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Abstract— Climate change and variability pose significant challenges to global agriculture, particularly in regions reliant
on rainfed farming systems. Erratic rainfall patterns, prolonged dry spells, and extreme weather events disrupt traditional
cropping practices. Indian agriculture is predominantly influenced by south-west monsoon rainfall (June to September), The
southwest monsoon season accounts for 60 to 90 percent of India's yearly rainfall, which is critical to the country's agricultural
economy. Variations in rainfall distribution patterns are the primary cause of the country’s increased likelihood of experiencing
a drought-like condition. To successfully plan and manage agricultural ecosystems, it is necessary to understand the sequences
of dry and wet spells, as well as the advent and withdrawal of the rainy season. The purpose of this review is to present the
predicted odds of a dry and rainy spell by various researchers using the same model. From these reviews the estimated
probabilities of dry and wet spell are not same per different researchers because the uneven distribution and erratic nature of
rainfall in different regions. And the estimated date of advent and withdrawal of rainy season is also not same for results
obtained from different researches due to the inconsistency of rainfall and the methods used by different researchers.
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l. INTRODUCTION

In a predominantly agricultural system, natural rainfall is the primary source of water for agricultural sector. Agricultural crop
output during the rainy season is determined by the regional and temporal distribution of rainfall, as well as its intensity and
duration. But with alteration in world’s climate, temperature and rainfall will increases in some places and in other places this
situation is inverse. Due to these climatic changes as almost, all crops are season-dependent as well as rainfall-dependent.
Climate change is exerting profound effects on global agriculture, disrupting traditional cropping patterns and posing
significant challenges to food security. The intricate interplay of increasing temperatures, altered rainfall patterns, and increased
frequency of extreme weather events has far-reaching consequences for crop production systems worldwide. Changes in
precipitation patterns, including shifts in timing and intensity, significantly impact water availability for crops. Irregular rainfall
distribution can lead to droughts or waterlogging, both of which adversely affect crop growth. Regions experiencing increased
aridity face challenges in maintaining adequate soil moisture for optimal plant growth. Agricultural productivity in rainfed
areas remains low and unstable due to weather anomalies, with major crops affected by monsoon delays, variations in spatial
and temporal aberrations, and breaks in the monsoon causing prolonged dry spells and being responsible for early, mid, and
terminal drought. These circumstances call for attention of agricultural scientists and planners can develop contingent measures
to save the rainfed crops from varied monsoon aberrations.

A scientific approach to agriculture is crucial for optimizing a region's rainfall patterns and maintaining consistent crop output
levels. Analyzing dry and rainy spells helps build a crop plan for rainfed areas. Using scientific forecasting to analyze wet and
dry spells can help farmers improve their crops and economic conditions (Bora et al., 2022). Knowing when dry and wet
seasons occur is crucial for agricultural planning and farming operations since it has a considerable influence on crop output
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and, as a result, rural populations' lives. The success or failure of any crop, especially in rainfed areas, is influenced not only
by total rainfall received during the crop season, but also by how it is distributed during the critical phonologic time of crop
growth. The concept of forecasting the likelihood of dry and wet periods, as well as the possibility of consecutive 2/3 days of
dry and wet spells based on a threshold amount of rainfall, is very useful for crop planning and agricultural operations.
Understanding the occurrence of dry spells and wet spells is critical for mitigating the negative consequences of dry spells
during sensitive crop growth phases. The probable behavior of rainfall was studied by many researchers (Kumar et al., 2007);
(Chakravorthy and Mandal.,2008); (Chand et al., 2011); and (Jakhar et al., 2011).

