Chapter 4
Long Term Rainfall Trend Analysis
(1871-2011) for Whole India
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Abstract Climate change has aroused serious consciousness among human
beings as it has a strong impact on different parameters like rainfall, temperature,
evapotranspiration etc. Change in climatic parameters also affects the agriculture
and water demand of an area. The changed pattern of rainfall leads to extreme
conditions like flood, drought and cyclones which have increased in frequency in
the last few decades making the rainfall trend analysis extremely important for
India where a large part of the economy depends upon rain-fed agriculture. The
trend of rainfall for 141 years of India was analyzed in the present study from
1871 to 2011. Detection of trend was done by analyzing 306 stations of India
divided into seven regions of Homogeneous Indian Monsoon, Core-Monsoon
India, North West India, West Central India, Central Northeast India, North East
India and Peninsular India. Temporal as well as spatial rainfall variability was
shown on monthly, seasonal and annual basis. The Mann—Kendall (MK) Test and
Sen’s slope was applied in the study. Mann—Whitney—Pettitt (MWP) test was used
to give the break point in the series. Annually, 5 regions have decreasing trend
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except for core-monsoon and north-east India. Monsoon season depicted decrease
in the rainfall magnitude in most of the regions. This result is extremely signif-
icant as monsoon rainfall serves the major water demand for agriculture. Change
Percentage for 141 years had shown rainfall variability throughout India with the
highest increase in North-West India (5.14 %) and decrease in Core-monsoon
India (—4.45 %) annually.

Keywords Change percentage ¢ India « MK test « MWP test  Rainfall trend

4.1 Introduction

With the growing frequency of different extreme events like flood, drought,
cyclones etc., there has been increasing concern regarding the adverse effects of
climate change. Changing rainfall pattern that is occurring because of climatic
variations have raised the concern about extreme events (IPCC 2007). Evidences of
climate change are extremely prominent in various sectors and it has been found
that rainfall variation may have a significant impact on the agricultural and water of
Asia-Pacific (Cruz et al. 2007). Increasing rainfall trend was observed in New York
of USA (Burns et al. 2007), Australia (Suppiah and Hennessy 1998) etc. while a
decrease was found in Italy (Buffoni et al. 1999) and Kenya (Kipkorir 2002). There
were greater variation in the spatial and temporal distribution of rainfall like in
Spain (Rodrigo et al. 2000) and North America (Englehart and Douglas 2006).
Rainfall distribution and variability is also related to the temperature pattern which
was found to be quite varied in Italy (Brunetti et al. 2000), Western and Central
Europe (Moberg and Jones 2005), South Africa (Kruger 2006), Iran (Masih
et al. 2010) etc. All these changes in rainfall trend have initiated more research in
this field to analyze the distribution.

Both parametric and non-parametric tests were used for the trend analysis, but
non-parametric tests were considered as better as they can be used on independent
data sets (Hamed and Rao 1998). Mann—Kendall tests are non-parametric tests used
most frequently for the trend analysis (Yue et al. 2003; Singh et al. 2008; Gonzalez
et al. 2008).

In India monsoon rainfall forms an important part of the climatic characteristics.
It supplies the majority of rainfall required for the agricultural sector. The south-
west monsoon supplies rainfall in north India while the winter or north-east rainfall
serves the south India. Variation in rainfall have resulted in increasing threat over
the economy of the country as there is rising problem in the agricultural sectors and
planners must allocate the water resources properly to avoid problem of water
scarcity in the future. In the present study, rainfall trend analysis of the entire
country was done with the data of 141 years from 1871 to 2011 with 7 major regions
of India. Mann—Kendall test and Mann—Whitney—Pettitt test was applied to the
rainfall data on monthly, annual and seasonal basis.
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4.2 Study Area

Indian rainfall ranges from 160 to 1,800 mm/year all over the country varying both
spatially and temporally. As India is a large country with different climatic condi-
tion, 7 regions were formed for whole India on the basis of meteorological charac-
teristics. These regions are, Homogeneous Indian Monsoon, Core-Monsoon India,
North West India, West Central India, Central Northeast India, North East India
and Peninsular India (except the hilly regions in the north) as given in Fig. 4.1.
The study area covers about 2,880,000 km? areas for whole India. The data were
assessed by annual, seasonal and monthly basis where summer months extend from
March to May, monsoon from June to September, post-monsoon from October to
November and winter from December to February. A total of 306 stations located
all over India were analyzed for the study.
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4.3 Methodology

Monthly, seasonal and annual rainfall trend series was studied for 141 years to
analyze the trend. Homogeneity test was applied on the series with Standard
Normal Homogeneity Test (SNHT) at the 5 % significance level (Alexandersson
1986) and the observed series was found to be homogenous (Khaliq and Ouarda
2007). Serial correlation and pre-whitening method was applied on the series to
remove the effect of correlation on MK Test (Storch 1993). MK test was then
applied on the pre-whitened rainfall series (Mann 1945; Kendall 1975) with the
Theil-Sen’s estimator (Theil 1950; Sen 1968) to get the trend and magnitude of
rainfall. Then Mann—Whitney—Pettitt (MWP) test was done to find the change point
of the series (Pettitt 1979). At the end percentage of change was calculated
(Yue and Hashino 2003).

