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Abstract:- In the present study, exploratory onalysis of rainfoll dota is performed. This study aims to
determine trends in onnual, monsoon month-wise ond meteorologicol region-wise in Indio. The dataused
consists of meon month-wise ond region-wise rainfoll for the period 1901-2010. Non-porametric
statistical tools such as Sen's estimotor of slope and Monn-Kendall trend test was used to estimote the
mognitude of trend. The rainfall in the monsoon months: July, August ond September showed downword
trend. Out of four meteorological regions, three regions showed downward trend. The downward as well
as upword trends were observed to be statistically insignificont.

Keywords:Rainfoll, Trend onalysis, Time series, Monn-Kendoll Test, Sen's estimote of slope.

1.INTRODUCTION

India is home to on extraordinary variety of climatic regions. In south India the climate is tropical while in the
Himolayon north, it is alpine. The elevoted regions in the Himoloyon north receive sustoined winter snowfoll. The averoge
onnuol roinfoll across the regions in Indiais between 750-1500 mm (30-59 in). The most precipitotion in Indio falls on Tomil
Nodu ofter beginning the dry northeost monsoon in September. Mony ports of the nation are entirely dependent on roins for
recharging its water resources. Failures of monsoon lead to acute water scarcity ond severe drought. Indid's agriculture sector,
food security and energy security crucially depends on the monsoon roinfoll. Thus, monsoon roinfall ploys on importont role in
the nationol policies of Indio.

The purpose of present study is to investigate the voriotions in the monsoon reoinfell in India by detecting the
precipitation chonges in the temporal ond spatiol structure for the period 1901 to 2010. The present paper consists of five
sections. The first section introduces the poper ond motives of the work. The second section deals with survey of literature with
special reference to Indion rainfoll dote. The third section describes study oreo, methodology ond statistical techniques used for
onolysis. The fourth section discusses results ond its discussion while the fifth one outlines concluding remorks.

2.SURVEY OF LITERATURE

Mony climatic chonge studies have been reported in the literature. These studies cim to identify ond determine the
climotic changes in various contexts. Here, we toke brief review of some of the research studies conducted in the context of
trend onolysis of Indion monsoon rainfall dote. Kumar et al (20100) studied monthly, seasonal ond onnual trends of roinfoll
using monthly dota series of 135 years (1871-2005) for 30 sub-divisions (sub-regions) in Indio. Holf of the sub-divisions
showed on increosing trend in onnual rainfoll, but for only three (Horyono, Punjob and Coostol Kornatoka), this trend was
statisticolly significont. Similarly, only one sub-division (Chhottisgorh) indicated a significont decreosing trend out of the 15
sub-divisions showing decreasing trend in onnual rainfoll. They have olso reported thot during June ond July, the number of
sub-divisions showing increosing rainfall is almost equoal to those showing decreosing rainfall. In August, the number of sub-
divisions showing on increosing trend exceeds those showing a decreosing trend, whereos in September, the situotion is the
opposite. The mojority of sub-divisions showed very little change in rainfoll in non-monsoon months. The five moin regions of
India showed no significant trend in onnuol, seasonol ond monthly rainfoll in most of the months. For the whole of India, no
significant trend was detected for onnual, seasonol, or monthly roinfoll. Annuol and monsoon roinfoll decreased, while pre-
monsoon, post-monsoon ond winter rainfall increosed ot the national scale.

The rivers in India.are sources of potoble woter, irrigation, industrial requirements, sources for hydro-power projects,
etc. Kumor ond Jain (2010b) have conducted study to determine trends in onnual ond seasonal roinfoll ond roiny doys over
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different river bosins ocross India. They have used doto of daily gridded rainfall at 1° x 1° resolution for the period 1951-2004.
Among 22 bosins studied by them, 15 showed a decreosing trend in onnuoal rainfoll; only one basin showed a significont
decreasing trend ot 95% confidence level. Of the 6 basins showing on increasing trend, 1 bosin showed o significont positive
trend. The monsoon roinfall increased over 6 bosins, decreased over 16 bosins ond o decreosing trend for 2 bosins wos found
statisticolly significont. They hove observed that oll river bosins, except Gongo and Brohmoputro, experienced the some
direction of trend in monsoon ond onnuol roinfoll. Four river basins experienced increasing (non-significont) trend in onnuaol
rainy day three basins did not show ony change in onnuol rainy doys whereos 15 bosins have shown adecreosing trend in ennuol
rainy doys. The decreosing trend in three bosins wos stotistically significont. Most of the basins have shown the some direction
of trend in rainfoll ond roiny doys ot the onnual ond seosonal scole. Roinfoll is subject to strong seasonolity in tropical
monsoonol climate.

