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Abstract
Trend analysis of long-term rainfall records can be used to facilitate better agriculture water management decision and climate
risk studies. The main objective of this study was to identify the existing trends in the long-term rainfall time series over the
period 1901–2010 utilizing 12 hydrological stations located at the Ken River basin (KRB) in Madhya Pradesh, India. To
investigate the different trends, the rainfall time series data were divided into annual and seasonal (i.e., pre-monsoon, monsoon,
post-monsoon, and winter season) sub-sets, and a statistical analysis of data using the non-parametric Mann–Kendall (MK) test
and the Sen’s slope approachwas applied to identify the nature of the existing trends in rainfall series for the Ken River basin. The
obtained results were further interpolated with the aid of the Quantum Geographic Information System (GIS) approach
employing the inverse distance weighted approach. The results showed that the monsoon and the winter season exhibited a
negative trend in rainfall changes over the period of study, and this was true for all stations, although the changes during the pre-
and the post-monsoon seasons were less significant. The outcomes of this research study also suggest significant decreases in the
seasonal and annual trends of rainfall amounts in the study period. These findings showing a clear signature of climate change
impacts on KRB region potentially have implications in terms of climate risk management strategies to be developed during
major growing and harvesting seasons and also to aid in the appropriate water resource management strategies that must be
implemented in decision-making process.

1 Introduction

The agricultural sector in India is heavily reliant on sustained
and reasonable amount of rainfall. The present study area Ken

River basin (KRB) is very much prone to frequent drought
events with meteorological, hydrological, and agricultural
consequence including it impacts on edaphic and socioeco-
nomic activities. Taken together, drought affects the primary
productivity in the KRB region. Water is an essential input for
the sustenance of all living entities (Gajbhiye et al. 2014;
Singh et al., 2013a; Singh et al. 2015); therefore, a good
knowledge of water balance over local, regional, national,
and continental scales in a large nation such as India is re-
quired for various decision-making tasks. The demand for
fresh water is continuously rising due to the unprecedented
population growth, high rate of urbanization, unplanned in-
dustrialization, over-exploitation, and people’s attitude to-
wards water utilization and water savings (Gajbhiye et al.
2015a). Timely availability of quality water is necessary to
improve food and social, and this can help avoid the migration
of people from rural to urban areas during water-stressed pe-
riods (Jain and Kumar 2012).

The Intergovernmental Panel on Climate Change (IPCC
2007) revealed that the global temperature of the earth’s atmo-
sphere is rising at rate of about 0.74 ± 0.18 °C with data
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analyzed over the period 1906–2005 (IPCC 2007). This in-
crease can have global implications. Some researchers have
also reported an increasing trend in the global rainfall during
the twentieth century, but a majority of the works have found
decreasing trends in rainfall (IPCC 1996). In order to better
understand the overall changes in rainfall, many researchers
have also performed trend analysis on yearly and seasonal
precipitation data in the last few decades over global and
country-specific scales (Easterling et al. 2000; Zhang et al.
2000; Zhai et al. 2005; Fathian et al. 2014; Taxak et al.
2014). In respect to the increasing number of investigations,
it is therefore true that the rainfall time series analysis is es-
sential for analyzing the effects of climate variability on water
resources and the development and control of water use in a
given region (Haigh 2004). A number of researchers have also
applied statistical analysis on the time series of rainfall and
temperature datasets to reveal the persistent trends in these
variables over a sustained period of study in many parts of
the world (e.gHirsch et al., 1982; Brunetti et al. 2000; Zhang
et al. 2000; Piccarreta et al. 2004; Zhai et al. 2005; Haylock
et al. 2006; Dhorde et al. 2009; Karpouzos et al. 2010; Shang
et al. 2011; Jain and Kumar 2012; Darshana and Pandey 2013;
Dhorde and Zarenistanak 2013; Villafuerte et al. 2013;
Nyatuame et al. 2014; Gajbhiye et al. 2015b; Chandniha
et al. 2016; Meshram et al. 2016, 2017; Zamani et al. 2017).

