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Abstract

Shortage of water in the river in relation to rainfall change plays a pivotal role
in water sharing like Ganga. In attempt to understand the rainfall changes,
Mann-Kendall test and Sen’s slope estimation on hundred years’ (1901-2000)
rainfall data of 236 districts in entire Ganga basin were run. Half of the dis-
tricts showed a decreasing trend in annual rainfall in which 39 districts were
statistically significant. During pre-monsoon (Jan.-May), 78% of the total dis-
tricts showed the decreasing trend with the significance of 54 districts. A ma-
jority of the districts under the Kosi, Gandak and Sone sub-basins showed the
significant negative trend in annual, pre-monsoon and post-monsoon season.
So, there need some districts’ and sub-basins’ wise strategies to cope with the
situation in the context of climate change.

Keywords

Mann-Kendall Test, Sen’s Slope Estimator, Climate Change

1. Introduction

Rainfall, the most important form of precipitation, is the principal element of
hydrological cycle on earth surface. But this hydrological element has potentially
been threatened by the climatic change along with snow accumulation and melts-
water, evapo-transpiration and ground water table [1]. Besides, annual river run-
off and water availability will likely decline by 10% - 30% in tropics and mid-
latitudes and 10% - 40% in high latitudes and wet tropics due to global climatic
changes [2]. As a result, almost two-thirds of the world population will be under
water paucity in future decades [3] [4] [5] [6]. This scenario will affect the trans-
boundary river and its sharing. Ganga, as a transboundary river, flows through
India (79.10%), Bangladesh (4.26%), China (3.08%) and Nepal (13.56%). The in-

adequate availability of water flow on main river has caused difficulties in water
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sharing between the nations during lean season. Unequal rainfall distribution, ir-
regularities in pre-monsoon, monsoon and post-monsoon rainfall etc., seem to be
more common factors to control seasonal water availability at Ganga River. There-
fore, the rainfall trend is more appropriate to examine as the most dominant input
to the systems of water discharge in river. In India, nearly 80% of annual rainfall
occurs during monsoonal period (June to September), but decline of rainy days
with increasing rainfall intensity have resulted in serious threats on required wa-
ter availability [7]. Proper understanding of long term rainfall trend, magnitudes
and variability is useful to estimate the water resource availability in rivers. Va-
rious scientific studies show that the spatial and temporal variations of water re-
sources in the basins are closely related to precipitation changes [8] [9]. Decreas-
ing precipitation, ensuring the decline of fresh water availability occurs in many
Indian rivers [10] [11]. There are several researches about long term rainfall
changes over India. Some studies indicated, no trend in monsoon rainfall [12]-
[21] explored some pockets of significant long term rainfall changes in India.
Using Mann-Kendall rank statistical test for 90 years’ (1901-1990) observed daily
rainfall data from 151 observatory stations, [22] found increasing trend of rain
in monsoon but decreasing trends in pre- and post-monsoon periods. [11] stud-
ied long term trends in monthly, seasonal and annual rainfall of 30 meteoro-
logical sub-divisions over India during the period from 1871 to 2005. The analy-
sis revealed decrease in annual and monsoon rainfall except Haryana and
Gangetic West Bengal. Similarly, [23] showed the declining trend of precipita-
tion over north-western Himalaya from 1860s to 2000s whereas, post-monsoon
rain did not show any trend. [24] examined the trend through Modified Mann-
Kendall test (MMK) and Pettitt-Mann-Whitney (PMW) methods using 80 years’
data (1901-1980) of annual precipitation in Ganges tributaries in Uttarakhand
and results showed the decline of precipitation. [25] analyzed rainfall data from
316 rain gauge stations in India and found an increasing trend of annual rain in
Ganga basin. Regionally, [26] found increasing trend in rainfall over Ganga, In-
dus, Brahmaputra, Krishna and Cauvery basins. [27] found increasing trend in
summer monsoon over western Indo-Gangetic plains (170 mm/100years) from
1900 and statistically insignificant decreasing trend (5 mm/100years) over cen-
tral part of the plain using the rainfall data for the period of 1829-1999 over
Indo-Gangetic plain. [28] observed mild decrease in wet season rainfall during
1963-2006 compared with the period of 1914-1962 and also decrease in surplus
rainfall from 1972. [29] evaluated 124 years’ (1871-1994) sub-divisional rainfall
data and concluded that except 2 sub-divisions, the annual precipitation over
Ganga basin showed stable. Similarly, [7] analyzed basin wise trends of rainfall,
rainy days and temperature over India with the help of Mann-Kendall test and
Sen’s slope estimator. The result revealed increasing trend in rainy days and no
trend in annual rainfall over Ganga basin.

