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Abstract—The main objective of the study is to identify thedegrading the vyield as well as quality. The ambient
trend in annual rainfall time series data as wedl seasonal temperature and rainfall are the most influencitimatic
rainfall time series of four rainy months i.e. Junkly, parameters which can affect the progressive stages,
August and September during the period of 19710ttb2 development and crop yield. In general, most ofdases,
The annual & sessional trend of rainfall was detierdby  the overall growth of crops and their yields arestho
non-parametric Mann-Kendall test. Also a non-partime  reliant on the monsoon rain as the sowing of caprébi
Sen’s Slope estimator was used for the determimatio season is also getting the essential soil moistunich has
magnitude of trend. A functional relationship haseb retained from the later parts of the monsoon. Hefeging
developed between variables using linear regressiomainfall pattern and their influence on agricultuceop
analysis in order to determine a linear trend oinfall for production and water resources remains a majoratiim
the study area. The study concludes consideringdhelt  issue in recent times. In order to reduce the digmry on

of all statistical test results, that the study afeas shown climatic factors, especially on rainfall, the progganning
variability in annual & sessional rainfall patterdue to and management of our land & water resources aite qu
climatic variations. Also the sessional trend asédyof essential. The importance of understanding raitfaitd is
rainfall has suggested that there is a trendvadatif essential for agriculture future as the sense arateness of

rainfall in the rainymonths. trend and variability of rainfall can contributelfn¢o supply

Keywords— Trend analysis, Time Series, Mann-Kendall supplemental water for crops during their criticgbwth

test, Sen’s estimator, Regression analysis. stages. With the help of trend analysis, scientists
discovered some grave consequences of climate ehang

I INTRODUCTION The purpose of a trend analysis is to determinethveneghe

The Indian agriculture is largely dependent onrttensoon values of a series generally increase or decrebsnd

rainfall, which accounts for 80 per cent of theatatinfall  analysis is used to assess the impact of a patidténd

in the subcontinent. In recent times, the climate iand to evaluate the extent of that trend. Trendyaiza
witnessing alarming changes. According to a newdetermines whether the observed values of any blaria
studycarried out by Stanford Woods Institute fore th increase or decrease on a certain period of time.
Environment, average total seasonal rain showrcknééor  In a recent past, several researchers had donarchs®

the duration periodof 1980-2011. It was observedt th identify the metrological trends in order to cheakd
changes in the climate like increasing temperatwiads  overcome the extreme metrological events (Chhabed. e
and moisture which are likely to be responsibledoanges 1997; Easterling et al., 2000; Francis and GadfiQ6;

in wet and dry spells. The variations in climatel aainfall ~ Griffiths et al., 2003;Guhathakurta and Rajeevan,
pattern is the highly concerning issue now a daymdia. @ 2006;Haylock, 2000, 2006; Jain and Kumar, 2012;kélin
Efforts being made by several researchers to as&ess 2003;many methods i.e. parametric and non-paramnetri
mitigate the risk resulting from change in climatic have been applied for determining the trends. Mann—
environment by suggesting various techniques ireotd  Kendall (MK) test (Mann, 1945; Kendall, 1975) iseonf
achieve sustainability. Rainfall is a vital factghich needs the commonly used non-parametric tests for deténgia

a considerable attention as Indian agricultureegesely  trend in hydrologic time series. The current studgs
affected due to any variation in rainfall patteRrevious accomplished using the trend of seasonal rainfalhqu
study suggested that the changes in Monsoon, plartiy =~ Mann- Kendall, regression analysis and Sen’s Slope
south west monsoon have a significant impact orrttian  statistics for the determination of the trend dhfal. The
region as it can severely impact on agriculturaldpiction,  Indian monsoon (June to September) rainfall is \eeugial
water resources management and overall economiyeof t for the economic development, disaster management,
country (Jain and Kumar (2012). The changes inatiiecn  hydrological planning for the country. (Guhathakugnd
factors affects the crop development stages subsdgu Rajeevan, 2006).
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I. METHODOLOGY
Study area: The study area selected for the pratedy is

Tawa command area, lies in Hoshangabad District of
Madhya Pradesh. The study area is bounded by Satpur

ranges in south and by Narmada River in the ndttk.area
slopes North West toward the Narmada River. Thpesiuf
the study area is generally steep at the foothfllSatpura
but moderate to gentle towards Narmada River. Ttieee
study is drained by Narmada River and its triberiThus
the area falls in the Narmada Basin. The River Nalan
flows along the northern boundary of the district.