The probability concept is commonly used to highlight the significance of dry and wet spells when planning weather-sensitive
agricultural activities. (Shrivastav et al., 2004). The purpose of estimating probability with respect to a given amount of rainfall
is tremendously helpful for agricultural planning (Subash et al., 2009). Markov chain model has been found suitable to describe
the long-term frequency behavior of wet or dry spells. (Victor and Sastri 1979). A Markov Chain Model considers less than 20
mm of rainfall in a week to be a dry week, and 20 mm or more as a wet week. Pandarinath (1991), Dash and Senapati (1992).
The Markov chain probability model predicts whether rain will fall on a given week based on the previous week's weather
conditions. (Manikandan et al., 2017). A Markov chain process's probability relationship must incorporate the conditional
probabilities that the process will transition from any state at period (t) to any subsequence state at period (t+1). As a result,
the relation P(Xt+1 = J / Xt = i) represents the conditional probability of transitioning from state i to state j at time t+1. The
likelihood of a week being dry or wet is determined by initial probability, however in conditional probability, if a particular
period i is wet or dry, the possibility of the (i+k)th period being wet is predicted and expressed as wet/wet or wet/dry. The
threshold limits of 10 mm and 20 m of rainfall were chosen as crucial for various agricultural planning purposes.

The weekly analysis of rainfall is particularly significant in agricultural planning, and the week period has been deemed the
optimal length of time. (Reddy et al., 2008). In general, a Markov process describes only step-by-step dependence, called a
first order process. The erratic nature of rainfall has been the primary reason of droughts in India. Drought causes significant
yield reductions both for rainfed and irrigated crops. On the area basis, the dry spell analysis would assist in formulation of
contingency plan against drought. Knowing the average monthly, seasonal, and yearly rainfall is beneficial in comprehending
the overall picture of a certain location, but weekly rainfall data analysis provides more relevant and accurate information for
rainfall-based crop planning (Tiwari et al., 1992). Another factor essential for crop planning is the forward and backward
accumulation of rainfall, which determines the start and withdrawal of the effective monsoon. The onset and withdrawal
features of the monsoon heavily influence the success of rainfed agriculture. The late beginning of the monsoon slows
agricultural sowing, resulting in poor yields. Similarly, early removal of rainfall reduces yield owing to severe moisture stress,
particularly when kharif crops are in crucial growth phases of grain formation and development (Dixit et al., 2005).

1. MATERIAL AND METHODS

Agriculture in rainfed areas remains a gamble, with rainfed farmers facing a number of concerns such as unpredictable weather,
a lack of timely inputs, and loans, all of which contribute to poor and inconsistent production and profitability. The crop
production in rainfed region carries inherent hazards since rain is unpredictable in terms of timing and quantity. The principal
source of water for rainfed crops is rain, a major portion of which is received during the south-west monsoon period. The
monsoon period is beset with breaks of rain in almost all parts of the country Normally, there are at least four important
aberrations in rainfall behavior:

i) Early commencement of the rains, or significantly delayed monsoon,

i) Intermittent “breaks” during the cropping season,

iii) Variation in spatial and/or temporal aberrations,

iv) Early cessation of rainfall or sustained wet periods over a prolonged time.

Keeping all of these aspects in mind, the current review was conducted.
2.1 Computation of dry and rainy spells with the Markov chain probability model:

The Markov chain probability model predicts rainfall based on prior weeks. The week was either rainy or dry. Rainfall quantity
is solely used to determine the existence or absence of rain. In the first order Markov chain, the probability of an event occurring
on a single day is determined by the previous day's conditions and is not affected by subsequent days' occurrences. The model
predicts the likelihood of experiencing a dry or rainy spell during a regular meteorological week. Calculating conditional
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probabilities can reveal if a dry spell is followed by a rainy spell, and vice versa. The computation of initial and conditional
probability is shown below.

Initial Probability of Dry and Wet Weeks:

P(D) = F(D)/N Q)
P(W) = F(W)/N 2
Where,

P(D) =Probability of occurrence of dry week, P(W) = Probability of occurrence of wet week,
F(D) =Frequency of occurrence of dry week, F(W) =Frequency of occurrence of wet week,
N = Total number of years.