Plethora of studies revealed rainfall changes over Ganga basin. Results of these
studies contradict each other. In the present study, season wise district level ana-

lysis of rainfall trend is considered to be essential in better understanding of cli-
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matological and hydrological situation of the Ganga basin. Two of the mostly
cited methods (Mann-Kendall test and Sen’s slope estimator) for long term trend

analysis have been used in the present study.

2. Study Area and Data Used

The study is carried out in the Ganga basin of India (Figure 1), which lies ap-
proximately between 21°6'N to 31°21'N latitude and between 73°2'E and 89°5'E
longitude, have maximum length and width of approximately 1543 km and 1024
km respectively. It has a total area of about 8,61,452 sq-km and occupied 26.3%
of the total geographical area of the country. Generally 70% - 80% of the total
annual rainfall occurs during the month of July to September. The average an-
nual rainfall for this basin varies from 400 to 2000 mm. and every sq-km of land
surface area receives an average of 1 Million Cubic Meter of water annually
through rainfall [30] (CWC and NRSC, 2014). The distribution of average an-
nual, pre-monsoon, monsoon and post-monsoon rainfall during the study is de-
picted here (Figure 2).

The study concentrates on the rainfall analysis from 1901 to 2000 for 236 dis-

tricts of eleven states that fall under the Ganga basin. Monthly rainfall data are
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Sub Basin, 4. Chambal Lower Sub Basin, 5. Chambal Upper Sub Basin, 6. Damodar Sub Basin, 7. Gandak and others
Sub Basin, 8. Ghaghara Confluence to Gomti confluence Sub Basin, 9. Ghaghara Sub Basin, 10. Gomti Sub Basin,
11. Kali Sindh and others up to Confluence with Parbati Sub Basin, 12. Kosi Sub Basin, 13. Ramganga Sub Basin,

14. Sone Sub Basin, 15. Tons Sub Basin, 16. Upstream of Gomti confluence to Muzaffarnagar Sub Basin, 17. Yamuna
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Figure 1. Ganga River Basin with its 19 sub-basins.
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Figure 2. Average rainfall during 1901-2000. (a) Annual, (b) Pre-monsoon, (c) Monsoon and (d) Post-monsoon.

obtained from the India Meteorological Department (IMD), Pune, India. Some
missing data are filled up by the data collected from India Water Portal
(http://indiawaterportal.org/met_data/). Present analysis attempts to concentrate

on rainfall distribution in pre-monsoon (January-May) season along with mon-
soon (June-September), post-monsoon (October-December). So, monthly rain-
fall series are used to form annual, pre-monsoon, monsoon and post-monsoon se-

ries, over the river Ganga.

3. Methodology

In the study, non-parametric methods, Mann-Kendall (MK) test [31] [32] and
Sen’s estimator [33] are used to detect the nature of trends in the time series.
Mann-Kendall’s method is applied to test the presence of a monotonic trend and
the statistical significance of the trend and Sen’s slope estimator for estimating
true change per year in the time series. No pre-whitening of the data series is

carried out.