In some studies, researchers have linked these trends in
data with geospatial techniques to develop a better under-
standing of their region-specific changes. In these studies,
the Geographic Information System (GIS) has been demon-
strated as a powerful tool used to collect, store, retrieve, ana-
lyze, and visualize large datasets (Singh et al. 2010; Thakur
et al. 2013; Singh et al., 2013b; Thakur et al. 2016). An im-
portant outcome of these applications was the better ability to
understand existing relationships between the patterns and
trends in geospatial datasets.

In India where the present study is focused, the Ken River
basin (KRB), categorized as predominant basin, has a catch-
ment area of more than 20,000 km2. KRB has a total of 12
such sub-basins whose total catchment area amounts to ap-
proximately 2.528 million km2. Among several primary river
systems, the Ganga–Brahmaputra–Meghna (Barak) River is
the biggest river within the KRB region. Except the
Brahmaputra, the Ganga and the Indus, majority of the major
river basins in the KRB region is rainfall dependent, but these
rivers are also fed with snow as a source of water (Jain and
Kumar 2012). Another major river system, Yamuna originates
from the Yamunotri glacier located in the Himalayas, and this
forms a main stream of the Ganges River flowing in the allu-
vial plains of North India. The Yamuna River receives a sig-
nificant contribution of water from the Tons, Chambal,
Hindon, Betwa, and Ken rivers. Considering a myriad of river
systems in the study region, this research work has focused on
the application of statistical approaches on rainfall time series

data in order to explore the patterns and variability in drought
that affect the Ken River basin (KRB) of Central India.

This study has been divided into six primary sections.
Section 1 is concerned with the introduction of the topic and
the objective of this research work. A brief study area descrip-
tion, the source of the data, and the statistical techniques are
discussed in Sections 2 and 3, respectively, and the results with
discussions are presented in Section 4 whereas Section 5 deals
with the impacts on agriculture and water resources and
Section 6 concludes the major findings of this research work.

2 Study area

Ken River flows in two states in India, known as the Uttar
Pradesh (U.P.) and the Madhya Pradesh (M.P.). Hence, the
present river can be considered as an interstate river system
that is of great importance to the people. The river system lies
between the latitudes of 23° 20′ to 25° 20′ and the longitudes
of 78° 30′ to 80° 32′. East Ken River originates near the
Ahirgawab village in Jabalpur district of Madhya Pradesh that
is about 550 m above mean sea level, flowing towards the
north and finally joining with the major river Yamuna near
the village of Chilla in the state of Uttar Pradesh.

The total length of Ken River is about 427 km, where a
major portion (292 km) of this length falls in the Madhya
Pradesh. A significant portion of this length (84 km) is situat-
ed in Uttar Pradesh, and about 51 km of the total length shares
a common boundary with other states. The total catchment
area of the Ken River measures approximately 28,058 km2,
and it is divided into 24,472 km2 located in Madhya Pradesh
and the remaining area of about 3386 km2 located in Uttar
Pradesh. The major tributaries of the Ken River are as follows:
Banne, Kali, Siameri, Sonar, Bearma, Kopra, Bewas, Urmil,
Mirhasan, Kutni, Gurne, Patan, and Chandrawal. In terms of
the overall climate, the Ken River basin receives an average
annual rainfall of about 1165 mm, and the majority of this
rainfall occurs during the southwest monsoon season. The
land use/land cover of the study region is characterized by
thick forests and agricultural lands, and the agricultural prac-
tices near the Ken River basin show an increasing trend.

3 Methodology

3.1 Data availability

The rainfall data for a total of 12 districts within the Ken River
basin, India, were acquired over a period of 1901–2010 from
the web-based India Water Por ta l (h t tp : / /www.
indiawaterportal.org/metdata) in Excel format. The
downloaded data were arranged and preprocessed in Excel
format before any statistical analysis. The locations of the
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study stations have been illustrated in Fig. 1a, and the data
availability and rainfall characteristics are listed in Table 1.

3.2 Materials and methods

To analyze and extract useful information from the data, a
series of stepwise methods were applied to better understand
the characteristics of the rainfall data and the trends therein.
The basic descriptive statistics (i.e., mean, coefficient of var-
iation, standard deviation, kurtosis, and skewness) were cal-
culated for the annual and seasonal rainfall time series for each
station over the 110-year period, followed by the presence of
autocorrelation checked for each station (Anderson 1942).