Trend analysis for hydro-meteorological variableshs as
rainfall, mean temperature, relative humidity, wispeed
and streamflow has been of specific interest tardlpdists
and researchers for several years. The previoudiestu
suggested that the most widely used method is tre n
parametric Mann-Kendall test. Trend study for ralinbf
the study area covered mainly of three steps; Vims to
determine the trend whether increasing, decreasingo
trend by Mann-Kendall (non-parametric) test in gmual
as well as seasonal rainfall data series, secortdopahe
study is to estimate the magnitude of trend by giSen’s
slopeestimator and third was to develop regressiodels
for the observed rainfall data series.

Mann-Kendall Test (Non- parametric)

The use of the Mann-Kendall (MK) test (Mann 1945,

Kendall 1975, Gilbert 1987) is to statistically reaee if

there is a monotonic rising or downward trend oé th

variable of interest over time. An upward trend me#hat
the variable consistently increases through time waice
versa, but the trend may or may not be linear. NMketest
can be applied in place of a parametric linear @ggjon
analysis, if the gradient of the linear regresssather than
zero. The regression analysis requires that thaluals
from the fitted regression line to be normally disfted.
The MK statistics (S) is defined as,

N-1 N
§=3% > san(x; —x,)
i=l j=itl
where N is number of data points. Assuming (x;-x;) =
6. the value of sgn(0) is computed as follows:

1 if 6>1
sen(@)=40 if &=1
-1 if <1

This statistics represents that the number of pesit
differences minus the number of negative differentfeis a
positive humber, observations obtained later iretiend to
be larger than observations made earlier. If isegative
number, then observations made later in time tendbet
smaller than observations made earlier.
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E[S]=0

NV —-D@N +5)— 3t (1, ~D(2r, +5)

Var(S) = 1;‘

Where N is the number of zero change values wigheet
to compared values, and is the number of data points in

thekth matched group.

The number of observation grater then 10 obsenvatiten
variance of S has been calculated by above equation
The Standard normal deviate (Z-statistics) is th@mputed
as:

S—1
— if §>0
Var(S)
L= 0 if §S=0
S+1
if §<0

JVar(s)

A positive (negative) value of indicates that tlaadtend to
increase (decrease) with time.
Sen’s Estimator
The extent of trend in a hydrologic time series d¢sn
determined using non-parametric method known assSen
estimator (Sen, 1968). This method assumes a linead
in the time series. In this method, the slopes ¢fiall data
pairs are calculated first by

g="1"h

i —1

Q is a slope estimate.
Yi ' are Yi the values at times i' and i, wherdsi'greater
than i,
N'is all data pairs for which i' is greater than i
Sen's estimator of slope is the median of the Niesof Q.
The same procedure is followed whether there aege an
multiple observations per time period. A positiaue of Q
indicates an upward trend and a negative valueatels a
downward trend in the time series.
Regression Analysis
Regression analysis is a statistical process tonatng the
relationships among variables. It includes manynéues
for modeling and analyzing several variables, wilea
focus is on the relationship between a dependeriabla
and one or more independent variables. This isnpetréc
analysis which assumes normal distribution of tiseeies
data. The regression analysis is generally aptietesting
a linear trend by developing inner relationshipaestn time
and the variable of interest. The precise use isfrirethod
needs the variables to be distributed normally spditial
and temporal independent. The regression analysis w
performed on the observed rainfall time series .dataa
specific station, Trend in rainfall can be studidy
regression analysis with respect to time as thegaddent
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variable and annual and sessional rainfall as #peddent
variable. A linear equation, y = mx + ¢, defined bythe
intercept) and trend m (the slope), which represém rate
of increase or decrease of the variable, can ledfiby
regression and t is time in years.

M. RESULTS AND DISCUSSION
Trend analysis of annual rainfall data as well eassnal
rainfall data (June - September) has been analymed
Mann-Kendall and Sen’s Slope Estimator in this gtémt
evaluating trend and magnitude for HoshangabadriEtist
The Regression analysis has also been used fofopévg
linear relationship between observed rainfall datgh
respect to time. The results obtained using anraiafall
trend analysis are given in Table 1. The mean aliof the

S -4.000 211.00d -57.00 -57.040
Var(S) 9771.333 9770.333| 9767.66| 9767.667
p-value 0.976 0.034 0.571 0.571
(Two-
tailed)
alpha 0.05 0.05 0.05 0.05

Sen’s Slopg -0.01 0.557 -2.784 -0.557
Regression| June July Aug Sept
Analysis
Slope (m) 2.0577 0.0164 3.61p -2.016
Intercept 5231 171.34 6847.1 4554.%
(c)

It is evident from Fig-1 that the maximum rainfaicurs in

study area over 44 years was found to be 1125.76 mmatudy area in Month of June, July, August and Sepé. It

following are the results obtained from Mann kint#et.

