Climate Change Impact Assessment from Drought Perspective for
Bundelkhand Region, M.P

ABSTRACT

The Bundelkhand region in Madhya Pradesh state poses many issues related to water resource
availability and is under grip of frequent drought like situation. The drought condition in the region
is continuously worst than before due to climate change which intimate increased drought intensity
and magnitude. The region mainly consists of 7 district of Uttar Pradesh and 6 district of Madhya
Pradesh. The present study aims to investigate drought characteristics in Bundelkhand region of
Madhya Pradesh using departure analysis and prioritization of which is carried out using RDI for
planning immediate mitigation strategies. The impact of climate change was assessing using Mann-
Kendell test and its magnitude of change using Sen’s slope estimator. For assessment of drought
characteristics and evaluation of climate change 45 years (1970-2014) monthly rainfall data is
analyzed. The average annual rainfall in Bundelkhand region in M.P is computed as 1071.1 mm. In
1970, 1974, 2002, 2006, 2007, and 2010 the region was under grip of widespread drought condition.
Prioritization using RDI indicated that Sagar district is at the highest priority and was followed by
Chhatarpur and Panna. The trend analysis reveals the decrement of seasonal rainfall patterns except
in Damoh and Chhatarpur districts. The annual rainfall trends assessment showed quite similar
changing patterns among the districts, except in Chhatarpur and Panna district.
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INTRODUCTION

Drought is a complex and multivariate phenomenon influenced by diverse physical and biological
processes resulting shortage of water over an extended period which badly affects the production of
agriculture, livestock, and the environment (Rhee et al. 2018). As per the India Meteorological
Department (IMD) if total seasonal rainfall received less than 75% of its normal value than it is
considered as drought. The frequency and intensity of drought are exacerbated due to climate
change which acts as a driver that causes variability in rainfall patterns. Many studies have shown
that greenhouse gas (GHG)-induced global warming may lead to an increase in drought occurrence

in the twenty-first century due to decreased precipitation and increased evaporative demand



associated with higher vapor pressure deficit under warmer temperatures (Dai et al. 2018). Climate
change has influenced the hydrological processes and renders its performance causing extreme
drought conditions and inadequate water availability. The influence of climate change due to its
impact on the pattern of precipitation, temperature, and evapotranspiration has diverted the attention
of many researchers worldwide to investigate factors that help to render its effects which causes

increase drought severity and frequency.

The problem of water shortage attribute to climate change scenario in the long term causes natural
variability in the different phenomenon and resulting in incrementing extreme drought conditions
imparted as decrease soil moisture, runoff, and streamflow. For water management strategies
adaptation the study of effects of climate change on hydrological, ecological, and socioeconomic
regimes is necessary. The hydrology of a region i.e. changes in the timing, amount, and form of
precipitation, evaporation and transpiration rates, and soil moisture are important to assess the
impact of climate change. Though drought is a long-term phenomenon affecting large regions
causing significant damages its evaluation coupled with climate change considerably helps in water
resources management and socio-economic development in the region. The threat that droughts
pose to the different sectors has necessitated the assessment of the potential impacts of climate
change at various scales to reduce their vulnerability (Loukas et al. 2007). Few studies on climate
change impacts on droughts have employed meteorological drought indices, which require
considerably fewer input data when compared to the weather, soil and land use information needed
by meteorological, hydrologic, geohydrologic and water management models as the tools for
assessing drought responses (i.e. Kothavala, 1999; Blenkinsop and Fowler, 2007; Mavromatis,
2007: Loukas et al.2007).

The present study mainly focuses to evaluate drought characteristics in the Bundelkhand region
along with climate change detection. Water stress condition is not new to the Bundelkhand region
which is home to 18 million people spread over 7 districts of Uttar Pradesh and 6 districts of
Madhya Pradesh. Over 75% of the Bundelkhand population continues to depend on agriculture,
while 96% of the total income in the region is raised from agriculture and livestock together. The
region experienced drought events in every 16 years during the 18th and 19th centuries. The drought
frequency, intensity, and magnitude have further escalated due to climate change over a long period
of time. Due to such unprecedented uncertainties associated with drought and climate change

scenarios, it is quite critical to examine the drought situations in the region.



