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During Kharif season (22-44™ SMW) the highest mean weekly rainfall was
found to be 142.9 mm (29" SMW) in Chhura, 114.8 mm (32" SMW) in Deobhog,
148.1mm (35" SMW) in Fingeshwar, 104.6 mm (29" SMW) in Gariyaband and 125
mm (35" SMW) in Mainpur tehsil and lowest mean weekly rainfall was found to be
0 mm (44" SMW) in all over the study area. The CV varies from 244.1 %
(42"SMW) to 42.2 % (33""SMW) at Chhura, 298.1% (43'"SMW) to 49.6%
(25"SMW) at Deobhog, 204.4% (43"SMW) to 46.1% (28"SMW) at Fingeshwar,
289.1% (41"SMW) to 55.5(28"SMW) at Gariyaband and 316.2 (44"SMW) to 55.4
(34"SMW) at Mainpur. The consistency is shown by a higher standard deviation
and a lower coefficient of variation. This indicates the consistent and predictable
pattern of rainfall over the duration of the weeks. This assessment shows that there
are significant variations in quantitative measures, suggesting that the rainfall is

highly erratic in all over the study area.

The highest mean monthly rainfall was observed to be 365.7 mm (July) in
Chhura, 378.1 mm in Deobhog, 267 mm in Fingeshwar, 300 mm in Gariyaband
during August month and 405.8 mm (July) in Mainpur. The monthly CV ranged
from 36.9% (August) to 259.9% (December) in Chhura, 33.1% (July) to 316.2%
(December) in Deobhog, 35.8% (July) to 227.4% (December) in Fingeshwar, 37.5%
(September) to 316.2% (December), 34.4% (September) to 301.5% (February).
Further from the analysis, it is also indicated that the value of coefficient of variation,
skewness was found to be lowest of in the month of August, in Chhura and
Fingeshar, July in Devbhog, September in Gariyaband and Mainpur respectively
which signifies less variation in rainfall distribution and has a consistent and uniform

rainfall pattern during this period.

While analyzing the average number of rainy days per year ranged from 52
in Chhura and Fingeshwar to 60 in Mainpur. Similar to this, Fingeshwar experienced
45 days of rain on average during the Kharif season whereas Mainpur experienced
51 days. The onset and withdrawal of the rainy season, as well as their probability,
were calculated. To have precise information of dry spells, the weekly dry and wet
spell probabilities were developed using Markov chain analysis. Based on the length

of the rainy season and the dry spell, crop planning recommendations were made.

Xiv



Based on weekly dry and wet spell analysis, in-situ moisture conservation measures
and prospective water harvesting periods were proposed. Various plotting position
functions were used to calculate the weekly predicted rainfall at probability levels
of 50, 60, 70, 75, 80, and 90 percent A good fit was obtained for the Kharif season

periods with the California plotting-position function using error statistics.

It was found that, in the weeks coinciding with nursery and reproductive
stages of paddy crop were having good rainfall and sufficient rainfall all throughout
critical crop stage (31-35th SMW) of maize crop. The probability of dry weeks (Pp)
occurring was reported for the 22,40,42, and 44th SMW at Chhura; 4 weeks (41-
44th SMW) at Deobhog; and 21,41, and 44th SMW was observed for the remaining
tehsils, namely Fingeshwaer, Gariyaband, and Mainpur. The beginning of the
effective monsoon was also observed to fall between June 18 and June 24 in all five
tehsils, whereas the date of the probable departure of the effective monsoon was

June 39 SMW (17 -23 September).

XV






fireaR H, 104.6 T (29 SMW), TRITEE ¥ IR HAQR Tedier | 125 A1
(35 SMW) ol @I T8 3R X AT & # JAqH ARId ATTied aui 0 7T (44
qi SMW) TS TE | fAfA=TAT BT OIS 244.1% (42 SMW) ¥ 42.2% (33 SMW) BT H,

298.1% (43 SMW) ¥ 496% (25 SMW) Sa9IT H, 204.4% (43 SMW) ¥ 46.1% (28
SMW) fhileaR #, 289.1% (41 SMW), TTRITES H 289.1% (41 SMW) & 555% (28
SMW) 3R # QR H 3162% (44 SMW) ¥ 554% (34 SMW) % URIT 31, S
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375% (RIdeR) & 316.2% (RAWR), 34.4% (RAdeR) 9 301.5% (HRa<) & &= urn
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CHAPTER 1
INTRODUCTION

Rainfall is one of the most important hydrologic events that affects numerous
agricultural and non-agricultural enterprises. Rainfall is affected not just by time,
but also by geography and height in space. Total rainfall and its distribution
throughout the course of the year are incredibly valuable and crucial for improved

crop planning and designing irrigation strategies for a given area.

Chhattisgarh is a state in India that covers from 80°15" to 84°24' East
longitudes and 17°46' to 24°5’ North latitude. It covers a total area of 13.51 million
hectares. It has three agro-climatic zones: the Chhattisgarh plains, the Bastar plateau,
and the Northern hill zone, with 74%, 97%, and 95% of the land being rainfed.
Chhattisgarh's climate is classified as subtropical. The average annual rainfall is
1200-1400 mm and is obtained in 65 rainy days, with the south-west monsoon
contributing 85% of the rainfall from June to September and the remaining 15%
from the north-east summer and winter seasons (Anonymous, 2019). Monsoon
season begins around June 15th on the southernmost part of the Bastar plateau and
lasts until June 25th across the entire region. It is fully withdrawn from the entire
state till the end of September. As a result, rice has long been farmed throughout the
state to feed the indigenous population. Despite ample rains, seasonal droughts,
particularly during critical crop growth stages in September and October, are a
common problem in rainfed farming throughout the state. Droughts are caused by

unpredictable rainfall distribution, which results in unstable crop yields.

Approximately 70% of the state's agricultural area is rainfed, and rice is the
state's main crop. One method of mitigating the impact of decreased rainfall is to
provide an appropriate supply of water through irrigation. This necessitates
knowledge of rainfall patterns and variations in order to determine the additional
water requirements of diverse crops. In this region, terminal drought is a common

element of the rice crop. In addition, because 80 percent of this region is rainfed,



crop activities are hampered by intermittent dry spells. Thus, the success of the rice
harvest is dependent not only on monsoonal rainfall but also on October rainfall

caused by cyclonic activity in the Bay of Bengal.

Several new innovative approaches for increasing crop productivity have
been developed. However, because it is mostly dependent on monsoon rains, it
confronts significant challenges in the form of natural calamities. Looking at
agricultural production in good and bad monsoon years reveals this trend. As a
result, analysing a region's yearly, seasonal, and monthly rainfall is beneficial for
developing a proper cropping system, cropping pattern, and water collecting
structure. Average monthly, seasonal, and annual rainfall are beneficial in
establishing a general picture of a region, but weekly rainfall data analysis gives

more useful and precise data for rainfall-based crop planning.

The study of rainfall patterns is crucial for every region's agricultural
planning. For optimal rainwater management at many levels and purposes, such as
land and crop management and crop planning in any location, accurate rainfall
analysis is required. In order to maintain a reasonable crop yield in a rainfed
environment, rainfed crops and management strategies must be planned in
accordance with the region's rainfall pattern. Rainfall studies, particularly the

research of its variability, provide more information for rainfed crop planning.

In light of the foregoing, the current study was designed to identify monsoon
interferences in the study area in terms of probable dates of onset and withdrawal of
effective monsoon. It was also attempted to assess the probability of rainfall

availability and crop planning.

OBJECTIVES
1. To analyse rainfall data and workout the rainfall variability for
Gariyaband district.
2. To estimate rainfall using different plotting position functions.
3. To suggest suitable crop plan based on water availability for Kharif

s€ason.



CHAPTER I

REVIEW OF LITERATURE

Planning for crops, subsequent crop output, and other planning have long
placed a high value on quantifying the unpredictability of climatic elements. Rainfall
has the most aspects of all climatic elements. In general, annual rainfall or the
magnitude of its variation from normal is used as the primary independent variable
in various analyses. The distribution of rainfall, rather than its total amount, is what
is more significant. Therefore, it is helpful to know in advance when the effective
monsoon will start and how likely it is that a dry spell will occur throughout the
growing season. Such prior knowledge assists in determining planting patterns as
well as planning complete plans for proper and efficient rainwater management in
order to improve crop output per unit of available water.

The review of the literature is presented to emphasize the relevant studies

conducted by numerous writers for various other locations.
2.1 Rainfall Analysis

Gare et al. (2000) examined daily rainfall data collected at the Agricultural
Research Station Gadhinglaj in Maharashtra from 1969 to 1996. Data for annual,
seasonal, monthly, weekly, and weekly probability of rainfall were all analysed. The
average annual rainfall was 931.1 mm, with 75% falling between June and
September (southwest monsoon) and 14% falling between October and November
(northeast monsoon). During the 28th to 32nd SMW (CV 73 to 98%) and 39th SMW
(CV 68%) of the Kharif and rabi seasons, respectively, there was comparatively less
variance in the weekly rainfall. According to initial estimations, rain might be
expected with a likelihood of more than 75% from MW 28 to 31 in the Kharif season
and MW 39 in the rabi season. Conditional probabilities (W/D) exceeding 80% in
MW 29 showed the suitability of the 29th MW for dry sowing

Krishnamurthy and Shukla (2000) investigated the intra-seasonal and

interannual variability of rainfall across India and discovered that the geographical



patterns of the rainfall anomalies over India vary significantly on both a daily and
seasonal time scale.

Osborn et al. (2000) applied the “amount quantile” method to perform over
30-year period for each site and for each month, all daily rainfall amounts were
ranked, then sorted into ten equal “amount quantiles.” Each quantile from the 30-
year data set contains 10% of the total rainfall amount, with the first quantile
containing the 10% of total rainfall associated with the least intense events (wet day
daily totals), and the 10th quantile, the most intense events. The changing
contribution of the “30-year 10th decile” rainfall events to total annual rainfall can
thus be determined.

Hundal and Kaur (2002) looked at climatic variability in several parts of
Punjab state, both annually and seasonally. For Amritsar (1970-1988), Patiala
(1970-1988), Ludhiana (1970-1999), and Bathinda (1970-1999), historical daily
meteorological data were used to study the rainfall variations (1977-98). It was
discovered that rainfall at all sites varied greatly throughout the year and during
specific seasons, as indicated by the significant standard deviation and coefficient of
variations for both types of rainfall. Rainfall increased overall by roughly 120 mm
at Amritsar, 150 mm at Ludhiana, 150 mm at Patiala, and 140 mm at Batinda,
according to the five-yearly moving average trends in rainfall.

Singh et al (2005) examined daily rainfall data from the Agromet
observatory Sabour near Bhagalpur, Bihar, from 1972 to 1999. The information was
examined for yearly, seasonal, monthly, and weekly timeframes. Between the 19th
to the 41st, the 24th to the 40th, and the 26th to the 39th standard meteorological
weeks, respectively, the probabilities of 10, 20 and 40 mm of rainfall each week
exceeded 60%. A total of 1185.3 mm of rain fell on average each year, with the
Kharif, summer, and rabi seasons receiving 954.0, 105.2, and 126.2 mm of that total.
Rainfall totals ranged from 7.5 mm in December to 320.5 mm in July. The 22nd to
41st weeks saw almost 87 percent of the entire year's rainfall.

Ali et al. (2007) examined daily rainfall data from Kota district in south-
eastern Rajasthan for 48 years (1956-2003) to determine the south-west monsoon
features for rainfed crop planning. The monsoon's typical arrival date was 2 July (+

15 days ago). The projected dates for the early and late onset of the monsoon were



17-June and 17-July, respectively. The usual monsoon departure was recorded on
September 14 (14 days). Monsoon withdrawal was predicted to begin on August
31st and end on September 28th, respectively. Rainfall averages 741 mm per year
and 675 mm per season (June to September). Average length of monsoon season
(LMS) was found to be 73 days with standard deviation of 21 days. The rainfall
pattern in the Kota region was observed to be highly erratic with average annual and
seasonal (June to September) rainfall of 741 and 675 mm, respectively.

Vaidya et al. (2008) did a study on rainfall probability analysis for crop
planning in Gujarat state. To investigate rainfall features, the beginning and end of
the monsoon season, as well as the length of time with guaranteed rainfall, the daily
rainfall data from several Gujarati districts were analysed. They concluded that as
rainfall decreased, the coefficient of variation increased. 23-26 SMW marked the
beginning of monsoon rains, and 38-42 SMW marks their exit.

Kothari et al. (2009) examined data on the intervening essential dry spell and
the availability of extra water for rainwater management in crop planning.
Conventionally, probabilities of dry spells are calculated for various standard
climatic weeks without taking the start of the monsoon in any given year into
account, and data for the period of crop growth is presumptively based on the typical
week of the start of the monsoon. This strategy has been contrasted with a logical
strategy known as the "Onset of monsoon approach," which arranges the weekly
rainfall data by using the monsoon's onset as a datum for each year. For this
investigation, 45 years' worth of weekly rainfall data from the Rajasthani state's
Bhilwara district were employed. There is a significant discrepancy between the
initial and conditional probabilities. Although there is a significant difference
between the two ways in terms of the initial and conditional probabilities of
intervening dry spells, the new strategy has been deemed to be more logical than the
old approach. As a result, it has been accepted for the district's tehsil-level
examination of dry spells and the presence of surplus water.

Sinha (2012) evaluated monthly and yearly rainfall data for 39 years (1971-
2010) for Raipur, Bilaspur, Ambikapur, and Jagdalpur districts and discovered that
the mean annual rainfall for the four districts was 1172.6, 1183.4, 1383.4, and 1418.4

mm, respectively. When the coefficient of variation for the average annual rainfall



was analyzed, Bilaspur (18.7%) had the lowest value, followed by Jagdalpur
(20.7%), Raipur (22.4%), and Ambikapur (23.4%). (24.1 percent). Over various
districts of Chhattisgarh, the monsoon typically begins between SMW 24 and
SMW 25. When the rainfall distribution was examined, it was discovered that it was
better in Jagdalpur than in Ambikapur, Raipur, and Bilaspur.

Manikandan et al. (2013) employed weekly analysis of daily rainfall data
from Coimbatore for 30 years (1981-2010) to evaluate the variability and probability
level of occurrence. The research found that the standard weeks from the 40th to the
45th had rainfall amounts of more than 25 mm with a 50% probability, with 14.6
mm falling in the 41st week. The eight-week period from the 39th to the 46th
standard week saw a 50% chance of receiving 25 mm of weekly rainfall. Regardless
of the anticipated amount of rainfall, the weekly rainfall analysis' CV showed

Jajoria et al. (2014) identified the cropping pattern of a region and the
appropriate crop to be grown through the use of a rainfall index, The current study
therefore focuses on the Udaipur District of Rajasthan, India's rainfall
characteristics. To investigate the variability and frequency of daily rainfall over the
last 39 years (1973-2011), the data were evaluated. The region's mean annual
rainfall was 630.20 millimetres, with the greatest amounts (1,145 mm) falling in
1973 and1983, respectively. Accordingly, the contributions from the winter,
summer/pre-monsoon, monsoon, and post-monsoon seasons were 1.08, 3.17, 89.89,
and 5.86 percent. Rainfall in June, July, August, and September is more useful in
determining whether a crop is suitable for growing during that time in order to
produce a crop that will be profitable.

Bhuarya et al. (2015) investigated the significance of rainfall and rainy days
in Chhattisgarh, India, in determining the cropping pattern of a region in general and
the type of crop to be produced, as well as its success or failure. In addition to
describing the rainfall's spatial distribution, they also described its seasonal and
yearly variations in the several districts of the state of Chhattisgarh. The findings
showed that the state's mean annual rainfall is 1167 mm (£ 147mm), of which the
winter, summer, southwest, and post-monsoon period each contribute 20, 30, 1050,
and 67 mm, respectively. The district of Kabirdham in the Chhattisgarh Plain Agro-

Climatic Zone (ACZ) has the lowest annual (885 mm) and southwest monsoon



period, while Surajpur, which is located in the Northern Hills ACZ, receives the
maximum annual rainfall (1411 mm) and south-west monsoon season (1311 mm)
(778 mm). With rice being grown in 80% of the cultivated land and low rainfall and
high inter-annual variability in certain districts, such as Kabirdham, Durg, Bemetara,
Mungeli, and Rajnandgaon, there is a substantial chance of crop failure should the
southwest monsoon rainfall fail. Conserved water can then be used for low-water-
demand crops like pulses and oil seeds during rabi season as well as for life-saving
irrigation during dry spells in the Kharif season.

Chaudhary et al. (2015) explored the use of rainfall data for strategic crop
planning in a rainfed rice-based cropping system in Chhattisgarh. There are a wide
range of different weather patterns in this area. In the state, three primary agro-
climatic zones have been identified: the northern hill area, the Bastar plateau ACZ,
and the Chhattisgarh lowlands zone. Here, rainfall data for a few typical districts has
been analysed, and conclusions about the cultivation of rice as the main crop have
been produced. Based on observation, it has been discovered that the annual rainfall
decreases from east to west. From 1300 to 1600 mm of rain fall falls annually in the
state's eastern region. This includes the districts of Mahasamund, Raipur, Janjgir,
Korba, Raigarh, Jashpur, and Surguja. When the CV for yearly rainfall was
examined, it was discovered that Bilaspur had the lowest, followed by Jagdalpur,
Raipur, and Ambikapur. Similar calculations have been made for reliable rainfall
quantity and timing. The development of farm tanks and OFRs can help to store
excess water and maximise its usage for subsequent crops as well as for irrigation of
the rice crop, which is vital to the crop's survival.

Mahilange (2018) analysed that the highest mean annual rainfall was
recorded in Bastar (1222.0 mm) followed by Bijapur (1181.1 mm), and Sukma
(1176.8 mm). While the lowest mean annual rainfall (1125.2 mm) was recorded in
Kondgaon followed by Dantewada (1140.5 mm). The highest CV of annual rainfall
was found at Narayanpur 8.6% followed by Bastar 7.6% and lowest CV for the
annual rainfall was found in Bijapur 5.7% followed by Sukma 5.9%. The highest
mean annual rainy days of 74 were recorded in Kondagaon and Bijapur followed by
Bastar, 71 days and Sukma, 70 days. While the lowest mean annual rainy days

recorded in Dantewada district 56 days followed by Narayanpur 59 days. The



highest CV of annual rainy days was recorded in district Kondagaon i.e., 15.1%
followed by Bijapur 14.6%. While the lowest CV were found in district Narayanpur
12.2% followed by Sukma 12.3%. There are 32 interesting results obtained from the
analysis that through CV of annual rainfall of Bijapur is found to be lowest but rainy
day is comparatively on the higher side. This indicates that is possibility of
increasing cropping intensity in that district. When as the highest CV of annual
rainfall was observed in narayanpur district with lowest CV value 12.2%of rainy
days. The overall CV value of all six districts were in comparatively less indicates
there is possibility of indicates cropping intensity and increasing production and
productivity of different crops throughout the Bastar plateau zone. The analysis of
wet spell, concluded that maximum probability of occurrence of wet spell was
ranged from 70-79%, during 29-32 SMW in the most of tehsils & districts and
conditional probability (wet after wet) occurs during 29-31 SMW, between 80-
100%.

Xalxo (2021) investigated rainfall data for the 18 Chhattisgarh ancestral
districts of Baster, Bilaspur, Dantewada, Dhamtari, Durg, Janjgir- Champa,
Jaspurnagar, Kanker, Korba, Koriya, Kawardha, Mahasamund, Raigarh, Raipur,
Rajnandgaon, Surguja, Bijapur, and Narayanpur during the 37 years (C.G).
Following analysis, it was discovered that Chhattisgarh's mean annual rainfall was
approximately 1188mm. The Baster district had the greatest average annual rainfall
of 1484mm. Study shows that Chhattisgarh's plain region receives less rainfall on
average, averaging between 970 and 1281 millimetres, compared to the Baster

plateau zone and the northern hill zone.
2.2 Markov Chain Analysis

Gore (2001) used a Markov-Chain model to calculate the probability of rainy
and dry spells over districts in all subdivisions of the country from five homogeneous
regions and hilly areas, utilising daily rainfall data from 1901 to 1990 for all stations
in the subdivisions. In making decisions for agricultural operations, it is claimed that
climatological analysis presented as probabilities can be highly helpful.

Singh et al. (2004) made a dry spell analysis for Bathinda, Punjab using the

Markov chain approach. The initial and conditional probabilities were computed.



The probability of occurrence of dry spell was >92% from the first standard
meteorological week (SMW) to the 22nd SMW, except for the 4th, 7th and 8th SMW
(during which the probability was 77, 73 and 85%, respectively). Starting from the
23rd SMW, the probability of dry spells decreased and reached the lowest value
(38%) during the 27th SMW, then increased to 100% from the 44th to 55th SMW.
The probability of the occurrence of wet spells was maximum (62%) during the 27th
SMW (July).

Srivastava et al. (2004) introduced the probability concept in order to
illustrate the significance of dry and wet spells for planning weather-sensitive
agricultural activities. Four selected stations representing various agroclimatic zones
in Uttar Pradesh, India, had their weekly rainfall data fitted with a Markov chain
model. In the Kharif season, initial and conditional probabilities of dry and wet spells
of various lengths occurring at these stations were estimated, and their probabilities
were computed.

Gill and Kingra (2008) using a Markov chain technique, calculated the initial
and conditional probabilities of rainfall for Ludhiana. Data about Ludhiana's weekly
rainfall were collected from 1970 to 2004. From SMW (Standard Meteorological
Week) 26 to34, the probability of a wet spell occurring was 50% or higher, while
the probability of a dry spell occurring was less than 50%. During the rest of the
year, the probability of a dry spell occurrence was greater than 50% and approached
100% for a few weeks, but the probability of a wet spell occurrence was less than
35% from SMW 1-25 and 37-52 and was also found to be 0 for a few weeks.

Subash et al. (2009) investigated rice-wheat planning rainfall probability for
dry and wet spells. The Markov chain model was used to determine the initial and
conditional probabilities of a dry or wet week, as well as the likelihood of successive
dry or wet periods lasting two or three weeks, for a set of stations. Different crop
management techniques and remedies are given based on the rainfall pattern and
distribution to explore maximum rainfall received during the season to optimise
production and decrease the existing gap between potential and actual production.

