in segregated
manner starting from 2327 week (80-100% chances)
whereas week 2934t and 371-40% were severely wet
(100% chances). Assured dry spell after a wet week was
expected on 1%, 41, 50% and 515t week with 100% probability
(Supplementary Table 1D).

In Sriniketan, dominance of dry spell was observed
in the 49" and 515" week, with probability reaching 100%.
High chances of getting consistent wet spell were expected
from 23'-37% week with >90% probability. The consistency
of dry week followed by a wet spell was observed from
4649t 515t apd 15L-5™ weeks and wet week followed
by a dry spell was observed during 2627t 30th-_35th
and 37138t SMW with 100% chances of occurrence
(Supplementary Table 1E). The persistence and transition
between dry and wet spells provide essential information
regarding stable rainy period, dry spells in between two
wet spells for effective crop management decisions (Dabral
et al. 2026).

Probability of consecutive dry and wet weeks: Figure
2 depicts the probability of consecutive dry and wet weeks
in all the study areas. Two and three consecutive dry
weeks with 89% probability level chances were observed
from 4750t weeks and 49™ week respectively, whereas
chances of four consecutive dry weeks were observed in
48t week with 82% probability. Similarly, probability of
consecutive two and three wet weeks were observed with
higher probability levels in 28" week (97%), 315, 28t and
30" week (95%) and 28M-29™ week (92%), respectively
in Baharampur (Fig. 2A).

In Midnapore, consecutive 2, 3 and 4 dry weeks were
recorded in 401415t week, 40 week and 39™ week with
95%, 90% and 83% probability, respectively. Here the
probability of consecutive wet weeks was similar to that
of dry periods. With 92%, 90% and 83% probability levels,
consecutive 2, 3, 4 wet weeks were observed during 16—
17, 15t —17th and 15 weeks. In Darjeeling, maximum
probability of consecutive 2, 3 and 4 dry weeks prevailed
in 15, 50t and 515t week (74%), 49™ week (69%) and 49t
week (63%), respectively, signifying stronger probability
of prevalence of wet situation. Maximum probability of
consecutive 2, 3 and 4 wet weeks prevailed during 3435t
(82%), 34™ (77%) and 315t week (72%), respectively
(Fig. 2B and C).

The occurrence of consecutive dry weeks was observed
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to be dominant than consecutive wet weeks in Sagar Island.
The probability of consecutive 2, 3 and 4 dry weeks prevailed
in week 50™, 49t and 48t week with 95%, 90% and 87%
surety, whereas the occurrence of 2, 3 and 4 consecutive wet
weeks was assumed in week 28, 27t and 27t with 92%,
85% and 76% assurance. Similarly, in Sriniketan, probability
of dry situation was stronger than wet situation. Here, 2,
3 and 4 consecutive dry weeks prevailed in 46,49t and
50" weeks (93%), 49" week (93%) and 46"-48™ weeks
(83%), respectively while wet weeks prevailed during 30,
30t and 27% weeks with 90%, 83% and 78% probability
levels, respectively (Fig. 2D and E). The probability of
consecutive wet and dry spell can assist the end-users to
identify the period of assured moisture availability in soil
or the spell when soil and plant can face moisture stress
and irrigation cannot be ignored for optimum productivity
(Choudhury and Bhattachrya 2023).

The present study utilising incomplete gamma
probability, initial and conditional probability, and
probability of consecutive wet and dry weeks for five
regions namely Baharampur, Midnapore, Darjeeling, Sagar
Island and Sriniketan has revealed significant spatial and
temporal variation in weekly rainfall distribution patterns.
By analysing initial and conditional probabilities of weekly
rainfall, the persistence pattern of dry spell at the beginning
and end of the year was confirmed for all the locations which
was further confirmed by the analysis of consecutive wet
and dry spells. These findings are crucial for planning a
rainfed cropping system, crop cycle adjustment, contingency
crop planning and managing risks of wet and dry spell in
between a crop duration. This may all together lead us to
support climate resilient agriculture.

REFERENCES

Alam N M, Ranjan R, Adhikary P P, Kumar A, Jana C, Panwar
S, Mishra P K and Sharma N K. 2016. Statistical modelling
of weekly rainfall data for crop planning in Bundelkhand
region of central India. Indian Journal of Soil Conservation
44(3): 336-42.

