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Analysis of spatial and temporal variation in rainfall trend
Of Uttar Pradesh, India (1901-2002)

Abstract:-

Monthly rainfall data from 1901 to 2002 for 6 Stations of Uttar Pradesh were used to analyse
the changed rain fall trend of the region. Spatial distribution and tempo- ral variation of rainfall
were observed in the seasonal and annual series. Mann—Kendall test and Sen’s slope were used
in the study for the trend analysis. Standard normal homogeneity test and Mann—-Whitney—
Pettit Test were applied for detection of break point in the series. change percentage was
calculated for seasonal and annual series for 102 years. Trend analysis was then done by
dividing the entire series into two divisions before and after the break point. The impact of
extreme events of rainfall on the trend was evaluated on the whole and partial series (Before
and after the break point). Variation in the spatial

distribution of annual, monsoon, pre monsoon and post monsoon rainfall was observed.
Keywords:-

Rainfall trend Mann—Kendall test Mann—Whitney—Pettit test Change percentage

Extreme event

Introduction:-

The extremely dynamic nature of the climate is one of the primary causes of increasing concern
in the present days. variability is the major feature of climate, and in the last few decades
substantial increase in the temperature and changing rainfall pattern has drawn a lot of
attention. The variable rainfall pattern associated with the climate change deserves systematic
and instant attention as it affects the food production and available fresh water (Dore 2005).
IPCC (Intergovernmental Panel for Climate Change) (2007) has reported spatial, interpersonal
and internal variability in rainfall trend in Asia in the last few decades. It was found that
changing rainfall pattern has considerable impact on the agricultural sector and water of the
Asia—pacific region (Cruz et al. 2007). Changes in the rainfall and land use/land cover are also
observed to have an effect on the sediment yield and runoff of the loess hilly catchment in
China (Wei et al. 2014). Any fluctuations in the hydrological cycle will have an effect on the
freshwater availability. According to the [PCC. there is about 0.74 _C rise in mean temperature

in the 100 years of 1906-2005 which was observed together with a great variation in spatial




and temporal rainfall (Solomon et al. 2007). Continuous and increasing rate of events such as
drought, flood and high-intensity rainfall have been observed all over the world (Mirza 2003:
Kundzewicz et al. 2005; Kysely’ 2008; dashtpagerdi et al. 2014). Some rising trend of
precipitation is observed in the eastern north Europe. North and South America and central
Asia. whereas a decrease is found in the Mediterranean and southern Africa and south Asia
(IPCC (Intergovernmental Panel for Climate Change) 2007). Australia also shows an
increasing rainfall trend (Suppiah and Hennessy 1998: Nicholls and Lavery 1992). reduction
in the mean annual precipitation trend was noticed in north and north-east China (Hu et al.
2003 Zhai and Pan 2003), Russia (Savelieva et al. 2000; Peterson et al. 2002), in the arid plains
and coastal areas of Pakistan (Farooq and Khan 2004), Italy (Buffoni et al. 1999), eastern Brazil
(Silva 2004) and Kenya (Kipkorir 2002). A significant difference was observed in the rainfall
trend in southern Spain from the historical data of 500 years (Rodriga et al. 2000), in the
Prairies of Canada and other places (Akinremi et al. 2001; Ati et al. 2008; Gonza’lez et al.
2008 Conway et al. 2009). Some extremes of rainfall are observed in China, where the increase
is found in the west of 1008 E region, while a substantial decrease is observed in the Huathe
River basin, Haihe River basin and Yellow River basin with some moderate variation in the
north-east (Zhang et al. 2012). Changed precipitation in the Haihe River basin of China is also
observed in recent works (Lu et al. 2014). affecting the hydrological system of the basin.
However, overall increasing annual precipitation is noticed in China from 1980 to 2012, though
the numbers of wet days show decreases (Feng and Zhao 2014). The Asian landmass has a
wide variety of climatic rainfall, which also includes monsoon rainfall. Many studies on the
monsoon rainfall have been done which signify the effect of climate change. According to
Gosain et al. (2006), the availability of freshwater will decrease in many river basins due to
climate change. This reduction may affect India adversely together with the high growth of
population by the 2050s (IPCC (Intergovernmental Panel for Climate Change) 2007). Some
crops such as wheat, barley, mustard and chickpea may also show a decrease or stagnation in
yield due to increasing temperature (Kalra et al. 2008). Numerous studies are available on the
rainfall trend and summer monsoon of India (Parthasarathy and Dhar 1974, 1978; Kothyari and
Singh 1996; Sarkar et al. 2004; Guhathakurta and Rajeevan 2008) where rising trend has been
observed in Kashmir to the south through the Deccan Plateau (Sen Roy and Balling 2004).
Kumar and Jain (2010) also observed an increase in the seasonal rainfall in Kashmir valley.
but monsoon rainfall showed a decrease in Srinagar. Current work on rainfall trend has been
done in Assam by Jhajharia et al. (2012) in north-east India. showing changes in the current

trend. He has used the Mann—Kendall test for the study. The Indian climate is mainly