Garg and Singh (2010) used a three-state Markov chain approach to establish
an analytical procedure for assessing the independence of rainfall behaviour. This

statistical analysis of Rainfall pattern in Mandya District analytical approach was



used for daily rainfall data collected over a 42-year period (1961-2002) from the
Pantnagar, India-based IMD-approved meteorological observatory. For the analysis
of daily and weekly rainfall data, the entire year was separated into three distinct
periods: pre-monsoon (Jan. 1-May31), monsoon (June 1-Sept.30), and post-
monsoon (Oct. 1-Dec. 31). A day/week was considered dry if the amount of
precipitation fell below 2.5mm/17.5mm, and wet if it fell between (2.5mm to
Smm)/17.5mm to 35mm, respectively. If the amount of precipitation fell beyond
these thresholds, the day/week was considered rainy.

Piyadasa and Sonnadara (2010) conducted a study to use Markov models at
the three chosen weather stations where long-term data records were available to
estimate the daily rainfall climatology of Sri Lanka. Daily rainfall could be predicted
with an accuracy of ~ 7244 % using both the first and second order Markov models.
Predicting wet days during the wet season was significantly more accurate than
during the dry season, while predicting dry days during the dry season was
significantly more accurate than during the wet season. Standard probability
distributions along with transition probabilities based on the first order Markov
model were used to anticipate the average number of rainy periods per month and
the average length of a wet spell per month. The deviation of the simulated values
from the observed values was lower than the statistical variations which indicate that
the model is suitable for simulating wet and dry spells in Sri Lanka.

Soomro and Talpur (2011) used the Markov chain model to assess the
likelihood of receiving a series of wet and dry days, which is necessary for many
real-world applications including agricultural yield design and prediction. The
intensity of the rainfall is largely determined by the local climate conditions.
Utilizing historical data from 1987 to 2006 for the meteorological station in Karachi,
this model is used to forecast long-term weather conditions.

Hossain and Anam (2012) conducted research on seasonal fluctuations in
rainfall in Bangladesh. To simulate the daily occurrence of rainfall, stochastic
rainfall models took into account the frequency of rainy days and the amount of
rainfall in various regions. The relationship between the current rainfall and the
rainfall from the previous two time periods was shown using logistic regression in

conjunction with the Markov chain of various order. A dry-wet spell's dependence
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on the occurrence of rain in the research area's rainy season, which runs from April
to September, was demonstrated to exist. This was demonstrated by comparing wet
days from the prior two time periods to dry days from those same periods. 26 years'
worth of daily rainfall data were gathered from the meteorological agency for
examination. The findings indicate that rainfall follows a second order. Both Markov
chains and logistic regression indicate that it is more likely for Dhaka station rainfall
to be dry followed by dry than wet followed by wet, and that the model can
successfully handle a variety of applications involving rainfall.

Admasu et al. (2014) used the Markov chain probability model in order to
describe the long-term frequency behaviour of wet and dry weather periods
throughout the primary rainy season at Dhera, (Central rift valley region of
Ethiopia). The study employed 24-year (1984-2010) rainfall data, with weekly
rainfall data serving as the standard, to investigate the likelihood of dry and rainy
weeks. The primary rainy season begins in the 26th week (25th June — 1st July) and
lasts until the 40th week (1st-7th October). This illustrates the potential major rainy
season duration of 105 days. For the research site during the wet season, the
coefficients of variation for the beginning and withdrawal week were 69.4 and
99.2%, respectively. On weeks 26 and 28, when the threshold limits are 10
millimetres per week and 20 millimetres per week, respectively, the chance of initial
and conditional probability occurrences is greater than 50%. They demonstrated that
for short-duration crops, supplemental irrigation and moisture conservation practises
must be implemented between the 38th and 40th weeks, and supplementary
irrigation is clearly required after the 40th week. Additionally, between the 28th and
33rd weeks, it is necessary to practise capturing runoff water for supplemental
irrigation and building steps to prevent soil erosion.

Dabral et al. (2014) stated that crop planning and agricultural operations
require knowledge of the sequence of dry and wet periods. The current study was
conducted with the goals of predicting dry and wet spell analysis using a Markov
chain model and also determining the precise timing of monsoon onset and
termination at the study region for North Lakhimpur (Assam), India, utilising weekly
rainfall data collected over a 24-year period. The findings showed that week’s 1

through 14 as well as weeks 41 through 52 have increased probabilities of dry weeks
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occurring. The probability that a dry week will occur in these weeks’ ranges from
41.67 % to 100 %. As there are 50 percent to 95.83 percent odds of two consecutive
dry weeks occurring, the first to fourth week and the 43rd to 52nd week of the year
stay under stress on average. According to the analysis, North Lakhimpur has its
first monsoon season beginning in week 23 (4—10 June). It is best to begin wet land
preparation for producing short-duration rice varieties during the 25th week (18 June
to 24 June). As of week 14, the pre-monsoon season officially begins (2nd April to
8th April). Summer maize can be sown (rainfed) as early as week 14. The start of
wet land preparation for long-duration rice varieties is best done in week 15 (9 April
to 15 April).

Kar et al. (2014) examined the weekly rainfall in Kandhamal district from
1965 to 2010 for crop planning and determining the likelihood of dry and wet
periods. In the Kandhamal district, which is in the East-coast hill region's agro-
climatic zone, this will serve as the benchmark for crop planning and sustainable
agricultural management. A Markov chain model was used to calculate the
likelihood of dry or rainy weeks as well as the forward and backward accumulation
of rainwater adequate for crop production. This research can be used to identify
several cropping systems, including intercropping and sequence cropping, that are
appropriate for that time period.

Ramdurg ef al. (2015) using a weekly analysis to study the variability and
probability level of occurrence by. 39th SMW saw the highest mean weekly
precipitation (42.5 mm). The CV was less than 15% during SMWs22-33,35, and37-
42, indicating that the amount of precipitation remained constant over those weeks.
The crop may be advised for dry land during SMWs 22 t033,35, and 37 to 42 because
the rainfall was more regular during these times than it was during SMWs 18 to21,
which also occurred under the south west monsoon period. The analysis found that
greater than 20 mm of rainfall might be anticipated with 50% probability during the
38th to 40th SMW, providing a clue for rainwater harvesting.

Vanitha and Ravi (2017) investigated spell distribution using the Markov
chain model. It was decided that a week would be the best amount of time for this
objective. In this study, the probabilities of occurrence of a wet week (Pw), a dry

week (Pp), a wet week preceded by a wet week (Pww), a dry week preceded by a dry
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week (Ppp), and two and three consecutive wet and dry weeks (Paw, P2p, P3w, and
P3p) at a threshold rainfall limit of 20 mm/week are estimated. Daily rainfall data for
Kumulur, Trichy district, Tamil Nadu, was converted to weekly period for 30 years
from 1986 to 2015. A Markov chain model was used to calculate the likelihood of
dry or rainy weeks as well as the forward and backward accumulation of rainwater
adequate for crop production. This analysis can help determine the best cropping
practises, including as intercropping and sequence cropping, for that time period.
Behera and Subudhi (2018) conducted a dry and wet-spell analysis of Odisha
and discovered that water stress reduced yield by 50%. Using a weekly rainfall-
based Markov Chain model, daily rainfall data for 25 years (1992-2016) were
collected, with a dry week being defined as less than 20 mm of precipitation and a
wet week being defined as 20 mm or more. Weekly rainfall data for 25 years (1992-
2016) showed that the monsoon begins in earnest on June 11 and lasts until the 38th
SMW (17 23 September). Consequently, crop planning can be adjusted accordingly.
Ray et al. (2018) employed a Markov chain probability model to 20 years
(1997 to 2016) of weekly rainfall data in Mayurbhanj to determine the likelihood
that dry and wet spells would occur there. With a total duration of 20 weeks, the
monsoon season begins on the 24th SMW (11th—17th June) and lasts until the 43rd
SMW (22nd-28th October) (140 days). Initial, conditional, and successive dry and
wet week probabilities indicated that the odds of a week becoming wet are highest
between the 24th and the 40th week. Because irrigation is guaranteed throughout
this time, agricultural operations like planting and sowing can be accomplished

successfully.
2.3 Probability Analysis

Rao et al. (1988) using daily rainfall data for Anantapur, Nandyal, and Lam
from 1969 to 1984, calculated the likelihood of obtaining sufficient rainfall for
effective crop establishment. The consequences for agricultural production were
examined, and the probabilities of getting a minimum of 50, 75, or 100 mm of

rainfall per month at each location were computed at various levels of likelihood.
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Rajeevan (2001) assessed the state, issues, and potential outcomes of long-
range Indian summer monsoon forecasts. Indicating that chaotic internal dynamics
may ultimately limit the predictability of the Indian monsoon, it is discovered that

the prediction of Indian monsoon variability is sensitive to the beginning conditions.

Shabri (2002) ranked eight plotting position methods based on their
performance in estimating annual maximum flood flows at 31 stations of peninsular
Malaysia. The methods were ranked according to values of RMSE and MAE on a
scale 1 to 8 with “1” being the best method. He reported that he Weibull method was

the best performing one compared to the other method considered in the study.

Adeboye and Alatise (2007) fitted the normal distribution to the peak flow
discharge of two rivers in Nigeria using seven probability plotting positions i.e.,
Hazen, Weibull, Blom, Cunnane, California, Grington and Chegodajev plotting
position method. They concluded that the Weibull’s method is suitable for fitting the

normal distribution.

Makkonn (2008) compared the return period of the largest value in a sample
of 21 annual extreme values as determined by commonly used plotting position
formulae namely, Weibull’s, Beard, Grington, Hazen and numerical method
proposed by Harris. He reported the percentage error in estimation of the event was
zero for Weibull method while all other methods overestimated the return period of

the largest annual extreme event, that is, underestimated to risk of occurrence.

Pali et al. (2014). They collected daily rainfall information for 20 years
(1994-2013) from the Durg, Dhamdha, and Patan Tehsils in Chhattisgarh's Durg
district. They examined the data and discovered that the mean annual rainfall for the
three study Tehsils was 1067.9, 908.7, and 1088.8 mm, respectively, and that 98
percent of the total annual rainfall occurred during the monsoon season alone. Out
of the 20 years, at Durg, Dhamdha, and Patan Tehsils, respectively,20,11, and 25%
of the years were observed as excess rainfall years,25,23, and 28% as normal rainfall
years, and the remaining55,66, and 50% as deficit rainfall years. It suggests that
Dhamdha Tehsil is dealing with a bigger deficiency in rainfall than other Tehsils. At
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a 75 percent likelihood level, the seasonal rainfall quantities in the Durg, Dhamdha,

and Patan Tehsils were determined to be 743, 730, and 881 mm, respectively.

Singh et al. (2016) analysed rainfall data which provides a better opportunity
for estimating the minimum assured rainfall to aid in crop planning. Based on 13
years of data from Shivri, Lucknow, and Uttar Pradesh (2000-2012), an attempt was
made to examine rainfall distribution patterns, i.e., weekly, seasonal, and yearly
rainfall. Using the Blom plotting tool, expected weekly, monthly, seasonal, and
yearly rainfall values at various probability levels were calculated. Based on a 13-
year annual average, the research shows that the measured rainfall was 829.35 mm,
emerging from an average of 40.7 wet days. At a 75 percent chance level, there will
be 636.5 mm of yearly precipitation. Similarly, at a 75 percent chance level, the
maximum weekly rainfall of 42.0 mm was forecast for the 37th week, followed by
38.6 mm for the 27th standard week, and the lowest rainfall of 0.0 mm for the 40th
week. In contrast, a review of monthly rainfall at 70, 75, and 80% likelihood levels
reveals that July, August, and September are the three most important wet months,
with possibilities of receiving 100 to 150 mm per month. At a 70% probability level,
seasonal rainfall is projected to be 600 mm during the Kharif cropping season,
compared to 12.6 mm during the Rabi and 4.2 mm during the Zaid cropping seasons.

Murugappam (2017) using rainfall data, the performance of nine plotting
position formulae namely, Hazen, California, Weibull, Beard, Chegodayev, Blom,
Gringorten, Cunnance and Adamowski, in estimating magnitudes of annual and
seasonal rainfall with higher return periods (or lesser probability of exceedance) at
Puducherry in Union Territory of Puducherry, it has been assessed using the error
statistics such as Mean Square Error (MSE), Root Mean Square Error (RMSE) and
Mean Absolute Error (MAE) and Agreement Index (AI).The plotting-position
formulae are assigned ranks based on the mentioned error statistics and the
Agreement Index. The mean ranking for a plotting-position method is computed as
the average of all the rankings assigned to that method in terms of the seven statistics
namely, MSE, RMSE, MAE, minimum AI, maximum Al, mean Al and standard
deviation of Al. The method which yields the minimum mean ranking is assigned
an overall ranking “1”. They found out that the error statistics were found to be

consistently the least for Weibull method in estimation of rainfall magnitude with
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different probability of exceedance, while California method found to be

consistently high.

Sinha et al. (2018) investigated the rainfall probability for crop planning in
the Raipur region of Chhattisgarh state and discovered that at 75% probability level,
the highest rainfall 25.83 mm was obtained by the 33rd week and the lowest rainfall
7.41 mm was received by the 39th week. Rabi season received the lowest rainfall at
70% likelihood, 13.61mm, which contributed 1.15% of the normal annual rainfall;
Kharif season received the most rainfall at this probability level, 315.79 mm, which
contributed 26.81% of the average annual rainfall. Despite the need for more
irrigation for Kharif crops, there is at least a 70% chance that there will be enough
rainfall to support the growth of high-value fruit crops.

Raju et al. (2021) studied the weekly probability analysis of rainfall using
statistical methods to forecast the lowest assured rainfall that aids in crop planning
and management. Weekly rainfall data from the Regional Agricultural Research
Station in Anakapalle was studied using an incomplete gamma probability model
from 1990 to 2019. The results suggested that the reliable amount of rainfall will be
more than 15.0 mm from the 23rd to the 44th SMW (4th June to 4th November). It
gives the length of the growth season taking a 50% chance of rain into account. In
spite of the amount of rainfall expected, a study of the coefficient of variation of

weekly rainfall showed that reliable rainfall would occur during the time period.
2.4 Crop Planning

Mujumder ef al. (2005) investigated rainfall patterns for crop planning in two
West Bengal agroclimatic zones with rainfed rice agriculture. They determined that
the short duration rice variety is good for cultivation in the red and laterite zones of
West Bengal, so that water requirements may be satisfied during key stages of
growth, and the medium/long duration rice variety is appropriate for cultivation in
the old alluvial zone of West Bengal, with the crop to be sown in the third week of
June.

Singh (2005) examined the 29-year (1972-2000) daily rainfall data at the
Bihar Agriculture College, Sabour (Bihar). Additionally, Markov chain probabilities
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(>=20mm of rain each week) were calculated. The data showed that the mean
sowing rainfall began around June 20th. From the 26th to the 34th standard
meteorological week in Kharif, there were greater than 70% initial probability of
receiving 20 mm. Additionally, the results showed that crops including rabi maize,
oil seeds, and pulses benefited more from rainfall during the rabi season.

Singh et al. (2005), conducted the rainfall in the Bhilwara region for the
purpose of crop planning. To ascertain the start, end, length, variability, and dry spell
periods in Bhilwara, the daily rainfall data from 1960 to 2001 were analysed. The
length of the rainy season varied from 5 to 27 weeks, and it was advised that off-
season and primary tillage operations might begin at the 24th week while crop
planting could begin at the 27th week.

Kumar et al. (2007) studied weekly rainfall data from Saharanpur for 45
years (1985-1999) for crop planning and management to determine the irrigation
period required for the crops. The findings indicated that the sowing of Kharif crops,
including maize, fodder crops, pulses, and oilseeds in Saharanpur's rain-fed region,
may begin in the 22nd and 23rd week since rain is anticipated in the weeks after the
sowing, and the first and second cultural activities could be performed in the 26th
and 29th week. Designing a water harvesting structure with a 5-year recurrence
frequency and providing irrigation infrastructure is the only way to plan for rabi
crops.

Manorama et al. (2007) conducted research on rainfall analysis for the
Nilgiris (Tamil Nadu). At various probability levels, weekly, monthly, seasonal, and
annual studies were conducted. He proposed starting crops of potatoes, cabbage,
carrots, etc. in the third week of April and planting a second crop in a rotation of
these vegetables at the end of August.

Reddy et al. (2007) investigated the influence of rainfall on agriculture in
Andhra Pradesh's north Telangana region. Results showed that, compared to the
preceding 20 years, rainfall fell over the last 20 years in all districts. In September
compared to the preceding 20 years, there was less consistent rainfall. However,
there was an increase in consistent rainfall in October in all the districts, allowing

for the timely sowing of rabi crops in the area's black cotton soils.
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Goswami et al. (2008) evaluated long-term rainfall data, in order to calculate
projected weekly rainfall at different probability levels for the Sali rice season in the
Jaintia Hill district, A Sali rice crop calendar for the district has been created based
on anticipated rainfall at the 50% and 75% likelihood level and the amount of water
needed. It was proposed that the 22 and 24 MW was optimum for sowing or
transplanting

Kothari et al. (2008) investigated a method for crop planning in rainfed
locations using rainfall analysis. The 20-year (1985-2004) period covered by the
data was covered by the weekly meteorological records kept at the Dry Land
Farming Research Station in Bhilwara. They offered two methods, "Meteorological"
and "Onset of monsoon," which were used to crop selection and cropping systems
in various years to maximise yields per unit of precipitation.

Kumar (2008) studied characterization and probability of rainfall for crop
planning in ChotaNagpur plateau. They collected 50 years data (1965- 2005) for
study. Variability found maximum (139%) in N-E monsoon and minimum (45.2%)
in SW monsoon. Frequent droughts affected Kharif crops. Probability of getting 50
mm rainfall was noticed during MW 26 to MW 38.

Maniyar et al. (2008) investigated crop and cropping patterns in the
Marathwada region of Maharashtra state based on rainfall. The rainfall statistics at
the Tehsil level for 28 years were examined. The length of the growth season ranged
from 17 to 21 MW. Their recommendations for crops and cropping systems included
long-duration crops like cotton and red gramme, short to medium-duration crops like
green gramme, black gramme, soybean, sorghum, rabi-sorghum, safflower, and
Bengal gramme, and rain-fed crops like sorghum, rabi-sorghum, and rabi-sorghum.

Mokashi et al. (2008) investigated rain and its probability-based forecast for
Solapur, India, using 30 years of rainfall data from the Dry Farming Research Station
in Solapur (1974-2003). In accordance with the preliminary wet probability data,
>20 mm of precipitation was recorded in MW 24 (11-17 June), and 57% of the data
indicate that the rainy season for Kharif crops has begun. During this time, sowing
Kharif crops such as pearl millet, sunflower, and pigeon pea is suggested. In late
July and early August, when the monsoon arrives late, the midseason corrective crop

like sunflower is advised as a backup crop. However, MW 39 (24-30 September)
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with 75% confidence implies the best chance of rain during the Rabi season. The
Rabi crops, such as winter sorghum, safflower, and gramme, are advised during this
month to retain soil moisture.

Patel et al. (2008) examined the seasonal and annual variation in rainfall in
Chhattisgarh, central India. Using historical daily data spanning 30 years, the
variability analysis was conducted (1951-1980). They came to the conclusion that
crop diversification was necessary for the agriculture of the northern highland Bastar
plateau, some districts in the Chhattisgarh plains zone, and some districts.

Ahmed et al. (2009) conduct research on rainfall-based crop planning in
Assam's Barak valley zone. In Karimganj, Assam, the daily rainfall data were
analysed for 47 years (1960-2006). The total mean annual rainfall was 4073.5 mm,
which was distributed as 2613.6 mm, 1134.8 mm, and 330.3 mm in the KAarif (June—
September), summer (March-May), and rabi (October—February) seasons,
respectively. Between the 18th and 37th weeks, the probability of 60- and 100-mm
rainfall per week exceeds 70%. It is advised to complete the transplanting of ahu rice
by the first week of April in flood-free upland and medium land locations, and the
second crop of rice may be transplanted beginning in the 31st week. Sowing of
toria/potato/vegetables may begin in uplands areas as early as the 43rd week. In
locations where a second crop of rice is not possible owing to flooding, ahu rice
should be followed by potato/toria/vegetables, etc., beginning in the 43rd week.

Bhargava et al. (2010) investigated rainfall variability and probability pattern
for crop planning in the Roorkee region (Uttarakhand), India. Daily rainfall data
from the Agrometeorological Observatory, Department of WRD&M, IIT, Roorkee,
was studied for the chance and variability of evolving a rainfall-based farming
system with the least risk. The annual, seasonal, monthly, and weekly mean rainfall,
standard deviation, and coefficient of variation were calculated. August was the
wettest month, coming in second with 272.4 mm, they discovered (271.4 mm). The
least rainy (6.0 mm) contributing month was November. From the second week of
June, they advised sowing the Kharif crop. In the Roorkee region, the month of July
is considered appropriate for rice crop transplanting.

Jat et al. (2010) examined the daily rainfall data for Udaipur, Rajasthan, for
81 years (1921-2001). According to the weekly rainfall probability analysis, 10 mm
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of Monsoon rainfall is projected to fall with a 50% chance on the 24th SMW in the
Udaipur region, when seedbed preparation and maize sowing can begin. Between
25% and 50% of the time, it rains on average. As of the 40th week onward, there is
a very low likelihood of receiving the minimum promised weekly rainfall. Thus, a
maize variety with a brief growing season might be used for Kharif.

Chand et al. (2011) conducted research on the study of rainfall for crop
planning in the Jhansi district of Uttar Pradesh's Bundelkhand region. The 34 years
(1975-2008) of rainfall data from Jhansi in the Bundelkhand agroclimatic zone of
U.P. were studied to determine the weekly, monthly, seasonal, and annual
probabilities at various levels of rainfall for effective crop planning. They discovered
that August (286.0 mm) and April (3.1 mm) are the months with the highest and
lowest rainfall, respectively. They also proposed that Kharif season crops and
varieties be chosen with the growing time to reduce moisture stress, as well as in-
situ moisture conservation methods such as mulching, use of anti-transparent, weed
management, and enough plant stands to mitigate the effect of dry spell during
important crop growth stages.

Bhadoria et al. (2013) conducted research on crop planning and rainfall
probability analysis for the Madhya Pradesh region of Chambal. To determine the
long-term averages of annual, seasonal, monthly, and weekly rainfall as well as its
temporal variability, 29 years' worth of daily rainfall data (1981-2009) collected at
RVSKVYV, Zonal Agricultural Research Station Morena, were analysed. A
coefficient of variation of 27.1% showed that the yearly rainfall was largely constant
over time. August had the biggest rainfall contribution (33.4 percent) during the wet
season, followed by July (28.9 per cent). They found that there is plenty of
opportunity for rain water gathering from July to September, which can be used for
crop saving irrigation as well as pre-sowing irrigation for succeeding Rabi crops,
which are often sown on residual soil moisture.