Choudhury I and Bhattachrya B. 2023. Assessing the long-term
fluctuations in dry-wet spells over Indian region using Markov
model in GEE cloud platform. Journal of Agrometeorology
25(2): 247-54. https://doi.org/10.54386/jam.v25i2.2184

Dabral P P, Kakoti A, Singh R and Chutia P. 2026. Dry and wet
spell probabilities analysis using Markov chain model: A
case study of Lamphelpat, Imphal (West), Manipur. Indian
Journal of Soil Conservation 54(2): 130-41. DOI: 10.53550/
ijsc.v54.i2.225

Dugal D, Mohapatra A K B, Pasupalak S, Rath B S, Baliarsingh A,
Khuntia A, Nanda A and Panigrahi G S. 2018. Crop planning
based on rainfall probability for Bhadrak district of Odisha.
The Pharma Innovation Journal 7(11): 162—67.

Fujibe F, Yamazaki N, Katsuyama M and Kobayashi K. 2005.
The increasing trend of intense precipitation in Japan based
on four-hourly data for a hundred years. Sola 1: 41-44. https://
doi.org/10.2151/s0la.2005-012

Gadedjisso-Tossou A, Adjegan K I and Kablan A K M. 2021.
Rainfall and temperature trend analysis by Mann—Kendall test
and significance for rainfed cereal yields in Northern Togo.

[113]



1090 MANNA ET AL.

Science 3: 17-20. https://doi.org/10.3390/sci3010017

Ghosh M, Patra B C and Mazumdar D. 2014. Study of rainfall
variability for efficient crop planning — A case study. Journal
of Crop Weed 10(2): 325-30.

Jain S K, Xu CY and Zhou Y. 2023. Change analysis of all India
and regional rainfall data series at annual and monsoon scales.
Hydrology Research 54(4): 606-32. https://doi.org/10.2166/
nh.2023.005

Kumar B, Baliarshingh A, Jain S and Sahu K. 2018. Analysis of
rainfall probability for strategic crop planning in Puri district
of Odisha. International Journal of Chemical Studies 6(4):
1-5.

Kumar R and Bhardwaj A. 2015. Probability analysis of return
period of daily maximum rainfall in annual dataset of Ludhiana,
Punjab. Indian Journal of Agricultural Research 49(2): 160—64.
DOI: 10.5958/0976-058X.2015.00023.2

Manna T. 2023. Rainfall probability and trend analysis for strategic
crop planning with their impact on the existing cropping system
in the new alluvial plains of West Bengal. Journal of Crop
and Weed 19(1): 220-28. DOI: 10.22271/09746315.2023.
v19.i1.1683

[The Indian Journal of Agricultural Sciences 96 (8)

Meshram S G, Singh V P and Meshram C. 2017. Long-term trend
and variability of precipitation in Chhattisgarh state, India.
Theoretical and Applied Climatology 129(3—4): 729-44. DOI:
10.1007/s00704-016-1804-z

Ray M. 2016. Rainfall probability analysis for contingent crop
planning in Keonjhar (Odisha). Asian Journal of Environmental
Science 11(1): 106-10. DOI: 10.15740/HAS/AJES/11.1/106-
110

Singh K A, Sikka A K and Rai S K. 2008. Rainfall distribution
pattern and crop planning at Pusa in Bihar. Journal of
Agrometeorology 10(2): 198-203. https://doi.org/10.54386/
jam.v10i2.1204

Rao VUM. 2011. Agro-climatic Analysis: Weathercock Software.
Short Course on Crop Weather Modeling, pp. 71-78, AICRP
on Agrometeorology, ICAR-Central Research Institute for
Dryland Agriculture, Hyderabad. Available at: https://www.
scribd.com/document/416388578/CWM-Lecture-Notes-Copy

Victor U S. 2000. Characterisation of Rainfall Distribution and
its Variability. Summer School on Methods in Agroclimatic
Analysis Lecture. ICAR-Central Research Institute for Dryland
Agriculture, Hyderabad, Telangana.