After the autocorrelation process, statistical homogeneity tests
were also applied (Alexandersson 1986; Alexandersson and
Moberg 1997) that aimed to check the authenticity of the data.
The locally weighted scatter plot smooth (LOWESS) curve
was then applied to check the general patterns in the data
series over the study period and the probability plot correlation
coefficient of the normality including a simple linear regres-
sion analysis. Finally, the Mann–Kendall (MK) test and the
Sen’s slope estimator test were applied (Sen 1968). In order to
also gather some information on the direction and the magni-
tude of trends, spatial analysis based on the inverse distance
weighted approach was applied. The following section pro-
vides a brief description of these approaches.

 Study area and distribution of 
meteorological stations

Inter-annual variability in annual 
rainfall (%CV)

Inter-annual variability in monsoon 
rainfall (%CV)

 Inter-annual variability in post-monsoon 
rainfall (%CV)

Inter-annual variability in pre-monsoon 
rainfall (%CV)

Inter-annual variability in winter rainfall 
(%CV)

(a) (b)

(c) (d)

(e) (f)

Fig. 1 a Study area and
distribution of meteorological
stations, b inter-annual variability
in annual rainfall (% CV), c inter-
annual variability in monsoon
rainfall (% CV), d inter-annual
variability in post-monsoon rain-
fall (% CV), e inter-annual vari-
ability in pre-monsoon rainfall (%
CV), and f inter-annual variability
in winter rainfall (% CV)
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3.2.1 Autocorrelation

A major challenge faced in respect to the time series analysis is
the effect of serial dependence of the antecedent and current data
points that can cause a major problem in the interpretation and
testing of the trends in the given time series dataset. The presence
of autocorrelation in such data marks the recognition of a notable
trend (Hamed and Rao 1998; Yue et al. 2002). It is important to
note that theMK test is likely to identify a significant trend in the
data series if (+ ve) autocorrelation (persistence) exists in the
series although there may not actually be a realistic trend.
Consequently, in this study, the rainfall series were initially ana-
lyzed for serial correlation by utilizing a lag-1 autocorrelation
coefficient (r) as specified in Eq. (1) at a significance p value
of 5% for a two-tailed (upward or downward) test. The results,
utilizing the following equation, are presented in Table 2.

r1 ¼
∑N−1

i¼1 xt−x
� �

xtþ1−x
� �

∑N
i¼1 xt−x

� �2 ð1Þ

where x ¼ ∑N
i¼1xt is the overall mean of theN sized sample data.

3.2.2 Homogeneity test

To assess the homogeneity (as a quality assurance factor) of
the rainfall time series, the standard normal homogeneity test
(SNHT) (Alexandersson 1986; Alexandersson and Moberg
1997) was applied at a 5% centrality level. The data series
were considered to be homogeneous if the basic estimation
of the SNHT statistic T of the 111 samples at a 95% critical
level was found less than 9.17 (Khaliq and Ouarda 2007). The
conclusive outcomes of this test, indicating that all the data
series were homogeneous, are reported in Table 2.

3.2.3 Linear regression analysis

In light of the graphical representation of the information
discussed in the exploratory investigation phase, a straight line
regression model was conjectured in order to portray the rela-
tionships between the measure of time (i.e., temporal depen-
dence) and rainfall. This test was applied to characterize the
expectation of any measure of rainfall (mm), given at a time
(years). The conditions relating the measure of rainfall in

respect to the time were used as per the following relationship:

where, , , and were the variables demonstrating the mea-
sure of rainfall (mm), explanatory variable, and the distur-
bance or the unobserved error, respectively. The objective of
this approach was to evaluate the regression constraints

(the intercept) and (the slope) present within the time
series data.

3.2.4 Trend analysis using the Mann–Kendall test

The statistical significance of the trends in rainfall records was
investigated using the Mann–Kendall test (Mann 1945;
Kendall 1975). To identify the presence of any upward or
downward trends in the rainfall time series, the following no-
tion was satisfied.