Manikandani et al. (2014) examined Coimbatore's daily rainfall data for 30
years (1981-2010) in order to conduct a weekly analysis of variability and the
likelihood that an event will occur. The research found that, over an eight-week
period, from the 39th to the 46th standard week, there was a 50% chance of seeing

25 mm of weekly rainfall. During the growing season, which lasts from the 39th to
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the 46th standard weeks, sorghum and short-duration pulses that tolerate drought
can be grown.

Pali et al. (2016) examined daily rainfall data from Durg, Dhamdha, and
Patan Tehsils in Chhattisgarh's Durg district from 1994 to 2013. It was possible to
predict and assess the ET requirements of the rice crop at various growth stages by
using rainfall and evaporation data to determine weekly and seasonal mean rainfall,
expected rainwater availability at particular probability levels, and so on. In
comparison to ET demands during the nursery stage of the rice crop, the projected
rainwater received with a 75% likelihood is less. The anticipated weekly rainfall
totals at the seedling and vegetative phases are reassuringly in excess of ET demand.
As a result, this extra rainwater needs to be collected on the farm itself so that it can
be recycled during the reproductive stage's dry season.

Vanitha and Ravikumar (2017) used 24-hour daily rainfall data (1986-2015)
from Kumulur, Trichy, Tamil Nadu, to study weekly rainfall analysis for crop
planning using Markov's chain models. The findings showed that from the 38th to
52nd SMW there is a greater than 10% chance of 2 consecutive wet weeks occurring,
and that greater than 10% chance of 3 consecutive wet weeks occurring during the
46th to 51st SMW. In locations where a dry spell is prevalent, crop planning requires
more information about the likelihood of exceeding a given quantity of rainfall
during a crop growth period or in a month. The vital growing stage of the crop should
not coincide with two or three straight dry spells, as this will lower production. For
numerous agricultural operations including seed bed preparation, sowing, irrigation
scheduling, intercultural operation, and harvesting, a dry and wet spell is necessary
to plan the timing.

Pradhan et al. (2018) used for weekly analysis to study the rainfall
distribution and the probability of occurrence. The CV was less than 20 per cent
from 10th to 22™ standard week, indicated that the rainfall is consistent during this
period. The above rainfall analysis showed that the crops could be recommended
under rainfed condition between 22nd to 35th standard weeks as the rainfall is more
consistent during this period as compared to 36th to 52nd and 10th to 21st standard
weeks for summer ploughing, which fall under Southwest monsoon. The moisture

requirement of crops could be met from 26th to 38th standard week as these weeks
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has the probability of 50 per cent for getting 20 mm of weekly rainfall. The analysis
revealed that the drought-resistant finger millet, Kodo millet, Niger, horse gram and
drought escaping little millet can be grown. Maize may be grown with supplemental
irrigation of one or two to get the best yield out of available soil moisture as rainfed
farming. Drought resistant short duration pulses and oilseeds can be grown within

the growing period from 39th to 46th standard weeks.
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CHAPTER 111
MATERIALS AND METHODS

This chapter goes through all of the information needed for the study as well
as the method used to achieve the desired results. The research area and its various
facts have been explained sequentially in this chapter to understand the many
activities conducted and processes followed, as well as the sequential procedure
adopted for designing and managing strategies for sustainable agricultural output

under rainfed conditions.

3.1 Location and Extent of Study Area
3.1.1 Location

Gariyaband district is located in the rich plains of Chhattisgarh. This district,
which encompasses 5 tahsils (Gariyaband, Fingeshwar, Chhura, Mainpur, and
Deobhog), is located between latitudes N 20°57'46" and 20°17'36" and longitudes E
82°53'05”and 81°53'05”. The district is located in the agroclimatic zones of Zone-7
Eastern plateau and hills (Planning Commission, 2013), the Chhattisgarh plains zone
(NARP, 2013), and the agro ecological subregion (ICAR) of Chhattisgarh/Mahanadi
Basin (Agro eco region (J3(Cd/Cm)5).

This district experiences the start of the South-West monsoon on the 25th
Standard Meteorological Week, with an average of 48 rainy days and 1035.0 mm of
rainfall. The North -West monsoon has an average of 4 rainy days and 73.9 mm of
rainfall, for a total average annual rainfall of 1197.1 mm in an average of 55 rainy
days. The tehsil selected for the study purpose are presented in Fig. 3.1 and the

geographical locations of the stations are presented in Table 3.1.
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Figure 3.1: Location of Study Area

3.1.2 Land use pattern and agricultural characteristics

Total geographical area of Gariyaband district is 582286 ha and total gross
cropped area in Gariyaband district (in the year 2020-21) was estimated to be 157872
ha and net cropped area in the district comes to about 136110 ha. Kharif area of the
district was 136103 ha. The information of land use and other agricultural

characteristics are presented in Table 3.2
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Table 3.1: Profile of Gariyaband district

District Profile

N 20°57°46” and 20°17°36”

Location E 82°53°05” and 81°53°05”
Total No. of Tehsils 05
Geographical area 582286.1 ha
Forest Cover 293580.1 ha
Area under Agriculture use 219500 ha
Net sown area 1425900 ha
Gross cropped area 219500 ha
.. Season 76400 ha
Net irrigated area Rabi Season 36000 ha
Net Rainfed area 90216 ha

Table 3.2: Agricultural characteristics of Gariyaband district (2020-21)

Geographical Gross  Net Kharif season

i cropped cropped

Tehsil area afer; afei Arca Irrigated Rainfed
(ha) (ha) (ha) sown area e

(ha) (ha) (ha)

Chhura 129114.7 29698 26820 26813 10173 16640
Deobhog 47473.2 23754 23050 23050 908 22142
Fingeshwar 62284.5 42389 12081 30308 28104 2204
Gaiyaband 153758.4 24862 20620 20620 4798 15822
Mainpur 189655.3 37169 35312 35312 1556 33756

Total 582286.1 157872 136110 136103 45539 90564
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3.1.3 Water resource

There are 85 canals which provide irrigation water to 23683 ha area of crops.
There are 12104 tube wells in the district out of which about 39% of it in Fingeshwar
Tehsil. The information of water resource and area irrigated by different resources

are summarized in Table 3.3

Table 3.3: Area irrigated by different sources in Gariyaband district (2020-21)

Tehsil
Particular . ) .
Chhura Deobhog Fingeshwar Gariyaband Mainpur

Number =, 17 6 17 19
of sources

Canal Irrigated 052
Area (ha.) 306 15910 996 419
Number = 5, 25 104 205 53
of sources

Pond Irrigated
Area (ha.) 115 35 105 37 65
Number = 5 8 24 20 28

Open | of sources

Well Irrigated
Area (ha.) 214 7 0 5 7
Number 5, 215 4780 3303 1289

Tube | of sources

Wells | Irrigated 5, 50 410 11459 3610 1034
Area (ha.)

3.2 Data Acquisition

The Gariyaband District Collectorate was where much of the information for
the Gariyaband district was acquired. The Department of Land Records in the
District of Gariyaband provided daily rainfall statistics for the ten-year period (2011-
2020), and other crucial data were also gathered from other sources and used in this

study.

The Standard Meteorological Weeks table was used to transform the daily
rainfall data into weekly data. This standard table split the complete year of 365 days
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into 52 Standard Meteorological Weeks, of which the weeks relevant to the Kharif

season were studied, i.e., the 23rd to the 39th week (June to September).
3.3 Methodology

The development of an appropriate crop planning and water resource plan
was considered to be a potential solution based on the literature researched and
challenges encountered in and around the study area. This might be a strategy to
avoid terminal droughts at crucial growth phases and encourage optimal agricultural
production. This was done by looking at rainfall using a variety of different

parameters.
3.3.1 Statistical analysis

Various parameters can be utilized to determine the statistical behavior of
any hydrological series. To examine the variability of any hydrologic series, the
mean, standard deviation, coefficient of variation, and skewness coefficient are
typically used. All of these parameters were frequently employed to describe rainfall
variability in the current study. The rainfall at each location was statistically

evaluated on a weekly and monthly basis.
3.3.1.1 Mean

The mean is a statistic that measures central tendency. It is calculated by
dividing the sum of the specified variables by the number of observations in the data
collection. It is the most widely used phrase for figuring out the data set's mean. The

equation 3.1 was used to calculate mean.

NoXoo o (3.1)

MEAN (§) = ==

Where,
X = Mean

X; = Variables
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N = No. of Variables

3.3.1.2 Standard Deviation

The standard deviation is calculated as the square root of the mean of the
squares of deviations of the rainfall value from the arithmetic mean of all such
rainfall. It is an indicator of variability and is frequently referred to as scatter or

dispersion around the mean value. It's provided via the formula in equation 3.2.

Where,

o = Standard Deviation
X; = Variables

X = Mean

N = No. of Variables

3.3.1.3 Coefficient of Variation

The coefficient of variation seems to make evaluating the variability of
rainfall sample (CV %). The CV is derived by dividing the standard deviation by the

rainfall mean. As a percentage, it shows how the amount of rainfall can vary.

The reliability of rainfall on a percentage basis is demonstrated by this
measurement. The CV threshold levels for any interpretation are 25, 50, 100, 150,
and 250 percent for yearly, seasonal, monthly, weekly, and daily rainfall,

respectively (Manorama et al., 2007; Swetha, 2014).
v = (i) X 100 o (33)
X

Where,
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CV = Coefficient of Variation
o = Standard Deviation

X = Mean

3.3.1.4 Skewness

Skewness is the antithesis of symmetry, and its presence indicates that a
particular series is not symmetrical. The skewness parameter indicates whether the
data distribution is symmetrical or asymmetrical around an average. Asymmetry can
be skewed either positively or negatively. When a series is favorably skewed, the
mean comes before the median; when it is negatively skewed, the mode comes

before the median. More skewness is present with higher numbers.

e (3.4)

N =\ 3
C_N(N—Z) X, —X
ST ON-1 o

i=1
Where,
Cs = Skewness
o = Standard Deviation
X; = Variables
X = Mean
N = No. of Variables

Along with statistical characteristics, the maximum and minimum values of
the series were displayed. The maximum and minimum values of a series represent

the highest and lowest variables in the series.
3.3.2 Analysis of rainy days

The average number of rainy days on annual and monthly basis was

analysed. If the rainfall data is equal to or more than 2.5 mm/day, then it was
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considered as rainy days as per Indian Meteorological Department (IMD, Pune)

guidelines (Dixit ef al., 2005; Seetharam 2005; Swetha 2014).
3.3.3 Analysis of Monsoon Characteristics

Crop planning can benefit greatly from knowing the likely weeks of an
effective monsoon's onset and withdrawal. Daily rainfall data from the Department
of Land Records, District - Gariyaband, were transformed onto weekly basis in order
to estimate the arrival of the monsoon season. The study examined data for all five
tehsils Chhura, Deobhog, Fingeshwar, Gariyaband, and Mainpur from 2011 through
2020.

Using the forward and backward accumulation methods proposed by Morris
and Zandestra (1979), the start and end of the rainy season were calculated from
weekly rainfall data. This approach accumulated weekly rainfall via forward
accumulation (20+21+...+52 weeks) until a particular amount of rainfall was
accumulated. The commencement of the growing season for dry sown crops and
land preparation has been fixed at 75 mm of accumulated rainfall (Babu and
Lakshminarayana, 1997; Panigrahi and Panda, 2002; Swetha, 2014).

By accumulating rainfall data in backward (52+51+50+...4+30 weeks), it was
possible to determine the end of the rainy season. In order to allow for field
ploughing after crop harvest, it was decided to postpone until the end of the rainy
season when there had been 20 mm of precipitation accumulated (Babu and
Lakshminarayana, 1997). The post-monsoon season was not taken into
consideration when the rainy season was withdrawn, hence in the current study,
backward accumulation of rainfall is investigated beginning at the 47th SMW rather
than the 52nd SMW. The rank number was assigned to the precise weeks that
denoted the start and conclusion of the rainy season. For each time interval, the
probability of a specific amount of precipitation was determined. The percent
probability (P) of each rank was then calculated using Weibull's algorithm (equation
3.5) (Dash and Senapati, 1992).

m e (35)

30



Where,
P = Probability
m = rank

N = No. of years.

3.3.4 Markov Chain Analysis

The rainfall patterns have a direct impact on whether crops grow successfully
or fail miserably, especially in rainfed environments. A simple criterion related to
sequential events, such as dry and wet spells, was used to analyses rainfall data and
collect specific information needed for crop planning and agricultural operations. A
rainy week after another wet week, or a dry week following a wet or dry week, are
examples of sequential events whose probabilities should be calculated during the
growth season of crops. This is the foundation for the rainfall analysis utilizing the

Markov-Chain technique.

A weekly rainfall of 20 mm is sufficient for all crop growth phases. As a
result, a given week might be characterized as being dry if it receives less than 20
mm of precipitation, and vice versa (Pandharinath, 1991). Each week was classified
as dry or wet based on this criterion and the corresponding probabilities were

determined. The following were the estimated parameters for the analysis.

3.3.4.1 Initial Probabilities

According to the Markov probability model, the initial probability is the
probability that a specific week of the year would be dry or wet under the premise
that the weather from the preceding week (dry or wet) will not be taken into account.
The initial probability of a week being dry or wet is described by equation 3.6 and
3.7 respectively

Py= % oo (3.6)
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Pp

Where,

Pw = Probability of week being wet
Pp = Probability of week being dry
Fw = Frequency of wet week

Fp =Frequency of dry week

n = Numbers of years of data

3.3.4.2 Conditional Probabilities

e (3.7)

The probability that a specific week of the year will be dry or wet is known

as a conditional probability, which is based on the premise that the weather from the

preceding week whether dry or wet will be taken into account. It shows the

probability that the weather will vary from one week to the next. The conditional

probability is given by equation 3.8 to 3.11.

Where,

Fyww

Pww = o .....(3.8)
F

Ppp= =2 e (3.9)
Fp

Pwp=1-Ppp ... (3.10)

Ppw = 1- Pww . (3.11)

Pww = Probability of occurrence of wet week preceded by wet week

Ppp = Probability of occurrence of dry week preceded by dry week

Pwp = Probability of occurrence of wet week preceded by dry week
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Ppw = Probability of occurrence of dry week preceded by wet week
Fpp = Frequency of occurrence of dry week preceded by dry week

Fww = Frequency of occurrence of wet week preceded by wet week

3.3.4.3 Consecutive Probabilities

The probability of consecutive wet weeks at any station conveys a sense of
alternate dry weeks and the probability of continuous rainy spells. Similar
measurements were carried for three and four consecutive wet and dry weeks,
respectively, to offer an understanding of the necessity of in-situ moisture
conservation measures and water harvesting strategies to be employed for dry land

ecosystems.

The series of dry weeks indicates that additional irrigations and moisture
conservation techniques are required. The availability of excessive runoff water for
rainwater harvesting and the need to implement appropriate soil erosion control
measures are shown by multiple wet periods (Reddy et al., 2008). sequential

probabilities provided by equation 3.12 to 3.17 respectively

P(2W) = Pywwi X Pwwwa o (3.12)
P(2D) = Ppwi X Popw2 . (3.13)
P(3W) = Pwwi X Pwwu2 X Pwwus o (3.14)
P(3D) = Ppwi X Popwa X Popus . (3.15)
P(4W) = Pwwi X Pwww2 X Pwwus X Pwwwa ... (3.16)
P(4D) = Ppwi X Poowz X Popws X Pppws e (3.17)

Where,
P(2D) = Probability of 2 consecutive week dry starting with week.
P(2W) = Probability of 2 consecutive week wet starting with week.

P(3D) = Probability of 3 consecutive week dry starting with week.
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P(3W) = Probability of 3 consecutive week wet starting with week.

P(4D) = Probability of 4 consecutive week dry starting with week.

P(4W) = Probability of 4 consecutive week wet starting with week.

Ppwi = Probability of the week being dry (first week)

Pppw2 = Probability of second week being dry, given the preceding week dry.
Pppws = Probability of third week being dry, given the preceding week dry.
Pppw4 = Probability of fourth week being dry, given the preceding week dry.
Pww1 = Probability of the week being wet (first week)

Pwww2 = Probability of second week being wet, given the preceding week wet.
Pwwws = Probability of third week being wet, given the preceding week wet.

Pwwwa = Probability of fourth week being wet, given the preceding week wet.

3.3.5 Probability analysis

Probability and frequency of rainfall data facilitates us to determine the

expected rainfall with various chance of occurrence

3.3.5.1 Probability analysis

Probability plotting position are used for the graphical demonstration of
maximum hydrologic series and serve as estimates of probability of exceedance of
those series. Probability plots provide a n parametric means of forming an estimate
of the data’s probability distribution by drawing a line by hand or by programmed
means through the plotted points. Because these striking characteristics, the

graphical approach has been preferred by many engineers and hydrologists.

In the past about 100 years, a number of plotting-position methods related

numerical method have been proposed for analysis of extreme events. Many plotting
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— position formula is available; all of this formula can be expressed in general form

by equation 3.18

3
|
Q

P= . (3.18)

=
+
S

Where,
a and b are constant
N = number of years
m = rank
Some of the formula which have been use in this study are as
Weibull’s Plotting — Position Function

This is most commonly used formula among all other plotting — position
formula (Murugappan, 2017). The value of constant a and b are 0 and 1 respectively

in equation 3.19

P=—— . (3.19)

Where,

P = Probability

m = rank

N = No. of years.

Gringorten Plotting Position Function

In this Gringorten plotting position formula (1963) the value of constant a

and b are 0.44, 0.12 respectively. It is given using equation 3.20

m—0.44
= ... (3.20
P N +0.12 ( )

Where,
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P = Probability

m = rank

N = No. of years.

California Plotting Position Function

In this California (1923) plotting position formula the value of constant a and
b are 1 and 0 respectively. This plotting position formula is given using equation
3.21

e (3.21)

)
I
=3

Where,

P = Probability
m = rank

N = No. of years.
Return Period

The return period is reciprocal of probability of exceedance. This is

expressed as in equation 3.22

. (3.22)

| -

Where,

P = Probability

T = Time period
3.3.5.2 Error Statistics

The term ‘Error” denotes the difference between observed rainfall

data and estimated rainfall data of that particular week or month. A plotting-position
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formula should be unbiased and should have the smallest mean square error (MSE)
among all estimates (Cunnane, 1978). So, the error statistic such as Mean Square
Error (MSE), Root Mean Square Error (RMSE) and Mean Absolute Error (MAE)

which were determined using equation 3.23, 3.24 and 3.25 respectively:

&1
MSE = ZN(RPL. - R)) . (3.23)
i=1
&1
RMSE = ZN(RPL. - R) .. (3.24)
i=1
N
1
MAE = ZN(|RPL. - R|) . (3.25)
i=1

Where,

MSE = Mean Square Error

RMSE = Root Mean Square Error
MAE = Mean Square Error

N = Number of years

R; i = Probable rainfall for i week

R = Actual rainfall for i week
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CHAPTER 1V
RESULT AND DISCUSSION

The research was carried out in order to plan Kharif crops depending on the
water availability for Gariyaband. Daily rainfall data over a 10-year period (2011-
2020) was collected and used in this study.

An attempt has been made to evaluate rainfall patterns on a monthly and
weekly basis. The average annual rainy days were calculated in order to determine
the number of rainy days and the frequency of rainfall events throughout the year.
The average onset and withdrawal date and length of the rainy season were
examined. The initial, conditional, and successive dry and wet spell probability were

estimated using the Markov chain analysis approach.

With the use of several plotting position functions, the projected weekly
rainfall at various probability values over a variety of stations was calculated. Based
on the rainfall study, a variety of corrective actions were recommended for Kharif

season crops in order to ensure sustainable agricultural output.

4.1 Analysis of Rainfall Variability

For every farmer, choosing on a crop planning scheme and irrigation
schedule depends greatly on the amount of rainfall and its distribution pattern. In
order to save soil and plan irrigation and flood control, engineers may utilise the
predicted quantity of rainfall. For the purposes mentioned above, daily data for a
period of ten years were gathered and analysed to provide the following estimates

of monthly and weekly rainfall.

The rainfall variability of Gariyaband district, tehsil wise rainfall data was
calculated using statistical metrics such as mean, standard deviation, and coefficient

of variation.
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4.1.1 Monthly Rainfall Variability

All five of the tehsils of the Gaiyaband district are located in the agricultural
climate zone of the Chhattisgarh plains. Table 4.1 to 4.5 displays the variance in
monthly rainfall for all tehsils. The offered statistical variables include mean,

maximum, minimum, CV, and skewness.

Similar analyses for monthly rainfall were carried out by various researcher
(Patil and Patil, 1991; Pimpale et al., 2001; Nath and Deka, 2002; Singh et al., 2002;
Dastidar et al., 2010; Bemal ef al., 2012 and Xalxo, 2021) and observed variations

in monthly rainfall.

4..1.1.1 Chhura Tehsil

Table 4.1 shows that at Chhura, the maximum mean monthly rainfall was
recorded in July (365.7 mm), followed by August (328.10 mm), September (286.43
mm), June (192.19 mm), and October (37.27 mm). Similarly, July had the highest
maximum monthly rainfall (788.1 mm) and November had the lowest maximum
monthly rainfall (0 mm). The monthly CV ranged from 36.9% in August to 259.9%
in December. The CV from June to August was well within the threshold level
(<100%), indicating consistent rainfall around the average monthly rainfall in
Chhura tehsil as shown Figure 4.1. The skewness ranged from 0.4 (June, August) to
1.9 (April), while all other months in the Chhura tehsil had positive skewness.

Further from the analysis, it is also indicated that the value of coefficient of
variation and skewness were found to be lowest of 36.9 % and 0.4, respectively, in
the month of August which signifies less variation in rainfall distribution of the

Chhura and has a consistent and uniform rainfall pattern.
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Figure 4. 1 : Variation in mean monthly rainfall of Chhura

Table 4.1: Monthly rainfall parameters over Chhura Tehsil

Month Mean Max Min 5P CV (%)  Skewness
(mm) (mm)  (mm) (mm)
January 1.4 10.1 0 3.2 219.3 1.4
February 7.2 61.1 0 18.1 250.6 1.2
March 10.3 49.9 0 16.9 165.3 1.8
April 0.7 33 0 1.2 159.5 1.9
May 13.1 66.9 0 25.7 196.4 1.5
June 192.2 3384 246 90.0 46.8 0.4
July 365.5 788.1  130.3 179.1 49.0 0.7
August 328.1 502.4 1593 121.0 36.9 0.4
September 286.4 605.3 1253 136.5 47.6 1.0
October 37.2 129 0 42.0 112.8 1.5
November 0.0 0 0 0.0 - -
December 5.6 48.7 0 14.5 259.9 1.2

4..1.1.2 Deobhog Tehsil

According to Table 4.2, the maximum mean monthly rainfall at Deobhog
was observed in August (378.1 mm), followed by July (302.2 mm), September
(286.3 mm), June (227.6 mm), and October (57.9 mm). Similarly, August had the
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most maximum monthly rainfall (764.3 mm) while November had the lowest (0
mm). From 33.1% in July to 316.2% in December, the monthly CV varied. The CV
for the months of June through September was far below the threshold level (100%),
showing steady rainfall in the Deobhog tehsil around the average monthly rainfall
depicted in Figure 4.2. All other months in the Deobhog tehsil showed positive
skewness except for July (-0.6), where the skewness ranged from -0.6 (July) to 1.8

(May).