3.1. Mann-Kendall (MK) Test

MK test is not only used for rainfall trends, but also widely used for analysing dif-
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ferent climatic variables [23] [34]-[46] and analysis of various environmental
data [47]. World Meteorological Organisation recommended MK test to meas-
ure the significant monotonic trends in hydrological series [48]. [49] analyzed
the temporal and spatial rainfall distribution trend and variation by asymmetri-
cal factor method and Mann-Kendall test method. [50] used Mann-Kendall test
to determine the trends of long-term annual precipitation and stream flow series
of eastern Black Sea Region in Turkey. The low sensitivity in homogeneous time
series [51] and non requirement of normally distributed data series are two great
advantages of MK test [52].
The Mann-Kendall test is appropriate in cases when the data values x; of a
time series can be assumed to follow the model:
X, =f(t)+g (1)

where f(t) is a continuous monotonic increasing or decreasing function of
time and the residuals & can suppose to be from the same distribution with zero
mean. It is therefore assumes that the variance of the distribution is constant in
time.

The null hypothesis of no trend, H,, assumes that the observations x; are in-
dependently distributed in time and the alternative hypothesis, H,, denoted an
increasing or decreasing monotonic trend. The number of annual values in the
considered data series is designated by n. Missing values are allowed and 2 can
thus be smaller than the number of years in the time series. The Mann-Kendall

test statistic Sis determined using the following formula:
1

S= sgn(xj—xk), (2)

n-. n
k=1 j=k+1

where, x;and x; are the annual values in years jand &, /> k, respectively, and

lif x;-x >0
sgn(xj—xk)z 0if x; —x =0. (3)
=1if x; —x, <0

The variance of Sis computed by the following equation which takes into ac-
count that ties may be present:
1 q
VAR(S):E{n(n—l)(ZnJrS)—;tp (tp—l)(ztp+5)] (4)
where, nis the number of data points, ¢ is the number of tied groups and ¢, is
the number of data values in the P“‘ group. Z statistics or Normal Approximation
test generally used when the sample size is greater than 10. The Normal appro-
ximation test (Z test) is developed by both the values of $and VAR(S) (Equa-
tion (5)).

571 ifsso
AR(S)
z=1 o if S=0. )
S+l s <o
AR(S)

120

K2
o5
“2:0

Scientific Research Publishing



S. Bera

The statistically significant trend is assessed by this Z value. The positive and
negative values of Z denotes increasing and decreasing trend respectively. The sta-
tistic Z has a normal distribution. To test for either an increasing or decreasing
monotone trend (a two-tailed test) at a level of significance, H, is rejected if the
absolute value of Z is greater than Z, ,,, where Z, ,, is acquired from the

standard normal cumulative distribution tables [52].

3.2. Sen’s Slope Estimator

To estimate the true slope of an existing trend (as change per year) the Sen’s
nonparametric method is used. It can be in cases where the trend can be as-

sumed to be linear. This means that f (t) in Equation (1) is equal to
f ('[) =Q,+B (6)

where, Qis the slope and Bis a constant.
To get the slope estimate Q in Equation (6), we first calculate the slopes of all

data value pairs:

Q== )

where, x; and x; are the data scores at times jand & (j > &) respectively. If there
are n values x;in the time series we get as many as N = Nin-1)/2 slope estimates
of Q, The Sen’s estimator of slope is the median of these NV values of Q. The N

values of Q;are ranked from the smallest to the largest and the Sen’s estimator is
Q= Q[(N+1)/2] if N isodd
or (8)

1 . .
Q= E(Q[N/Z] +Q[(N+2)/2]) if N iseven.

Qs tested with a two-sided confidence interval at 100(1 — a)% and the slope
estimate is obtained by the nonparametric method.

The confidence interval at two different confidence levels; a = 0.01 and a =
0.05 as follows:

C, =Z,,,VAR(S) 9)

where, VAR(S) has been defined in Equation (4), and Z, , is obtained from
the standard normal distribution.