There are spatiol ond temporal variations in various ottributes of the rainy seoson such os storting dote, ending dote,
durobility, etc. Numerous notions of roiny seoson exist in the reol world ond the literature, e.g. green season, growing seoson,
wet season, monsoonal roiny season ond wet period. Ronade et ol (2008) have studied a hydrological wet season (HWS) by
toking into consideration importont parometers such os storting ond ending dotes ond durotion, seosonal rainfoll/roinwoter ond
surplus rainfoll/rainwoter potentiol. They hove performed onalysis for the 11 mojor and 36 minor rivers bosins as well as the
West Coost Drainage System (WCDS) ond the whole country using highly quality-controlled monthly rainfall from well-
spread network of 316 rain-gouge stations from earliest availoble yeor (sometimes going bock to 1813) up to 2006. They have
observed declining tendency in the HWS rainfoll/reinwoter ond surplus roinfollHRWP over most of the minor basins in the
CMRR inrecent years/decodes

The state-wise onalyses of rainfall have olso been reported in the literature. Krishnokumar et al (2009) have studied
temporoal voriotion in monthly, seosonal ond onnual rainfoll over Kerolo, Indio, during the period from 1871 to 2005. Their
anolysis revealed significant decrease in southwest monsoon rainfall while increase in post-monsoon season over the State of
Keralawhich is popularly known os the ‘Gateway of summer monsoon’. Roinfoll during winter ond summer seosons showed
insignificont increosing trend. Rainfoll during June ond July showed significont decreosing trend while increosing trend in
Jonuory, February ond April. Hydro-power generation ond woter availobility during summer months ore the concern in the
State due to rainfoll decline in June and July, which are the roiniest months. At the some time, maojority of plontotion crops ore
likely to benefit due to increase in roinfall during the post-monsoon season if they are stoble ond prolonged. As it con be seen
from the above survey, previous studies hove been conducted either river bosin wise or stote-wise. None of the study deols with
month-wise ond/or meteorological region-wise onalysis of Indion reinfoll doto.

3.METHODOLOGY
3.1STUDYAREA

This study is conducted considering whole India.as astudy areo. The meteorologicol department of Indiohos divided
whole nation into four homogeneous regions according to the monsoon rainfoll. These

Figure : Meteorological Region of India (source: google maps)

regions are: Northwest Indio(NWI), Centrol India(CI), Northeost Indio(NEI) and South Peninsulor India(SPIN).
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3.2 MATERIALAND METHODS:

The dataused for this study is secondary doto. The doto obtained from the official website of Indion Meteorologicol
Department (http://www.imd.gov.in). The dota include the records of meon onnual roinfoll during four monsoon moths ond
according to the homogeneous regions. The rainfall records include observotions sponning from 1901 to 2010 and cover o
period over 110 years. The period of time series is long enough to corry out statistical onolysis. As mony hydrologicol time
series dota are not normally distributed, non-porametric tests were preferred over porametric tests. We hove odopted
methodology used by previous studies such Abdul-Aziz et ol (2013), Jain ond kumor (2012), etc.

3.2.1Sen’s slope Estimator:

Previous studies have used different methodologies for trend detection. Trend analysis of a.time series consists of the
mognitude of trend ond its statisticol significonce. In general, the mognitude of trend in a.time series is determined either using
parometric tests such os regression onolysis or using non-porometric method such os Sen’s estimator method. Both these
methods ossume alineor trend in the time series. Sen’s slope estimator hos been widely used for determining the mognitude of
trend in hydro-meteorological time series. In this method, the slopes (Tk) of all dotapairs are first colculoted by:

Xj = Xj :
Tk:ﬁ _f()T' k=],2,,N

where x; and xi are data.values at time j ond i (j > 1)
The medion of these N values of T, is Sen's estimator of slope which is calculated os:

* Th+1 N is add

Tz
B =91 ‘
2 (T2 + Tevenyz)  Niseven

A positive value of f indicates an upward (increasing) trend and a negotive volue indicotes o downward (decreasing)
trend in the time series.

3.2.2 Mann-Kendal Test:

The MK test checks the null hypothesis of no trend versus the olternotive hypothesis of the existence of increosing or
decreasing trend. i.e., HO: There is no trend in the dota.values versus H1: There exists trend in the datavolues.

