Contingency Crop Planning for Parbhani Region of Marathwada Based on Rainfall Analysis

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. Contingency crop planning is a crucial strategy for enhancing agricultural productivity, emerges as a proactive approach, allowing stakeholders to adjust crop choices and management practices in response to unexpected conditions. In the present study, the contingency crop planning was suggested on the basis of Markov chain probability model to determine the dry and wet week probabilities and onset and withdrawal of rainy season for Parbhani using 30 years (1991 to 2020) weekly rainfall data. The data on onset and withdrawal of rainy season indicated that the monsoon starts on the 23rd SMW (04th June – 10th June) and remains active up to the 42nd week (15th – 21st October). Based on the mean rainfall, onset and withdrawal of the effective monsoon, and the initial and conditional probability at various important growth phases of certain rabi and kharif crops. The suggested crop management plan has been created after contingency measures, such as standard meteorological week (SMW) for sowing, protective irrigation, and hoeing operations, were identified for the study area.
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1.	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. “Rainfed agricultural practices significantly impact the economy of developing countries; nevertheless, these practices are extremely sensitive to the effects of weather and climate” (Kassawmar T, et al. 2018; Rockstrom et al. 2002). “Therefore, understanding the spatial and temporal variation of rainfall is crucial for effective agricultural water management. Indian agriculture is highly dependent on the spatial and temporal distribution of south-west monsoon rainfall (June to September).” (Mandal et al. 2013). The agricultural operations in rainfed areas of India begin with the start of the south west monsoon. Date of onset of effective monsoon (OEM), period of wet spell, the date of occurrence and duration of overruling dry spells and number of rainy days are the significant characteristics of rainfall influencing production from rainfed farming. Indian agriculture is divided into two main seasons; kharif and rabi, which are dependent on the monsoon; hence, the study of effective monsoons is increasingly important in crop planning in the country. 
The stochastic study of consecutive dry and wet spells can also aid in crop planning, increasing productivity and cropping intensity, and developing agricultural operations both during and after the cropping season. Similar to stochastic rainfall analysis, the forward and backward accumulation of rainfall data to determine the commencement and withdrawal of monsoons aids crop planning. Delay in the onset of monsoon results in late sowing of rainy season crops, whereas pre-monsoon showers aid with field preparation and planting of wet season crops. Similarly, early rainfall withdrawal reduces production due to severe moisture stress during important growth phases such as grain formation and seed development (Dixit et al. 2005).  “Markov chain probability model has been widely used to investigate the the long-term frequency behavior of wet and dry weather spells” (Victor and Sastri 1979). Understanding the occurrence of dry spells and wet spells is critical for mitigating the negative consequences of dry spells during sensitive crop growth phases. he irregular nature of rainfall has been a major cause 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.
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: 
[bookmark: _GoBack]i) early commencement of the rains, or significantly delayed monsoon, ii) intermittent “breaks” during the cropping season, iii) variation in spatial and/or temporal aberrations, and iv) early cessation of rainfall or sustained wet periods over a prolonged time. These scenarios need agricultural scientists and planners to design contingency plans to protect rainfed crops from various monsoon anomalies. Contingency cropping is growing of a suitable crop in place of normally sown highly profitable crop of the region due to unforeseen weather circumstances. In dryland agriculture, contingency of growing another crop in place of regularly cultivated crop occurs due to delay in the onset of monsoon. Depending upon the date of receipt of rainfall, crops are selected. Contingency cropping is highly location specific due to discrepancy in amount and distribution of rainfall. Particularly in arid regions, the spatial distribution of rainfall is highly variable.
2. 	MATERIALS AND METHODOLOGY
2.1 	Description of the study area
The study area is situated at 19°16' N Latitude and 76°47' E Longitude and 409 meters above mean sea level (MSL) in division of Marathwada. The climate of the study area is characterized as semi-arid and tropical with an average annual rainfall of 947.5 mm. The soil of the study region is medium deep black clay. The mean minimum and maximum temperature of the study area is 21.80 C and 44.60 C respectively. The mean relative humidity ranges from 30 to 98 per cent. (Tarate et al. 2017). Location map of the study area is shown in  ure 1.
2.2	 Data collection
The data necessary for the present study is rainfall on daily basis. Daily rainfall data of 30 years from (1991 - 2020) were collected from Agricultural Meteorology Observatory, Vasantrao Naik Marathawada Krishi Vidyapeeth, Parbhani, Maharashtra. 
[bookmark: _Hlk192192597]2.3 	Software / Programme 
2.3.1 	Microsoft office excel workbook: 
Microsoft office sub-module MS office was used for data analysis. The formulation and conditional statements were also performed in MS office excel.
[image: ]
Figure. 1. Location Map of the Study Area
[bookmark: _Hlk192192657]2.3.2 	Weather cock:
The different probabilities of dry and wet weeks were computed using weather cock software developed by AICRP on Agro-Meteorology, CRIDA, Hyderabad.
2.4 	Onset and withdrawal of rainy season 
Onset and withdrawal of rainy season were computed from weekly rainfall data by forward and backward accumulation methods (Kothari et al. 2009). In this method weekly rainfall was summed by forward accumulation (20+21+…+52 weeks) until a certain amount of rainfall was accumulated. 75 mm of rainfall accumulation has been considered as the onset time for the growing season of dry seeded crops and land preparation (Babu and Lakshminarayana, 1997; Panigrahi and Panda, 2002). The withdrawal of rainy season was determined by backward accumulation of rainfall (48+47+46+…+30 weeks) data. 20 mm of rainfall accumulation was selected for the end of rainy season, which is adequate for ploughing of fields after harvesting the crops (Babu and Lakshminarayana, 1997). The percent probability (P) of each rank was calculated by arranging them in ascending order and by selecting highest rank allotted for particular week.
The following Weibull’s formula was used for calculating percent probability (Robert et al. 1971).  
                                                          …1
Where,
 	m = Rank number
 	N = Number of years of data used.