After that, M, =(N-C,)/2 and M,=(N+C,)/2 are computed. The
lower and upper limits of the confidence interval, Q,,, and Q,,. are the A%™
largest and the (M2 +l)th largest of the N ordered slope estimates Q, If A4 is
not a whole number the lower limit is interpolated. Correspondingly, if A4, is not

a whole number the upper limit is interpolated [52] [53].

4. Results and Discussion

4.1. Magnitude of Trend

The magnitude of the trend of this time series (1901-2000) is determined using
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Sen’s estimator method. Annual rainfall trend shows a large variability in the
magnitude. The spatial pattern of annual rainfall in Ganga basin experienced
positive trend in eastern and western margin along with a vast areas of negative
trend in between. The districts, situated in West-South west and East-South east
part, showed positive trend (Figure 3). More than half of the districts have shown
a decreasing trend. Out of total 236 districts, maximum reduction was experi-
enced by Dehradun (-8.35 mm/year) and the maximum increase was witnesses
by South 24 Parganas (4.99 mm/year).

Annual total rainfall amount cannot fully address the complex hydrological,
political and socio-economic situation of the Ganga basin unless detailed distri-
bution of rain in different seasons is considered. Analysis of seasonal trends
showed that pre-monsoon (January to May) rainfall increased over 52 districts
(22% of total No. of districts) but decreased over 184 (78%); monsoon (June to
September) rainfall increased over 103 (44%) and decreased over 133 districts (56%);
and post-monsoon (October to December) rainfall increased and decreased over
147 (62%) and 89 districts (38%) respectively.

Pre-monsoon rain, although constitutes a smaller part (about 10%) of average
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Figure 3. Trend and magnitude of annual rainfall changes (mm/year). Significant trends are showed in circles.
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annual rainfall, is immensely important for the area under study. Present analy-
sis shows that maximum districts (185 districts) under the Ganga basin have
registered negative trend in pre-monsoon rain mainly in northern and central
zones. The maximum increase is of the order of 1.95 mm/year for Uttarkashi
followed by Tehri Garhwal (1.52 mm/year), Kinnaur (0.82 mm/year), Pithora-
garh (0.50 mm/year) etc., whereas the maximum decrease is in Pauri Garhwal
(-1.53 mm/year) followed by Champawat (-1.47 mm/year), Nadia (-1.43
mm/year), Annupur (-1.29 mm/year) etc. Though maximum districts have
negative rainfall changes, almost all of the sub-basins have such negative trend
also. The upper riparian sub-basins of Farakka point like Kosi, Ghaghara, Gomti,
Tons, Gandak, Sone and Ramganga have been affected by the negative rainfall
trend (Figure 4).

The monsoon rainfall trend analysis shows that the maximum value of in-
creasing trend is found in South 24 Parganas (4.36 mm/year) followed by
Champawat (4.14 mm/year). Whereas, the minimum value of negative trend is
found in Dehradun (-7.33 mm/year). Besides, Solan (—5.37 mm/year), Rudra-
prayag (—5.27 mm/year), Nainital (-5.25 mm/year), Khushinagar (-4.72
mm/year) etc., showed the high magnitude of decreasing trend. The distribution

75°00°E 80°00'E 85°00°E
z z
g o
o9 o
8 3
z 4
o o
Sal 154
& &
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o o
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Figure 4. Trend and magnitude of pre-monsoon rainfall changes (mm/year). Significant trends are showed in circles.
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of monsoon rainfall trend shows (Figure 5) negative trend over the districts un-
der Kosi, Ghaghara, Gomti, Tons and Sone basins.

In post-monsoon period, the highest value of increasing trend is found over
Koriya district (0.88 mm/year). In opposite side, the highest value of negative
trend is —0.42 mm/year over Champawat district. The result shows that the
magnitude of the change is comparatively very small (Figure 6). An extensive
zone of almost no trend lies in the middle of the basin running almost along the
main stream. Increasing trend with small magnitude is observed in the northern
districts of Uttar Pradesh, Bihar, West Bengal and Haryana and north-eastern
districts of Madhya Pradesh.

