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Abstract Hydrological effects comprise the changes in soil use to comprehend
the mechanisms of future climate and land use. The significant temporal trend was
identified in this study as being performed monthly, seasonal time scales using rainfall
data from 39 monitoring stations throughout the Sheonath Basin, subdivided into
five effective weighted stations by the creation of Thiessen polygon over Sheonath
River Basin in Chhattisgarh State for the period of 1980-2012. Hydro-meteorological
factors are evaluated using a combined trend detection technique. The findings show
a substantial downward trend at 5% significance level, an average of —0.10 mm
per year for all five monitoring stations for the month of March, May, September,
October, December, January, and February similar to June, July, August, April, and
November reveal the upward trend at 5% significance level, an average of 0.12 mm
per year. While the trend continues in various phases such as winter and pre-monsoon
seasons, the trend is considerably declining an average of —0.041 and —0.009 mm
per year, respectively, for all five monitoring stations and post-monsoon periods;
simga, andhayakore, and patharidih monitoring stations represent a downward trend
at an average of —0.0084 mm per year. The variability of rainfall has resulted to the
conclusion that the amount of rainfall variability decreases by 5.56% compared to the
average annual rainfall variability in the Rajnandgaon, Durg, and Kawardha Districts
during the Kharif season, and the rainfall variability decreases by 93.14%, 93.88%,
and 93.34% compared to the annual average rainfall variability in the Rajnandgaon,
Durg, and Kawardha Districts during the rabi season, respectively. Therefore, there
is a need for improvement in the eastern zone.
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1 Introduction

Water is a natural resource and its availability is a major problem for any venture
being planned, developed, and managed. Indian farming focuses primarily on rainfall
distribution and allocation. Rainfall distribution is the primary variable in the prepa-
ration and governance of water resource activities such as agricultural production,
water requirement alterations, irrigation, and reservoir activities [1]. The climate
change is related to distinct parameters of hydro-meteorology behavior relative to
two distinct phases. Variability in climate is not a very short-term technique. A notice-
able change in the climate takes years or centuries [2]. The temperature variations
and the irregular rainfall first appear in the picture when the term climate changes are
coined. Because of poor adjustment strategies and a very large population, this can
contribute to serious damaging conditions from the perspective of India [3]. Inten-
sive flooding and severe drought in distinct regions of the country can concurrently
prevail [4]. Extensive human interventions will further accelerate this. But the issue
to be studied is that, whether it is a drought or flood, an important effect on these
parts will be the variability in precipitation [5]. In India, owing to the southwest
monsoon, that is, June—September precipitation, it counts for rainfall. Also, in view
of the rise in temperature, rainfall is expected to rise in certain parts of the globe
in favor of such climate change. A number of researches worked on trend analysis
of rainfall in different geographical locations of India. Non-parametric and linear
regression test approaches were used in most of the researches to identify trends. In
this study, we used non-parametric techniques because World Meteorological Orga-
nization (WMO) suggests it is free from any type of distribution and robust against
outliers to detect important monotonous upward and downward trends for distinct
climatological and hydrological time scales [4].

2 Study Area and Data Used

Sheonath (also called Seonath) is located in Chhattisgarh region plains of India. This
basin extends from 20°16" to 22°41'N latitude to 80°25’ to 82°35’E longitude. A
large part of the Upper Mahanadi Valley is occupied by the basin [6]. Sheonath is
Mahanadi River’s longest tributary, spanning a length of 380 km. It originates near
the village of Panabaras in the district of Rajnandgaon, Chhattisgarh, 624 meters
above sea level. The main tributaries are Arpa, Tandula, Agar, Kharun, Maniyari,
and Hamp [5]. The basin’s area is 30,560 km?. The watershed topography is basi-
cally flat. The Sheonath Basin has a tropical wet and dry environment; from March
to June, temperatures can be highly warm, though moderate throughout the year.
The watershed receives an average precipitation of 1150 mm per year with a large
proportion contributing to the rainy season from June to early October, followed
by the post-monsoon period from October to December and gathered daily rainfall
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Fig. 1 Sheonath River Basin

information for 39 meteorological stations across the Sheonath River Basin to eval-
uate space and time variation for a span of 30 years (from 1980 to 2010). The five
stations, namely, Simga Jondhra, Patharidih, Kotni, and Andhiyakore are the Central
Water Commission (CWC) stations used in this study. Location map of the Sheonath
River Basin is shown in Fig. 1.