2.5 	Markov chain modeling of dry and wet weeks
The Markov method is pertinent when dependence exists between sequential events in a random process and the dependence is such that the next step depends only on the present state and not on the preceding past states. The Markov chain probability model posits that the probability of rainfall in any given week is determined by whether the preceding week was wet or dry (Manikandan et al. 2017). In general, a Markov process describes only step-by-step dependence, called a first order process.
The probability relationships for a Markov-chain process must provide for the conditional probabilities of the process moving from any state at period (t) to any subsequence state at period (t+1). Therefore, the relation P(Xt+1 = J / Xt = i) expresses conditional probability of transitioning from state i to state j at a time (t+1). Two conditions must be defined to clarify the process completely. One is the initial state and the other is the complete matrix of transition probabilities.
In the current study, weekly rainfall data were utilized to determine drought frequency during a week period, with less than 20 mm rainfall as a dry week and more than 20 mm as a wet week, as proposed by (Pandarinath, 1991; Dash and Senapati, 1992). 
2.5.1	Initial probability of dry and wet weeks
Based on historic data of weekly rainfall and following the above-mentioned criteria of dry and wet week, the initial probabilities was calculated as:
P(D) =  F(D)/N                                                  …(2)
P(W) = F(W)/N                                                 … (3)
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.
2.5.2	Conditional probability of dry and wet weeks
Conditional probability of dry or wet week preceded by dry or wet week is calculated by using following formulae. 
	P(D/D) = F(DD)/ F(D)                                                                        … (4)
	P(W/W) = F(WW)/ F(W)                                                                     … (5)
	P(W/D) = 1-P(D/D)                                                                              … (6)
	P(D/W) = 1-P(W/W)                                                                           …  (7)
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. 

2.5.3	Consecutive probability of dry and wet weeks
Consecutive probability of two and three dry and wet weeks is calculated by using following formulae.
P(2D) = P(DW1) P(DDW2)                                                         …..(8)
P(3D) = P(DW1) P(DDW2) P(DDW3)                                     …..(9)
P(2W) = P(WW1) P(WWW2)                                                      …..(10)
P(3W) = P(WW1) P(WWW2) P(WWW3)                                …..(11)
Where,
P(2D) = Probability of two consecutive dry weeks starting with the week, 
P(DW1) = Probability of the first week being dry,
P(DDW2) = 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(DDW3) = Probability of the third week being dry, given the preceding week dry, 
P(2W) 	= Probability of two consecutive wet weeks starting with the week, 
P(WW1) = Probability of the first week being wet, 

P(WWW2) = 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(WWW3) = Probability of the third week being wet, given the preceding week wet.
2.6 	Crop Planning and Management Based on Rainfall Analysis
Crop planning and management can help assure crop productivity. Dry spells that coincide with sensitive phonological stages of crop are quite likely to have an impact on crop development. Hence, it is very important to analyze the sequence of dry and wet weeks for the crop planning purpose. The initial probability of week being wet increases land preparation starts and where conditional probability of week being wet i.e. occurrence of rainfall at 20 mm per week is above 50 per cent, is right week of planting. Supplementary irrigation and moisture conservation strategies are required if the chance of a dry week, followed by a dry week, surpasses 50% at the 20 mm threshold (Admasu et al., 2014). For any particular region the crop irrigation planning should be based on the onset of rainy season. Irrigation can be delayed for a period of time if there is probability of wet week and/or apply irrigation during dry week in very sensitive phonological or critical growth stage of crop (Singh et al; 2004).