4.2. Significance of Trend

To find out the significance of trends in seasonal and annual rainfall, Mann
Kendall test is applied here. The result of increasing annual rainfall trend (Table
1) indicated that 12 districts have found statistically significant at >95% confi-
dence level. Among the districts, Purnia (Bihar), Ratlam, Mandsaur and Ujjain
(Madhya Pradesh), Tehri-Gharwal and Uttarkashi (Uttarakhand), Aligarh,
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1 1 1
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Figure 5. Trend and magnitude of monsoon rainfall changes (mm/year). Significant trends are showed in circles.
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Figure 6. Trend and magnitude of post-monsoon rainfall changes (mm/year). Significant trends are showed in circles.

Gorakhpur, Goutam Budh Nagar and Moradabad (Uttar Pradesh), Kolkata and
South 24 Parganas (West Bengal) have shown the significant positive change.
Contrary, the significant negative trend at 295% confidence level have detected
over 39 districts like in Lakhisarai, Madhubani, Gaya, Darbhanga, Samastipur,
Rohtas, Aurangabad, (Bihar); Aallahabad, Banda, Basti, Bareily, Kaushambi,
Sant Kabir Nagar, Mahoba, Sharavasti, Bareilly, Chandauli, Gazipur, Rae Barelia,
Sonbhadra, Ballia, Pilbhit (U.P); Nainital, Pauri Garhwal, Rudraprayag, Bagesh-
war, Almora, Dehra Dun, Udham Singh Nagar (Uttarakhand); Saharsa, Sidhi,
Shahdol, (M.P.); Palamu, Gumla, Lohardaga, (Jharkhand); Solan, Simla (H.P)
and Surguja, Korea, Raigarh (Chhattisgarh).

Among 236 districts, only 4 districts (Saran and Goutam Budh Nagar, Uttar-
kashi and Tehri Garhwal) have indicated significant at 295% confidence level in
pre-monsoon rainfall. Table 2 is indicated, significant (295% confidence level)
negative rainfall trend in pre-monsoon season is found over 54 districts out of
which 9 districts fall in Bihar (Banka, Khagaria, Begusarai, Gaya, Rohtas, Sahar-
sa, Jamui, Madhubani, Lakhisarai), 5 districts in Chhattisgarh (Bilaspur, Korea,
Jashpurnagar, Surguja, Korba), 9 districts in Jharkhand (Purba Singbhum, Latehar,
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Table 1. Significant values of sen estimator of slope, Q (mm/year) for annual rainfall.