[ mmm Mean Rf O=CV (%) |
400.00 - r 300 _
= <o ® 2
% 300.00 { ¢ o L 200 ‘%‘
%200.00 . o0 Z
£100.00 @ 100 ‘:g
0.00 ———— Lo £
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec S
Month
Figure 4. 2 : Variation in mean monthly rainfall of Deobhog
Table 4.2: Monthly rainfall parameters over Deobhog Tehsil
Month 1(\/5;3;8 (1:1/11?1?) (l\rﬁrirr:) (rilr)n) CV (%)  Skewness
January 14.0 114.8 0 36.2 258.4 1.2
February 1.3 10 0 3.2 240.7 1.2
March 10.2 62.8 0 20.0 196.5 1.5
April 19.5 95 0 30.3 155.4 1.4
May 26.9 115 0 39.4 146.4 1.8
June 227.6 515 92.6 126.5 55.6 0.8
July 302.2 393.5 64.5 100.2 33.1 -0.6
August 378.1 764.3 167 185.6 49.1 0.2
September 286.3 490 131 106.8 37.3 0.2
October 57.9 172 0 62.9 108.6 0.9
November 0.0 0 0 0.0 0.0 0.0
December 8.0 80.4 0 25.4 316.2 0.9
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4.1.1.3 Fingeshwar Tehsil

Table 4.3 reveals that at Fingeshwar, the highest mean monthly rainfall was
observed in September (267.3 mm), with the following months coming in second
through fourth: (161.9 mm). Similarly, July had the most maximum monthly rainfall
(471.6 mm), while November had the lowest (0 mm). From 35.8 percent in July to
227.4 percent in December, the monthly CV varied. The CV from June to October
was well below the threshold level (100%), showing regular rainfall in the
Fingeshwar tehsil at levels close to the average monthly rainfall. In the Fingeshwar
tehsil, the skewness ranged from 0.3 (August) to 1.8 (April), while all other months

exhibited positive skewness.

Table 4.3: Monthly Rainfall parameters over Fingeshwar Tehsil

Month Mean Max Min 5P CV (%)  Skewness
(mm) (mm)  (mm)  (mm)
January 4.5 28 0 9.0 200.2 1.5
February 9.0 67.2 0 20.9 232.0 1.3
March 48.3 277.1 0 90.8 188.2 1.4
April 53 21 0 8.7 163.3 1.8
May 11.6 53.8 0 22.4 192.9 1.6
June 161.9 332.8 88 90.2 55.7 1.1
July 257.4 471.6 136 92.1 35.8 0.8
August 267.0 463.2 110 122.5 45.9 0.3
September 267.3 590 81 162.6 60.8 0.8
October 37.8 109 0 37.6 99.5 0.6
November 0.0 0 0 0.0 - -
December 4.4 39 0 12.2 277.4 1.1
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Figure 4. 3 : Variation in mean monthly rainfall of Fingeshwar

4.1.1.4 Gariyaband Teshsil

According to Table 4.4, at Gariyaband, the month with the meanest monthly
rainfall was August (300 mm), followed by July (299.1 mm), and September (139.3
mm) (219.7 mm), The lowest maximum monthly rainfall was in November (0 mm),
and August had the highest maximum monthly rainfall (596.1 mm). The monthly
CV varied from 37.5 percent in September to 316.2 percent in December. The CV
in Gariyaband Tehsil from June to October was considerably below the threshold
level (100%), indicating steady rainfall at or near the average monthly rainfall. In

the Gariyaband tehsil, the skewness ranged from -0.7 (October) to 1.6 (March).
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Figure 4. 4 : Variation in mean monthly rainfall of Gariyaband
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Table 4.4: Monthly rainfall parameters over Gariyaband Tehsil

Month Mean Max Min SP CV (%)  Skewness
(mm) (mm)  (mm)  (mm)
January 9.7 83.8 0 26.2 271.1 1.1
February 5.7 37 0 12.7 2222 1.3
March 11.5 66 0 21.3 186.3 1.6
April 7.6 51.3 0 16.1 210.7 1.4
May 11.9 71.2 0 22.1 185.8 1.3
June 150.5 2415 40 58.5 38.9 0.2
July 299.1 559.6 176 134.8 45.1 1.0
August 300.0 596.1 157.6 149.1 49.7 1.1
September 219.7 378 91.4 82.4 37.5 -0.2
October 50.6 97.2 0 39.5 77.9 -0.7
November 0.0 0 0 0.0 - -
December 3.0 29.6 0 9.4 316.2 0.9
4.1.1.5 Mainpur Tehsil

Table 4.5 reveals that at Mainpur, the highest mean monthly rainfall was
recorded in July (405.8 mm), with the following months coming in second through
fourth: June (232.4 mm), August (378.2 mm), September (305.4 mm), and October
(74.7 mm). Similar to that July had the highest maximum monthly rainfall (891.1
mm) and November had the lowest maximum monthly rainfall (0 mm). In
September, the monthly CV was 34.4%; in February, it was 315.15%. The CV from
June to October was well below the threshold (100%), indicating steady rainfall in
the Mainpur tehsil at or near the normal monthly amount. The Mainpur tehsil
experienced positive skewness in all other months, whereas the skewness ranged

from 0.2 (August) to 1.7 (April).
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Figure 4. 5 : Variation in mean monthly rainfall of Mainpur
Table 4.5: Monthly rainfall parameters over Mainpur Tehsil
Mean Max Min SD
Month CV (%)  Skewness
(mm) (mm)  (mm)  (mm)
January 1.1 7 0 2.4 214.9 1.4
February 5.2 493 0 15.5 301.5 1.0
March 8.3 39 0 12.5 150.8 1.4
April 10.8 40 0 16.5 152.8 1.7
May 21.9 87.4 0 30.8 140.7 1.6
June 2324 3869 944 99.9 43.0 0.7
July 405.8 891.1 2122 193.6 47.7 0.9
August 378.2 689.5 1444 151.7 40.1 0.2
September 305.4 509.3 188.2 105.2 34.4 0.5
October 74.7 1684 52 55.8 74.7 0.3
November 0.0 0 0 0.0 - -
December 7.7 51.6 0 17.3 226.1 1.3
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4.1.2 Weekly Rainfall Variability

Weekly rainfall data for the Kharif season (22-44th SMW) were evaluated
to determine the mean, maximum, minimum, SD, CV, and skewness. Although CV
indicates the variation in rainfall around on its mean, the appropriateness of the
measure is determined by the use to which it is put. Weather information is needed
for a shorter time span in current agriculture. Annual rainfall usually reflects
similarities in certain climatic patterns, which may be useful for identifying agro—
climatic homogeneous zones, but it does not even provide insight into the erratic
behaviour of rainfall during the growing season, especially during the various
phonological periods of crop growth. Even the use of monthly rainfall data has
significant flaws. Thus, the weekly characteristics of rainfall was taken into account

in this study. Table 4.6—4.10 lists the different weekly rainfall metrics.

During Kharif season (22-44™ SMW) the highest mean weekly rainfall
(Table 4.1-4.5) was found to be 142.9 mm (29" SMW) followed by 114.9 mm (35"
SMW) in Chhura tehsil, 114.8 mm (32" SMW) followed by 110.9 mm (29" SMW)
in Deobhog tehsil and 148.1 mm (35 SMW) followed by 81.1 mm (29" SMW) in
Fingeshwar tehsil, 104.6 mm (29" SMW) followed by 101.7 mm (35" SMW) in
Gariyaband tehsil 138.6 mm (29" SMW) followed by 125 mm (35" SMW) on
Mainpur tehsil. The highest maximum rainfall was found to be 335.5 mm (35%
SMW), 330.5 mm (32" SMW), 265.5mm (31" SMW), 240.5mm (35" SMW) and
336 mm (35" SMW) in Chhura, Fingeshwar, Deobhog, Gariyaband and Mainpur
tehsil respectively. Also, the lowest maximum rainfall found was 0 mm (44 "SMW),
35.6 mm (41"SMW), 0 mm (44"SMW), 0 mm (44"SMW) and 5.2 mm (44"SMW),
in in Chhura, Fingeshwar, Deobhog, Gariyaband and Mainpur tehsil respectively.

The CV within threshold limits (<150%) for weekly rainfall gives us an idea
about high dependable rainfall around the mean during particular weeks (Swetha,
2011). During Kharif season (22-44" SMW) for weekly rainfall, the CV varies from
244.1 % (42"SMW) to 42.2 % (33"SMW) at Chhura, 298.1% (43"SMW) to 49.6%
(25"SMW) at Deobhog, 204.4% (43'"SMW) to 46.1% (28"SMW) at Fingeshwar,
289.1% (41""SMW) to 55.5(28"SMW) at Gariyaband and 316.2 (44"SMW) to 55.4
(34"SMW) at Mainpur. The CV was observed to be within the threshold limits (<
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150%) during most of the weeks over various tehsil excepts 40" - 431" SMW (3
weeks) at Chhura; 221, 39" 42 43t (4 weeks) at Deobhog; 22 371 40t - 43®
SMW (6 weeks) at Fingehswar; 22t 42 43t SMW (3 weeks) at Gariyaband; 22
42 _ 44" SMW (4 weeks) at Mainpur respectively. Except for the 33rd and 38th
SMW at Chhura, the 23rd and 25th SMW at Deobhog, the 28th and 38th SMW at
Fingeshwar and Gariyaband, and the 30th SMW at Mainpur. Tables 4.1-4.5 give a
comprehensive examination of the various statistical measures throughout the Kharif

season (22-44th SMW).

Consistency is shown by a higher standard deviation and a lower coefficient
of variation. This indicates the consistent and predictable pattern of rainfall over the
duration of the weeks. This assessment shows that there are significant variations in

quantitative measures, suggesting that the rainfall is highly erratic in all over the

study area.
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Figure 4. 6 : Variation in mean weekly rainfall of Chhura
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Figure 4. 8 : Variation in mean weekly rainfall of Fingeshwar
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Table 4.6: Weekly Rainfall Parameters over Chhura

Mean Max Min SD
SMW CV (%) Skewness
(mm) (mm) (mm) (mm)
22 9.9 31.2 0 11.3 114.0 1.5
23 17.8 62.2 0 22.5 126.2 1.6
24 39.2 145 0 40.3 102.9 1.1
25 89.0 224.2 0 76.0 85.4 1.2
26 57.0 117.9 0 31.8 55.8 0.0
27 56.0 155.7 10.2 40.2 71.9 0.6
28 45.4 101 1 32.0 70.6 0.6
29 142.4 523 32.9 144.6 101.5 1.2
30 63.2 144.8 13.9 39.5 62.6 1.0
31 96.9 255.9 5.2 84.0 86.6 0.7
32 62.8 126.5 29.7 32.8 52.3 0.9
33 66.3 103.4 18.2 28.0 42.2 -0.6
34 65.7 141.2 10.5 42.0 63.8 1.3
35 114.9 3355 6.4 108.6 94.5 1.1
36 105.2 302.6 2.5 933 88.6 0.2
37 59.1 153.6 0 453 76.6 0.0
38 69.2 110.7 16.4 30.1 43.5 -0.3
39 18.2 62.2 0 254 139.9 1.8
40 10.9 58.4 0 17.7 162.2 1.7
41 13.0 43.5 0 14.1 108.9 1.2
42 8.3 68.4 0 20.2 2442 1.2
43 5.1 335 0 10.8 212.5 1.4
44 0.0 0 0 0.0 0.0 0.0
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Table 4.7: Weekly rainfall parameters over Deobhog Tehsil

SMW Mean Max Min >P CV (%) Skewness
(mm) (mm) (mm) (mm)

22 13.2 76.5 0 25.1 189.5 1.6
23 21.3 47.4 0 16.1 75.3 -0.3
24 56.6 244.5 0 69.0 121.8 0.8
25 88.3 156.8 30 43.8 49.6 -0.2
26 63.6 122.1 7 46.8 73.7 0.3
27 44.9 132.3 0 44.2 98.4 0.7
28 50.7 156.3 0 47.5 93.7 1.0
29 110.9 277 5.2 94.8 85.5 1.1
30 70.9 137.1 21.8 414 58.5 0.3
31 88.8 266 3.8 78.6 88.5 0.2
32 114.8 330.5 17 1134 98.8 1.1
33 68.1 148.9 3 46.8 68.8 0.1
34 59.0 173.1 8 52.7 89.5 1.0
35 93.5 227.8 14 69.0 73.7 0.9
36 60.2 123.3 4.2 432 71.8 0.6
37 88.2 276.3 0 87.9 99.7 0.4
38 83.8 227.5 11.9 75.2 89.8 0.8
39 27.8 117.5 0 42.1 151.3 1.6
40 35.1 89.9 0 36.2 103.2 0.5
41 104 35.6 0 12.7 122.9 1.2
42 4.9 36.7 0 11.5 234.6 1.3
43 7.6 76.5 0 22.5 298.1 1.0
44 0.0 47.4 0 0.0 - -
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Table 4.8: Weekly rainfall parameters over Fingeshwar tehsil

Mean Max Min
SMW CV (%) Skewness
(mm) (mm) (mm) (mm)

22 1.5 7.2 0 2.5 168.9 1.8
23 10.8 32 0 12.0 111.9 0.9
24 40.2 171.2 0 50.2 124.9 1.1
25 66.7 140.2 15.2 43.4 65.1 0.4
26 49.1 126.8 0 45.4 92.4 1.0
27 41.7 131.2 0 39.4 94.4 1.0
28 44.5 69 8 20.5 46.1 -0.8
29 81.1 150 14 52.3 64.5 0.5
30 50.4 154 8 42.6 84.5 0.8
31 76.5 265.5 12.4 75.5 98.8 1.1
32 71.0 156 14 49.1 69.1 1.0
33 53.2 129.6 11 40.9 76.8 0.8
34 245 52.8 0 18.1 73.8 0.8
35 148.1 475 28 136.3 92.0 1.1
36 65.9 209.6 0 65.6 99.6 0.7
37 33.7 178.8 0 56.8 168.7 1.3
38 54.7 103.8 8 30.3 553 -0.4
39 40.2 168.6 0 53.4 132.7 1.1
40 13.4 53.2 0 21.0 156.6 1.9
41 16.1 79 0 26.0 161.3 1.6
42 5.1 29.2 0 10.2 198.6 1.5
43 3.1 20 0 6.4 204.4 1.5
44 0.0 0 0 0.0 - -
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Table 4.9: Weekly rainfall parameters over Gariyaband Tehsil

Mean Max Min
SMW CV (%) Skewness
(mm) (mm) (mm) (mm)

22 93 51.3 0 16.4 176.6 1.7
23 16.0 57.5 0 19.8 123.6 1.2
24 36.5 96 0 26.0 71.3 1.0
25 69.1 184.4 4.6 56.7 82.1 0.7
26 30.8 64.8 7.1 22.5 73.3 0.9
27 37.6 86.4 4.4 28.7 76.3 0.3
28 57.6 112.8 15.2 32.0 55.5 -0.5
29 104.6 313.8 19 106.4 101.7 1.3
30 65.5 166 26 44.8 68.5 1.0
31 78.6 284.3 2.8 92.4 117.6 1.1
32 78.1 155 22.6 37.4 47.9 0.0
33 50.9 133.8 13.2 37.6 73.8 1.1
34 35.6 69 1.6 25.0 70.3 0.2
35 101.7 240.5 38 75.7 74.4 1.6
36 70.9 198 0 64.7 91.2 0.1
37 48.6 123 0 38.7 79.7 0.9
38 64.8 127.2 2.6 40.0 61.7 -0.2
39 16.4 61.2 0 22.6 137.4 1.9
40 28.2 76.8 0 30.9 109.5 0.9
41 12.1 36.2 0 14.4 118.6 1.5
42 7.0 64.2 0 20.2 289.1 1.0
43 33 22.6 0 7.3 223.2 1.3
44 0.0 0 0 0.0 - -
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Table 4.10: Weekly rainfall parameters over Mainpur Tehsil

SMW Mean Max Min >P CV (%) Skewness
(mm) (mm) (mm) (mm)
22 12.9 64.3 0 24.1 187.3 1.6
23 21.7 82.2 0 24.1 111.2 0.6
24 58.4 205.4 0 60.8 104.3 0.4
25 83.8 234.1 43 71.9 85.9 0.4
26 74.3 166.9 20.4 44.8 60.3 0.6
27 50.8 145.2 24 42.9 84.5 0.5
28 83.7 183.3 6.1 52.6 62.8 0.1
29 138.6 417 32 129.6 93.5 1.2
30 79.3 178.6 8.6 54.7 69.0 -0.3
31 125.0 312.2 6.8 110.5 88.4 0.4
32 55.5 181.8 6 49.4 89.0 0.6
33 82.6 186.9 21 49.2 59.6 1.1
34 67.7 142 12.2 37.5 55.4 -0.2
35 110.1 281 27.3 85.7 77.8 1.3
36 106.2 321.5 11.1 94.2 88.7 0.9
37 50.7 138.3 0 41.5 81.9 1.0
38 113.7 336 0 99.3 87.3 0.7
39 16.5 36.4 0 16.2 98.3 0.3
40 28.0 67.2 0 26.7 95.2 0.6
41 31.5 108.9 0 32.1 101.7 0.8
42 8.1 40 0 14.1 173.3 1.7
43 6.5 314 0 10.8 165.8 1.8
44 0.5 52 0 1.6 316.2 1.6
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Figure 4. 9 : Variation in mean weekly rainfall of Gariyaband
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Figure 4. 10 : Variation in mean weekly rainfall of Mainpur
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4.2 Analysis of Rainy Days

Considering 10 years (2011-2020) rainfall data the annual rainy days were
worked out over various Tehsils of Gariyaband district. The rainfall >2.5 mm was
considered as rainy days as per IMD protocol. After calculating the average annual
rainy days, the results of average annual rainy days were presented as a whole
number of rainy days by considering the decimal value above > 0.5 towards its next
higher number, similarly a value with < 0.5 was considered towards its lower value

number.

The average annual rainy days (Table 4.11) varied from 52 days at Chhura
and Fingeshwar to 60 days at Mainpur. Similarly, the average rainy days during

Kharif season (Table 4.12) varied from 45days at Fingeshwar to 51 days at Mainpur

Similar, analysis of rainy days was carried out by De and De, 2003; Singh et
al., 2003; Dixit et al., 2005; Barman et al., 2012 for various stations and found

differences in number of rainy days over different regions

Table 4.11: Average annual rainy days of Gariyaband district

Tehsil
Years . . .
Chhura Deobhog Fingeshwar  Gariyaband Mainpur

2011 44 43 49 71 55
2012 52 50 40 49 49
2013 64 54 65 63 69
2014 47 52 48 46 58
2015 48 48 45 39 55
2016 60 61 66 69 60
2017 42 54 52 51 59
2018 46 50 50 44 55
2019 63 62 48 62 64
2020 58 76 60 58 79
Mean 52 55 52 55 60
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Table 4.12: Average rainy days in Gariyaband district during

Kharif season
Tehsil
Years . . .
Chhura Deobhog Fingeshwar Gariyaband Mainpur

2011 44 43 48 69 53
2012 51 47 37 48 47
2013 57 47 54 53 61
2014 44 49 45 44 50
2015 42 42 43 38 44
2016 56 53 55 55 51
2017 34 46 42 40 51
2018 43 41 38 41 46
2019 45 52 43 52 49
2020 50 47 48 40 56
Mean 47 47 45 48 51

4.3 Characteristics of Rainy Season

The Morris and Zandstra (1979) technique of forward and backward
accumulation of weekly rainfall data is used to calculate the onset, withdrawal of the

rainy season.

Similar analysis of onset and withdrawal of monsoon for different region
over India have been evaluated may many scientists (Dash and Senapati, 1992; Babu
and Lakshminarayan, 1997; Dixit, 2005; Ali, 2007; Mandel 2013) and result reveled
an early onset of monsoon (south-west monsoon) in south-western part of India
followed by central and north-western parts of India. Similarly, withdrawal of

monsoon was late at southern and southern-eastern parts of India
4.3.1 Onset of Rainy season

At the beginning of the rainy season, there should be enough rain to prepare
the field and plant it with crops. The start of the rainy season is considered to have

occurred when precipitation hits 75 mm following the 20th SMW. The Standard
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Meteorological Week during which the corresponding year's rainy season began is
depicted in the table. The Table 4.13 shows that the rainy season begins on the 25,
SMW in all Tehsils, with the biggest delay occurring on the 29th, 31st, 29th, 31st,
and 28th SMW in Chhura, Deobhog, Fingeshwar, Gariyaband, and Mainpur tehsils,

respectively.

Table 4.13: Probability (%) of onset of Monsoon

Probability (%) of onset of monsoon

SMW
20 21 22 23 24 25 26 27 280 29 30 31

Chhura 00 00 07 66 216 470 271 294 21.1 577 33.0 495
Deobhog 1.2 57 1.5 417 192 541 346 273 528 240 610 57.6

Fingeshwar 7.3 - - 22 329 448 359 30.7 188 53.8 357 50.7
Gariyaband 1.0 - 43 89 209 472 153 233 363 591 443 513
Mainpur - - 9.8 134 425 538 49.6 1000 553 668 525 652

Probability (%) of onset of monsoon

SMW
32 33 34 35 36 37 8 39 40 41 42 43

Chhura  31.6 314 9.2 534 51.8 321 354 76 28 19 24 02
Deobhog 24.7 41.8 425 323 579 39.7 233 131 0.8 02 29 0.0
Fingeshwar 47.8 36.8 9.5 68.5 462 322 332 342 84 129 0.6 0.0
Gariyaband 52.6 34.6 19.1 61.8 483 33.8 43.0 10.8 199 38 40 0.1
Mainpur  40.2 54.8 44.7 63.7 60.5 358 627 52 175 225 28 1.1

4.3.2 Withdrawal of Rainy season

According to Morris and Zandstra (1979), the withdrawal of the rainy season
is based on the 20 mm of rainfall that was accumulated retroactively from the 46th
SMW. This information is shown in a table that shows when the rainy season ends
in various years. The table shows that the withdrawal of rainy season is in the 38th,
38th, 39th, and 38th SMW in Chhura, Deobhog, Fingeshwar, Gariyaband, and
Mainpur tehsils, respectively, while the latest withdrawal of rainy season is in the

43rd SMW for all tehsils in Gariyaband district.
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The percentage probabilities for withdrawal of rainy season during different

standard meteorological weeks are presented in Table 4.14

Table 4.14: Probability of Withdrawal of Monsoon

Probability (%) of Withdrawal of monsoon

SMW
35 36 37 38 39 40 41 42 43 44 45

Chhura 76.5 787 76.1 1482 39.0 281 290 249 135 - -
Deobhog 853 919 689 63.6 421 206 152 313 - - -
Fingeshwar 86.7 750 58.6 101.2 626 414 458 198 9.1 - -
Gariyaband 95.1 789 767 979 456 589 363 309 112 - -
Mainpur 926 848 7677 863 438 600 620 300 235 - -

4.4 Markov Chain Analysis

The assessment of dry and wet spells can be used as a tool to identify time
periods of inadequate water availability during the periods of crop growth. When
water shortages coincide with important growth stages, other solutions can be
developed. As an outcome, the chances of dry and wet spells occurring during crop
growth season, along with conditional probabilities that take sequential events into
account, provide the vital information on erratic rainfall characteristics required for

various agricultural operations.