3. 	RESULTS AND DISCUSSION
3.1 	Onset and withdrawal of rainy season
Weekly rainfall data of 30 years (1991 – 2020) indicated that the monsoon starts effectively from 23rd standard meteorological week (SMW) (04th to 10th June) and remains active up to 42nd SMW (15th to 21st October). Therefore, mean length of rainy season was found to be 20 weeks (140 days) which include rainfall of both south-west and north-east monsoon.
Table 1: Characterization of rainy season at Parbhani
	Sr. 
No.
	Particulars
	Standard week
	Date

	I. 
	Onset of rainy season
	
	

	    1
	Mean week
	23
	04th to 10th June

	    2
	Earliest week
	20
	14th to 20th May

	    3
	Delayed week
	30
	23rd to 29th July

	II. 
	Withdrawal of rainy season
	
	

	   1
	Mean week
	42
	15th to 21st October

	   2
	Earliest week
	38
	17th to 23rd September

	   3
	Delayed week
	48
	26th to 02nd December


The earliest and most delayed weeks of onset of rainy season was 20th SMW (14th to 20th May) and 30th SMW (23rd to 29th July) respectively. Similarly, the earliest and delayed week of termination of rainy season was 38th SMW (17th to 23rd September) and 48th SMW (26th to 02nd December) respectively are presented in Table 1.
Table 2: Probability of onset and withdrawal of effective monsoon 
	Probability of onset and withdrawal

	Onset of effective monsoon

	Week
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	P (%)
	3.2
	6.4
	9.6
	25.8
	45.1
	58.0
	70.9
	77.7
	87.0
	90.3
	96.7

	Withdrawal of effective monsoon

	Week
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48

	P (%)
	6.4
	9.6
	19.3
	45.1
	58.0
	61.2
	70.9
	80.6
	87.0
	93.5
	96.7


 The probabilities of the onset and withdrawal of rainy season were calculated by using Weibull’s formula considering forward and backward accumulation of weekly rainfall are presented in Table 2. The forward accumulation starting from 20th week revealed that there was 96 per cent chance onset of effective monsoon i.e. probability of getting cumulative rainfall ≥ 75 mm in 30th week. Similarly, the 96 per cent chance of withdrawal i.e. the probability of getting cumulative rainfall ≤ 20 mm in 48th SMW, considering backward accumulation of weekly rainfall into account starting from week 48th are similar to the findings of Admasu et al. (2014), Pawar et al. (2019).
3.2 	Markov-chain initial, conditional and consecutive probabilities of dry and wet weeks
The 'Weather Cock' software was used to determine the initial, conditional and consecutive probability of dry and wet week at threshold limit 20 mm of rainfall during the crop growth period (SMW 23rd to 42nd).
The initial, conditional and consecutive dry and wet weeks probabilities of Parbhani are given in Table 3. The initial probability of getting wet and dry week i.e. P (W) and P (D) ranges from 26.67 to 70.00 per cent and 30.00 to 73.33 per cent respectively. The initial probability of getting wet week was observed more than 50 per cent in SMW 24th to 28th and 30th to 38th.
The conditional probability of wet and dry weeks, P(W/W), P(D/W), P(D/D) and P(W/D) ranges from 20.00 to 100.0, 00.00 to 80.00, 30.00 to 90.91 and 9.09 to 70.00 per cent respectively. The probability of wet week preceded by another wet week i.e. P(W/W) was greater than 50 per cent in SMW 23rd to 26th, 28th, 30th to 38th, and 40th whereas probability of dry week preceded by another dry week i.e. P(D/D) was observed more than 50 per cent in SMW 23rd, 29th, 35th and 37th to 42nd, respectively. 
The consecutive two and three dry and wet weeks probability, P (2D), P (3D), P (2W) and P (3W) ranges from 10.00 to 70.00, 5.00 to 64.81, 6.67 to 53.33 and 1.67 to 35.69 per cent during crop growth period. Probability of two and three consecutive wet weeks was observed highest in 34th to 37th SMW. Thus, in Parbhani, SMW 23rd to 38th and 40th are observed as wet week more probably, indicating a lower risk of moisture stress on crops. From SMW 34th to 37th comparatively higher range of consecutive wet week was observed; hence, during this week's harvesting, surplus runoff water for supplemental irrigation and soil erosion control measures must be implemented. 
Table 3: Dry and wet weeks probability during crop growth period in Parbhani 
	SMW
	Initial Probability
(per cent)
	Conditional Probability 
(per cent)
	Consecutive Probability
(per cent)