Supposing the time series data were not dependent (or se-
rially correlated), then the Mann–Kendall statistic can be
described as follows:

S ¼ ∑
n−1

i¼1
∑
n

j¼iþ1
sign x j−xi

� � ð3Þ

where x j and xi were consecutive information for the jth and
ith terms; n was the sample size; and

sign x j−xi
� � ¼

−1; if x j−xi < 1
0; if x j−xi ¼ 0
þ1; if x j−xi > 1

8<
: ð4Þ

The statistic can be considered to be Gaussian when n =
18 with the variance Var and the mean E (s) of the statistic
are given by the expressions:

E sð Þ ¼ 0;Var Sð Þ ¼ n n−1ð Þ 2nþ 5ð Þ
18

ð5Þ

In any case, if ties exist in the dataset, then the expression
for Var must be balanced. This is likely to lead to:

Var Sð Þ ¼
n n−1ð Þ 2nþ 5ð Þ−∑q

p¼1tp tp−1
� �

2tp þ 5
� �n o

18
ð6Þ

The variables tp and q in Eq. (4) are the number of
datum points in the pth group and the number of tied
groups, respectively. The standardized statistic (Z) that
provides final conclusions of the Mann–Kendall test is
given as follows:

Zmk ¼

S−1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Var Sð Þp ; if S > 0

0; if S ¼ 0
S þ 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Var Sð Þp ; if S < 0

8>>>><
>>>>:

ð7Þ

Note that if Zmk is + ve, then the trend in rainfall data can be
considered to be an increasing trend and if this statistic is − ve,
then the trend is considered to be a decreasing nature.

(2)
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3.2.5 Theil–Sen’s estimator

The magnitude of the trend determined by the Mann–Kendall
test can be further investigated using the Theil–Sen’s estima-
tor as follows:

β ¼ Median
X j−X i

j−i

� �
for all i < j ð8Þ

In Eq. (8), 1 < j < i < n and β are the robust approxima-
tion of the trend magnitude. A + ve estimation of β is likely to
show an upward trend, while a negative value is likely to
demonstrate a downward trend.

3.2.6 Spatial analysis of the rainfall data series

To investigate the spatial distribution of the trends on a month-
ly basis, the Z-statistics was added utilizing Quantum GIS and
data from every station over the entire study period. Inverse
distance weighted (IDW) interpolation method was used to
generate spatial surface ought to be affected largely by nearby
points and less by far distant points (Gemmer et al. 2004). The
interpolated value of the electric field E(x, y) is given by
Azpurua and Ramos (2010):

E x; yð Þ ¼ ∑n
j¼owjE x j;y j

� �
ð9Þ

where (xj,yj) are the coordinates of each dispersion point; (x, y)
are the coordinates of the interpolation point and wj is the
weight function.

4 Results and discussion

4.1 Statistical characteristics

The basic statistical parameters of annual and seasonal rainfall
datasets for the whole period of 110 years (1901–2010) of
KRB are shown in Table 1. The mean and standard deviation
(SD) of the annual and seasonal rainfall time series are signif-
icantly different for different seasons, ranging from approxi-
mately 80.57 to 103.15mm and 5.08 (pre-monsoon) to 277.92
(monsoon) mm and 18.47 to 24.87 mm and 3.78 (pre-
monsoon) to 71.78 (monsoon), respectively. The analysis of
annual and seasonal rainfall records showed that the maxi-
mum coefficient of variation (CV) was approximately
184.75 mm found for the Katni station in the pre-monsoon
and minimum CV and approximately 18.46 mm at the
Jabalpur station in the monsoon season.

Skewness is a measure of the symmetry in any given
dataset. In accordance with the results, the skewness factor
(aligned towards the right side) was found in the post-mon-
soon, pre-monsoon, and winter season time series of rainfall at

all stations. However, the annual and the monsoon time series
revealed a skewness aligned towards the left at Banda,
Hamirpur, Mahoba, Chattarpur, Narsinghpur, and Satna me-
teorological stations. The flatness of data as also measured by
kurtosis factor appeared to attain a positive value for the pre-
monsoon season for all stations, whereas the post-monsoon
and winter data also had a positive kurtosis for all stations,
except at Hamirpur in the winter and Jabalpur in the post-
monsoon season.