2.1 Data Used

The various sets of data have been used were the study course of Chhattisgarh State.
The basic data, which were collected and used during the entire works, are soil phys-
iography, soil type, soil depth, DEM, precipitation, temperature, length of growing
period, land use/land cover, available water capacity (AWC), and administrative
boundary. All the data were collected by visiting respective areas of the concerned
state. The maps relating to Chhattisgarh’s soil resources are collected as first infor-
mation and second most important parameters such as rainfall and temperature are
collected from different meteorological stations of Chhattisgarh.
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2.2 Rainfall Variability

The degree to which the quantity of rainfall changes across a region or over time is a
significant feature of the climate of a region called rainfall variability in climatology
and meteorology [7]. Analysis of rainfall is crucial for any area in terms of crop
planning. To maintain crop yield in the rain-fed scenario at important concentrations,
planning, and management of rain-fed crops in combination with frequent rainfall
patterns in the area is essential. For rain-fed crop planning, surveys of rainfall, in
particular, offer more data about its variability and probability assessment. Among
the climatic elements, rainfall is the most important single factor by climatic analyzer
and farmers which determines rainfall on the different time scale and daily rainfall
plays an important role in weather phenomena in tropical countries and helps to
determine the hydrological and agriculture land use potential investigation. Further,
accurate knowledge of agro-climate conditions is critical to the effective planning
of crops in any specific area [6]. This sort of knowledge is more significant in a
rain-fed area where crop production depends on climatic parameter and monsoon
incoherence. The distribution of rainfall in the rain-fed area is, therefore, a significant
determinant of crop yield [8]. In this context, it is necessary to collect, analyze, and
examine the region’s historical weather data in order to characterize the region’s
agricultural climate.

2.3 Annual Average Rainfall

The Chhattisgarh State has been divided into five major categories such as very high
rainfall zone (1600 mm), high rainfall (1500-1600 mm), medium rainfall (1400—
1500 mm), low rainfall (1300-1400 mm), and very low rainfall (rainfall < 1300 mm)
[6]. The spatial distribution of rainfall indicates that the southeastern Baster Region
comprising some parts of Dantewada and Jagdalpur, the southern portion of the
southern mountains, some parts of Sarguja and most parts of Jashpur and north-
western part of Chhattisgarh, some parts of Janjgir, Raipur, Mahasamund and most
parts of Raigarh perceive high to very high precipitation. The reason is that monsoon’s
onset is quite early in this part of the country, not in other areas of the country, so
monsoon remains active in this portion for a longer period [9]. Due to the undulating
area, another region that contributes to high rainfall may be dense forest cover and
orographic rainfall industry. Medium rainfall is received throughout Bijapur District
and parts of Dantewada, Narayanpur, Koriya, Jagdalpur, Bilaspur, Korba, Sarguja,
Janjgir, Mahasamund, Raigarh, and Raipur. The position and region of the stations
in the basin are shown on the Thiessen polygon map in Fig. 2 (Table 1).
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Fig. 2 Thiessen polygon of Sheonath River Basin

3 Methodology

In this study, daily rainfall data is used to generate monthly and seasonal time series
for investigating spatiotemporal changes in rainfall pattern. Ideally, rainfall data used