characterized by monsoon rainfall which generally occurs from June to September and feeds
most of the agricultural sectors. Therefore, variation in the rainfall pattern may significantly
influence the economy of the country. Allocation and management of water for irrigation
purposes, in the present situation of climate change, is very important. With the growing stress
on water due to climatic changes, analysis on a broad as well as regional scale is required, as
India has vast climatic zones and variations. Major parts of India are facing decrease in
precipitation during the monsoon time. A decreasing trend has been observed in north-east
India, central north-east India and west-central India (Kumar et al. 2010). Agriculture being
the main lifeline of people, it is extremely significant to study the distribution of rainfall. In the
present study, the entire state of Uttar Pradesh which is situated in the central part of India is
considered. Different researches have been carried out in central India regarding change in
rainfall, but the analysis of extreme rainfall events has been lacking. The main objective of the
present study is to analyse the trend along with the analysis of extreme events occurring in
different years influencing the current rainfall trend. To support the analysis, results are taken
before and after the break point year of 1978. The study was carried out with the following
objectives: (1) to study the Annual and Seasonal (pre-monsoon, monsoon, post-monsoon and
winter) rainfall trend from 1901 to 2002; (2) to analyse the changing trend before and after the
break point (Annual and Monsoon); (3) to analyse extreme events of rainfall (yearly) and
evaluate the impact of climate change. Various statistical techniques such as Mann—Kendall
(MK) test, Sen’s slope, Mann—Whitney—Pettit (MWP) tests, change percentage and break point
analysis were applied in the study. Parametric linear regression test was carried out with the
seasonal and Annual data to support the results obtained from the MK test. The rainfall trend
analysis in 6 districts of whole UP will help the planners understand the recent scenario of

climate change in this area.

Study area:-

The study area is Uttar Pradesh (Varanasi, Allahabad, Lucknow, Faizabad, Ambedkaragar,
Jaunpur) which is situated in the central part of India. It is surrounded by many states such as
Madhya Pradesh, Rajasthan, Gujarat and Maharashtra from all sides.The state is agriculturally
dependent where the majority of the people practice agriculture. It is also agriculturally quite

diverse with crops such as rice, wheat, lower, soybean, cotton and sugarcane. Climatically, the




region is sub-tropical type with hot and dry summer and cool winter, and the monsoon season
is very important as it gives maximum rainfall for agriculture. Spring or the pre-monsoon
season commences from March up to May, monsoon season from June to September, Autumn
or post-monsoon in October and November, and Winter from December to February. As the
summer is hot and dry, the temperature starts rising during March and lowers during October.
The temperature rises up to 40 _C or even more while the winter temperature varies from 10
_Cto25 C as minimum and maximum, respectively. The landuse of UP is shows different
classes and. noticeably, the higher elevated areas coincide with the forest areas. The rest of the
region is mainly occupied by agricultural lands and the built-up area. Increasing settlement of

the region has caused more occupancy of the agricultural lands.

Materials and methods:-

The monthly rainfall data of 102 years from 1901 to 2002 is used in the study. from the Indian

Meteorological site (IMD) of India Water Portal (http://www.indiawaterportal.org/ etdata).
Seasonal and annual analysis was done of 6 stations of UP. Homogeneity test was applied to
the data series by standard normal homogeneity test (SNHT) at the significance level of 5 %
(Alexandersson 1986; Alexandersson and Moberg 1997). The series proved to be homogenous
according to the test, as the critical value of TO for 102 samples was 9.26 at the 95 %
significance level for the heterogeneous series. It also indicates the break point in the series.
The occurrence of any positive or negative correlation has an effect on trend detection).
Therefore. serial correlation is applied to the series to observe the existence of any trend in the
data, after which the data are pre-whitened to eliminate the correlation forapplying Mann—
Kendall (MK) test (Storch 1993; Yue et al. 2002; Cunderlik and Burn 2002, 2004). The MK
test is applied to the pre-whitened data series to assess the monotonic trend of the data (Mann
1945: Kendall 1975). It is considered better than the parametric tests (Xu et al. 2003).although
linear regression has been done to observe the trend. For analyzing the trend magnitude, Theil-
Sen’s estimator of slope is used (Theil 1950; Sen 1968). Mann—Whitney Pettitt (MWP) test is
applied to detect break point in the series (Pettitt 1979) and then change percentage for 102
years is calculated (Yue and Hashino 2003). An extreme event of rainfall (yearly) is calculated

for the whole series (1901-2002).

Results and analysis:-
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Serial correlation and detection of change point in the series Lag-1 serial correlation is applied
to check the presence of any existing trend in the series before applying the MK test and pre-
whitening method is used to remove the correlation. The MK test is then applied to the pre-
whitened data series at the 5 % significance level over 102 years. The break point in the data
series is calculated by Mann—Whitney—Pettitt (MWP) test and SNHT test where considerable

changes in climate are noticed.

Seasonal and annual rainfall trend analysis in 6 stations from 1901 to 2002.