4.2 Long-term pattern in mean annual and seasonal
precipitation

4.2.1 Locally weighted scatter plot smooth curve

The standardized yearly or annual and seasonal (i.e., pre-mon-
soon, monsoon, post-monsoon, and winter) precipitation data
of the 110-year period have been used to assess the long-term
weather/climate patterns notable in the precipitation series.
The running mean value is just not resistant to the regional
changes. Thus, to decrease the nearby variances, these data or
information were fitted with the LOWESS test (Cleveland
1979, 1984; Helsel and Hirsch 2002; Duhan and Pandey
2013) (Fig. 2) in order to recognize the normal patterns over
the passage of time over annual and seasonal scales.

Annual precipitation LOWESS curve (as shown in Fig. 2)
indicates a continuous increase up to 1941 and appeared to
reach the highest value in 1941. From the year 1941 onwards,
this curve exhibited a decreasing trend up to the year 2010 and
then reached the lowest value in the year 2010. The LOWESS
curve of the monsoon rainfall also showed a continuous in-
crease up to the year 1941 and reached the highest value in the
year 1941. From the year 1941 onwards, the data exhibited a
decreasing trend up to the year 2010. Figure 2c shows the
LOWESS curve of post-monsoon rainfall, which firstly in-
creased up to the year 1941 and then marginally reduced up
to the year 1948. Later, this trend showed an upward pattern
up to the year 1970 and then achieved the highest value in the
year 1970. From 1970 onwards, the data showed a decline in
the rest of the periods and then dipped to a lowest value in the
2010. The LOWESS curve of the pre-monsoon precipitation
(Fig. 2d) showed a continuous increase up to the year 2010.
Figure 2e shows the LOWESS curve of the winter rainfall,
which primarily exhibited an increasing trend up to the 1946
and, thereafter, showed a decrease that was evident in the rest
of the decade.

4.2.2 Probability plot correlation coefficient for the normality

The probability plot correlation coefficient (PPCC) plot that is
also called a typical Q-Q plot has been utilized to determine
how well a variable fitted the ordinary distribution. To test for
normality, this linearity test was also tried by computing the
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linear correlation coefficient among the data and their typical
quantiles. Samples from a normal distribution are likely to
have a correlation coefficient (r) near to a value of 1. As the
data departs from the normality, their correlation coefficient is
likely to reduce below 1.

Table 2 shows that PPCC-based r value attained the max-
imum for the case of Banda, Chhatarpur, and Damoh of about
0.996 and minimum of about 0.983 for Mahoba in an annual
series, whereas a maximum PPCC-based r value was obtained
of about 0.978 (Katni) and minimum of about 0.847 for
Raisen in post-monsoon season.

In monsoon season, PPCC-based r value was the highest
for Damoh (0.996) and the lowest for Mahob (0.982) whereas
in the pre-monsoon season, the maximum PPCC-based r

value was obtained for the case of Raisen (0.974) and a min-
imum for the case of Katni (0.536). In the winter season, the
PPCC-based rmaximum (0.974) was found for Hamirpur and
a minimum for Sagar (0.963). The higher PPCC-based r
values suggest that the datasets have some degree of normality
and they do not deviate from the mean value. It is important to
note that when the PPCC-derived r has had low value as
compared to critical r value, the null hypothesis is then
rejected and data are normal.

4.3 Trend analysis

Linear regression analysis, Mann–Kendall (MK), and Sen’s
slope estimator have been used to determine the trends.

Fig. 2 Standardized rainfall (mm) and LOWESS trend lines during 1901–2010 at Ken River basin. a Annual, b monsoon, c post-monsoon, d pre-
monsoon, and e winter
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4.3.1 Result of linear regression analysis

The results of the linear regression trend analysis are presented
in Table 3. The linear trend lines of the annual and monsoon
rainfall showed a downward trend for all study stations. In
addition, the R-square statistic showed a poor relationship
between the rainfall and respective year. Table 3 shows a
downward trend in the post-monsoon rainfall for the stations
of Damoh, Jabalpur, Katni, and Narsinghpur, and the rest of
the stations recorded upward trend in the rainfall data. In the
pre-monsoon season, five stations showed a downward trend
and the rest of the stations showed an upward trend, whereas
in winter season, only three stations (Narsinghpur, Raisen, and
Sagar) showed upward trend and remaining stations showed a
downward trend.