District Q District Q District Q
Aligarh 1.81* Kaushambi —-1.65% Rohtas —3.14%%*
Allahabad -1.80* Kolkata 2.13% Rudraprayag —6.47%%*
Almora -3.13%* Korea —-1.98* Saharsa 3,720
Aurangabad —2.76%%* Lakhisarai —2.18* Samastipur —2.27*
Bageshwar —2.11*% Lohardaga —2.31*%* Sant Kabir NGR -3.19%
Ballia —2.55%*%* Madhubani —2.08* Shahdol —3.12%*
Banda -1.96* Mahoba —1.94* Shravasti —2.32%*
Bareilly —2.87* Mandsaur 3.00%* Sidhi —3.80%**
Basti —2.56* Moradabad 2.06* Simla -1.81*
Chandauli —2.23%* Nainital —5.43%%% Solan —5.48%%*
Darbhanga —-2.56** Palamau —2.44% Sonbhadra —2.15**
Dehra dun —8.35%**  Pauri garhwal  —6.17***  Soth 24 Parganas 4.99%**
GautamBudh NGR 2570 Pilibhit —4.274%* Surguja —4.07%*
Gaya —2.63** Purnea 3.14% Tehri-Garhwal 3.37%
Ghazipur —1.98** Rae bareli -2.82**  Udam Sing Nagar —3.57*
Gorakhpur 3.00* Raigarh —3.02%* Ujjain 2.01*
Gumla —3.68*** Ratlam 2.41* Uttar-kashi 3.29*
Trends significant at 95% (*), 99% (**) and 99.9% (***).
Table 2. Sen estimator of slope, Q (mm/year) for pre-monsoon rainfall.
Districts Q Districts Q Districts Q
Almora —1.05%** Gaya -0.30*  Purba Singhbhum  -0.60*
Anuppur —-1.29% Gaziabad -0.29* Rae Bareli —0.34**
Banka —0.55* Gonda —-0.25* Ranchi —0.70***
Baran -0.12* Gumla —0.74** Rewa -0.37**
Barddhaman —0.97%%* Hazaribag —0.71%%* Rohtas —0.30%
Bareilly —0.43** Jabalpur —0.28* Rudraprayag —0.85%
Begusarai —-0.41* Korba —0.60** Saharsa —1.12%%*
Bilaspur —0.44** Koriya —0.88***  Sant Kabir Nagar ~ -0.29*
Bundi -0.12% Lakhisarai —0.37** Saran 0.37*
Champawat —1.47*%%* Latehar —0.55* Satna —-0.32*
Chatra —0.45% Lohardaga —0.48* Shahdol —0.72%**
Dhar -0.06* Madhubani —0.62** Shivpuri —0.14*
Dindori —0.61** Mathura -0.19* Sikar -0.21*
Faridabad -0.32%* Meerut —0.34% Sonbhadra —0.48**
Garhwa -0.57** Nadia —1.43%%* Surguja —0.74%%*
Gautam Buddha Nagar 0.19% Narsinghpur —0.22* Tehri-Garhwal 1.52%**
Jamui —0.70%%* Palamau —0.47*%* Tikamgarh —0.22*
Jashpur Nagar —0.80**  Pauri Garhwal —1.53*** Umaria —0.48**
Katni —0.40%+* Pilibhit —0.58*** Uttarkashi 1.95%%*
Khagaria —0.41*

Trends significant at 95% (*), 99% (**) and 99.9% (***).
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Lohardaga, Chatra, Gumla, Hazaribag, Ranchi, Garhwa, Palamau), 12 districts in
Madhya Pradesh (Annupur, Dhar, Jabalpur, Narshingpur, Satna, Shivpuri, Ti-
kamgarh, Shahdol, Dindori, Umaria, Katni, Rewa), 3 in Rajasthan (Baran, Bun-
di, Sikar), 4 in Uttarakhand (Almora, Rudraprayag, Pauri Garhwal, Champa-
wat), 9 in Uttar Pradesh (Gaziabad, Gonda, Mathura, Meerut, Sant Kabir Nagar,
Pilbhit, Sonbhadra, Bareilly, Rae Bareilly), 2 in West Bengal (Nadia, Barddha-
man) and 1 in Haryana (Faridabad).

During the monsoon season, the increasing rainfall at on 16 districts and de-
creasing rainfall at 35 districts are detected statistically significant at 295% confi-
dence level (Table 3). Several districts fall in Kosi, Sone, and Ramganga subba-
sins have showed significant negative trend.

It can be noted from Table 4 that 13 districts have indicated significant at
>95% confidence level, in which 8 are positive and 5 are negatively significant in

post-monsoon season.

Table 3. Sen estimator of slope, Q (mm/year) for monsoon rainfall.