1. Station 1 —Varanasi

2. Station 2-Allahabad

3. Station 3-Lucknow

4. Station 4-Faizabad

5. Station 5S-Ambedkarnagar
6. Station 6-Jaunpur
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In the seasonal results, mixed trend is noticed. (Fig. 1). The figure illustrates
significant and non-significant increasing and decreasing trend with different symbols. Some
significant trend is found in Varanasi in Annual period. And also some significant trend is
found in Faizabad , Ambedkarnagar, and Juanpur in Annual and Monsoon period. Other
stations(Allahabad and Lucknow) have a non-significant trend in the period of Pre Monsoon,
Post Monsoon and Winter season.

Varanasi shows a decreasing rainfall trend in Annual period and increasing rainfall
trend in the Pre Monsoon period and decreasing rainfall trend in the Mansoon period and -
increasing rainfall trend in both the Post Monsoon and in Winter seasons.

Allahabad, Lucknow and Jaunpur have also a decreasing rainfall trend in Annual period
and increasing rainfall trend in the Pre Monsoon period and decreasing rainfall trend in the
Mansoon period and increasing rainfall trend in both the Post Monsoon and in Winter seasons.

Faizabad and Ambedkarnagar shows a decreasing rainfall trend in Annual period and
increasing rainfall trend in the Pre Monsoon period and decreasing rainfall trend in both the

Mansoon period and Post Monsoon period and increasing rainfall trend in the Winter seasons.

(1)Serial correlation and pre-whitening:- The serial correlation coefficient of gk for a
discrete time series for lag-k is given as (Yue et al. 2003)

n-k . _

P OXeXO)(Xerk —Xtk)
Pk= k=

n-k — Rl—

[> (xex)( Xerk =X )]

k=1

where xt and Var (xt) stand for the sample mean and sample variance of the first (n - k) terms.
respectively, xtpk and Var (xt ? k) are the sample mean and sample variance of the last (n -
k) terms, respectively no correlation hypothesis is checked by the lag-1 autocorrelation
coefficient as HO: q1 = 0 against H1: |q1[>0

n-2

t=|q1 |\/**3

1-pl
Here, the t test represents the Student’s t-distribution with (n - 2) degrees of freedom (Cunderlik
and Burn 2004). If |t| C ta/2, then the null hypothesis of no serial correlation is declined at the
a level of significance. The pre-whitening method removes the serial correlation effect on the
MK test (Storch 1993) and it was applied on the data series with some modification in the
technique (Yue et al. 2002).

Yi=xi-(pxi)




s+1/\var(s), if s<0
where

n-1 n

s =7, Ysgn(xi-xj)

i=1 J=itl

Here, xj and xi are the data values which are in sequence with n data, sgn (h) is equivalent to
1. 0 and -1 if h is more than, equal to or less than 0, respectively. If Zc¢ appears to be greater
than Za/2 then the trend is considered as significant and a represents the level of significance
(Xu et al. 2003).

The rainfall trend magnitude is calculated by Theil-Sen’s estimator (Theil 1950; Sen 1968).
B= median(xi-xj/i-})
where 1<j<i<n and B estimator is the median of the entire data set of all combinations of pairs

and is resistant to the effect of extreme values (Xu et al. 2003).

(3)Change magnitude as percentage of mean:-

o
where P is the Theil-Sen’s estimator. The rl (lag-1 serial correlation coefficient) is computed
for the new series. In case the r1 do not vary significantly from zero, the data are used without
serial correlation and the MK test in that case will be applicable directly to the sample data.
Otherwise, the method of pre-whitening will be used before trend analysis.
Yi'=yi—r1Yi-l
The Bx i value is added to the residual data set of Eq. 4:
Yi =yi'+fxi
i represents the final pre-whitened series.
(2)Mann—Kendall test and Theil-Sen’s estimator The MK test is given as:-
s-1/\var(S) , if $>0
Zo— 0 , if §=0
9



The change percentage is computed by approximating it with the linear trend. So, it is
equivalent to the median slope multiplied by the length of the period and the whole is divided
by the corresponding mean value that is given in percentage (Yue and Hashino 2003):

Percentage change(%)=(Bx*data length/mean)x100

(4) Mann—Whitney—Pettitt method (MWP) A time series {X1, X2..., Xn} with the length n is
considered. Let t be considered as the time of the most expected change point. Two samples
such as {X1, X2, ..., Xt} and {Xt? 1, Xt?2, ..., Xn} can then be attained by dividing the time
series at t time. The Ut index is developed in the following way:

t n

Ut =3 >sgn(xi-xj)

i=1 =1

where

1. if (xj-xi)=>0
sgn(xj-xi)= 0, if (xj-x1)=0
-1, if (xj-x1)<0

(5) There will be constantly increasing value of |Ut| if it is plotted against t in a time series with
no change point. But, if there is presence of a change point (even a local change point) then
|Ut| will rise up to the level of change point and then start decreasing. The major significant
change point t is considered as the point where the value of |Ut | remains highest:
kt= max|Ut|

I=<t<sl

The estimated significant probability p(t) for a change point (Pettitt 1979) is:

p= exp[-6Kt*/n*+n?]

When probability p(t) surpasses (1-a), then the change point becomes statistically significant
at t time with the a significance level.
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