	
	P(W)
	P(D)
	P(W/W)
	P(D/W)
	P(D/D)
	P(W/D)
	P(2D)
	P(3D)
	P(2W)
	P(3W)

	23
	36.67
	63.33
	100.0
	00.00
	67.86
	32.14
	20.00
	8.89
	26.67
	15.24

	24
	70.00
	30.00
	72.73
	27.27
	31.58
	68.42
	13.33
	6.15
	40.00
	21.18

	25
	56.67
	43.33
	57.14
	42.86
	44.44
	55.56
	20.00
	8.57
	30.00
	15.00

	26
	53.33
	46.67
	52.94
	47.06
	46.15
	53.85
	20.00
	10.00
	26.67
	21.67

	27
	53.33
	46.67
	50.00
	50.00
	42.86
	57.14
	23.33
	21.00
	43.33
	21.67

	28
	66.67
	33.33
	81.25
	18.75
	50.00
	50.00
	30.00
	11.05
	33.33
	18.18

	29
	36.67
	63.33
	50.00
	50.00
	90.00
	10.00
	23.33
	11.67
	20.00
	14.44

	30
	60.00
	40.00
	54.55
	45.45
	36.84
	63.16
	20.00
	7.27
	43.33
	22.81

	31
	63.33
	36.67
	72.22
	27.78
	50.00
	50.00
	13.33
	6.15
	33.33
	17.65

	32
	56.67
	43.33
	52.63
	47.37
	36.36
	63.64
	20.00
	8.57
	30.00
	24.38

	33
	53.33
	46.67
	52.94
	47.06
	46.15
	53.85
	20.00
	11.11
	43.33
	33.02

	34
	70.00
	30.00
	81.25
	18.75
	42.86
	57.14
	16.67
	5.00
	53.33
	34.67

	35
	66.67
	33.00
	76.19
	23.81
	55.56
	44.44
	10.00
	6.00
	43.33
	28.17

	36
	66.67
	33.33
	65.00
	35.00
	30.00
	70.00
	20.00
	12.31
	43.33
	35.69

	37
	56.67
	43.33
	65.00
	35.00
	60.00
	40.00
	26.67
	24.24
	46.67
	22.11

	38
	63.33
	36.67
	82.35
	17.65
	61.54
	38.46
	33.33
	26.67
	30.00
	18.00

	39
	33.33
	66.67
	47.37
	52.63
	90.91
	9.09
	53.33
	37.33
	20.00
	8.00

	40
	33.33
	66.67
	60.00
	40.00
	80.00
	20.00
	46.67
	32.67
	13.33
	2.67

	41
	33.33
	66.67
	40.00
	60.00
	70.00
	30.00
	46.67
	44.55
	6.67
	1.67

	42
	26.67
	73.33
	20.00
	80.00
	70.00
	30.00
	70.00
	64.81
	6.67
	2.22



The mean onset of rainy season was found to be 23rd SMW (04th June to 10th June), the sowing operations can be taken up since 24th SMW because the probability of wet week was more than 50 per cent and average weekly rainfall was 42.5 mm. Sowing operations taken at 24th SMW helps for good germination and helps to minimize moisture stress throughout the germination period from 25th to 28th SMW. In the case of a delayed monsoon, the sowing operation may be delayed till the 30th SMW.