Jain et al. (2013) performed trend analysis of rainfall data
series for 1871–2008 and did not show any clear trend for the
north eastern region of India as a whole, although there are
seasonal trends for some seasons and for some hydro-
meteorological subdivisions. Subash and Sikka (2014) inves-
tigated the trend meteorological subdivisions of India of
rainfall and temperature and the possibility of any rational
relationship between the trends over the homogeneous
regions over India. They found that there is no direct
relationship between temperature and rainfall and concluded
that trends of rainfall and temperature have large scale spatial
and temporal dependence. Addisu et al. (2015) have analyzed
time series of temperature and rainfall using Mann–Kendell
trend analysis in the highlands of Ethiopia and Lake Tana Sub-
basin (LTSB) in particular to address the issue of national and
local climate change. They found that rainfall amount showed
a general decreasing trend in Lake Tana Sub-basin. Jain and
Kumar (2012) have comprehensively reviewed many articles
related to trends in rainfall, rainy days, and temperature over
India. They studied 15 basins and reported decreasing trend in
annual rainfall, whereas only one basin showed a significant
decreasing trend at 95% confidence level. Same direction of
trend in rainfall and rainy days at the annual and seasonal scale
was also reported for most of the basin. Parthasarathy and
Dhar (1974) found that the annual rainfall for the period
1901–1960 had a positive trend over Central India and the
adjoining parts of the peninsula and a decreasing trend over
some parts of eastern India. Pant and Hingane, 1988found an
increased trend in mean annual and SWmonsoon rainfall over
meteorological sub-divisions of Punjab, Haryana, west
Rajasthan, east Rajasthan, and west Madhya Pradesh during
the period 1901–1982. Rupa Kumar et al. (1992) reported that
northeast peninsula, northeast India, and northwest peninsula
experienced a decreasing trend (ranged between − 6 and − 8%
of the normal per 100 years) in the monsoon rainfall. But the
west coast, central peninsula, and northwest India experienced
an increasing trend (about 10–12% of the normal per 100 year)
in monsoon rainfall.

The present study basin depends on rain-fed agricul-
ture and that the rainfall is likely to adversely affect the
crop yield in the rain-fed agriculture. The rainfall is
reduced gradually due to the increase in temperature.
It was revealed that an increase in temperature may
adversely affect the wheat and paddy crop yield. The
main reason of increasing temperature is more of indus-
trialization. It has been observed that the quantity of
rainfall decreased due to delay in monsoon. It is well
known that all the soil processes with respect to chang-
es in precipitation pattern and increased air temperature
can influence available soil water content, runoff, and
erosion. The long-term, low intensity of rainfall affects
the water balance of the basin. Due to this decrease in
surface runoff and less percolation and finally low water
yield will be visible in the system. The effect of declin-
ing in rainfall on the agricultural production is not cer-
tain due to possibility of shifting of spatial monsoon or
use of water stress tolerant varieties of crops. Therefore,
changes in sowing dates may be an alternate option for
enhancing the crop yield under future climate change
(Turner 2004).

4.3.2 Mann–Kendall test

Table 3 shows the values of the Z-statistics of annual and
seasonal time scale rainfall derived from the MK test. The
annual, monsoon, and winter seasons have a negative (either
a statistically significant or an insignificant) trend at all study
stations. However, the pre-monsoon and post-monsoon sea-
sons in eight and seven stations, respectively, out of the 12
stations, have a non-significant increasing trend. In the annual
time scale, it was found that three out of 12 stations had a
decreasing trend at the 10% significance level, and only one
station (i.e., Mahoba, U.P.) had a negative trend at the 5%
level. In a monsoon case, a total of seven out of 12 stations
showed a declining trend at the 10% significance level, and
only one station (i.e., Mahoba, in U.P.) showed a statistically
decreasing trend at the 5% significance level.