4.3.1 Serial Correlation

The coefficient of serial correlation pk for lag-k in a discrete time series is given as
(Yue et al. 2003)

3
|
b

(X = X)Xk — Xrg)
! (4.1)
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n—k —k h
E - xt E Xr+k - xt+k
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t
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Here X; and x, stand for sample mean and sample variance of the first
(n — k) terms respectively, X;.; and Var (x+k) are regarded as sample mean and
sample variance of the last (n — k) terms respectively. No correlation hypothesis
are examined by the lag-1 serial correlation coefficient as Hy : p; = 0 against
H 1 - |p1| >0

n—2
t=|p| —p (4.2)
1

The ¢ test is the Student’s r-distribution with (n — 2) degrees of freedom
(Cunderlik and Burn 2004). For |¢f| > t,,, the null hypothesis about zero
correlation is discarded at the significance level a.
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4.3.2 Mann—-Kendall Test and Theil-Sen’s Estimator

The MK statistic is given as

1
if, $>0
Var(S)
Z.={0if,$=0 (4.3)
S+1
a if, S <0
Var(S)
where,
n—=1 n
S = Z sgn(x, - .Xf) (4-4)

Here x; and x; give the data values which are in sequence with n data, sgn (0) is
equivalent to 1, 0 and —1 if 8 is more than, equal to or less than O respectively. If Z
is more than Z,, then the trend is regarded as significant and « is the level of
significance (Xu et al. 2003).

B = median(X; — X;/i — j) ¥j <, (4.5)

where /<j<i<n and f estimator represent the median of the entire data set
(Xu et al. 2003).

4.3.3 Mann-Whitney—-Pettitt Method (MWP)

The n length time series { X1, X2..., Xn} is taken. 7 represents the time of the most
expected change point. Two samples { X1, X2,..., Xt} and {Xt+1, Xt+2,..., Xn}
can be attained by dividing the time series at ¢ time. The Ut index is calculated in the
following way:

Ui=> Z sgn(X; — X;) (4.6)

i=1 j=t+1

where,
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Constantly increasing value of [Utl with no change point will be obtained by
plotting Ut against 7 in a time series. But if there is a change point, then |Uz| will
increase up to the change point level and then will decrease. The significant change
point ¢ represents the point where value of |Ut| is highest:

K= max |U,] (4.8)

1<e<T

The approximated significant probability p(¢) for a change point (Pettitt 1979) is:

p=1- exp[ —0K; } (4.9)

n3 4 n?

When probability p(f) overcomes (1—a), then the change point is significant
statistically at time ¢ with the significance level of a.

4.4 Results and Discussion

Homogeneity test was conducted for the series where T, at the 95 % level was
found to be less than 9.468 (Table 4.3) (Khalig and Ouarda 2007). Table 4.1
represents the serial correlation values for seven regions and gives the coefficients
of monthly, seasonal and annual rainfall. The Lag-1 serial correlation was calcu-
lated to observe the presence of any positive or negative correlation and
pre-whitening was applied to eliminate the effect. Maximum correlation was
found in Peninsular India and North-West India (0.228).

The rate of change for 141 years for each month and the level of significance is
given in Fig. 4.2. Positive and negative trends in the series were calculated from the
MK test and some significant values were observed in different regions. The rainfall
trend was significant in the month of April showing highest positive or increasing
trend and decreasing trend was observed in July (<—15 %) so there was declining
rainfall trend during the monsoon period. Significant negative rainfall trend was
found in the month of July in the West Central India where the rate of change was
—10to —15 % over 141 years. In North-east India significant negative rainfall trend
was noticed in the month of August (—10 to —15 %). The month of June also had a
negative rate of change in the West Central India.