Numerous scientists conducted similar weekly evaluations of dry and wet
spells for various parts of the nation (Pandharinath, 1991; Dash and Senapati, 1992;
289, Singh and Bhandari, 1998; Khichar et al., 2000; Sharma et al., 2003; Sharma
and Kumar, 2003; Singh et al., 2004; Jat et al., 2005; Reddy et al., 2008; Subhash

etal
4.4.1 Initial and conditional probabilities of dry and wet spells

In Tables 4.15 to 4.19, the initial and conditional probabilities of rainfall during the
22 to 44 standard meteorological weeks of all the tehsils in the Gariyaband district
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were estimated. There is a correlation between the initial and conditional dry and

wet probability.

Pp + Pw =100 %;

Ppp + Pwp =100 %

and Pww + Ppw = 100 %, respectively.

The main focus was given to the results of Kharif season only since it is very

important factor for production.

4.4.2 Probability of dry and wet spells for consecutive weeks

Tables 4.20 to 4.24 analyse and summarise the successive dry and rainy
spells. The findings suggest that during the Kharif season, the occurrence of 2
successive dry weeks was observed in the SMWs for 22-23, 41-44 at Chhura, 22,
41, 43-44 at Deobhog, 22-24, 39, 42-44 at Fingeshwar, 22-23, 39, 41-44 at
Gariyaband, and 22-23, 44 SMW at Mainpur.

Assessments of three and four consecutive dry weeks as well as analyses for
2,3, and 4 consecutive wet weeks during distinct SMW at multiple probability levels

have also been compiled and are shown in Tables 4.20 to 4.24.
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Table 4.15: Initial and conditional probabilities over Chhura

SMW Initial Probability Conditional Probability

Pw Pp Pww Ppw Pop Pwp
22 20.0 80.0 50.0 50.0 100.0 0.0
23 30.0 70.0 0.0 100.0 71.4 28.6
24 50.0 50.0 20.0 80.0 60.0 40.0
25 80.0 20.0 62.5 37.5 100.0 0.0
26 90.0 10.0 88.9 11.1 100.0 0.0
27 80.0 20.0 87.5 12.5 0.0 100.0
28 80.0 20.0 75.0 25.0 0.0 100.0
29 100.0 0.0 80.0 20.0 0.0 0.0
30 90.0 10.0 100.0 0.0 0.0 100.0
31 80.0 20.0 100.0 0.0 50.0 50.0
32 100.0 0.0 80.0 20.0 0.0 0.0
33 90.0 10.0 100.0 0.0 0.0 100.0
34 90.0 10.0 88.9 11.1 0.0 100.0
35 80.0 20.0 87.5 12.5 0.0 100.0
36 70.0 30.0 85.7 14.3 333 66.7
37 70.0 30.0 71.4 28.6 333 66.7
38 90.0 10.0 66.7 333 0.0 100.0
39 30.0 70.0 66.7 333 0.0 100.0
40 20.0 80.0 50.0 50.0 75.0 25.0
41 30.0 70.0 333 66.7 85.7 14.3
42 10.0 90.0 100.0 0.0 77.8 222
43 10.0 90.0 100.0 0.0 100.0 0.0
44 0.0 100.0 0.0 0.0 90.0 10.0
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Table 4.16: Initial and conditional probabilities over Deobhog

SMW Initial Conditional

Pw Pp Pww Pow Pop Pwp
22 30.0 70.0 333 66.7 85.7 14.3
23 50.0 50.0 20.0 80.0 60.0 40.0
24 80.0 20.0 50.0 50.0 50.0 50.0
25 100.0 0.0 80.0 20.0 0.0 0.0
26 80.0 20.0 100.0 0.0 0.0 100.0
27 60.0 40.0 83.3 16.7 25.0 75.0
28 80.0 20.0 62.5 37.5 50.0 50.0
29 90.0 10.0 77.8 22.2 0.0 100.0
30 100.0 0.0 90.0 10.0 0.0 0.0
31 80.0 20.0 100.0 0.0 0.0 100.0
32 80.0 20.0 100.0 0.0 100.0 0.0
33 90.0 10.0 77.8 22.2 0.0 100.0
34 70.0 30.0 85.7 14.3 0.0 100.0
35 90.0 10.0 77.8 22.2 100.0 0.0
36 80.0 20.0 87.5 12.5 0.0 100.0
37 70.0 30.0 71.4 28.6 0.0 100.0
38 90.0 10.0 66.7 333 0.0 100.0
39 30.0 70.0 100.0 0.0 14.3 85.7
40 60.0 40.0 50.0 50.0 100.0 0.0
41 20.0 80.0 50.0 50.0 37.5 62.5
42 10.0 90.0 100.0 0.0 88.9 11.1
43 10.0 90.0 0.0 100.0 88.9 11.1
44 0.0 100.0 0.0 0.0 90.0 10.0
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Table 4.17: Initial and conditional probabilities over Fingeshwar

SMW Initial Conditional

Pw Pp Pww Pow Pop Pwp
22 0.0 100.0 0.0 0.0 100.0 0.0
23 30.0 70.0 0.0 100.0 100.0 0.0
24 50.0 50.0 40.0 60.0 80.0 20.0
25 90.0 10.0 55.6 44.4 100.0 0.0
26 70.0 30.0 85.7 14.3 0.0 100.0
27 70.0 30.0 71.4 28.6 333 66.7
28 80.0 20.0 62.5 37.5 0.0 100.0
29 90.0 10.0 77.8 22.2 0.0 100.0
30 80.0 20.0 87.5 12.5 0.0 100.0
31 90.0 10.0 88.9 11.1 100.0 0.0
32 90.0 10.0 88.9 11.1 0.0 100.0
33 70.0 30.0 85.7 14.3 0.0 100.0
34 50.0 50.0 100.0 0.0 60.0 40.0
35 100.0 0.0 50.0 50.0 0.0 0.0
36 70.0 30.0 100.0 0.0 0.0 100.0
37 30.0 70.0 0.0 100.0 0.0 100.0
38 80.0 20.0 37.5 62.5 100.0 0.0
39 50.0 50.0 60.0 40.0 0.0 100.0
40 30.0 70.0 66.7 333 57.1 429
41 20.0 80.0 0.0 100.0 62.5 37.5
42 10.0 90.0 0.0 100.0 77.8 22.2
43 10.0 90.0 0.0 100.0 88.9 11.1
44 0.0 100.0 0.0 0.0 90.0 10.0
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Table 4.18: Initial and conditional probabilities over Gariyaband

Initial (%) Conditional (%)
SMW

Pw Pp Pww Ppw Pop Pwp
22 20.0 80.0 0.0 100.0 100.0 0.0
23 30.0 70.0 0.0 100.0 71.4 28.6
24 80.0 20.0 25.0 75.0 50.0 50.0
25 80.0 20.0 75.0 25.0 0.0 100.0
26 50.0 50.0 80.0 20.0 20.0 80.0
27 60.0 40.0 333 66.7 25.0 75.0
28 90.0 10.0 55.6 44.4 0.0 100.0
29 80.0 20.0 100.0 0.0 50.0 50.0
30 100.0 0.0 80.0 20.0 0.0 0.0
31 60.0 40.0 100.0 0.0 0.0 100.0
32 100.0 0.0 60.0 40.0 0.0 0.0
33 90.0 10.0 100.0 0.0 0.0 100.0
34 60.0 40.0 100.0 0.0 25.0 75.0
35 100.0 0.0 60.0 40.0 0.0 0.0
36 70.0 30.0 100.0 0.0 0.0 100.0
37 80.0 20.0 62.5 37.5 0.0 100.0
38 90.0 10.0 88.9 11.1 100.0 0.0
39 40.0 60.0 75.0 25.0 0.0 100.0
40 50.0 50.0 40.0 60.0 60.0 40.0
41 30.0 70.0 66.7 333 57.1 42.9
42 10.0 90.0 0.0 100.0 66.7 333
43 10.0 90.0 0.0 100.0 88.9 11.1
44 0.0 100.0 0.0 0.0 90.0 10.0
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Table 4.19: Initial and conditional probabilities over Mainpur

Initial (%) Conditional (%)
SMW

Pw Pp Pww Ppw Pop Pwp
22 20.0 80.0 0.0 100.0 100.0 0.0
23 40.0 60.0 25.0 75.0 83.3 16.7
24 70.0 30.0 57.1 42.9 100.0 0.0
25 70.0 30.0 71.4 28.6 333 66.7
26 100.0 0.0 70.0 30.0 0.0 0.0
27 80.0 20.0 100.0 0.0 0.0 100.0
28 80.0 20.0 75.0 25.0 0.0 100.0
29 100.0 0.0 80.0 20.0 0.0 0.0
30 80.0 20.0 100.0 0.0 0.0 100.0
31 80.0 20.0 75.0 25.0 0.0 100.0
32 80.0 20.0 75.0 25.0 0.0 100.0
33 100.0 0.0 80.0 20.0 0.0 0.0
34 90.0 10.0 100.0 0.0 0.0 100.0
35 100.0 0.0 90.0 10.0 0.0 0.0
36 90.0 10.0 100.0 0.0 0.0 100.0
37 80.0 20.0 87.5 12.5 0.0 100.0
38 90.0 10.0 77.8 22.2 0.0 100.0
39 40.0 60.0 75.0 25.0 0.0 100.0
40 50.0 50.0 60.0 40.0 80.0 20.0
41 60.0 40.0 50.0 50.0 50.0 50.0
42 20.0 80.0 100.0 0.0 50.0 50.0
43 10.0 90.0 0.0 100.0 77.8 22.2
44 0 100 0 0 90 10
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Table 4.20: Consecutive Dry and Wet Weeks probabilities over Chhura

Consecutive (%)

SMW

P2D P3D P4D P2W P3W P4wW
22 80.0 72.0 72.0 0.0 0.0 0.0
23 70.0 70.0 63.0 15.0 0.0 0.0
24 35.7 35.7 35.7 0.0 0.0 0.0
25 12.0 8.6 8.6 16.0 0.0 0.0
26 10.0 6.0 4.3 56.3 11.3 0.0
27 20.0 20.0 12.0 71.1 44.4 8.9
28 0.0 0.0 0.0 70.0 62.2 38.9
29 0.0 0.0 0.0 75.0 65.6 583
30 0.0 0.0 0.0 72.0 54.0 47.3
31 0.0 0.0 0.0 80.0 64.0 48.0
32 0.0 0.0 0.0 100.0 100.0 80.0
33 0.0 0.0 0.0 72.0 72.0 72.0
34 0.0 0.0 0.0 90.0 72.0 72.0
35 0.0 0.0 0.0 71.1 71.1 56.9
36 0.0 0.0 0.0 61.3 54.4 54.4
37 10.0 0.0 0.0 60.0 52.5 46.7
38 33 1.1 0.0 64.3 55.1 48.2
39 0.0 0.0 0.0 20.0 14.3 12.2
40 0.0 0.0 0.0 13.3 8.9 6.3
41 525 0.0 0.0 15.0 10.0 6.7
42 77.1 57.9 0.0 3.3 1.7 1.1
43 70.0 60.0 45.0 10.0 3.3 1.7
44 100.0 77.8 66.7 0.0 0.0 0.0
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Table 4.21: Consecutive Dry and Wet Weeks probabilities over Deobhog

Consecutive (%)

SMW

P2D P3D P4D P2W P3W P4wW
22 70.0 70.0 56.0 0.0 0.0 0.0
23 42.9 429 429 16.7 0.0 0.0
24 12.0 10.3 10.3 16.0 53 0.0
25 0.0 0.0 0.0 50.0 10.0 33
26 0.0 0.0 0.0 64.0 32.0 6.4
27 0.0 0.0 0.0 60.0 48.0 24.0
28 5.0 0.0 0.0 66.7 66.7 533
29 5.0 1.3 0.0 56.3 46.9 46.9
30 0.0 0.0 0.0 77.8 48.6 40.5
31 0.0 0.0 0.0 72.0 56.0 35.0
32 0.0 0.0 0.0 80.0 72.0 56.0
33 10.0 0.0 0.0 90.0 90.0 81.0
34 0.0 0.0 0.0 54.4 54.4 54.4
35 0.0 0.0 0.0 77.1 60.0 60.0
36 20.0 0.0 0.0 62.2 533 41.5
37 0.0 0.0 0.0 61.3 47.6 40.8
38 0.0 0.0 0.0 64.3 56.3 43.8
39 0.0 0.0 0.0 20.0 14.3 12.5
40 5.7 0.0 0.0 60.0 40.0 28.6
41 80.0 11.4 0.0 10.0 10.0 6.7
42 33.8 33.8 4.8 5.0 2.5 25
43 80.0 30.0 30.0 10.0 5.0 25
44 88.9 79.0 29.6 0.0 0.0 0.0
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Table 4.22: Consecutive Dry and Wet Weeks probabilities over Fingeshwar

Consecutive (%)

SMW

P2D P3D P4D P2W P3W P4wW
22 80.0 80.0 80.0 0.0 0.0 0.0
23 70.0 56.0 56.0 0.0 0.0 0.0
24 50.0 50.0 40.0 0.0 0.0 0.0
25 8.0 8.0 8.0 36.0 0.0 0.0
26 30.0 24.0 24.0 38.9 15.6 0.0
27 0.0 0.0 0.0 60.0 333 13.3
28 6.7 0.0 0.0 57.1 49.0 27.2
29 0.0 0.0 0.0 56.3 40.2 34.4
30 0.0 0.0 0.0 62.2 38.9 27.8
31 0.0 0.0 0.0 78.8 61.3 38.3
32 10.0 0.0 0.0 80.0 70.0 54.4
33 0.0 0.0 0.0 62.2 553 48.4
34 0.0 0.0 0.0 42.9 38.1 339
35 0.0 0.0 0.0 100.0 85.7 76.2
36 0.0 0.0 0.0 35.0 35.0 30.0
37 0.0 0.0 0.0 30.0 15.0 15.0
38 0.0 0.0 0.0 0.0 0.0 0.0
39 50.0 0.0 0.0 18.8 0.0 0.0
40 0.0 0.0 0.0 18.0 6.8 0.0
41 45.7 0.0 0.0 13.3 8.0 3.0
42 56.3 32.1 0.0 0.0 0.0 0.0
43 70.0 43.8 25.0 0.0 0.0 0.0
44 88.9 69.1 43.2 0.0 0.0 0.0
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Table 4.23: Consecutive Dry and Wet Weeks probabilities over Gariyaband

Consecutive (%)

SMW

P2D P3D P4D P2W P3W P4wW
22 72.0 72.0 72.0 0.0 0.0 0.0
23 70.0 63.0 63.0 0.0 0.0 0.0
24 14.3 14.3 12.9 0.0 0.0 0.0
25 10.0 7.1 7.1 20.0 0.0 0.0
26 0.0 0.0 0.0 37.5 9.4 0.0
27 8.0 0.0 0.0 48.0 36.0 9.0
28 2.5 0.5 0.0 30.0 24.0 18.0
29 0.0 0.0 0.0 44.4 14.8 11.9
30 0.0 0.0 0.0 100.0 55.6 18.5
31 0.0 0.0 0.0 48.0 48.0 26.7
32 0.0 0.0 0.0 100.0 80.0 80.0
33 0.0 0.0 0.0 54.0 54.0 43.2
34 0.0 0.0 0.0 60.0 36.0 36.0
35 0.0 0.0 0.0 100.0 100.0 60.0
36 0.0 0.0 0.0 42.0 42.0 42.0
37 0.0 0.0 0.0 80.0 48.0 48.0
38 0.0 0.0 0.0 56.3 56.3 33.8
39 60.0 0.0 0.0 35.6 22.2 22.2
40 0.0 0.0 0.0 37.5 333 20.8
41 42.0 0.0 0.0 12.0 9.0 8.0
42 51.4 30.9 0.0 6.7 2.7 2.0
43 60.0 343 20.6 0.0 0.0 0.0
44 88.9 59.3 33.9 0.0 0.0 0.0
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Table 4.24: Consecutive Dry and Wet Weeks probabilities over Mainpur

Consecutive (%)

SMW

P2D P3D P4D P2W P3W P4wW
22 80.0 64.0 64.0 0.0 0.0 0.0
23 60.0 60.0 48.0 0.0 0.0 0.0
24 25.0 25.0 25.0 17.5 0.0 0.0
25 30.0 25.0 25.0 40.0 10.0 0.0
26 0.0 0.0 0.0 71.4 40.8 10.2
27 0.0 0.0 0.0 56.0 40.0 229
28 0.0 0.0 0.0 80.0 56.0 40.0
29 0.0 0.0 0.0 75.0 75.0 52.5
30 0.0 0.0 0.0 64.0 48.0 48.0
31 0.0 0.0 0.0 80.0 64.0 48.0
32 0.0 0.0 0.0 60.0 60.0 48.0
33 0.0 0.0 0.0 75.0 56.3 56.3
34 0.0 0.0 0.0 72.0 54.0 40.5
35 0.0 0.0 0.0 100.0 80.0 60.0
36 0.0 0.0 0.0 81.0 81.0 64.8
37 0.0 0.0 0.0 80.0 72.0 72.0
38 0.0 0.0 0.0 78.8 78.8 70.9
39 0.0 0.0 0.0 31.1 27.2 27.2
40 0.0 0.0 0.0 37.5 29.2 25.5
41 32.0 0.0 0.0 36.0 27.0 21.0
42 40.0 32.0 0.0 10.0 6.0 4.5
43 45.0 22.5 18.0 10.0 5.0 3.0
44 77.8 0 38.9 0 19.4 0
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4.5 Planning of Soil and Water Conservation

Potential rainwater harvesting weeks were estimated by taking four
parameters into account: consecutive wet weeks, specified conditions, and another
parameter of mean weekly rainfall greater than or equal to 20 mm. Each condition
that satisfied the reference five parameters was allocated one weightage factor. In
order to qualify as a viable week for rainwater harvesting, a week has to reach four
weightages or more. The results are shown in Table 4.25. They showed that the
potential weeks for rainwater harvesting at Chhura were found to be 26-39 SMW;
25-38 SMW in Deobhog; 26-37 SMW in Fingeshwar; 26-40 SMW in Gariyaband
and 26-41 SMW in Mainpur Tehsil, respectively.

Table 4.25: Consecutives wet spell probabilities for rainwater harvesting

Station Chhura Deobhog Fingeshwar Gariyaband Mainpur
Pw SMW 24-36, 38-
24-38  23-3840 24-40 23-41
2 >40% 39
= P(2W) SMW
< 26-39 25-40 25-37 25-40 25-41
S >20%
S | PGW)SMW 26,
3 25-41 26-37 27-40 26-41
= >10% 39.41
= P(4W) SMW
24-41 26-41 27-37 27-41 26-41
>5%
Mean weekly rainfall
24-38 23-40 24-39 24-40 23-41
SMW >20 .mm
Potential week for
26-39 25-38 26-37 26-40 26-41

water harvesting

The consecutive dry periods indicate that additional irrigation and moisture
conservation methods are required. With reference to water availability during crop
growth phases, the dry spell analysis can be used as a technique to identify periods

of deficit (Table 4.35). Table 4.26 shows the data for the risk of occurrence of dry
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weeks (Pp) during the Kharif season (23-44th SMW) at probability limits of 25%,
26-50%, 51-75%, and >75% for various tehsils in the Gariyaband area. It revealed
that even during the Kharif season, the possibility of dry weeks (Pp) occurring was
recorded during the22,40,42, and 44th SMW at Chhura; 4 weeks (41-44th SMW) at
Deobhog; and21,41, and 44th SMW was observed for the remaining tehsil, i.e.,

Fingeshwaer, Gariyaband, and Mainpur.

Similar findings were observed for the conditional probability of dry week
preceded by dry week (Ppp) during the 22, 25, 26, 41, and 44th SMW at Chhura, 22,
31, 35, 40, 42, and 44th SMW at Deobhog, 22-25, 31, 38, 42, and 44th SMW at
Fingeshwar, 22, 38, 43, and 44 SMW at Gariyaband and 22-24, 40, 43, and 44, SMW
at Mainpur Tehsil. The in-situ moisture conservation measures which may be
adapted during dry spells of more than 50% probability level presented in Table
4.26.

Table 4.26: Weeks with different probabilities of occurrence of dry week
during Kharif season over different Tehsil of Gariyaband district

Dry week (<20 mm per week) occurring at different

Tehsils probability level during Kharif season
<25% 26-50% 51-75% >75%
Chuura 25, 35, 38 24,26-37 23,39, 41 22,40, 42-44
24-26, 28-33, 23,27, 34,
Deobhog 35-36, 38 37, 40 22,39 41-44
. 25,28-32,35, 24,26-27,33-
Fingshwar 38 34,36, 39 23,37,40 22,41-44
24-25,28-30,
Gariyaband 32--33, 35, 26-27,31, 34, 23,39, 41 22,42-44
36, 40
37-38.
Mainpur 26-38 24-25,40-41 233 22,42-44
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4.6 Probability Analysis of Weekly Rainfall

Tables 4.29 to 4.33 give the results of the analysis of rainfall data from the
last 10 years and the weekly chance of occurrence. This forecast assists in
maximising the selection of crops, the timing of their sowing and irrigation, and the
effective use of precipitation in order to achieve maximum yield. We focused on the
monsoon season weeks while estimating weekly rainfall probabilities (23rd to 42nd
SMW). The chance of weekly rainfall is calculated for all Tehsils in the Griyaband
district using three distinct plotting-position functions: Weibull's method,
Gringorten's method, and California's method at probability levels of 50%, 60%,
70%, 75%, 80%, and 90%.