Conditional Probability of Dry and Wet Weeks:

The following formulas are used to compute the conditional probability of a dry or wet week preceding another dry or wet
week.

P(D/D) = F(DD)/ F(D) 3)

P(W/W) = F(WW)/ F(W) 4)

P(W/D) = 1-P(D/D) (5)

P(D/W) = 1-P(W/W) (6)
Where,

P(D/D) = Probability of a week being dry preceded by another dry week,
P(W/W) = Probability of a week being wet preceded by another wet week,
F(D/D) = Frequency of dry week preceded by another dry week,
F(W/W) = Frequency of a wet week preceded by another wet week,
P(W/D) = Probability of a wet week preceded by a dry week, and
P(D/W) = Probability of a dry week preceded by a wet week.

2.2 Consecutive Probability of Dry and Wet Weeks:

The following formulas are used to calculate the chance of two or three consecutive dry and wet weeks.

P(2D) = P(DW1) x P(DDW?2) @)

P(3D) = P(DW1) x P(DDW2) xP(DDW3) (8)

P(2W) = P(WW1) x P(WWW?2) 9)

P(3W) = P(WW1) x P(WWW2) xP(WWWS3) (10)
Where,

P(2D) = Probability of two consecutive dry weeks starting with the week,

P(DW1) = Probability of the first week being dry,

P(DDW?2) = Probability of the second week being dry, given the preceding week being dry,
P(3D) = Probability of three consecutive dry weeks starting with the week,

P(DDW?3) = Probability of the third week being dry, given the preceding week dry,

P(2W) = Probability of two consecutive wet weeks starting with the week,
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P(WW1) = Probability of the first week being wet,
P(WWW?2) = Probability of the second week being wet, given the preceding week being wet,
P(3W) = Probability of three consecutive wet weeks starting with the week, and
P(WWWS3) = Probability of the third week being wet, given the preceding week wet.
2.3 Thresholds of rainfall for Crop planning using Initial and conditional probabilities:

For agricultural planning, many researchers used the Markov Chain model, with threshold limits of 10, 20, 40, and 80mm/week.
These threshold levels were deemed adequate for crop activities such as soil preparation (10mm), crop planting or sowing
(20mm), and fertilizer and/or weeding (40mm). According to Reddy, if a given week ‘i’ of a given year received more than
20mm/week at more than 50% (W/W) threshold level, then week ‘i’ is the right time for planting. If weeding/fertilizer
application is to be carried out in week ‘i’ then the week should have at least 75% (W/W) probability at 40mm/week. If the
interest is when we should not apply fertilizer/pesticides, then one can use the probability estimate at 80mm/week. If fertilizer
and/or insecticides/pesticides are applied on week ‘i’ then W should not exceed 25% probability level at 80mm/week.
Rajendram and Sivasami applied the same threshold limits to estimate. If weeding/fertilizer application is to be carried out in
week ‘i’ then the week should have at least 75% (W/W) probability at 40mm/week. If the interest is when we should not apply
fertilizer/pesticides, then one can use the probability estimate at 80mm/week. If fertilizer and/or insecticides/pesticides are
applied on week ‘i’ then W should not exceed 25% probability level at 80mm/week. Rajendram and Sivasami applied the same
threshold limits to estimate.

2.4 Computation method for the onset and withdrawal of rainy season:

The onset and withdrawal of the rainy season were calculated from weekly rainfall data using forward and backward
accumulation methods (Kothari et al. 2009). Each year was divided into 52 standard meteorological weeks (SMWs). The first
SMW of each year runs from January 1st to 7th, and the 52nd SMW runs from December 24th to 31st. Weekly rainfall was
totaled by forward accumulation (20+21+...+52 weeks) until 75 mm was reached. The monsoon season begins when 75 mm
of rainfall accumulates, and the rainy season ends after backward accumulation (48+47+46+...+30 weeks). The percent
probability (P) of each rank was computed by sorting them in increasing order and picking the highest rank assigned for that
week. The following Weibull's formula was used to calculate percent probability (Robert et al., 1971).