MATERIAL AND METHODS

Description of Study Area
The Bundelkhand region lies in a semi-arid plateau which encompasses six districts of Madhya

Pradesh (M.P) viz., Chhatarpur, Tikamgarh, Damoh, Sagar, Datia and Panna. The region is located
between fertile Gangetic plain stretching across southern UP and the highlands of central MP. The
Bundelkhand region lies between 23°08'N and 26°30'N latitude and 78°11'E and 81°30'E longitude.
Agriculture is the major occupation in that region and the majority of which is rain-fed. The major
rivers in that region include Sindh, Betwa, Ken, Bagahin, Tons, Pahuj, Dhasan, and Chambal. They
are the major sources of drinking and irrigation water in the Bundelkhand region and in the
neighboring districts of Uttar Pradesh. The major soils include alluvial, medium black, and mixed

red and black soils. The base map of the study area is shown in Figure 1.
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Fig.1. Location map of the study area



Data Availability

For the assessment of drought characteristics rainfall data is mainly used and were obtained from
the India water portal sites, IMD, Pune. The data pertaining to the Bundelkhand region in Madhya
Pradesh consists of monthly rainfall data of 45 years (1970-2014).

Identification of Drought Prone Areas

The drought prone areas were identified using the probability analysis of annual rainfall. The region
was considered to be drought affected if the probability of occurrence of 75% of average annual
rainfall less than 80% (CWC, 1982; Sharma et al. 2019). The probability of exceedance computed
using Weibull’s plotting position formula in which annual rainfall series were sorted in the
descending order and ranks were assigned from 1, 2, ...... N. The computing formula for probability

of exceedance is provided in equation 1.
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Where,
P = Probability of Exceedance of annual rainfall,
m = Rank of the particular record,

N = Total number of observation,

Identification of Drought Years

Drought years were identified using departure analysis of seasonal and annual rainfall. For assessing
drought year seasonal rainfall was considered as it provides results that are oriented to monsoon and
which largely affecting marginal and small farmers. Departure analysis of seasonal rainfall was used
to compute drought years using criteria which implies seasonal rainfall departure less than -20%.
The criteria used were area-specific because in most of the literature the minimum criteria for
drought years were less than -25%. The departure was further classified into different categories for
assessing the drought severity and its frequency that prevails in the region (Appa Rao, 1986;
Thomas et al. 2014). The seasonal rainfall departure was computed using equation 2. Chart 1 enlists

the drought classes which were evaluated using departure analysis.
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Chart 1: classification of drought severity based on the rainfall departure



S.No. Seasonal rainfall departure (%o) Drought Class
1. -20 to -25 Mild drought
2. -25t0-35 Moderate Drought
3. -35to -50 Severe Drought
4. >-50 Extreme Drought

If the value of seasonal departure is less than -20 then no drought condition, if the value of departure
lies between -20 to -25% then moderate drought, and if it lies between -35 to -50% then severe

drought and less than -50% implies extreme drought condition.

Relative Departure Index

During drought conditions, it is important to identify the most critical area in the drought-affected
region. The worst affected area can be prioritized in the region and accordingly mitigation strategies
will be implemented. Prioritization of blocks using relative departure index is a simple and most
widely used method and is based on assigning weights to different drought severity classes as (1) for
mild drought, (2) moderate drought, (3) severe drought, and (4) extreme drought. The weighted are
decided by the impact caused by the type of drought, which emphasis that extreme drought which
has greater impact will be allotted with a higher weighted number and vice-versa. Summation of
weights multiplied with the number of drought events with different severity divided by the total
number of years under consideration implies rank or RDI (Kar et al. 2016; Kumar et al. 2020). The
computation of RDI was carried out using equation 3.
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Where,

N= Total number of a year under consideration

Wi= Weight for the it"drought years

Mann-Kendell (MK) Test

To detect monotonic trends in a series of rainfall data non-parametric Mann-Kendell (MK) test was
used (Thorsten Pohlert, 2018). The MK test involves two sets of hypothesis viz., the null hypothesis

(Ho) which implies no trend i.e. the data in a set of series is independent and do not show any




realizations and the alternative hypothesis (Ha) that is data follow a monotonic trend. The Mann-
Kendall test statistic is calculated using equatlon 4 (Mann 1945).
S= Z angn(x
i=lj=+r 4)
Where X; and x; are the annual values in years i and j, respectively, (1> j ) and n is the number of

data points. The value of sign(x; - x; ) is computed as follows:
1 fx-x>0
sign(xi—xj)z 0 ifxi—xj:O ~~~~~~~~~ )
-1 if X, —x; <0
This statistic represents the number of positive differences minus the number of negative differences
for all the differences considered.