Apart from the monsoon months of June, July and August, decreasing trend was
also noticed in December. Thus rainfall reduction in July—August or monsoon months
indicates a problem for the agricultural economy. The north-west and peninsular
India have mostly positive change rate in 141 years, unlike other regions particularly
during July—August. The peninsular India experience the effect of both south-west
and retreating monsoons which might have caused more rainfall here. However,
during the time of retreating monsoon in Peninsular India, the rate of change was
comparatively low (0-5 %). The North-west India also receives more rainfall.
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Fig. 4.2 Monthly rainfall trend and rate of change
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Fig. 4.3 Monthly rainfall trend and rate of change

The seasonal and annual rate of change along with the negative and positive
trend values is illustrated in the Fig. 4.3. The monsoon and winter seasons have
declining rainfall ranging from —5 % to less than —15 % in 141 years. Annually,
highest rate of change in rainfall was observed in North-west India (5-10 %)
followed by Peninsular India (0-5 %). West Central, Central North-east and
North-east India faced decreasing trend and rate of change (0 to —5 %).
Pre-monsoon and post-monsoon periods have increasing rainfall which is evident
from the maps, while the maximum reduction was observed in the monsoon and
winter seasons particularly in the North-east India.

The rainfall trend magnitude of 141 years is given in Table 4.2. As a whole India
reflects a significant positive trend in the month of April (0.036 mm/year) and
significant decreasing trend was observed in July (—0.137 mm/year). Rainfall of
Homogeneous Indian Monsoon is showing a reduction in rainfall in July
(—0.236 mm/year), Core-Monsoon India reflects significant negative rainfall
trends in July (—0.287 mm/year), West Central India shows significant reduction
in July (—0.314 mm/year) and North East India shows the significant negative
rainfall magnitude in August (—0.334 mm/year) and in Monsoon season
(—0.724 mm/year). Among all the significant rainfall magnitude results, only the
month of April shows the positive trend which is a pre-monsoon month.

The MWP test was done to calculate the change point in these 141 years where
the change point for whole India was considered as 1961 (Table 4.3).

The annual total rainfall of 7 regions and whole India is shown in Fig. 4.4 from
1871 to 2011. Linear regression method was used to see the rainfall trend which
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Table 4.3 MWP and SNHT test

Pettitt’s test SNHT test

Station K t P value To# t P value
Whole India 653 1961 0.89 3.03 1964 0.24
Homogeneous Indian monsoon 688 1964 0.91 3.087 1894 0.25
Core-monsoon India 872 1894 0.98 4.896 1894 0.60
North West India 829 1941 0.97 1.824 1941 0.04
West Central India 1155 1964 1.00 5.006 1964 0.62
Central Northeast India 746 1961 0.94 5.96 2008 0.73
North East India 1195 1956 1.00 13.523 2007 0.99
Peninsular India 723 1914 0.93 6.842 2004 0.82
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Fig. 4.4 Annual rainfall trend by Linear Regression method from 1871 to 2011

illustrates the greater frequency of decreasing rainfall pattern after 1961 particu-
larly in the North-east, Central North-east and West Central India. However, the
increasing rainfall pattern was found in Peninsular India.

The entire rainfall pattern of India indicates significant variability in different
regions with some prominent changes in the trend. The overall rainfall trend shows
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significant decrease in the monsoon months which poses considerable threat to
the agricultural economy and will aggravate the demand of water in near future.
The change point of 1960-1961 is also significant as the rate of decrease was much
more after this period. Decrease in the monsoon of North-east India which was
known for its highest rainfall, along with the majority of other regions is also a
foremost concern. On the other hand, Peninsular India and North-west India have
shown an increasing rainfall trend.

4.5 Conclusion

The study involves the rainfall trend analysis of whole India for 141 years from
1871 to 2011 with MK test and linear regression. Reduction in rainfall trend was
observed in the regions of West Central India, Central Northeast India, North-east
India and in the zones of Homogeneous Indian Monsoon and Core-Monsoon India.
Only two regions depict positive rainfall trends in the Northwest and Peninsular
India. Seasonally the trend indicated decrease in the monsoon season which is quite
significant for the planning purposes. The range of magnitude of rainfall varies
significantly from 0.036 mm/year to —0.334 mm/year. Rate of change was com-
puted for annual and different seasons where the range varies from —5 % in North-
east, Central North-east India to about 10 % in North West India annually. A
significant reduction was also noticed in monsoon particularly in North East
India. The change point in the series was observed in 1961 by MWP Test which
indicates the period of dominant decrease after this year. Both spatial and temporal
decline were observed in all the regions except for the Peninsular India and North-
west India which might be due to the land-atmosphere wind circulation and the
contribution of both southwest and retreating monsoons. Reduction in rainfall trend
especially in the monsoon season may have a significant effect on agricultural
production particularly in the rain fed cultivation system.
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