P= —"x100 (11)

N+1

Where, m = Rank number, N = Number of years of data used.

Table 1 compares the chance of dry and wet weeks using the Markov chain probability model, as well as the onset and
withdrawal of the effective monsoon based on forward and backward rainfall accumulation.

A review on the likelihood of dry and wet weeks using the Markov chain probability model, as well as the onset and withdrawal
of the effective monsoon using forward and backward rainfall accumulation

TABLE 1
THE PARAMETERS AND METHODS USED IN DIFFERENT PROBABILITY MODEL

Onset and withdrawal and Initial, conditional and

Parameters of rainy season consecutive probability of Mean weekly rainfall
wet and dry spell.
Forward, backward . .
Relevant Methods accumulation and Weibull’s Markov Chain Probability Statistical analysis

Model
formula
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TABLE 2

COMPARATIVE ANALYSIS OF RAINY SEASON ONSET, WITHDRAWAL, AND PROBABILITY STUDIES

Sr. No

Obtained Results

Author

1.

Rainy season started effectively from 24th SMW (11" — 17" June) and remained active up to
45N SMW (5" — 11" November). Except for the 25 1-27 " SMW and the 44 -48 " SMW, the
likelihood of a rainy week was greater than 35%. The probability of a dry week was also higher.

More than 75% of the monsoon season was preceded by another dry week on the 20 " SMW,
24 1-26 " SMW, 29" SMW, 44" SMW, and 47"-48" SMW.

The average weekly rainfall was > 40 mm during the 36 M-41 st SMW and less than 20 mm
during the 20 1, 25 t-27 ™ ‘and 44 th-48 " SMW.

Reddy et al.,
(2008)

Onset of effective monsoon started effectively from 25th SMW (18" —24™ June) and remained
active up to 39th SMW (24th-30th September).

The chance of existences of initial and conditional probability was > 50% on the 26" SMW at
the 10 mm per week threshold limit and 28" week at 20 mm per week threshold limit, hence
land preparation & sowing for planting could be undertaken in 26" and 28" SMW respectively.
Initial and conditional probabilities at 20 mm threshold limit per week disclosed that,
supplementary irrigation and moisture conservation practice need to be practiced between 38th
and 40th week for short duration crops.

Admasu et al.,
(2014)

The analysis revealed that the likelihood of a dry week increases from the 1-14 week, as well
as from the 41% to the 52"* ™ chance of a dry week in these weeks’ ranges from 41.67% to
100%. The probability of a wet week increases from week 17™ to week 40™. The chance of a
wet week in these weeks’ ranges from 66.67% to 100%. The weeks 1t to 4" and 43 to 52" of
the year remain under stress on average, with 50% to 95.83% possibilities of two consecutive
dry weeks and the monsoon started in week 23 (4th to 10th of June). Hence, week 25th (18th
to 24th June) was an appropriate period to begin wet soil preparation for planting short duration
rice varieties. Pre-monsoon season begins in week 14" (2nd April to 8th April). Summer maize
(rain fed) can be sown starting in week 14™. Week 15th (9th April to 15th April) was an
opportune period to begin wet soil preparation for producing long-duration rice varieties.

Dabral et al.,
(2014)

The monsoon season began on the 25th SMW (18th-24th June) and continued until the 39th
SMW (24th-30th September).

Probability of existence of wet week was > 40% except during 24" SMW.

And mean weekly rainfall was > 40 mm during 26" —39" SMW and found to be > 20 mm
during entire rainy season (1th June—30™ September) including 24" and 25" SMW.

Singh et al.,
(2014).