3.3 	Contingency crop planning based on rainfall analysis
Climatologically Parbhani comes under semi-arid, sub-tropical region of Maharashtra. Crop planning work based on rainfall analysis is essential to assure sustainable crop production. The major kharif crops viz. pearl millet, pigeon pea, and sunflower and major rabi crops viz. chick pea, rabi sorghum and safflower are considered for planning. For any particular region the crop irrigation planning should be based on the onset of rainy season. Study on coincidence of critical growth stages of these crops and initial and conditional wet weeks probabilities are considered as a tool for protective irrigation planning. Supplementary irrigation and moisture conservation practices need to be undertaken if at 20 mm threshold the probability of dry week and dry week followed by another dry week exceeds 50 per cent (Admasu et.al 2014). The irrigation can be suspended for some time if there is probability of wet week   and apply irrigation during dry week in extremely sensitive and critical growth stage of crop (Singh et. al 2008). On the basis of initial, conditional and consecutive dry and wet weeks probability and standard meteorological weeks with sufficient rainfall availability are found out. 
Parbhani has more probability of getting at least 20 mm rainfall in SMW 24th, 28th, 30th to 32nd, 34th, 35th and 38th than remaining weeks. Surface rainwater harvesting measures and bore well recharging should be necessarily carried out before the commencement of monsoon in the study area. The command area's medium-deep black clay soil in Parbhani district is used to grow rabi crops including sorghum, chickpeas, and safflower while leaving the kharif fallow. Moisture conservation practices like hoeing, vertical mulching, vegetative barriers and well-judged utilization of water harvested for protective and supplemental irrigation through drip and sprinkler irrigation system will assure availability of moisture in the soil and sustainable crop production. Based on onset of effective monsoon, mean rainfall, initial and conditional probability at different critical growth stages of selected kharif and rabi crops contingency measures viz. SMW for sowing, protective irrigation and hoeing operation is given in Table 4.
4. 	CONCLUSION
A key method for raising agricultural output is contingency crop planning, which takes a proactive stance and enables stakeholders to modify crop selections and management techniques in reaction to unforeseen circumstances. Monsoon starts effectively from 23rd standard meteorological week (SMW) (04th to 10th June) and remains active up to 42nd SMW (15th to 21st October). Therefore, we expected good monsoon shower for about 20 weeks (140 days) in the study area. Based on Markov-chain initial, conditional and consecutive dry and wet week’s probability, more than 50 per cent probability of occurrence of dry week is observed in 23rd, 29th, 35th and 37th to 42th SMW in crop growth period at 20 mm per week threshold limit. More than 50 per cent probability of getting wet week is observed in SMW 23rd to 28th, 30th to 38th and 40th. Thus, chances of rainwater harvesting in this period is more and it can be used as protective irrigation. Based on onset of effective monsoon, mean rainfall, initial and conditional probability kharif and rabbi crops are selected for contingency crop planning for the study area.


Table 4: Contingency crop planning for Parbhani
	[bookmark: _Hlk186107731]Station
	Parbhani

	OEM
(Onset of Effective Monsoon)
	Standard Meteorological Week (SMW) – 23rd (04th June to 10th June)

	Crops
	Sowing
	Proposed crop management planning

	
	
	 Crop growth             stages
	SMW
	Mean
rainfall
(mm)
	Probability
(percent)
	Protective
irrigation
	Hoeing
(SMW)

	
	
	
	
	
	P(W)
	P(W/W)
	
	

	Pigeon pea
	SMW 24
	Branching
	29
	36.6
	36.67
	50.00
	Yes
	26,29

	
	
	Flowering
	33
	32.9
	53.33
	52.94
	No
	

	
	
	Pod Filling
	37
	38.0
	56.67
	65.00
	No
	

	Pearl millet
	SMW 24
	Panicle emergence
	28
	54.8
	66.67
	81.25
	No
	27,30

	
	
	Booting
	32
	48.3
	56.67
	52.63
	No
	

	Sunflower
	SMW 25
	Seeding elongation
	28
	54.8
	66.67
	81.25
	No
	28,31

	
	
	Flower initiation
	30
	63.2
	60.00
	54.55
	No
	

	
	
	Flowering
	32
	48.3
	56.67
	52.63
	No
	

	
	
	Grain filling
	34
	58.2
	70.00
	81.25
	No
	

	Check pea
	SMW 38
	Branching
	43
	9.08
	10.00
	25.00
	Yes
	41,43

	
	
	Pod formation
	47
	4.07
	10.00
	00.00
	Yes
	

	Safflower
	SMW 37
	Seed elongation
	41
	25.7
	33.33
	40.00
	Yes
	40,42,45

	
	
	Flowering
	45
	6.04
	13.33
	00.00
	Yes
	

	Rabi Sorghum
	SMW 37
	Seed development
	42
	19.6
	26.67
	20.00
	Yes
	40,42, 45

	
	
	Flowering
	48
	3.04
	3.33
	33.33
	Yes
	

	
	
	Grain filling
	51
	0.8
	3.33
	00.00
	Yes
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