782

Table 1 List of rain gauge stations

S. Verma et al.

Rain gauge station Location Thiessen polygon area (km?)
Ambagarh Chowki (20.77N, 80.74E) 1298.78
Andhyakore CWC (21.82N, 81.60E) 364.88
Balod (20.73N, 81.23E) 934.39
Bemetara (21.73N, 81.54E) 537.71
Bilaspur (22.08N 82.16E) 1185.89
Bodla (22.18N, 81.22E) 114.63
Chirapani (22.20N, 81.19E) 1030.25
Chilhaki (21.7N, 82.30E) 547.10
Chuikhadan (21.54N, 81.02E) 1167.67
Dhamtari (20.82N, 81.55E) 1158.84
Dongargaon (20.97N, 80.86 E) 622.85
Doundi (20.48N, 81.09E) 976.89
Dongargarh (21.18N, 80.76E) 789.88
Durg (21.21N, 81.28E) 1574.88
Ghonga (22.30N, 81.86E) 684.03
Gandai (21.66N, 81.11E) 1562.45
Gondly (20.76N, 81.14E) 641.39
Jondhara CWC (21.73N, 82.36E) 490.28
Kawardha (21.90N, 80.93E) 630.16
Kendiri (20.98N, 80.92E) 563.02
Kharkhara (19.97N, 80.94E) 924.55
Khuria (22.39N, 81.59E) 1519.24
Khutaghat (22.30N, 82.20E) 1523.80
Kota (21.26N, 82.03E) 382.00
Kotni CWC (21.93N, 80.24E) 229.80
Madiyan (22.00N, 82.20E) 386.26
Mungeli (20.94N, 81.01E) 1114.24
Nawagarh (21.96N, 82.00E) 689.73
Newara (21.00N, 82.06E) 1050.78
Pandariya (22.05N, 82.03E) 881.23
Patharidih CWC (22.21N, 81.41E) 552.49
Pindrawan (22.36N, 81.60E) 610.78
Raipur (21.42N, 81.84E) 394.21
Semartal (21.26N, 80.93E) 432.25
Shahspur (21.00N, 82.00E) 667.41
Simga CWC (22.00N, 81.10E) 291.54

(continued)
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Table 1 (continued)

Rain gauge station Location Thiessen polygon area (km?)
Simga WRD (21.99N, 81.95E) 590.47
Sond (22.00N, 82 72E) 931.62
Surhi (Palemeta) (20.98N, 82.07E) 472.04

to investigate patterns of precipitation should be affected by climatic and atmospheric
conditions. Trend analysis was carried out using non-parametric methods as shown
in Fig. 3 and flowchart for study of rainfall variability is shown in Fig. 4, respectively.

Rainfall Variability

Trend Analysis

Kharif Season Rabi Season

Thiel Sen Slope
Estimator Test

Mann- Kendall Test

Inverse Weighting Distance Algorithm
(IWDA)

Comparison With Annual Average
Rainfall

Fig. 3 Methodology

EANDHAYAKORE ®GHARORA ®JONDHARA SPATHARIDIH ®SIMGA

T
JUNEL 1§ TR TERALL:

A5 AN FEB MAR APR MAY JUN JUL AUGT SEPT OCT NOV DEC

Fig. 4 Mann—Kendall (Zmk) statistics from 1980 to 2012 for monthly time scale
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3.1 Study of Time Series

A time series is a set of statistics, generally gathered at periodic intervals (monthly
average rainfall, annual rainfall temperature) and happens, of course, in many fields
of application (such as temperature, rainfall, precipitation) [10, 11]. Analysis of the
time series method predates those for particular stochastic processes and Markov
chains [12]. The purpose of analyzing time series is describing and summarizing
data and meetings from time series to low-dimensional model and predicting future
predictions.

3.2 Rainfall Variability

Rainfall Variability During Kharif Season. The maximum rainfall occurred in the
Kharif season from July to September months of the year. As shown in the table,
the average annual rainfall was divided into five categories as shown in Table 2.
During Kharif season, the spatial distribution of rainfall is shown in the eastern part
of northern hills zone comprising headquarters of Jashpur District and its surrounding
area. Due to hilly region, onset of monsoon is early and also active during Kharif
season, made to get maximum rainfall in this season.