The initial, conditional and consecutive dry and wet week probabilities specified that chances
of incidence of a week getting wet was high during from 24™ week onwards upto 40" week.
Chances of occurrence of wet week of more than 50% at the beginning of Kharif season
designated that summer ploughing and initial seed bed preparations, affording to the findings
should be taken up in the 20™" — 22" SMW (14" May — 3™ June) and sowing operations can be
taken up since 23 SMW (4" — 10" June).

The probability of receiving initial and conditional probability was more than 50 per cent on
35M week with threshold limit of 20 mm per week. Hence, results revealed that, the land
preparation for sowing or planting could be undertaken in 35" SMW respectively for the main
rainy season crop cultivation for the study area.

Punitha et al.,
(2017)

The monsoon season began on the 24th SMW (11-17 June) and will continue until the 46th
SMW (12-18 November).

The probability of a wet week occurring was greater than 30% at the start of the Kharif season,
representing that summer ploughing and primary seed bed preparations were carried out
between the 20™ and 22" SMW (14th May - 3rd June), and sowing activities could begin on
the 23rd SMW (4" - 10" June). At the rabi season, from the 371" to the 49" week, the chances
of occurrence of a wet week were more than 50%. The large number of consecutive wet weeks
recommended that all agricultural operations, such as planting/sowing underneath rainfed
conditions, could be accomplished effectively at that time.

Manikandan et
al., (2017)
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The monsoon began on the 24th standard meteorological week (11-17 June) and lasted until
the 43rd SMW (22-28 October), for a total of 20 weeks. Initial, conditional, and consecutive
dry and wet week probabilities revealed that the likelihood of a week being wet was high from
the 24th week forward until the 40th week. The probability of a wet week occurring greater
than 50% at the start of the Kharif season recommends that summer ploughing and first seed
bed preparations should be completed between the 20th and 22nd SMW (14th May - 3rd June),
and sowing activities can begin as early as the 23rd SMW (4th - 10th June).

Ray et al.,
(2018)

The initial rainfall probability P (W) of receiving 20 mm of rainfall each week was more than
30% during the 22nd SMW, hence field preparation should take place during this time period.
The initial and conditional likelihood of wet week followed by wet week P (W/W) of receiving
20 mm rainfall was more than 50% in the 23rd SMW, indicating that this week was better
suited for crop sowing. During the 44th to 46th SMW (October 29th to November 18th), the
likelihood of receiving 10 mm of rainfall each week was greater than 30%.

This season was ideal for land preparation and rabi crop planting in study area, where the
monsoon started effectively from 24 SMW (12 June to 15 June) and lasts till 41 SMW (9
October to 13 October) indicated a good monsoon rain in the region for approximately 17
weeks (from the 24th to the 41th SMW).

Dugal et al.,
(2018)

The average date of start of the effective monsoon in the research region was between June
25th and July 16th, hence this time should be considered for planting chosen kharif crops in
contingency crop planning.

More than 50% of dry weeks were observed from SMW 24th to 29th, 31st to 34th, and 40th to
42nd in the crop growth period, while more than 50% of wet weeks were observed from SMW
23rd, 30th, and 35th to 39th SMW, prompting contingency crop planning for the study area.

Joshi et al.,
(2012)

10.

The monsoon started effectively from 24" SMW (11-17th June) and remained active up to 43
SMW (22-28th October).

The likelihood of a wet week was more than 35% during the 23-24th SMW (4th-17th June),
and average weekly rainfall varied from 27.4 to 41.9 mm; this rain may be used for summer
ploughing and initial seed bed preparations. The results of this research were used to plan
agricultural activities and mitigate dry spells in the study region.

Pawar et al.,
(2019)

11.

The mean regional onset, cessation and duration of the rainy season were week 151 (91 — 15t
April), week 42" (15" — 215 October) and 29 weeks (203 days) respectively. The initial and
conditional probabilities of wet spell week were more than 50% from the week 22" for all the
stations at 8.4mm per week threshold. The study concludes that land preparation for crop
planting should commence from week 20™ - 22" whereas crop irrigation farming should start
after week 42" in the study region.