Using error statistics, evaluate how well each plotting-position function
performs for each Tehsil separately (Murugappan, 2017). This evaluation technique
helps in determining the ranking of each plotting - position function in calculating
weekly rainfall magnitudes for each Tehsil of Gariyaband, as shown in Table 4.27-
Table 4.28 reveals that California's plotting-position function is rated as the highest
overall for all five Tehsils of Gariyaband.

In Fig., a visual representation of the expected rainfall value at a 70 to 90
percent likelihood level is shown. The 90 percent probability was shown to have
received the least amount of rainfall, while the 70 percent probability is shown to be
on top and is followed by a curve of rising probabilities. The maximum rainfall at
75% probability level was 48.2 mm (33 SMW), followed by 44.8 mm (29 SMW) at
Chhura Tehsil, 60.3 mm (25 SMW), followed by 46.9 mm (29 SMW) at Deobhog
Tehsil, 47.8 mm (35 SMW), followed by 47.6 mm (29 SMW) at Fingeshwar Tehsil,
52.9 mm (32 SMW), followed by 51.3 mm (35 SMW) (31 SMW). Lowest rainfall
of 0 mm was recorded in the following areas: Chhura (40-42 SMW), Deobhog (42
SMW), Fingeshwar (37,40-42 SMW), Gariyaband (42 SMW), and Mainpur Tehsil
(42 SMW).
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Table 4.27: Error statistics in estimation of Kharif season rainfall for different plotting - position function

Tehsils of Gariyaband district
Plotting
Positi Chhura Deobhog Fingeshwar Gariyaband Mainpur
osition
MSE | RMSE | MAE | MSE | RMSE | MAE | MSE | RMSE | MAE | MSE | RMSE | MAE | MSE | RMSE | MAE
Weibulls | 24.0 | 4.9 0.7 | 196 | 4.4 06 | 185 | 43 0.7 | 151 3.9 0.7 | 370 | 6.1 0.8
Gringorten | 19.9 | 4.5 07 | 187 | 43 06 | 13.6 | 3.7 06 | 11.3 3.4 06 | 249 | 5.0 0.6
California | 16.8 | 4.1 06 | 158 | 4.0 06 | 126 | 35 06 | 104 | 32 06 | 214 | 4.6 0.6

Table 4.28: Ranking of plotting - position functions in estimation of magnitude of Kharif season rainfall with different probability

of rainfall
Tehsils of Gariyaband district
Plotting : : i
Posit Chhura Deobhog Fingeshwar Gariyaband Mainpur
osition
MSE | RMSE | MAE | MSE | RMSE | MAE | MSE | RMSE | MAE | MSE | RMSE | MAE | MSE | RMSE | MAE

Weibulls 3 3 3 3 3 1 3 3 3 3 3 3 3 3 3
Gringorten 2 2 2 2 2 3 2 2 1 2 2 2 2 2 2
California 1 1 1 1 1 2 1 1 2 1 1 1 1 1 1
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Table 4.29: Prediction of weekly rainfall at different levels at Chhura

SMW Weibull's Gringorten's California

90% | 80% | 75% | 70% | 60% | 50% | 90% | 80% | 75% | 70% | 60% | 50% | 90% | 80% | 75% | 70% | 60% | 50%
23 00 [ 0.0 | 00 | 1.2 | 6.1 | 11.8 | 0.0 00 | 04 | 22 64 | 112 0.0 | 0.0 | 2.1 | 42 | 9.0 | 147
24 00 [ 2.1 | 57 | 9.6 | 182 ] 283 | 0.0 4.5 76 | 11.0 | 184|272 | 1.1 | 7.6 | 11.2 | 15.1 | 23.7 | 33.8
25 6.2 | 1871255328 (49.1 | 684 | 141 | 246 | 304 | 36.6 | 50.4 | 66.8 | 16.3 | 28.8 | 35.6 | 42.9 | 59.2 | 78.5
26 |23.3(284|31.2|34.1|40.8| 48.6 | 26.5| 30.8 |33.2| 357 | 413 | 48. | 27.7|33.2|36.1 | 39.3 | 46.4 | 54.8
27 | 11.8 | 18.5|22.1 | 26. | 347 | 45. | 154 | 21.1 | 242 | 27.6 | 351 (439|172 |23.8|275|31.4| 40.1| 504
28 | 10.6 159 |18.7|21.828.6| 36.7 | 14.1 | 185 |209| 235 | 293 |36.1 | 149 |20.1 | 23. | 26. | 329 | 4l.
29 0.0 | 9.9 | 22.8 365|673 | 103.7 | 23.5| 33.6 [39.2| 451 | 584 | 74.1 | 26.6| 384|448 | 51.7| 67.2| 854
30 | 21.4]27.7|31.1 348 | 43. | 52.8 | 249 | 303 |333| 364 |43.5|51.8 265|328 | 362|399 48.1| 579
31 42 | 182|258 | 34. | 523 | 739 | 129 | 248 | 313 | 382 |53.7| 72. | 155 |29.5|37.1 | 453 | 63.6 | 852
32 1267|322 |351|383|454| 538 [30.0.| 346 |37.2| 399 |459|53.1|31.1 |36.6| 395|427 | 49.8 | 582
33 | 4121450 |47.0]493 |542| 60.1 | 413 | 449 | 468 | 489 | 535|589 | 417|459 | 482 | 50.7 | 56.2 | 62.8
34 119.8]26.7 305|346 |43.6| 543 | 243 | 30.1 | 333 | 368 | 444 | 535|254 |323|36.1|40.2]|49.2| 599
35 0.0 [13.1] 23. [ 336|572 852 | 5.6 21. | 29.5| 385 | 58.7 826 | 9.5 | 276|375 | 481 | 71.8|99.7
36 23 [ 178263 (354|557 797 | 11.4 | 247 | 319 | 39.7 | 57.0 | 77.5 | 149 | 30.4 | 38.9 | 47.9 | 68.2 | 92.2
37 94 (169 | 21. [ 253|351 | 46.7 | 139 [20.03 |23.8 | 27.5 | 358 | 457 | 154 | 229 | 27. | 314 | 41.2 | 52.8
38 1392437462 |48.8 | 547 | 61.7 | 424 | 46.2 | 483 |50.0.5|554 |61.2 | 428 | 473|498 | 525 | 584|654
39 00 [ 0.0 | 00 | 04 | 55| 11.7 | 0.0 0.0 | 0.0 1.5 59 | 11.1] 0.0 | 0.0 | 1.2 | 3.6 | 87 | 149
40 00 [ 0.0 | 00 [ 00| 19| 63 0.0 00 [ 00| 00 | 20| 58| 00| 00| 00| 05| 42 | 8.6
41 00 [ 0.0 | 1.0 | 23 | 54 | 9. 0.0 0.7 1.8 | 3.0 56 | 87 | 00 | 1.6 | 29 | 43 | 7.3 | 11.
42 00 [ 00| 00| 00] 00| 38 0.0 00 [ 00| 00 | 00| 32| 00| 00| 00| 00| L7 ] 6.0
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Table 4.30: Prediction of weekly rainfall at different level at Deobhog

SMW Weibull's Gringorten's California

90% | 80% | 75% | 70% | 60% | 50% | 90% | 80% | 75% | 70% | 60% | 50% | 90% | 80% | 75% | 70% | 60% | 50%
23 50 | 75189 | 103 | 135|173 | 6.7 | 88 | 99 |11.1| 138 | 17.0 | 70 | 9.5 | 10.8 | 123 | 155 | 193
24 00 [ 1.9 | 72 | 129 | 256 | 40.6 | 0.0 | 47 | 94 | 144 | 256 | 387 | 0.1 | 9.8 | 15.1{20.0.8 |33.5| 485
25 | 449|514 |550| 588 | 674 | 775 493|548 |57.8|61.1 | 682 | 76.7 | 50.2 | 56.7 | 60.3 | 64.1 | 72.7| 82.8
26 | 17.8|24.7|285| 325 |41.5| 522 [22.8|28.6|31.7|351| 42.6 | 51.5 234|303 |34.1| 38.1 |47.1| 578
27 | 143|213 |252| 293 |385|494 | 84 | 143|176 |21.1 | 29. | 383 | 39 |109| 148 | 189 |28.1| 39
28 | 129|204 |246| 290 |38.8| 505 | 48 | 112|148 |18.6 | 27.1 | 37.1 | 6.4 | 14. | 18.1 | 225 | 324 | 44.1
29 | 11.7]26.6 | 348 | 435 |63.1| 862 | 11.7]26.6 | 34.8 |43.5| 63.1 | 86.2 | 23.7 | 38.7 | 46.9 | 55.6 | 75.2 | 983
30 | 28.8]35.1|38.6| 423 |50.6| 60.4 |21.1|33.8|40.7|48.1 | 64.7 | 84.3 [ 339|403 [43.7| 474 |557| 655
31 | 153 (276|344 | 41.7 | 578 | 769 | 33. | 383 | 413|444 | 514 | 59.7 [ 16.8|29.2 359 | 432 |59.3| 785
32 26 [195(28.7| 387 | 60.8 | 869 | 12. | 265|345 | 43. | 62. | 84.4 |163|33.2|424| 523 |74.5]| 100.6
33 119.21265|30.6| 349 | 445|559 |23.9|30.1 |33.6|37.2| 453 | 55. |251]325|365| 408 |50.5]| 61.9
34 29 (114 |16.0 | 209 | 32. | 451 | 52 | 124|164 |20.6 | 30.0. | 41.2 | 53 | 13.8|184 | 233 [344| 474
35 |20.8|31.8|378| 442 | 585|755 275|368 |41.9|473 | 59.5 | 74. [29.7|40.6 | 46.6| 53.0 | 67.4| 843
36 | 159226262 | 30.1 | 389|492 |20.5]|26.1 292|324 | 39.7 | 484 |21.3| 28. |31.6| 355 442 ]| 546
37 00 [ 93 | 169 | 25.1 | 434|651 | 34 | 153219289 | 445 | 63.0 | 6.6 | 20.6 | 282 | 364 |547| 764
38 | 15.4(27.1|33.6| 405 |559| 741 | 12.6 | 22.6 | 28.1 | 34. | 47.2 | 62.7 | 152| 27. | 334 | 403 |557| 739
39 |26.6|33.1|366| 404 489|589 |00 | 00| 00|03 | 75 |162| 00| 00| 02] 39 |124] 224
40 00 | 3.8 | 68 [10.0.1|174] 26. | 19 | 6.6 | 92 | 119 | 181 | 253 | 2.7 | 83 |11.3| 14.6 |21.9|30.0.5
41 64 | 84 | 95 |10.07| 133|164 | 48 | 65| 74 | 84 | 1007 | 133 | 0.0 | .7 | L8 3. 56 | 87
42 00 (00| 00| 00 | 00| 23 |00 00| 00|00/ 0.0 2. 00| 00| 00 | 00 1.2 | 3.6
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Table 4.31: Prediction of weekly rainfall at different level at Fingeshwar

SMW Weibull's Gringorten's California

90% | 80% | 75% | 70% | 60% | 50% | 90% | 80% | 75% | 70% | 60% | 50% | 90% | 80% | 75% | 70% | 60% | 50%
23 00 [ 0.1 | L.1 | 22| 47 | 76 0.0 1.0 | 1.8 | 28 | 49 74 100 | 1.6 | 26 | 3.8 | 63 | 9.2
24 00 [ 00 | 1.6 | 62 | 162 | 278 | 0.0 0.1 | 36 | 76 | 163 | 264 | 0.0 | 3.7 | 7.7 | 12.4 223 | 339
25 | 21.6 284 | 32. | 36.1 | 451 | 555 | 26. |31.8 348|383 | 459 | 546 | 27. | 339|375 |41.6|50.6| 61.
26 1.7 | 89 | 127 | 17.1 | 264 | 373 | 63 | 125 | 157|194 | 274 | 36.7 | 82 | 154 | 19.1 | 23.5|32.9 | 43.8
27 | 10.8 | 17.1 | 20.4 | 242 | 32.4 | 42.0 | 3.7 9.1 | 119|152 | 223 |[30.05| 53 | 11.6 | 149 | 18.7 | 26.9 | 36.5
28 256284299 |31.7|354| 398 | 27.7 | 30.1 |31.3 328 | 359 | 39.5 |322|40.1 | 442 | 49. | 593 | 71.2
29 00 [ 0.0 | 00 | 1.3 | 11.5| 235 | 349 | 414449489 | 574 | 674 |356|435|47.6|524|62.6| 745
30 62 129|164 (205|293 | 394 | 96 | 154|184 | 22. | 29.6 | 384 |11.6| 183 |21.8 259 |34.6 | 448
31 00 (112173244396 | 574 | 52 | 153 (20.6|26.8| 40.0. | 554 | 89 |20.6|26.6|33.8| 49. | 66.7
32 1199 |27.6 |31.7 | 364 | 465 | 583 | 247 | 313 | 347|387 | 473 | 57.3 |26.1 | 339|379 |42.6|52.8 | 64.5
33 1102 ] 16.7 | 20.1 | 24.1 | 32.6 | 42.5 | 14.1 | 19.6 | 22.5|25.8 | 33. 41.3 | 154 1219|253 (293|379 | 47.8
34 6.0 | 88 | 103|120 157 | 199 | 7.7 |10.0.|11.3|12.7| 158 | 194 | 82 | 11.0 | 125|142 | 179 | 222
35 57 273 |38.6|51.7(80.0.|112.7 | 16.8 | 354 | 452 |56.6 | 80.9 | 10.92 | 15.0 | 36.6 | 47.8 | 61.0 | 89.2 | 122.0
36 00 [ 7.1 |12.6 | 19. | 327 | 487 | 25 |11.5 (162|217 | 335 | 47.1 | 50 | 155| 21. | 274|412 | 57.1
37 00 [ 0.0 | 00 | 00| 75 | 204 | 0.0 00 | 00 | 0.0 | 6.9 182 | 0.0 | 0.0 | 0.0 | 2.5 | 13.6| 26.6
38 | 246292 315|343 | 403 | 472 | 27.6 | 31.5|33.5|358| 40.8 | 46.7 | 283 |32.8|352 | 38. |43.9| 509
39 00 [ 0.0 | 00 | 2.7 | 13.7| 265 | 23.7 | 31. | 348|392 | 487 | 59.7 | 0.0 | 0.0 | 43 | 9.5 | 204 | 332
40 00 [ 00| 00| 00| 33 | 82 |10.0.7| 134 (149|165 (20.0.1| 243 | 00| 00 | 0.0 | 1.7 | 59 | 10.8
41 00 [ 0.0 | 00 | 00| 35| 95 0.0 00 | 0.0 | 0.0 | 3.6 89 [ 00| 00| 00| 14| 67 | 128
42 00 [ 0.0 | 00 | 0.0 | 0.04]| 2.7 0.0 00 | 00 | 0.0 | 05 24 |1 00| 00| 00| 00/ 00| 0.0
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Table 4.32: Prediction of weekly rainfall at different level at Gariyaband

SMW Weibull's Gringorten's California

90% | 80% | 75% | 70% | 60% | 50% | 90% | 80% | 75% | 70% | 60% | 50% | 90% | 80% | 75% | 70% | 60% | 50%
23 0.0 | 0.0 | 0.1 19 | 6.0 |{10.8] 0.0 | 0.0 | 1.1 | 2.7 | 6.3 104 00 | 09 | 25| 45| 86 | 134
24 98 [13.8] 160 | 184 (23.6|299 | 119 | 154 172|193 | 239 | 29.2 | 13.0|17.0|19.2 | 21.6 | 27.0 | 33.1
25 92 [182] 232 | 285|403 | 542|144 (222|263 |31.0| 41.1 | 529 | 164|255 |30.3 358 | 47.7 | 61.5
26 81 | 11.5| 134 | 154 | 19.8| 25.1 | 104 | 133 | 148 | 16.5|20.03 | 24.7 | 10.8 | 142 | 16.0 | 182 | 22.6 | 27.9
27 7.8 | 123 | 148 | 17.4 | 233|302 | 10.7 | 145| 16.5| 189 | 239 | 29.7 | 114|159 | 183 | 21.1 | 27.0 | 33.8
28 2490299 | 32.6 | 354 | 419|495 | 28.1 | 323|345 |37.0| 425 | 489 | 289 |33.8|36.4|39.5| 459 | 535
29 00 [11.6] 206 | 303|519 | 774 | 12.7 | 364 | 488 | 63.3 | 944 | 1304 | 83 [249|33.643.8| 655 | 90.8
30 | 18.625.6 | 29.5 | 33.7 429 | 53.8 | 224|285 |31.7|354| 434 | 52.7 | 242|314 351|394 | 48.7 | 59.6
31 00 [ 0.0 | 39 |125|31.7|544 | 00 | 1.9 | 85 | 163 | 329 | 522 | 0.0 | 7.8 | 155|245 | 438 | 66.3
32 1392|451 | 483 | 51.7 1594 | 68.5 | 42.6 | 47.7 | 503 | 53.4 | 60.0 | 67.6 | 43.9 |49.8 529|565 | 642 | 73.2
33 | 114|173 | 206 | 24.1 | 319 | 41.1 | 146 | 19.8 |225|25.6 | 324 | 40.2 | 162222253 ]29.0| 36.8 | 459
34 0.0 | 0.0 1.8 40 | 89 | 147 | 133 | 16.5|18.1 [ 20.1 | 242 | 29.0 | 13.7 | 175|194 | 21.7| 26.7 | 324
35 | 240|357 | 42.1 |49.0.| 643 | 82.4 | 309 | 41.0 | 46.2 | 52.3 | 65.5 | 80.7 | 33.4 452|513 585 | 739 | 919
36 27 [ 129] 18.6 | 246 |38.0| 539 | 6.6 | 154 200|254 | 369 | 503 | 109 |21.3|26.7|33.0| 465 | 62.2
37 7.7 | 13.8 | 172 | 208 | 289 | 384 | 113 | 166|194 |22.6| 295 | 37.6 | 12.6 | 18.8 | 22.1 | 25.8 | 34.0.0 | 43.4
38 2411302 33.6 | 37.2 |452 | 54.7 | 282|334 |36.1 393 | 46.1 | 54.0 | 29.0 | 352|384 422 | 503 | 59.6
39 0.0 [ 0.0 | 0.0 07 | 53 1107} 00 | 00 | 00 | 1.7 | 56 | 102 | 00 | 00 | 1.4 | 3.6 | 82 | 135
40 0.0 [ 2.0.| 46 73 | 1341206 |004]| 44 | 64 | 88 | 140 | 200 | 1.1 | 58 | 82 | 11.1 | 17.2 | 243
41 6.6 | 89 [10.0.1| 114 | 143|178 | 46 | 65| 7.5 | 87 | 11.1 | 140 | 48 | 7.1 | 82 | 9.6 | 125 | 16.0
42 00 [ 0.0 | 0.0 00 | 00| 29 | 1.5 |39 | 52| 66| 98 1351 0.0 | 0.0 | 0.0 | 0.0 1.1 4.9
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Table 4.33: Prediction of weekly rainfall at different level at Mainpur

SMW Weibull's Gringorten's California

90% | 80% | 75% | 70% | 60% | 50% | 90% | 80% | 75% | 70% | 60% | 50% | 90% | 80% | 75% | 70% | 60% | 50%
23 00 | 08 | 27| 50|99 | 156 | 00 | 2.1 | 3.8 | 58 | 10.0| 150 | 0.0 | 3.8 | 5.7 | 80 | 129 | 18.6
24 00 | 62 | 11.1|168[29.0 | 43.1 | 1.7 | 98 | 140 | 189|294 | 41.6 | 44 | 13.7|18.6 | 243 | 36.4 | 50.6
25 83 [ 19.7 (2573271476 | 650 | 148 |24.6|29.7 357|485 | 634 | 174|289 |349|419| 568 | 742
26 | 272|343 |38.1 (424 |51.7| 62.6 |31.4|375|40.7|444|523| 61.6 |32.9|40.1 | 438 |48.1|57.5| 683
27 6.0 | 12.8 164 |205({294 | 39.7 | 9.8 | 156 | 18.6 222 |29.8| 387 | 11.5| 183 | 21.8 | 26.0 | 34.8 | 45.1
28 | 29.5|37.7|42.0(47.0|57.8| 703 |34.6|41.6|452|495|58.6| 69.2 |36.1|443 | 486 53.6| 644 | 769
29 39 | 244|350 | 475|742 | 1052 | 153 | 32.8 | 41.9 | 52.6 | 75.5 | 102.0 | 15.6 | 36.0 | 46.7 | 59.1 | 85.8 | 116.8
30 | 229 |31.5|359 |41.1 | 523 | 653 |28.2|355(393|43.7|532| 642 |29.8 383|428 |48.0]|59.2| 72.1
31 9.4 1269 |36.0|46.7|69.7| 963 | 55 |203|28.0|37.1|564/| 789 |234]41.0|50.1|60.8|83.7| 110.3
32 59 | 134173219 |31.7| 432 | 2.1 | 8.6 | 12.0 | 16.0 | 24.6 | 345 | 11.9| 194|234 | 28.0 | 37.8 | 49.2
33 | 30.7 | 38.5|42.6 475|577 | 69.7 | 352|419 | 454|495 |583 | 68.6 |37.0|449|49.0| 53.8|64.1| 76.0
34 | 29.0|349|38.0(41.5]49.2| 58.1 |32.6|375|402|432|49.7| 573 |33.7]39.6|42.7|462|539| 62.8
35 1207|342 |413 (496 | 67.3 | 879 |28.4|40.0|46.0|53.1 | 683 | 859 |31.6]45.1|522]|60.5]| 782 | 98.8
36 6.4 | 21.5]294|38.6|582| 81.1 | 15.1|28.0|348 (427|596 | 792 | 7.5 |22.6|30.5|39.7|593| 822
37 6.7 | 1341169 |209|29.6| 398 | 106|163 | 19.3 (22.7|30.2 | 388 | 12.1 | 18.7| 222|263 | 35.0 | 45.1
38 8.6 [ 245328 426|634 | 87.6 | 173 |31.0| 382|465 |644 | 852 | 6.7 |22.6|31.0]|40.7|61.5| 85.7
39 08 | 31 | 44 | 58 | 90 | 126 | 25 | 45 | 55|67 | 93| 123 | 1.5 ]| 39 | 52| 66 | 9.7 | 134
40 08 | 49 | 7.1 | 96 | 150 213 | 3.6 | 7.1 | 89 [ 11.0| 155 | 208 | 4.1 | 83 | 104 | 129 | 183 | 24.6
41 00 | 35| 6.1 | 92 |157| 233 | 1.1 | 54 | 76 [ 103|159 | 225 | 25| 7.5 |10.1 | 13.2|19.7| 274
42 00 | 00 | 00 | 00 | 14 4.6 00 | 00| 0.0 | 0.0 | 14 4.3 00 | 0.0 | 0.0 | 0.3 | 3.1 6.3
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Figure 4. 11: Predicted weekly rainfall at different probability level in Chhura
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Figure 4. 12: Predicted weekly rainfall at different probability level in Deobhog
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Figure 4. 13: Predicted weekly rainfall at different probability level in
Fingeshwar
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Figure 4. 14: Predicted weekly rainfall at different probability level in

Gariyaband
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Figure 4. 15: Predicted weekly rainfall at different probability level in Mainpur
4.7 Crop Planning

The availability of rainwater and its distribution over the entire crop growth
cycle determine whether rainfed farming is successful or unsuccessful. Although we
have no real control over the weather, we may optimize rainfed crop output by
modifying crop plans and agronomic techniques in accordance with the likely
weather conditions using statistical analytic methods. This management can be done

in accordance with the crop growth phases (Table 4.34) (Fig. 4.16,4.18), the crucial
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stages for water requirement (Table 4.35) (Fig. 4.17,4.19), as well as the stage-by-

stage water requirements of various crops, as shown in Table 4.36-4.37.