For sample size n > 10, the mean and variance are given by:

n(n-1)(2n+5) - Dt -Vt +5 ©)
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Where m is the number of tied groups and ti is the number of ties of extent i(Afouda, 2017).
If there are no ties between the observations, the variance is computed as:

o*(8) = n(n_liézms) ......... %

The standard normal test statistic Z is computed using equation stated below as per the condition

satisfied:
S—1

s If,S>0 ... (8)
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The presence of a statistically significant trend is evaluated using the Z value. A positive value of Z

Z =

Z =

indicates an upward trend and its negative value a downward trend(Adarsh & Reddy, 2015). The Z

values were tested at 0.05 level of significance.

Sen’s Slope Estimator



Non-parametric method (Sen, 1968) is used to estimate the magnitude of change in trends in time

series data. The slope of ‘n’ pairs of data can be first estimated by using the following equation 11:

_Xj =X

Where xj and xi are considered as data vhtués at time j and i( j>i) correspondingly.

The median of these n values of Q is represented as Sen’s estimator of slope (Prayas Rath, 2016)

Q=Tnu If Nisodd ......... (12)
2
1 .
Q:E[ N —|—TN+1] IfNiseven ......... (13)

Sen’s slope is computed using equation 12, if N appears odd, and equation 13, if N appears even. In
the end, Q is computed by a two-sided test at 100 (1-a) % confidence interval and then a true slope
can be obtained by the non-parametric test. The positive value of Q indicates an upward or
increasing trend and a negative value of Q gives a downward or decreasing trend in the time series
(Begum, 2006).

RESULT AND DISCUSSION

Statistical Analysis

The statistical approach was mainly considered for assessing the general information for the study
area based on which the blocks within the region can be compared. The Bundelkhand region in
Madhya Pradesh comprises of 6 districts. The assessment of monthly rainfall data of 45 years (1970
-2014) revealed that the region receives an average annual rainfall of 1071.1 mm. Out of 6 districts;
Datia receives the minimum average annual rainfall of 802 mm and a maximum of 1203 mm
received by Sagar. The rainfall variability in the region was assessed using the coefficient of
variance (CV %). The region shows high variability in annual rainfall and that value correspond to
30%, such high variability in rainfall influence to drought-like situation when substantially low
rainfall occurred in any particular years. Almost all districts show high CV% value but were
maximum in Sagar with 36% and minimum in Datia with 26 %. Bundelkhand regions have high
rainfall variability which acts as a constraint for agricultural activities and thus affecting the
livelihood of largely rainfall dependent population. The mean and coefficient of variance for



different districts in Bundelkhand region are shown in Table 1. Figure 2 and Figure 3 show the
variation in annual rainfall and CV% in the Bundelkhand region.

Table 1: Mean and coefficient of variance in Bundelkhand region of M.P

S.No. District Mean CV (%)
1. Chhatarpur 935 28.9
2 Damoh 1174 28.6
3 Datia 802 26.8
4, Panna 1179 29.7
5 Sagar 1203 36.2
6 Tikamgarh 999 28.1
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Computation of Drought years

Drought years were evaluated using a departure analysis of seasonal rainfall. The seasonal rainfall
depicts the drought scenario which prevails during the most critical stage where farmers are highly
dependent on monsoon for their crop productivity. The assessment of drought years helps to get the
extent as well as the severity of drought in the region. Mainly four types of drought occurred at
different years viz. mild, moderate, severe, and extreme. In the present study, the year is considered

drought years when rainfall departure is less than -20%. The drought years as computed by




departure analysis in the series of 1970-2014 rainfall data are tabulated in 2. Maximum drought
severity at various district: Chhatarpur (-44 % in 2014), Damoh (-38 % in 2002), Datia (-44% in
2002), Panna (-47% in 1970), Sagar (-62% in 1972), Tikamgarh (-46% in 1979).