Districts Q Districts Q Districts Q
Aligarh 1.78* Gorakhpur 2.76* Rohtas —2.60**
Allahabad —1.44% Gumla =2.72%0%* Rudraprayag =5.27%**
Aurangabad —2.59%* Katni 2.03* Saharsa —2.43%*
Ballia -2.30%* Kaushambi -1.53* Samastipur -2.01*
Banda -1.81% Lakhisarai -1.65% Sant Kabir Nagar —2.45%
Bankura 1.66* Madhubani -1.78* Shahdol —-1.82*
Bareilly —-1.99% Mandsaur 2.51%% Shravasti —2.02%*
Basti -2.18% Moradabad 2.16* Sidhi —-3.06%**
Champawat 4.14%* Nainital —5.25%%* Simla —3.02%%*
Chandauli —1.94**  North 24 Parganas 1.79* Sirmur —2.43*
Darbhanga —2.37%* Palamau —1.82% Solan —5.37%%*
Datia 1.59% Pauri Garhwal —4.62%** Sonbhadra —-1.55%
Dehra Dun —=7.34%%% Pilibhit —-3.29**  South 24 Parganas  4.36***
Gautam Budh NGR ~ 2.40** Purnea 2.44* Surguja =3.020%*
Gaya —2.28** Rae Bareli -2.40**  Udam Singh Nagar ~ —3.00%
Gaziabad 2.01* Raigarh —2.65%* Ujjain 1.89*
Ghazipur -1.50% Ratlam 1.99* West Midnapore 1.58*

Trends significant at 95% (*), 99% (**) and 99.9% (***).

Table 4. Sen estimator of slope, Q (mm/year) for post-monsoon rainfall.
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Districts Q Districts Q Districts Q
Almora -0.36** Kaushambi -0.27% Raisen 0.03*
Bankura 0.08* Koriya 0.88% Ranchi 0.16*
Champawat -0.42% Mathura 0.13% Rohtas —0.30*
Gonda 0.43* Pauri Garhwal -0.27* Rudraprayag 0.87%
Jhajjar 0.16%
Trends significant at 95% (*) and 99% (**).
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5. Conclusions

The present study on district wise monthly rainfall data on entire Ganga basin
from 1901 to 2000 using Mann-Kendall and Sen’s slope estimator methods aimed
to have clear understanding about the rainfall trends over the basin and its
sub-basins. More than half of the districts of the Ganga basin that comes under
Kosi, Ghaghara, Gandak, Gomti, Tons, Sone have shown a decreasing trend in
annual rainfall.

In seasonal trend analysis, pre-monsoon (Jan.-May) rainfall decreases over
major part of Ganga basin. 78% of the total districts showed the decreasing trend
with significance of 54 districts. This seasonal rainfall decreased over the dis-
tricts covered by the sub-basins like Kosi, Gandak, Ghaghara, Gomti, Tons, Sone
and Ramganga. Here, the maximum decrease is —1.53 mm/year. The districts
over Kosi, Ghaghara, Tons, Gomti, Sone basins showed decreasing rainfall in mon-
soon period. Besides, the distribution of post-monsoon rainfall trend indicates
almost neutral trend (-0.1 mm/year to +0.1 mm/year) in maximum districts of
the total basin.

Significance testing showed that the pre-monsoon rainfall had significant
negative changes over the maximum districts of the basin in comparison to the
other seasons. Most of districts falling in Kosi, Sone, Ramganga, Gandak, Ghag-
hara and Tons have registered as significant negative rainfall change. Though 35
districts have a negative trend in Monsoon season, only 5 districts are detected
significantly for post-monsoon period. The annual and monsoon rainfall indi-
cated the same direction of trend for the maximum of the districts over the Gan-
ga basin.

Therefore, the study indicates the large spatial and temporal variability in the
annual and seasonal rainfall trends over the Ganga basin and its sub-basin areas.
The majority of the districts over Kosi, Gandak and Sone sub-basins indicated
the significant negative trend for annual, pre-monsoon and even in monsoon
season. These sub-basins have significantly played their major role in the sea-
sonal fluctuation of water flow in the river Ganga. So there need some districts’

and sub-basins’ wise strategies to deal with this climate change condition.
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