Table 4.34: Crop growth stages and growing days for different crop

Time of
Duration various
Crop Sowing time Growth stages
(Days) growth stage
(No. of DAS)
Seedling 0-15
3" week of June Vegetative 15—45
Paddy 120-135 .
— July 1% week Reproductive 46 - 175
Maturity 76 — 120
Seedling 1-14
3" week of June Vegetative 40 — 65
Maize 105-115
— July 1% week Maturity 66 — 95
Ripening 96 — 105
Table 4.35: Critical stages of different crops
Time of
o Duration  Critical Growth various
Crop Sowing time
(Days) stages growth stage
(No. of DAS)
Initial tillering 30-35
Panicle
40-45
3" week of June Initiation
Paddy 120-135 )
— July 1% week Booting 56-58
Heading 70-72
Flowering 75-77

Just prior to
) 3" week of June _ )
Maize 105-115 tasseling & gain 48-60
— July 1% week .
filling
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Table 4.36: Stage wise water requirement of Paddy crop

Percentage of total water

Stages of growth Water requirement (mm) _
requirement
Nursery 40 3.22
Main field preparation 200 16.12
Vegetative 458 37
Reproductive 417 33.66
Maturity 125 10
Water Requigement
200 mm >nm 458 mm 417 mm 125 mm

£,
1O

Figure 4. 16: Paddy crop growth stages and water requirement

Panicle Initiation Booting Heading
40-45DAS \56-58 DAS 70-7{):\5
Active Tillering s Flowering
\ —2 YN 75.77DAS

30-35DAS \

R

Figure 4. 17: Paddy crop critical growth stages
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Figure 4. 18: Maize crop growth stages and water requirement

Table 4.37: Stage wise water requirement of Maize crop

Percentage of total water

Stages of growth Water requirement (mm) )
requirement
Seedling 50 10
Vegetative 248 49.6
Maturity 162 324
Ripening 40 8

Grain filling

Just prior to ta% 48-60 DAS

t

Figure 4. 19: Maize crop critical growth stages
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4.7.1 Chhura Tehsil

It is noticeable from Tables 4.13 and 4.14 that the mean dates of the
significant monsoon's onset and withdrawal are 18-24 June (25th SMW) and 24-30
September (39th SMW), respectively. Anything that rains before June 18th can be
classified as pre-monsoon precipitation. The analysis of rainfall data revealed that
there are enough pre-monsoon showers before June 18th. Tillage practices are thus
permissible between before and after June 18 and Kharif crops can be sown during

this time. Further below primary crop strategy for this Tehsil

Paddy Crop

Direct seeded rice and rice nursery of short and medium duration
varieties could be sown at this season and transplanted by the 1st — 2nd week of July
for a successful crop. At 80 and 70 percent probable levels, total monsoon rain
amounts in Chhura ranged from 458 to 618 mm, which might be deemed sufficient
for growing rice crops. There seems to be an 80% and 75% chance, respectively, of
finding decent rainwater during the seeding and vegetative periods (25th to 34th
SMW). Under these conditions, a short duration rice variety of about 100 to 110
days can be easily grown without any adverse effects from a lack of rainfall. If short-
or medium-duration rice varieties are cultivated, the leftover moisture after the rice

harvested can be used to grow short-duration rabi crops in order to increase yields.

Rainwater with a 75 and 80 percent probability of being available is
sufficient in this Tehsil during the transplanting stage (27-28 SMW). There is a high
probability of consecutive wet weeks throughout this week. However, the SMW
immediately preceding the transplanting period, i.e., the 25-26th SMW, has a higher
probability of conditional dry weeks, therefore some assured irrigation facilities
should be maintained. The initial wet probability was found to be the highest in the
32nd SMW. The 30-31st and 33rd SMW have the highest conditional wet
probability, whereas the 40th to 44th SMW have the highest conditional dry
probabilities. It suggests there is a higher probability of a dry week during the
maturity phase. For protection of crop in last phases of crop farmer can use stored

water.
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The critical crop growth stages include active tillering, panicle initiation,
booting, heading, and flowering, that fall under the 29th—30th, 3 1st, 33th, 34th—36th,
and 37th-38th SMWs, respectively. During this period, there are 70-100%

probabilities of initial and conditional probabilities of weeks being wet.

Maize Crop

Total monsoon rain amounts in Chhura range from 458 to 618 mm at 80 and
70 percent probability levels, which may be deemed sufficient for cultivating maize
crops. Rainfall is reasonably good throughout the seeding and vegetative periods
(25th to 35th SMW) with 80% and 75% likelihood, respectively. Under rainfed
conditions, a maize crop with a sowing time of approximately 95 to 105 days can be

easily cultivated without suffering any negative effects from a lack of rainfall.

There is sufficient rainfall all throughout critical crop stage (31-35th SMW)
and there is a 75-80% probability of an initial and conditional dry week during the
39-42nd SMW, which falls under the ripening stage of the maize crop. During this

dry week, plant irrigation should be undertaken to meet the crop's water needs.

4.7.2 Deobhog Tehsil

Tables 4.13 and 4.14 show that the significant monsoon's average
commencement and withdrawal dates are 18-24 June (the 25th SMW) and 17-23
September (the 38th SMW), respectively. Anything that rains before June 18th is
considered pre-monsoon precipitation. Since there aren't enough pre-monsoon rains
before June 18th, rainfall data analysis has shown this. Thus, after June 18 tillage
techniques are allowed, and beyond that date, Kharif crops may be seeded. Primary

crop plan for this Tehsil is further below

Paddy Crop

For a profitable crop, direct seeded rice and rice nursery of short and medium
duration kinds could be sown this season and transplanted by the 2nd - 3rd week of
July. Total monsoon rainfall amounts at Deobhog were between 444 and 626 mm at
80 and 70 percent likely levels, which may be considered adequate for the

development of rice crops. During the sowing and vegetative stages, there seems to
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be an 80% and a 75% chance, respectively, of discovering good rainwater (26th to
35th SMW). A rice variety with a short growing season of about 100 to 110 days
can be grown successfully in these circumstances without suffering any negative

consequences from a shortage of rainfall.

In this Tehsil, adequate rainwater is available for transplanting with a
likelihood of between 75 and 80 percent (28-29th SMW). This week has a good
chance of having several straight wet weeks. The highest conditional dry
probabilities are found in the 41st to 44th SMW, whereas the highest conditional wet
probabilities are found in the 31st to 32nd and 39th SMW. It implies that there is a
greater chance of a dry week during the maturity phase. Farmers may use saved
water for crop protection throughout the latter stages of the crop.

Active tillering, panicle initiation, booting, heading, and blooming are the
essential crop growth stages, and they correspond to the 30-31st, 32nd, 34th, 35th -
37th, and 38th-39th SMWs, respectively. The initial and conditional odds of weeks
being wet throughout this time range from 70 to 100%.

Maize Crop

In Deobhog, the total monsoon rainfall quantities vary from 444 to 626 mm
at 70 and 80 percent likelihood levels, which might be considered enough for
growing maize crops. Throughout the sowing and vegetative phases (26th to 36th
SMW), rainfall is likely to occur at a rate of 80% and 75%, respectively. In rainfed
environments, a maize crop with a planting period of roughly 95 to 105 days can be
easily grown without experiencing any detrimental consequences from a lack of
precipitation.

There is adequate precipitation throughout the important crop stage (32—-36th
SMW), and the probability of an initial and conditional dry week during the 40—43th
SMW, which corresponds to the maize crop's ripening stage, is 80-90%. Therefore,
it was advised that maize should be sown early to allow for irrigation measures to
be carried out for field preparation and for seedling so that dry periods during the

maturity period may be overlooked.

86



4.7.3 Fingeshwar Tehsil

The mean dates of the substantial monsoon's onset and departure are 18-24
June (25th SMW) and 17-23 September (38th SMW), respectively, as shown in
Tables 4.13 and 4.14. Pre-monsoon precipitation includes all precipitation that
occurs prior to June 18th. Since there aren't enough pre-monsoon rains before June
18th, rainfall data analysis has shown this. Thus, KAarif crops can be sown between
now and June 18 if water is available to the land for field preparation and tillage

operations are permitted. Listed below is the Tehsil's major crop plan.

Paddy Crop

For a satisfactory crop, short- and medium-duration varieties of direct seeded
rice and rice nurseries could be planted now and transferred by the first or second
week of July. Total monsoon rainfall at Fingeshwar ranged from 340.4 to 488.7 mm
at 80 and 70 percent probabilities, which was only marginally enough to support rice
crop growth. During the sowing and vegetative phases, there appears to be an 80%
and a 75% likelihood, respectively, of discovering a reasonable amount of rainwater
(25th to 34th SMW). A rice variety with a short growing season of 100 to 110 days
can be produced successfully under these circumstances without suffering any

negative consequences from a shortage of rainfall.

In this Tehsil, during the transplanting stage, rainwater with a 75 to 80%
probability of being accessible is sufficient (27-28 SMW). This week has a good
chance of having several straight wet weeks. The SMW preceding the transplanting
period, i.e., the 25th—26th SMW, has a higher likelihood of conditional dry weeks;
as a result, some assured irrigation facilities should be maintained. It was discovered
that the 35th SMW had the highest initial wet probability. The highest conditional
dry probabilities are found in the 3 1st, 38th, 42nd to 44th SMW, whereas the highest
conditional wet probabilities are found in the 34th and 36th SMW. According to this,
there is a greater chance of a dry week throughout the maturity phase. Farmers can
use saved water to safeguard crops during the last stages of harvest.

The crucial stages of crop development are active tillering, panicle initiation,

booting, heading, and blooming, which are classified as the 29th—30th, 33rd—34th,
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and 37th-38th SMWs, respectively. Except for heading and flowering, which have
a greater likelihood of a dry week than a wet week, there are 70-100 percent initial
and conditional probabilities of weeks being wet during this time. In order to avoid

this, irrigation should be arranged during this period before crop transplanting.

Maize Crop

At 80 and 70 percent probability levels, Fingeshwar receives 340 to 488.7
mm of total monsoon precipitation, which may be termed enough for growing maize
crops. From the 25th to the 35th SMW, there is a good chance of rain during the
vegetative and seeding periods (rainfall probability is 80% and 75%, respectively).
In rainfed environments, a maize crop with a planting period of roughly 95 to 105
days can be easily grown without experiencing any detrimental consequences from
a lack of precipitation.

The important crop stage (31-35th SMW) receives adequate precipitation,
while the 39—42nd SMW, which corresponds to the maize crop's ripening stage, has
a 50-90% likelihood of an initial and conditional dry week. To meet the crop's water

needs during this dry week, plant irrigation should be done.

4.7.4 Gariyaband Tehsil

The mean dates of the substantial monsoon's onset and departure are 18-24
June (25th SMW) and 17-23 September (38th SMW), respectively, as shown in
Tables 4.13 and 4.14. Pre-monsoon precipitation includes all precipitation that
occurs prior to June 18th. Rainfall data analysis showed that there will be enough
pre-monsoon rains by June 18th. As a result, Kharif crops may be sown between
now and June 18 and tillage operations are permitted. A little further down, the

Tehsil's principal crop plan

Paddy Crop

Direct seeded rice and rice nursery of short and medium duration kinds might
be sown this season and transplanted by the 1st - 2nd week of July for a successful
production. Total monsoon rain amounts in Gariyaband varied from 395 to 529.4

mm at 80 and 70 percent likely levels, which may be considered enough for
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cultivating rice crops. During the seeding and vegetative periods, there appears to be
an 80% and a 75% likelihood, respectively, that precipitation will not be sufficient
(25th to 34th SMW).

During the transplanting stage, rainwater with a 75 to 80% chance of being
accessible is sufficient in this Tehsil (27-28 SMW). It's possible that this week will
end with several consecutive wet weeks. It was discovered that the 30th, 32nd, and
35th SMW had the highest initial wet probability. The highest conditional wet
probabilities are found in the 29th, 31st, 33-34th, and 36th SMW, whereas the
highest conditional dry probabilities are found in the 41st to 44th SMW. According
to this, there is a greater chance of a dry week throughout the maturity phase.
Farmers may use saved water to safeguard crops throughout the latter stages of their
growth.

Active tillering, panicle initiation, booting, heading, and blooming are
among the crucial stages of crop growth that, respectively, come under the 29th
through 30th, 31st through 33rd, 34th through 36th, and 37th through 38th SMWs.
There are initial and conditional probability of weeks being wet between 70 and 100

percent of the time during this time.

Maize Crop

Gariyaband can receive between 395 and 529.4 millimetres of total monsoon
rainfall each year with probabilities of 80 and 70 percent, respectively. Rainfall is
reasonable throughout the seeding and vegetative phases (25th to 35th SMW), with
80% and 75% likelihood, respectively. Without experiencing any detrimental
impacts from a lack of rainfall, a maize crop with a sowing time of roughly 95 to
105 days can be easily grown in rainfed conditions.

The important crop stage (the 31th to the 35th SMW) has received enough
rain, and the 40th to 42nd SMW, which corresponds to the maize crop's ripening
stage, has a likelihood of an initial and conditional dry week of 75 to 80 percent. To

meet the crop's water needs during this dry week, plant irrigation should be done.
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4.7.5 Mainpur Tehsil

The significant monsoon's average commencement and withdrawal dates are
18-24 June (the 25th SMW) and 1-7 October (the 40th SMW), respectively, as
shown in Tables 4.13 and 4.14. Pre-monsoon precipitation includes all precipitation
that occurs prior to June 18th. Rainfall data analysis showed that there will be
enough pre-monsoon rains by June 18th. As a result, Kharif crops may be sown
between now and June 18 and tillage operations are permitted. Listed below is the

Tehsil's major crop plan.

Paddy Crop

Direct seeded rice and rice nursery of short and medium duration kinds might
be sown this season and transplanted by the 1st - 2nd week of July for a successful
production. Total monsoon rain amounts in Mainpur varied from 497 to 698 mm at
80 and 70% likely levels, which may be considered sufficient for cultivating rice
crops. There appears to be an 80% and 75% possibility, respectively, of finding
adequate precipitation throughout the sowing and vegetative phases (25th to 34th
SMW). A rice variety with a short growing season of 100 to 110 days can be
produced successfully under these circumstances without suffering any negative
consequences from a shortage of rainfall. If short- or medium-duration rice types are
grown, the residual moisture after harvesting can be utilised to plant short-duration

rice harvests to boost yields.

Rainwater with a 75-80% chance of being accessible is sufficient in this
Tehsil during the transplanting stage (27-28 SMW). This entire week has a chance
of being a string of wet weeks. It was discovered that the 26th, 29th, 33rd, and 35th
SMW had the highest initial wet probability. The largest conditional wet
probabilities are in the 27th, 30th, 34th, and 36th SMW, whereas the highest
conditional dry probabilities are in the 40th and 43-44th SMW.

Active tillering, panicle initiation, booting, heading, and blooming are
essential crop growth stages that occur during the 29th-30th, 31st-33rd, 34th-36th,
and 37th-38th SMWs, respectively. There are initial and conditional odds of weeks
being wet of between 75 and 100 percent at this time.
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Maize Crop

It may be thought that the total monsoon rainfall quantities, which
range from 497 to 698 mm at 80 and 70 percent likelihood levels, are more than
enough to cultivate maize crops. From the 25th to the 35th SMW, there is a good
chance of rain during the vegetative and seeding periods (rainfall probability is 80%
and 75%, respectively). Under rainfed conditions, a maize crop with a sowing time
of roughly 95 to 105 days can be easily grown without encountering any problems

due to a shortage of rainfall.

There is adequate precipitation throughout the key crop stage (the 31st to
35th SMW), and the 39th to 42nd SMW, which corresponds to the maize crop's
ripening stage, has a 40-80% risk of an initial and conditional dry week. Plant

irrigation should be done throughout this dry week to meet the crop's water needs
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Table 4.38: Proposed crop water management plan

Tehsils of Gariyaband District

Strategy
Chhura Deobhog Fingeshwar Gariyaband Mainpur
Mean onset of 25"SMW | 25"SMW | 25" SMW 25" SMW 25" SMW
Between 17 and 24 June, or no
monsoon (18-24 June) | (18-24 June) | (18-24 June) | (18-24 June) | (18-24 June)
later than 26 June, for land
. 39t SMW 38t SMW 38t SMW 38t SMW ) )
Mean withdrawal 40" SMW preparation, crop sowing, and
(24-30 (17-23 (17-23 (17-23
of monsoon (1-7 October) nursery.
September) | September) | September) September)
Consecutive wet 26 —39h 25-38h 26370 26 — 400 26— 41" Rainwater harvesting during wet
spells SMW SMW SMW SMW SMW spells for using during dry spells
Some reliable irrigation is required
during the nursery and maturity
. stages of paddy for transplanted
Dry spells with | 22-23% 39t | 2pnd 39t | 2723t 37t 22-23% 22nd, o o
- conditions and the ripening stage
>70% probability | 42-44"SMW | 41-44"SMW | 42-44"SMW | 41-44"SMW | 42-44"SMW ) S
of maize crop. If irrigation isn't
accessible for paddy crops, direct
sowing could be preferred.
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Table 4.39: Proposed crop management crop during critical growth stages

Critical Tehsils of Gariyaband District
Crop Strategy
stages Chhura Deobhog Fingeshwar Gariyaband Mainpur
Active 29-30" 30-31®
29-30" SMW | 29-30"" SMW | 29-30"" SMW
tillering SMW SMW o
. A source of irrigation should be
Panicle . )
o 31 SMW 32 SMW 31 SMW 318 SMW 31 SMW ready during the flowering stage
& Initiation )
5 ) because it may have dry spells,
> Booting | 33" SMW 33t SMW 33 SMW 33 SMW 33th SMW
2 even though almost all phases
S 34-36™ 35-37™h
A~ Heading 34-36" SMW | 34-36" SMW | 34-36" SMW experience consecutive moist
SMW SMW
weeks.
. 37-38™h 38-39h
Flowering 37-38" SMW | 37-38" SMW | 37-38" SMW
SMW SMW
Just prior
= to o .
S _ 31-35% 32-36™ During this time, there is sufficient
P tasseling 31-35"SMW | 31-35"SMW | 31-35"SMW )
N ) SMW SMW rainfall.
‘2" & gain
filling
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CHAPTER V

SUMMERY AND CONCLUSIONS

5.1 SUMMARY

Accurate knowledge of the characteristics of rainwater is necessary to plan
how to use it. The amount and distribution of rainfall have a big influence on how a
crop grows and develops because rainfall is the main supply of water for rainfed
agriculture. Chhattisgarh state’s primary crop is rice. When compared to the national
average, the productivity is quite low (1.34 t/ha). 1200 to 1600 mm of rainfall fall
on the state each year, which is quite a bit. But the inequitable rainfall distribution
that frequently results in terminal droughts in widely dispersed places forces a large-
scale exodus of farmworkers and farmers to other viable areas, where water
shortages at critical growth stages are frequently observed.

Gariyaband is located in the Indian subcontinent's temperate region.
Beginning in November and lasting until the end of February is the winter. From
March to the second week of June, the summer season lasts. The monsoon season
begins in the middle of June and lasts through the end of September. Daily rainfall
figures for the ten-year period (2011-2020) were provided by the Department of
Land Records in the District of Gariyaband, and other significant data were also
gathered from other sources and used in this study.

In acknowledgment of the significance of regional rainfall analysis, research
was done to examine the rainfall pattern over a number of stations in the Gariyaband
district. The current study's acquisition and utilization of daily rainfall data for the
ten-year period (2011-2020) was done in order to achieve this. The daily rainfall
data were converted into weekly data using the Standard Meteorological Weeks
table. This standard table divided the 365-day calendar year into 52 Standard
Meteorological Weeks, of which the 23rd to the 39th week, which correspond to the
Kharif season, were analysed (June to September).

Utilizing a computer programme in Microsoft Excel, the statistical
parameters of maximum, minimum, mean, standard deviation, coefficient of

variation, skewness, and weekly and monthly rainfall values were determined. The
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highest and lowest amounts of precipitation in each week and month were taken into

account to determine the maximum and minimum values of precipitation.

The monsoon's characteristics, including its expected onset and withdrawal,
were predicted using Morris and Zandestra (1979) forward and backward
accumulation technique, and the length of the rainy season was computed. Markov
Chain analysis was used to determine the initial and conditional probabilities of a
single wet or dry week as well as subsequent 2, 3, and 4 weeks being either dry or

wet for the Kharif season.

Using varying probability values (50,60,70,75,80, and 90%), Weibull's,
Gringorten's, and California's plotting-position functions were used to estimate the
amount of rainfall during the Kharif season. The California technique receives the
overall ranking "1" in terms of error statistics after examination of the efficacy of
the aforementioned three plotting-position functions taken into account in the study
in best estimating the magnitudes of weekly rainfall at Gariyaband district. As a
result, it is recommended that the California technique be used to determine the best

plotting-position function for the supplied hydrologic data.

A thorough crop planning was recommended for each of the studies based

on the aforementioned analyses.