Rainfall Variability During Rabi Season. As mentioned above, the highest
precipitation during the Rabi season varies from 80 mm to 160 mm. Most of the
plains of Chhattisgarh, southern mountains, and the southern portion of the plateau
of Baster fall under very low rainfall, (<85 mm), and the average annual rainfall has
been divided into five categories as shown in Table 3.

Eiglr?fzseizﬁlf[ig]durmg S. no. Category Rainfall in (mm)
1. Very high (>1525)
2. High 1450—1525
3. Medium 1375—1525
4. Low 1300—1375
5. Very low (<1300)
Table3 Rainfall during Rabi S. no. Category Rainfall in (mm)
season [13]
1. Very high (>160)
2. High 130—160
3. Medium 100—130
4. Low 85-100
5. Very low (<85)
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3.3 Trend Analysis

It is the most common statistical method used to explore the hydro-climatic time scale
temporal change [14]. The current research utilizes a non-parametric test (such as
Mann-Kendall and Theil-Sen Slope) experiment to evaluate trend identification. A
non-parametric test is considered as it is robust against outliers and distribution-free
[15].

4 An Analytical Method for Trend Analysis

4.1 Quantification of Trend Significance by MK Test

The aim of the Mann—Kendall (MK) experiment is to statistically evaluate whether
the interest variable over time series has a monotonous upward or descending
tendency [16]. A monotonous upward (downward) trend involves constantly growing
(decreasing) factors over time, but sometimes the trend may or may not be linear.
This method does not require any assumption (i.e., distribution-free) and frequently
known as the tau statistics of the Kendall, which has been widely used in climato-
logical time series testing for randomness against the trend [17]. The sample size
should not be less than four in the statistics of the MK test. It is the most frequently
used for analyzing climate and hydrological time scales to detect a trend [18].
The test is based on statistical S as described below in Eq. 1:

N—-1

N
S = Z sgn(xj — xi) (D

Jj=1j=j+1

where N is the data point number in the given time series, x; and x; are the data values
at the time scales i and j, respectively, as shown in Eq. 2

5=(xj—xi) (2)
1 if6>0

sgn(§) =30 ifs=1 (3)
—1if6 <0

In Eq. 3, the mean and variance of the § statistics are assumed to be independent
and identically distributed [19] and E(S) = 0, therefore

N-(N—l)-(2N+5)—Xn:tk-(tk—l)-(Ztk—i-S)
k=1

Var(S) = T

“4)
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—1 S+1
Z={i——-ﬁS>Q0ﬁS=0, Tl oifsso (5)

/var(s) Vvar(s)

Here, if the value of IZ] > Z* then in a two-tailed test, it rejects the null hypothesis
of no trend at 5% of the significance level (the trend is significant) [15].

4.2 Theil-Sen Slope Estimator

Theil-Sen slope is useful to estimate the change in the magnitude of a linear trend and
has been most commonly used to identify the magnitude of the hydro-meteorological
time series. If there is a linear trend, a straightforward non-parametric method is
developed by Sen [20]. Here, the full information group’s slope (7’;) is calculated
which is given below in Eq. 6 [6]:

Xj — Xk

Ji—k

T = fori=1,2,3,4...N (6)

where, at time j and k (j > k), respectively, the data sizes are x; and x;. The slope
estimator’s median Q; is depicted in Eq. 7 as

TN Tn+2
—+

Qi = 2 2

{TN+1

1
, N is odd, =
2 2

), N iseven (7

The increasing trend is depicted by a positive Q; value, and an adverse valuation
in the specified time series is a descending trend.

4.3 Inverse Weighting Distance Algorithm (IWDA)

Itis a sort of deterministic technique with a known point for multivariate interpolation
[21]. The allocated values to unidentified points are determined using a weighted
average of available values at recognized points. The weighted average encouraged
this sort of technique [22]. Because when allocated weights, it transferred each known
point to the reverse range. A distinct commercial GIS software setting is the most
commonly used and available IDW technique [23].
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Fig. 6 Sen slope (Q;) statistics from 1980 to 2012 for monthly time scale

5 Results and Discussion

5.1 Trend Analysis

See Figs. 5, 6 and 7. See Tables 4 and 5.