Table 2: Drought year during the span of 1970-2014

District Drought year

Chhatarpur 1970, 1973, 1974, 1994, 1995, 1998, 2006, 2007, 2010

Damoh 1970, 1972, 1974, 1976, 1989, 2002, 2006, 2007, 2014

Datia 1978, 1979, 1980, 1981, 1989, 2000, 2005, 2006, 2007, 2009, 2010

Panna 1970, 1973, 1977, 1979, 1986, 1998, 2000, 2006, 2007, 2009, 2010

Sagar 1970, 1974, 1981, 1984, 1986, 1988, 1992, 2000, 2002, 2007, 2008, 2010, 2012
Tikamgarh 1977, 1979, 1986, 1988, 1989, 1991, 1995, 2000, 2002, 2004, 2010

The region was under grip of widespread drought condition in 1970, 1974, 2002, 2006, 2007, and
2010. Due to acute water shortage the agriculture sector in region was adversely affected and
resulted in loss of livelihood and inadequate crop growth. Figure 4 to 9 depicts seasonal rainfall
departure in different districts of Bundelkhand region falling in Madhya Pradesh. The severity of

drought was much more intense in Sagar district as compared with other district in Bundelkhand

region.

80 _ 80

P 60 7 60

£ 40 £ 40

g z

= 20 20

g o ls J 11 11 = ) vl 1Ll ul

g ILU U L L III TTTTET ™MTTTT III FITII T™T THT FII T 1T TH| r.E T III FTip r I|I|I T I|I IlIII T I|I III TTTT

% -20 ' = -20 o

2 I = I

Z-40 s -40

v o

60 & -60
o MmO = = -~ ©o n >~ n O o~ o mnm Y = F>~omnmO NN o m
- [~ -~ @ © © & ¢ ¢ <o <o - -~~~ 0 0 0o & o o — -
Lo T o o o = o ) N o) T e R e B e [o o o o o o ) o) o) I e I e R o i
R B e B T e N e B o B o B o B B | R e e T o B e B e B e T e T o R o B B B N ]
Year Year
Fig.4: Seasonal rainfall departure at Chhatarpur | Fig.5: Seasonal rainfall departure at Damoh




80 80
£ 60 £ 60
E 40 I ; 40
= g 20 I
T 20 g o o all LI d L 1] 1]
= IIIIIIIIIIIIIIII.IIIIIIIIIIIIIIII'IIIIIIIIIIIII
% 0 T IIIIIIIII T IllIIIIIIII T IIIIIIIIIII I|III III VIVI'Y‘VIVIVIVIVI‘IIIIII E _2?] I I I II II I II
E-20 1 E .40
£ -40 = -60
£ -60 g -80
omY NNy 0 - o m o™
EECEEsF88SS2C CeacaRRETES2E8E23
99T gsass RO R P I e e e S S R
Year Year
Fig.6: Seasonal rainfall departure at Datia Fig.7: Seasonal rainfall departure at Panna
140 _ 80
$120 S
= La—
100 7 60
£ 80 £ 40
= 60 z
5 40 g 20
=] —_
= 20 I | i Té 0 IIIIIII.IIIIIIIII.II|IIIIII'IIIIIIIIIII.IIIIIIIIlII
"E 0 T III T IIIII IIIIIII T III IIIIIII T III'I III III.I III | ™T IIIII III II E | | I I | I | I I | |
£ -20 A [ £ 720
= -40 2 .40
5 -60 2
3 -80 Z -60
om0 ML D A F~o MmO oM oMM e O Nl R A F >0 mMmO om
SRR R
Year Year
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Evaluation of Drought Characteristics

The drought severity and its frequency were assessed using seasonal departure. The region was
experiencing a drought of varying severity during the span of 1970-2014 and it is shown in Table 3.
The occurrences of extreme drought events were maximum in Sagar district followed by Panna,
Chhatarpur, and Damoh. Due to frequent drought occurrences with more widespread aerial extent
i.e. 1in 4 years and inadequate rainfall, the region experiencing poor groundwater availability and
even existence of disastrous conditions during the monsoon period. From the analysis, it has been
observed that the occurrence of drought is predominant in the region and thus required area-oriented
strategies to mitigate and render its impacts. Monitoring of drought and associated agricultural
production deficit can be considered as an essential component for drought preparedness in the
region.