The statistics (S) is defined as:

N N 1

§= Z Z sgn(x; — x;)

i=1 j=i+1

where N is the number of dotapoints. Assuming (x;—x;) = 0, the value of sgn(6) is computed as follows:

1 ifo>0
sgn(@)=< 0 if8 =0
1 if8 <0
Forlarge N, the test is conducted using normol distribution with meon ond vorience as follows:
E(S)=0
Tar($)
NV —1)(2N +5) — T2, (b (b — 1) 2ty +5)
a 18

Where n is the number of tied groups and t, the number of data points in the k™ tied group. The Stondard Normal
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Variote (S.N.V.) is then computed os:

- -1
———— if$>0
Jvar(s)
Z7=10 if§=0
S+1 _
if§<0

A var(s)

Ifthe computed value of |Z|>Z0/2, the null hypothesis (HO) is rejected ot a level of significonce, where 0 <a < 1.

Table 1: Descriptive Statistics of overall and month-wise Monsoon Rainfall data

Month N Min Mox Meon S.D.

June 110 85.7 2772 | 167.14| 35.67
July 110 | 1462 381.6 | 295.48 41.7
Aug. 110 | 1898 348 | 261.67 | 37.66
Sept. 110 95.1 283.1 | 17391 | 38.15
Annuol 110 | 6974 11242 | 898.69 | 93.42

Table2: Descriptive Statistics of region-wise Monsoon Rainfall data

Region | N Min Mox Meon S.D.

NWI 110 | 3454 | 1024.0| 630.60 | 121.00
NEI 110 | 1043.7 | 1684.2| 135120 | 131.10
Cl 110 | 6799 | 1349.4 | 980.60 | 131.60
SPIN 110 | 4340| 951.7| 72095 | 101.49
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Figure 3: Rainfall time series plot for 'August’
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Figure 2: Rainfall Time series plot for month 'June’
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Figure 4: Rainfall time series plot for month 'Sept.’
4.RESULTSAND DISCUSSION:

The preliminory grophical inspection of the datorunder study is performed. Time series plots of the rainfoll values for
three of the monsoon month are shown in the figures 2, 3 and 4. The descriptive statistics such as Minimum, Moximum, Meon
ond Stondord Deviations were computed for each of the four months ond presented in the Toble no. 1 ond as well for four
meteorological regions in the Toble no. 2. It wos observed that, on on averoge, moximum roinfall occurs in the month of July
during the monsoon period. The moximum roinfoll occurred in the meteorological region of Northeost Indio(NET).

Table No. 3: Sen's Slope Estimate and Mann Kendall Test Results for month-wise data

Somple | S-statistic | Z-volue | P-volue | B
Month (mm/yr)
June 110 157 0.403 0.687 0.0395
July 110 -606 -1.5628 [ 0.1181 [ -0.1844
August 110 -122 -0.3126 [ 0.7546 [ -0.0421
Sept. 110 -84 -0.2144 [ 0.8302 [ -0.0344
Over all 110 -291 -0.7491 [ 0.4538 [ -0.2167

where 3 is Sen’s estimote of slope
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Table No. 4: Sen’s Slope Estimate and Mann Kendall Test Results for Region-wise Data

Region | Somple | S-stotistic | Z-volue | P-volue | B
(mm/yr)
NWI 110 -602 -1.5524 | 0.1206 | -0.6137
CI 110 -410 -1.0565 | 0.2908 -0.509
NEI 110 -10 -0.0232 | 0.9815 -0.0072
SP 110 220 0.5657 0.5716 0.1896

Further, rainfoll time series data were onolyzed with a Monn-Kendall test ond Sen's slope estimote for each of months:
June, July, August, September ond meteorological regions: Northwest India(NWI), Northeast India(NEI), Centrol Indio(CI),
South Peninsulor India(SPIN) as well. Toble No. 3 provides the computotions of the Monn-Kendall Statistic, Sen's slope
estimate ond P-volues for these four monsoon months. As it con be observed, upward trend is observed in the month of June
while remoaining three months (July, August ond September) reveal downward trends. The observed trends are found to be
statisticolly insignificont as evidenced from the P-volues. Toble No. 4 shows computations of Sen's estimate of slope, Monn-
Kendall statistics ond P-values for four meteorological regions. In cose of these four meteorological regions, three regions i.e.,
NWI, NEI and CI revealed downwoard trends which were also statistically insignificant. But, the trend observed in the region
SPIN was upword trend.

5.CONCLUSIONS

The study of trend onalysis in the rainfoll dotois abosic ond importont requirement for the plonning ond monogement
of water resources. The overall monsoon roinfoll shows downword trend which is statisticolly insignificant. The downward
trend identified in three meteorological regions. The decreose in rainfoll occurred in overoll monsoon period. However, this
decrease wos found to be stotistically insignificont. Finally, it con be concluded that investigation of cyclical fluctuations
should be done to throw more light on the hidden potterns in the Indion roinfoll doto.
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