Tyubee and
lwan (2019)

12.

According to the analysis, the rainy season began and ended in the study area on the 26™ and
40" SMW, respectively. The initial likelihood of rainy weeks (25" - 34" SMW) and the
conditional probability of wet week followed by another wet week in the Saurashtra area ranged
from 47.6 to 66.7% and 20.0% to 64.3%, respectively. The results suggested that land
preparation and kharif crop sowing should take place between the 24th and 26th SMW. The
sowing of dryland crops in the rabi season may be finished between the 40th and 41st SMW,
as the following weeks have a lower chance of receiving adequate rainfall.

Hirapara et al.,
(2020)

13.

Data on the beginning and withdrawal of rainy season revealed that the monsoon began
effectively from the 23rd SMW (04th to 10th June) and continued active until the 42nd SMW
(15th to 21st October). hence, 23 to 25" SMW was ideal time for sowing of selected kharif
crops and 38" to 40" SMW is ideal time for sowing of selected rabi crops in the contingency
crop planning of the study area.

More than 50% of dry weeks occurred on the 23rd, 29th, 35th, and 37th to 42nd SMWs
throughout the crop growth period, whereas more than 50% of wet weeks occurred on the 23rd
to 26th, 28th, 30th to 38th, and 40th SMWs. Thus, chances of rainwater harvesting were
observed more and the harvested water at the end of kharif season were used as protective
irrigation in rabi season.

Sonawane et
al., (2021)
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14, The rainy season lasts 161 days (from May 21st to October 28th), which was onset and | Boraet al.,
withdrawal. The rainfall total was 883 mm. The yearly effective rainfall was 47% of the normal | (2022)
annual rainfall. During the conclusion of the rainy season, the chances of having two or three
consecutive dry weeks range from 0 to 50% and 0 to 45%. During weeks 21-35 and 38-39,
there is a greater than 75% likelihood of a rainy week. Additionally, from the 21st to 38th
SMW, the likelihood of P (ww) exceeds 75%. During this time, there is no need for additional
water supply, allowing excess to be stored for the rest of the season.

15. From the 1% to the 32" SMW, the chance of a continuous dry week was 75-100%. The | Nagaraju and
possibility of a dry week followed by another dry week increased to the 32nd standard week, | Nagarajan
while the probability of a dry week followed by a wet week increased to the 31st standard week, (2022)
ranging from 75 to 100%. During the 37th to 45th weeks, the probability of a wet week
followed by another rainy week ranged from 43.8 to 68%.

A examination of successive dry and wet spells revealed that two consecutive dry weeks were
55 to 97.5% likely to occur within the first 32 weeks of the year. In the first 32nd week of the
year, the probability of three consecutive dry weeks ranged from 32.6 to 92.6%. Consecutive
dry weeks indicate a need for more irrigation and effective moisture management measures. In
contrast, successive rainy calendar weeks imply an excess of surplus water available for
rainwater collecting, highlighting the importance of adequate soil erosion prevention methods.

l. CONCLUSION

The study concluded that, many researchers worked on Markov Chain Model for estimating the dry and wet week probabilities
of rainfall for crop planning. From the above reviews the estimated dry and wet week probabilities of rainfall were different
by using same model. Most of the researchers consider 10mm, 20mm & 40mm threshold limit for weekly rainfall but the main
cause for the variation of the estimated probabilities of dry and wet week is uneven distribution of rainfall in different regions.
Whereas, the onset and withdrawal of rainy season determine the success of rainfed agriculture. From the above reviews, the
monsoon started and remains active effectively in between 15% SMW up to 46" SMW respectively for different study areas
based on the rainfall behaviour. Based on the results, many researchers had made crop planning as well as contingency crop
planning and measures for the study region.
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