5.2 CONCLUSIONS

The conclusions listed below can be reached based on the observations: -

1. The coefficient of variation of the study area was found to be less than the
threshold limits (150%) for most of the weeks across several tehsils, with the
exception of the 40th - 43rd SMW (3 weeks) at Chhura; 22nd, 39th, 42th 43rd
(4 weeks) at Devbhog; 22nd, 37th, 40th - 43rd SMW (6 weeks) at Fingehswar;
and 22nd, 42th, 43rd S Throughout the study area, monsoon commencement
was seen to begin at its earliest in the 25th SMW, with the most delay occurring
on the 29th-30th SMW. The monsoon season finishes throughout the entirety
of the study region between the 38th and 39th SMW. As per analysis of all
tehsils' dry spells, the widest range of dry weeks (Pp) during the Kharif season
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would have been between 5 weeks (Chhura and Fingeshwar) and 4 weeks (>75
percent chance) (Devbhog Gariyaband, Mainpur). It can take anywhere between
9 weeks (Fingeshwar) and 4 weeks for a dry week to occur before another dry
week (PDD) (>75 percent) (Gariyaband).

2. At a level of 75 percent probability, 48.2 mm (33 SMW) of precipitation was
the largest amount, followed by 44.8 mm (29 SMW) at Chhura Tehsil, 60.3 mm
(25 SMW), 46.9 mm (29 SMW) at Devbhog Tehsil, 47.8 mm (35 SMW),
followed by 47.6 mm (29 SMW) at Fingeshwar Tehsil, 52.9 mm (32 SMW),
and 51.3 mm (31 SMW). Chhura (40-42 SMW), Devbhog (42 SMW),
Fingeshwar (37,40-42 SMW), Gariyaband (42 SMW), and Mainpur Tehsil all
had the lowest rainfall totals of 0 mm (42 SMW).

3. The nursery, reproductive, and maturity stages of the paddy crop experience
severe shortages of rainfall in all five study Tehsils, which leads to drought
conditions. As a result, if agriculture is solely dependent on monsoon rainfall,
its potential output of paddy crops may not be attainable. If excess rainfall is
retrieved, only short-duration paddy types (100-110 days) and medium-duration
paddy varieties (120-130 days) should be cultivated under rainfed conditions.
When irrigation is accessible at crucial growth phases, long-duration (>130 day)
rice types should be grown there.

At the peak of the maize crop's ripening, there is a severe lack of rainfall
availability in all five study Tehsils, which causes drought-like circumstances.
As a result, if agriculture is solely reliant on monsoon rainfall, prospective
maize crop production may not be attainable. For a successful maize crop, extra
rainwater that falls during the vegetative stage can be collected in water
harvesting structures at fields. The timing of canal operations must be controlled
to ensure that farmers receive enough supplemental irrigation water during the

ripening stages.

5.3 SUGGESTION FOR FUTURE WORKS

1. All other meteorological parameters can be taken into consideration for crop

planning in this area.
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Studies on conjunctive use planning of rainwater groundwater needs to be
made for optimal cropping pattern
Optimal cropping patterns need to be investigated under rainfed farming

situation.

97



REFERENCES

Adeboye, O.B., and Alatise, M. O. 2007. Performance of probability distributions
and plotting positions in estimating the flood of River Osun at Apoje Sub-
basin, Nigeria. Agric. Eng. Int.: CIGR J., 9

Admasu, W., Tadesse, K., Yemenu, F. and Abdulkadir, B. 2014. Markov Chain
analysis of dry, wet weeks and statistical analysis of weekly rainfall for
agricultural planning at Dhra, Central Rift valley Region of Ethiopia.
Academic Journals, 9(29):2205-2213.

Ahmad, L., Parvaze, S., Parvaze, S. and Kanth, H. R. 2017 Reference
evapotranspiration and crop water requirement of apple (Malus Pumila) in
Kashmir Valley Journal of Agrometeorology 19 (3):262-264

Ahmed, P., Deka, R. L., Baruah, B. P. and Nath, K. K., 2009, Rainfall based crop
planning in the Bark vally zone of Assam. J. Agromet., 11(2): 192—-195.

Ali, M. H,, Islam, A. K. M. R. and Amin. M. G. M., 2007, Trend of rainfall and
temperature in different regions of Bangladesh during last five decades. J.
Agromet., 9: 26-33.

Ali, S., Prasad, S. N. and Sethy, B. K., 2007, Analysis of south—west monsoon for
rainfed crop planning in Kota region of Rajasthan. Indian J. Soil Conserv.,
35: 189-193.

Ani shabri. 2002. “A comparison of plotting position formulas for the Pearson Type
1T distribution”, Jurnal Teknologi, 36(C) Jun. 2002: 61-74, Universiti
Teknologi Malaysia.

Anonymous. 2014, Agriculture Contingency plan for District — Gariyaband, ICAR.

Anonymous. 2019, District irrigation plan Gariaband, Pradhan Mantri Krishi
Sichayee Yojna (PMKSY), Department of Agriculture, Cooperation &
Farmers welfare, Government of India: 14-15.

Anonymous. 2019, District Survey Report — Gariyaband (Chhattisgarh), Directorate
of Geology & Mining, Mineral Resource Department, Government of
Chhatitsgarh, 17-18.

Anonymous. 2021, District socio-economic data brochure, District Planning and

Statistics, Gariyaband, 3-4B.

98



Anonymous. 2021, Expert System for Paddy, TNAU,

https://agritech.tnau.ac.in/expert_system/paddy/cultivationpractices3.html.

Anonymous. 2021, Maize Crop Information https://www.fao.org/land-

water/databases-and-software/crop-information/maize/en/.

Anonymous. 2022, Water Requirement: Maize Crop,

https://agritech.tnau.ac.in/agriculture/agri_irrigationmgt maize.html.

Babu, P. N. and Lakshminarayana. B., 1997, Rainfall analysis of a dry land
watershed—Polkepad: A case study. J. Indian Water Resources Soc., 17 (3):
34-38.

Barman, D., Saha, A. R., Kundu, D. K. and Mahapatra, B. S., 2012, Rainfall
characteristics analysis for jute-based cropping system at Barrackpore,
West Bengal, India. J. Agric. Phys., 12(1): 23-28.

Behera, S. and Subudhi, C. R. 2018. Markov Chain Model of Weekly Rainfall
Probability and Dry and Wet Spells for Agricultural Planning in Ganjam
District of Odisha. International Journal of Pharmacy and Pharmaceutical
Research, 12(3):422-433.

Bemal, S., Singh, D. and Singh, S., 2012, Rainfall variability analysis over eastern
agroclimatic zone of Haryana. J. Agromet., 14(1): 88-90.

Bhadoria H. S., Singh H. and Singh A. 2013. Rainfall Probability Analysis and Crop
Planning for Chambal Region of Madhya Pradesh. International Journal of
Agriculture, Environment and Biotechnology. 6 (1): 169.

Bhargava A. K., Singh P. K., Mitra V., Prasad A. and Jayapalan M. 2010. Rainfall
Variability and Probability Pattern for Crop Planning of Roorkee Region
(Uttarakhand) of India, Mausam. 61 (4): 509-516.

Bhuarya, Shiv Kumar. 2015 Agroclimatic analysis of Chhattisgarh state with respect
to sustainable crop production. M.Sc Thesis, Indira Gandhi Krishi
Vishwavidyalaya, Raipur: p 25-26, 30-42.

Chand M., Kumar D., Singh D., Roy N. and Singh D. K. 2011. Analysis of rainfall
for crop planning in Jhansi district of Bundelkhand zone of Uttar Pradesh.

Indian Journal of Soil Conservation. 39 (1): 20-26.

99



Chaudharay J.L ef al. 2015, Analysis of rainfall for strategic crop planning under
rainfed rice-based cropping system in CG. Ann. Agri. Res. New Series Vol
3(2): 184-190 (2015).

Cunnane, C. 1978. “Unbiased Plotting Positions- A Review.” Journal of Hydrology,
37:205-222.

Dabral, P. P., Purkayastha, K. and Aram, M. 2014. Dry and wet spell probability by
Markov chain model- a case study of North Lakhimpur (Assam), India.
International journal Agricultural & Biological Engineering, 7(6): 8-13.

Dash, M. K. and Senapati, P. C., 1992, Forecasting of dry and wet spell at
Bhubaneswar for agricultural planning. Indian J. Soil Conserv., 20: 75-82.

Dastidar A. G., Ghosh, S. U., De, K. and Ghosh, S. K., 2010, Statistical analysis of
monsoon rainfall distribution over West Bengal, India. Mausam., 61(4):
487—498.

De Datta, Surjit K. 1981, Principles and Practices of Rice Production, John Wiley &
Sons, New York, p 146-172, 318-332.

De, G. C. and De, P., 2003, Agro—meteorological conditions of Sriniketan, West
Bengal. J. Agromet., 5: 129-133.

Dixit, A. J., Yadav, S. T. and Kokate, K. D., 2005, The variability of rainfall in
Konkan region. J. Agromet., 7:322-324.

Dutta, P., and Khan, S. A., 2005. Probability analysis of rainfall for crop planning
under rainfed condition. Environment-and-Ecology. 23(2): 342-344.

Folland, C., and Anderson, C. 2002. “Estimating changing extremes using empirical
ranking methods.” J. Climate, 15, 2954-2960.

Gaikwad, S. D. 2009. Characterization of rainfall of Jalna District. M.Sc. (Agri)

Thesis. Submitted to M.A.U. Parbhani (India).

Ghadekar, S. R. and Miskin, R. B., 1998, A study on the characterization of monsoon
rainfall for sorghum (Sorghum Vulgare Pers) and its response to typical
rainfall patterns. Mausam., 49: 115-120.

Gore, P. G. 2001. Study of dry and wet spells for meteorological subdivisions of

India. Meteorological Monograph. Hydrology No. 12/2000, IMD Pune.

Gore, P.G. and Ray, K.C.S., 2002, Drought and aridity over district of Gujarat. J.

Agromet., 4: 75-85.

100



Goswami B., Singh O.P., Satapathi K K., Saikia Uday S. 2008, Rainfall analysis in
relation to rice crop for Janita Hills district of Meghalaya. Journal-of-
Agrometeorology.10(2): 188-192.

Harris, R. 1. 1996. “Gumbel re-visited—A new look at extreme value statistics
applied to wind speeds”, J. Wind Eng. Ind. Aerodyn., 59, 1-22.

Hundal, S.S. and Kaur Prabhjyot. 2002, Annual and seasonal climatic variability at
different location of Punjab state. Journal-of-Agrometeorology. 4(2): 113-
125.

Jat M. L., Sammauria R., Balyan J. K. and Sharma R. K. 2010. Crop planning in
semi-arid tracts of Udaipur region based on analysis of weekly Rainfall.
Indian Journal of Soil Conservation. 38 (2): 69-74.

Jat, M. L., Singh, R. V., Balyan, J. K. and Jain, L. K., 2005a, Dry and wet spells for
agricultural planning in Udaipur region. J. Agromet., 7: 131-134.

Jat, M. L., Singh, R. V., Balyan, J. K. and Jain, L. K., 2005b, Rainfall analysis for
crop planning in Udaipur region. Indian J. Soil Conserv., 33(3): 264-266.

Jhajharia, D., Shrivastava, S. K., Tulla, P. S. and Sen, R., 2007, Rainfall analysis for
drought proneness at Guwahati. Indian J. Soil Conserv. 35: 163—165.

Jordaan, I. (2005). Decisions under Uncertainty. Cambridge University Press, 672
pp.

Kar, S. K., Sahoo, D. P. and Subudhi, C. R. 2014. Weekly rainfall analysis for crop

planning using Markov’s chain model for Kandhamal District of Odisha,
India. International Journal of Engineering Research and Applications,
4(9):139-145.

Khudri, Md. Mohsin et al. 2013, Determination of best fit probability distribution
for annual extreme precipitation in Bangladesh. European Journal of
Scientific research, Vol 103, No 3, June- 2013, pp391-404.

Kothari, A. K., Jain, P. M. and Kumar, V., 2009, Analysis of weekly rainfall data

using onset of monsoon approach for micro level crop planning. Indian J.
Soil Conserv., 37(3): 164-171.
Krishnamurthy, K. N., Gowda, D. M. and Vasanth Kumar, T. 2015. Markov Chain

101



Kumar, A., Rampal., and Sharma, H.C., 2007. Probability analysis of monsoon
rainfall data of Saharanpur for agricultural planning. Indian-Journal-of-
Soil-Conservation.35 (2): 122-124.

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): 01-05.

Kumar, V. 2003, Rainfall characteristics of Shimla district (H.P.). J. Indian Water
Resources Soc., 23(1): 1-10.

Kumari, Pratibha & Kumari, Reena & Sharma, Babloo. (2021). WATER
MANAGEMENT IN RICE FARMING.

Majumder A., Ghosh, A., Pal, S. and Saha, A., 2005, Rainfall pattern and crop
planning in two agroclimatic zones of West Bengal under rainfed rice
cultivation. J. Agromet., 7(1): 44-50.

Makkonen, L. 2006. “Plotting Positions in Extreme Value Analysis”, Journal of
Appl. Meteorol. and Climatol., 45, 334 — 340.

Mandal, K. G., Padhi, J., Kumar, A., Sahoo, D. K., Majhi, P., Ghosh, S., Mohanty,
R. K. and Roychaudhuri, M., 2013, Analyzing rainfall events and soil
characteristics for water resources management in a canal irrigated area. J.
Water Resources and Ocean Sci., 2(1): 1-8.

Manikandan, M., Thiyagarajan, G., Bhuvaneswari, J. and Prabhakaran, N. 2017.
Wet And Dry Spell Analysis for Agricultural Crop Planning Using Markov
Chain Probability Model at Bhavanisagar. International Journal
Mathematics Computer Applied Research, 1(7):11-22.

Manikandani N, Arthi R. B., Sathyamoorthi K. 2014. Weekly rainfall variability and
probability analysis for Coimbatore in respect of crop planning. Mausam.
65 (3): 353-356.

Manorama, K., G. Ravichandran and T. A. Joseph. 2007. Rainfall analysis and crop
planning for the Nilgiris. Journal of Agrometeorology, 9: 209-215.
Mokashi D. D., Deshpande A. N., Khadtare S. V. and Jadhav J. D. 2008. Rain: Its

Probability Based Forecast at Solapur (India). International Journal of

Agricultural Sciences. 4(10): 390.

102



Murugappan, A., Sivaprakasam, S. and Mohan. S. 2017 Ranking of plotting position
formulae in frequency analysis of annual and seasonal rainfall at
Puducherry, South India, Global Journal of Engineering Science and
Researches, July 2017:67-76

Nath, K. K. and Deka, R. L. 2002, Perturbations of climatic elements of Jorhat,
Assam. J. Agromet., 4: 87-91.

Pali A. K., Thakur H and Khalkho D. 2016. Rainfall analysis-based rice crop
planning in Durg district of Chhattisgarh. Indian Journal of Soil
Conservation. 44 (1): 30-36.

Patil, P. P. and patil, M. M., 1991, Relationship between the extreme events and the
statistical parameters of rainfall at Dhule, Maharashtra state. Indian J. Soil
Conserv., 19(1-2): 75-82.

Pimpale, A. R., Hiwase, S. S. and Paual, P. G., 2001, Probability of rainfall at Akola,
Maharastra. J. Soil and Water Conserv., India, 45(3—4): 129-132.
Pradhan, A., Nag, S. K., Sao, A. and Mukherjee, S. C. (2018). Distribution of
Weekly Rainfall and Probability Analysis for Crop Planning in Bastar
Region of Chhattisgarh. Journal of Experimental Agriculture International,

25(2): 1-7.

Prathumchai, K., nagai, M., Tripathi, Nitin K., Sasaki Nophea 2018 Forecasting
Transplanted Rice Yield at the Farm Scale Using Moderate-Resolution
Satellite Imagery and the AquaCrop Model: A Case Study of a Rice Seed
Production Community in Thailand, ISPRS Int. J. Geo-Inf. 2018, 7, 73;
doi:10.3390/1jg17020073.

Ramdurg, H., Reddy, S. V. Krishnamurthy, G. D., Babu, M. B. and
Nemichandrappa, M. 2015 Weekly rainfall variability and probability
analysis for resource planning at Hadagali, Karnataka. International Journal
of Agricultural Engineering, 8(2):255-260.

Ray, M., Biswasi, S., Sahoo, K. C. and Patro, H. 2018. A Markov Chain Approach
for Wet and Dry Spell and Probability Analysis, International Journal of
Current Microbiology and Applied Science, 6:1005-1013.

Reddy, D. R., Sreenivas, G., Mahadevappa, S. G., Lata, A. M., Rao, S. B. S. N. and
Varma., N. R. G. 2007. Rainfall variability and its impact on agriculture in

103



north Telangana regions of Andhra Pradesh. Journal of Agrometeorology.
9: 253-258.

Saha, A. and C. Sarkar. 2005. An assessment of climatic risk involved in growing
rainfed rabi crops in different agroclimatic zones of West Bengal. Journal
of Agrometeorology.7: 36-43.

Saha, R. and Mishra, V. K., 2005, Probability analysis of rainfall at Meghalaya for
crop planning. Indian J. Soil Conserv., 33: 86—87.

Seetharam, K., 2005, Statistical study of excess and deficit rainfalls over Jalpaiguri.
Mausam, 56(2): 485-488.

Sharma, D. and Kumar, V., 2003, Prediction of onset and withdrawal of effective
monsoon dates and subsequent dry spells in an arid region of Rajasthan.
Indian J. Soil Conserv., 31(3): 223-228.

Singh, A. K., Singh, Y. P., Mishra, V. K., Arora, S., Verma, C. L., Verma, N,
Verma, H.M. and Srivastav, A. 2016. Probability analysis of rainfall at
Shivri for crop planning Journal of Soil and Water Conservation, 15(4):
306-312

Singh, J. P. and Singh, S. S., 2004, Climatological parameters and its variation in
Bikramganj, Bihar. Indian J. Soil Conserv., 32: 69-71.

Singh, P. K. 2005. Rainfall variability and crop planning in Sabour region of Bihar.
Journal of agrometeorology. 7: 284-290.

Singh, P. K., Baxla, A. K. and Singh, S. B. 2007. Rainfall characteristic analysis and
crop planning of Sabour region of Bihar, Indian Journal of Soil
Conservation, 35(1): 36-39.

Sinha B.L. et al. 2018, Rainfall probability analysis for crop planning in Raipur

region of CG Plain. Journal of Pharmacognosy & Phytochemistry, 2018;
7(5): 2207-2211.

Sr Bhakar 2008, “Probability analysis of rainfall at Kota”. Indian Journal of
Agricultural Research.

Stedinger, J. R., Vogel, R. M., and Foufoula, G. E. 1993. “Frequency Analysis of

Extreme Events.” Handbook of Applied Hydrology. Mc-Graw Hill Book
Co., New York, Chapter 18.

104



Subash N, Sikka A. K. and Haris A. A. 2009. Markov Chain Approach -dry and Wet
Spell Rainfall Probabilities for Rice-wheat Planning. Indian Journal of Soil
Conservation. 37 (2): 218-224.

Subash, N., Ashok, K. and Haris, A. A., 2008, Markov chain approach — dry and
wet spell rainfall probabilities for rice—wheat planning. Indian J. Soil
Conserv., 3(2): 91-99.

Subash, N., Singh, S. S. and Priya, N., 2012, Rainfall variability and its impact on
change of cropping systems in Bihar. Indian J. Soil Conserv.,40(1): 33-40.

Subramanya, K. 2008 Engineering Hydrology, 3™ edition, Tata Mc-Graw-Hill
Publishing Company Ltd.: 39-43

Swetha, A. N. 2014 Rainfall Analysis over Raichur District for Resource Planning
in Agriculture. M.Tech, University of Agricultural Sciences, Raichur: p 32-
43.

Talathi, M. S., Patil, B. P., Chavan, S. A., Khadse, R. R., and Zagade, M. V.(2008.
Rainfall characteristics, and crop planning with reference to rice in Konkan.
Journal-of-Agrometeorology.10(1): 101-103.

Thakur, Hansa 2012 Tehsil-Wise Planning of Crop and Water Resources of Durg
District. M.Tech Indira Gandhi Krishi Vishwavidyalaya, Raipur: 38-50

Tiwari, A. K., Sharma, A. K. and Srivasta, M. M. 1992 Probability analysis of
rainfall data of Datia district Bundelkhand for crop planning. Journal of Soil
and Conservation, 20(3):82-88.

Urkurkar, JS, Nain, AS, Tiwari, A, Mishra, RK, 2007. “Analysis of Cropping
System in Chhattisgarh”. Tech. Bull. No. IGKV, Pub. -2007/24, IGKV,
Raipur.

Vaidya V. B, Karande B. I, Pandey V, Lunagaria M. M and A. M. Shekh. 2008.
Rainfall probability analysis for crop planning in Gujarat state. Journal of
Agro meteorology. 10 (1): 183-185.

Vanitha, S. and Ravikumar, V. 2017. Weekly Rainfall Analysis for Crop Planning
Using Markov’s Chain Model for Kumulur. International Journal of
Agriculture Sciences, 9(42):4679-4682.

Venkatesh H. 1998. Rainfall studies of Bijapur. A climatic appraisal, Karnataka
Journal of Agricultural Sciences. 11 (2): 492-494.

105



Vergara, B.S. 1991. Rice Plant Growth and Development. In: Luh, B.S. (eds) Rice.
Springer, Boston, MA. https://doi.org/10.1007/978-1-4899-3754-4 2.

Vora, V. D., Vekariya, P. D., Patel, J. T., Rakholiya, K. D., Sanepara, D. P. and
Sharma, G. R. 2016. Rainfall analysis for crop planning in north saurashtra
agro-climatic zone. International Journal of Agricultural Science and
Research, 6(5):307-320

Xalxo A.L. 2021, Spatial & Temporal Variability of rainfall Pattern in the parental
district of CG. M. Sc Thesis, Indira Gandhi Krishi Vishwavidyalaya,
Raipur: 90-95

106



RESUME

Name :  Rajendra Kumar Deo
Date of birth; : 15 June 1998
Village + Post Dhawalpurdih, Tehsils
Present Address Gariyaband, District Gariyaband (C.G.)
PIN 493888
Phone -~ 9407742568
Email :  Deoputral 998@gamil.com

Village Ratawa, Post Pondagaon, Block Nagri,

Permanent Address District Dhamtari (C.G.)
PIN 493778
Degree Year University/ Institution
High School Certificate CG Board of Secondary
2013 . :
Exam Education, Raipur.
Higher Secondary 2015 CG Board of Secondary
School Certificate Exam Education, Raipur.
B. Tech (Agril. Engg.) 2020 IGKV, Raipur
M. Tech ( Agril. Engg.) Pursuing IGKYV, Raipur

Professional Experience: -

Membership of Professional Societies:
(If any)

e National Youth Parliament
Festival 2019 (3™ Position)

e [ICAR - KRITAGAYA Agtech
Hackthon - 2020, (National Level)

Publication (If any): 02

Award/ Recognitions (If any):

Signature

107



108