Table.1: Annual rainfall Trend results for Mann-Kdadl
test, Sen’s Slope estimator and Regression Analysis

Statistical parameters  Calculated values
Kendall's tau -0.057
S -54.000
Var(S) 9771.333
p-value (Two-tailed) 0.592
alpha 0.05

As per Table 1, the computed p-value using anraiafall
data is greater than the significance level alph@500ne
cannot reject the null hypothesis HO which assuthes
there are no trend exists so it means that anraiafatl
observations obtained over time are independesntically
distributed and there is no significant trend innwaal
rainfall over long term.

Table.2: Seasonal rainfall Trend results for Manardall
test, Sen’s Slope estimator and Regression Analysis

Statistical June July Aug Sep
Parameters
Kendall's -0.004 0.224 -0.147 -0.060
tau
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has been also observed that the seasonal raiefsived
during month of June (average 139.5 mm) was lowest

the other months which were considered for the ystud
followed by September (average 156.18 mm), thewy Jul
(average 352.86) and maximum rainfall was receigad
August (416.72. This analysis revealed negative
(decreasing) trend for June, August and Septemhbereas
Kendall'stau values indicated a positive trend fhrly
month. The Sen’ estimator which is to measure the
magnitude of seasonal rainfall was found as -.0857) -
2.784 and -0.557 for June, July, August and Septemb
respectively.

The Regression analysis was performed for the Annua
rainfall time series data as well as the seasaiafall time
series data for the month of June, July, August and
September are showed in the Fig-1, Fig-2, Fig-§;45iFig-

5 and Fig-6 respectively. The developed functional
relationships for  the variables is also showedthia
figures. Table.2represent the regression analydiges of

for all the four months (i.e. June, July, Augushda
September). The slope coefficient specifies the rat
change in the rainfall characteristic. The signttef slope
describes the direction of the trend of the rainfakign is
positive then it has increasing trend and if sigmégative
then it has decreasing trend.
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Fig.1: Annual rainfall variation of the study ar (Duration 19712015
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Fig.2: Seasonal rainfall variation of the study a (Duration 19712015
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Fig.3: Regression Analysis of yly June month variation
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Fig.4: Regression Analysis of yearly July monthiation
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Fig.5: Regression Analysis of yearly August moattetion
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Fig.6: Regression Analysis of yearly September meatiation
V. CONCLUSION analysis was performed on annual time series datey avith

This study was performed to identify the annualvali as  seasonal time series data of fourmonths June, Aulgust
seasonal variation of rainfall as well as Rainfaknd. The and September respectively. The value of Mann-Kieibekst
Mann-Kendall, Sen’s Slop Estimator and Regressiorshowed negative trend for June, August and Septembe
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rainfall data, However July month shown an incregsi Science, 102(1):37-49.

trend. The Sen’s Slope estimator and regressiotysisa [10]Kendall, M.G., (1975). Rank Correlation Measures,
values which has been calculated also shown thdasim Charles Griffin, London.

kind of trend. It can be concluded from the stutigatt [11]Kunkel K E. (2003). North American trends in exteem
theannual rainfall observations obtained over tiare precipitation. Natural Hazards29: 291 — 305.
independent, identically distributed and there are[12]Mann, H.B.,(1945). Non-parametric tests against
variability shown in annual rainfall pattern. MaKindle Trend, Econometrica 13. 245-259.

test result suggested that there are no signifitrantd in [13]Shouraseni Sen Roy and Balling Jr R C. 2004; Trends
annual rainfall pattern over long term. Howeverresgion in extreme daily precipitationon indices in Indiat. J.
trend line of annual rainfall has shown a bit ofvd¢rend Climatol., 24: 457 — 466.

over the years. Also it can be concluded that some[14]Sen, P.K. (1968). Estimates of the Regression
sessional rainfall trend changes happened oveydarss as coefficient based on Kendall's tau. Journal of the

three months (June, Aug, September) shown some American Statistical Association, 63: 1379-1389.
downtrend however the trend of rainfall in July waand

increasing for the study area over a considertibie

period of 44 years.
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