Table 3: drought characteristics based on departure analysis

S.No Stations Mild Moderate | Severe | Extreme | Total | Frequency
1 Chhatarpur 1 5 1 2 9 1in5
2 Damoh 1 5 1 2 9 1in5
3 Datia 3 6 2 0 11 lin4
4 Panna 3 3 3 2 11 lin4
5 Sagar 2 6 1 4 13 1in3
6 Tikamgarh 2 5 3 1 11 lin4

Computation of Drought prone districts

Identification of drought prone district involves assessment using the probability analysis of annual

rainfall. The probability of occurrence of rainfall equivalent to 75% of normal is obtained from

probability distribution graph. From the probability analysis, it is indicated that the district are no

drought prone (probability of 75% mean rainfall being less than 80%) but faced regular water

shortage and water stress condition due to inadequate water resources management. So efforts

should be focused for drought preparedness, mitigation and management measures to cope and

render drought impact. The graph depicting the probability distribution of the annual rainfall

at Sagar and Tikamgarh district is given in Figure 10 and Figure 11.
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Fig. 10: Probability distribution of annual rainfall at Sagar
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Fig. 11: Probability distribution of annual rainfall at Tikamgarh
Relative departure index
Drought in any particular region cannot be avoided but some remedial measures can be pursued
before its occurrences based on indices that prioritize district which is most vulnerable to drought.
For prioritization, the relative departure index was computed and Table 4 enlists the ranking of
different districts of the Bundelkhand region in M.P. Sagar district is at highest priority followed by
Chhatarpur and Panna. Thus using prioritization technique drought mitigation strategies and

preparedness plans can be implemented as area-oriented and can help best to cope under drought

situations.
Table 4: ranking based on RDI
S.No Stations RDI
1 Chhatarpur 0.59
2 Damoh 0.48
3 Datia 0.48
4 Panna 0.58
5 Sagar 0.74
6 Tikamgarh 0.56

Trend analysis of seasonal and annual rainfall

Non-parametric Mann-Kendell test was employed to identify the impact of climate change in the

region by assessing change in seasonal and annual rainfall patterns. The trend assessment help to




interpret the existing rainfall pattern which leads to frequent drought occurrence and thus affecting
water availability in the region which causes failure in crop production. The Mann-Kendall test

result of seasonal rainfall and annual rainfall has been presented in the Table 5.

Table 5: Trend analysis of seasonal rainfall and annual rainfall

Seasonal rainfall

S.No. District Test-Z Trend Slope
1 Chhatarpur 0.38 Rising 1.33
2 Damoh 0 No change 0.05
3 Datia -0.01 Falling -0.06
4 Panna -0.09 Falling -0.34
5 Sagar -1.11 Falling -5.17
6 Tikamgarh -0.28 | Falling -0.81

Annual

rainfall

S.No. District Test-Z Trend Slope

1 Chhatarpur -1.23 Falling -4.313
2 Damoh 0.43 Rising 2.235
3 Datia -0.54 Falling -1.372
4 Panna 0.85 Rising 454
5 Sagar -1.03 Falling -4.654
6 | Tikamgarh -0.17 Falling -0.593

The investigation of seasonal rainfall pattern which is the most critical period for agriculture showed
declining trend in most of the district except in Damoh and Chhatarpur district. The assessment of
long-term data showed insignificant decreasing trend except in Sagar district (-5.17) at 1% level of
significance. Overall, the annual rainfall trends showed quite similar changing patterns among the
districts, except in Chhatarpur and Panna district. The insignificance of change in analyzed trend
implies high practically significant effects in emerging drought like situation over a long time
period. The variability in seasonal and annual rainfall suggesting an urgent need for contingency

planning to overcome the disastrous effects caused due to climate change scenario.

CONCLUSION




The statistical analysis for Bundelkhand regions showed high rainfall variability which ranging
between 36% at Sagar and 26 % at Datia district whereas the average CV% is 30%. Departure
analysis of seasonal rainfall indicated that the area was under widespread drought conditions in
1970, 1974, 2002, 2006, 2007, and 2010 with return period which varying between once in 3 years
to once in 4 years. From the probability analysis, it is indicated that the districts are no drought-
prone but faced regular water shortage and water stress conditions due to inadequate water resources
management. Prioritization of districts using the relative departure index indicates that Sagar district
is at the highest priority and was followed by Chhatarpur and Panna. Drought mitigation strategies
and preparedness plans must be implemented for districts based on ranking. The trend analysis
reveals the decrement of seasonal rainfall patterns except in Damoh and Chhatarpur districts where
there is an increasing trend. The change is not significant except at the Sagar district. The annual
rainfall trends assessment showed quite similar changing patterns among the districts, except in
Chhatarpur and Panna district. The variability in seasonal and annual rainfall signifies the impact of
climate change and thus suggesting an urgent need for comprehensive adaptation and mitigation

strategies to overcome the effects of extreme weather events.
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