4.3.3 Magnitude of precipitation series

Figure 1 and Table 3 show the Theil–Sen’s slope deduced
from the rainfall time series data on the annual and seasonal
time scales over the KRB region in India. Table 3 also shows
that all the stations exhibited a declining trend in annual, mon-
soon, and winter season rainfall amounts. In fact, the post-
monsoon season showed downward trends in rainfall only at
the Damoh, Jabalpur, Katni, Narsinghpur, and Sagar study
stations, and the rainfall in the pre-monsoon has a negative
trend at the Jabalpur, Katni, Narsinghpur, and Panna stations
located in Madhya Pradesh, India.

Statistical evaluation of rainfall time series in concurrence with agriculture and water resources of Ken... 1239
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4.4 Analysis of rainfall variability pattern

The study of rainfall variability patterns, in respect to the co-
efficient of variation (CV) over the 110 years of data, indicated
that the inter-annual variability was the highest for KRB. It is
noteworthy that the high CV clearly indicated that the rainfall
was highly variable and in fact, not dependable or reliable due
to its stochastic nature over the period of study. The lower CV
values in any given season were consistent with lower vari-
ability and greater dependability. A closer look at the data
showed minimum CV values as approximately 17.91%
(Jabalpur) for the annual rainfall case, while the maximum
seasonal CV value was found in the pre-monsoon season for
the Katni study site (184.75%). Further, the CV value revealed
that the annual and the monsoon rainfall variability was rela-
tively low, and the annual CV showed a minimum variation
compared to the other seasons.

5 Impacts on agriculture and water resource

The knowledge about the precipitation and its trends over
long-term periods is very important for an agrarian economy
such as India, since this variable together with other meteoro-
logical variables such as temperature is required for an ap-
praisal of the water resources for various applications. The
occurrence and inconsistency in rainfall amounts received
control the activities within an area under different current
cropping and future agricultural scenarios (Kumar et al.
2010). In the present era, precision agriculture is gaining sig-
nificant popularity under increasing climate stress, and much
of the variation in precipitation regimes is notable at a variety
of spatial and temporal scale. A better understanding of rain-
fall features and availability of soil moisture is seriously im-
portant for the sustained growth of farming systems (Gajbhiye
et al. 2015a). Agriculture is heavily reliant on rainfall, and it
has a direct influence on the production of food grains, hydro-
power, and economy. It also influences the supply of water in
urban and industrial sectors (Gajbhiye et al. 2015a).
Therefore, declining trends in rainfall at agricultural stations
is likely to lead to drought, reduced soil moisture, decline in
the groundwater table, lower agricultural yield, and the migra-
tion of rural people to urban area in search of food and em-
ployment. While the annual trends of rainfall for most studied
stations showed a decreasing pattern, some stations showed an
upward trend, indicating reasonably good conditions for agri-
cultural activities. However, the present study showed that a
few stations during the pre-monsoon and the post-monsoon
seasons exhibited an upward trend in rainfall. Therefore, al-
ternative water resource measures such as regular checks at
dams, identification of the new recharging sites, rainwater
harvesting, and water stress tolerant crops are required to
adapt to the changing climate in the present study region.

6 Conclusion

In this paper, a statistical evaluation of trends in rainfall for the
Ken River basin, Central India (1901–2010) was investigated.
The results showed that the seasonal and annual rainfall data
analyzed with linear regression approaches revealed that all
the study stations exhibited a downward trend, whereas the Z
values obtained from the non-parametric Mann–Kendall test
represented both positive as well as negative trends.
Statistically significant negative trends in data series were ev-
ident for in study stations in terms of the annual, monsoon,
and winter seasons. The time series analysis of the post and
pre-monsoonal season, however, showed a non-significant in-
creasing and decreasing trend. In particular, the negative trend
found at the 5% significance level was observed for both the
annual and monsoon seasons for the Mahoba rain gauge sta-
tion. At the 10% significance level, a total of three study
stations revealed a decreasing trend in annual time series data,
whereas, a total of 7 study stations revealed a decreasing trend
in the monsoon season. From the statistical test of the present
results, it was evident that there was a clear signature of the
changes in precipitation trend in the KRB region. Annual as
well as seasonal data indicated decreasing tendency in rainfall
amounts during the last part of the century. The approaches
and conclusive results presented in this research study can
have useful implications for the water resource planning and
local policy making in respect to sustainable water utilization
in the current and future changing climate in the Ken River
basin, Central India.
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