6 Conclusion

To deal with the ever-changing circumstances, climate change is very preliminary.
The trend analysis is performed for the Chhattisgarh State’s Sheonath River Basin
from 1980 to 2012 monthly rainfall and data is analyzed using non-parametric
approaches like a Mann—Kendall and Theil-Sen slope estimator. In this study, the
findings show a substantial downward trend at 5% significance level, an average of —
0.10 mm per year for all the five monitoring stations and the amount of rainfall vari-
ability decreases by 5.56% compared to the annual average rainfall during the Kharif
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Table 4 Mann—Kendall (Zmk) statistics from 1980 to 2012 for monthly time scale
Month Rain gauge stations
Andhayakore Ghatora Jondhara Pathardih Simga
January —1.10 —0.90%* —1.20* —0.70* 0.01
February —0.50* —1.10* —1.0%* —0.30% 0.00
March —0.60* 0.90* —0.50* —0.80* —1.20*
April —0.40% 0.40%* 0.80%* 1.20 0.30
May —1.40% 1.00%* —0.80* —1.00% —1.30%
June 0.20 0.40%* —0.20* —0.60* —0.50%
July 1.40 1.40%%* 1.70 1.10 0.90
August 0.50 2.10%* —0.20* —0.70* —1.10%
September —0.40* 0.40%* 0.10 0.13 0.20
October —1.0* 0.10%* —0.80* —1.00* —0.60*
November 1.90 0.80%* 1.10 0.20 1.10
December —0.50* —1.00%* —0.50* —0.70* —0.30%
Winter —1.10 —0.01 —0.80 —0.50 0.50
Pre-monsoon —1.00 0.01 —0.10 —0.30 —-0.50
Monsoon 0.30 0.22 0.30 0.30 —0.60
Post-monsoon —0.30 0.00 0.10 —0.70 —0.10

The positive statistics of (Zmk) data reflects the increasing trend and an adverse statistic is a declining
or decreasing trend in the given time series, and the * sign also indicates the significant decreasing
trend and * * indicates the significant increasing trend at 5% significance level
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Table 5 Sen slope (Q;) statistics from 1980 to 2012 for monthly time scale

Month Rain gauge stations

Andhayakore Ghatora Jondhara Pathardih Simga
January —0.201 —0.001 —0.012 —0.431 0.01
February —0.301 —0.001 —0.024 —0.321 0.01
March —0.000 0.001 —0.009 —0.001 —0.002
April 0.000 0.300 0.011 0.002 0.000
May —0.005 0.001 —-0.015 —0.003 —0.009
June 0.008 0.022 —0.049 —0.031 —0.034
July 0.064 0.104 0.398 0.080 0.052
August 0.025 0.092 —0.001 —0.052 —0.094
September —0.013 0.027 0.006 0.003 0.021
October —0.015 —0.002 —0.059 —0.018 —0.006
November 0.000 0.701 0.006 0.101 0.901
December —0.601 —0.500 —0.400 —0.521 —0.121
Winter —0.011 —0.015 —0.173 —0.004 —0.006
Pre-monsoon —0.013 —-0.016 —0.010 —0.002 —0.007
Monsoon 0.028 0.229 0.197 0.030 —0.087
Post-monsoon —0.005 0.004 0.011 —0.018 —0.002

Q;’s positive value represents the increasing trend and a negative value reflects a declining or
decreasing trend in the specified time series

season, and the rainfall variability decreases 93.14, 93.88, and 93.34% compared to
the annual average rainfall in the Rajnandgaon, Durg, and Kawardha Districts during
the Rabi season, respectively. This study demonstrates that understanding of changes
in the pattern of rainfall and their periodic assessment could be useful for hydrologist
management and irrigation planning to make more effective use of the water of the
area and appropriate decision on crop patterns as well as crop suitability.
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