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INTRODUCTION :

Climate of alocation provides information about

ABSTRACT : Precipitation trend analysis has been of great concern during the past century because
of the attention given to global climate change by the scientific community. The study of precipitation
trendsiscritically important for acountry like Indiawhose food security and economy are dependent
onthetimely availability of water such as 83 per cent water used for agriculture sector, 12 per cent for
industry sector and only 5 per cent for domestic sector. So the present study attempted to know the
trend of rainfall of five different districts viz, Araria, Kishanganj, Madhubani, Purnia and West
Champaran of Bihar for the period (1950-2000). The change point analysishas been critically analyzed
for observing any change. For this purpose, rainfall data have been collected from respective
meteorological stations.Statistical analysis of trend subjected to Mann-Kendall test, Sen’s slope
testand change point analysis.
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aperiod of timeispresent or not. It isakey for predicting
the rainfall of a particular place on the basis of yearly,
monthly rainfall data for planning of the agricultural

flora, faunaand feasibleliving conditionsof humans. Itis
broadly governed by different weather parameters like
precipitation, temperature, humidity, bright sunshine
availability and wind speed on long term basis. Further,
rainfall and temperature constitutes major parameters
concerning every one.Thisanalysishelp usto plan future
strategy to overcome any possi ble abrupt change affecting
human being and crops.

Trend analysis helps to indicate whether analytic
concentrations are increasing or decreasing over time.
In addition, an estimate of the trend’s magnitude can help
to determine whether astatistically significant trend over

activitiesof thearea. Several studiesrelating to changing
pattern of rainfall over India observed that there is no
clear trend of increase or decrease in average rainfall
over the country (Mooley and Parthasarthy, 1984;
Thapliyal and Kulshreshtha, 1991; Lal, 2001 and Kumar
et al., 2010).

When performing long-term trend analysis on
precipitation factors, thetrends obtained signify theoverall
characteristics of the precipitation factors. The
Intersection wheretwo dissimilar trendsmeetiscalled a
change point. To determine whether change points exist
inthelong-term data, Pettitt change point analysistestis
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commonly used.

MATERIALSAND METHODS:

In the present study monthly rainfall data for the
period of 1950-2000 have been taken from the respective
meteorological observatory located at their respective
districts. Inthis study, monsoon period has been defined
as the months of July, August and September; Pre-
monsoon asthe months of April, May and June and winter
constituted the month of November, December and
January.

Inthis study non-parametric statistical methods have
been used to test thetrendsin therainfall meteorol ogical
data of the study area. Non-parametric tests are more
suitablefor non-normally distributed datain comparison
to parametric statistical tests (Lanzante, 1996 and Jana
et al., 2015). Change point analysis was also done to
know the year from which significant change has been
occurred.

The most frequently used non-parametric statistical
tool for identifying trends in hydro-meteorol ogical time
series variables such as water quality, stream-flow,
temperature and precipitation isthe Mann-Kendall (MK)
test. The statistical significance trend detected using a
non-parametric model such asMann-Kendall (MK) test
can be complemented with Sen’s slope estimation to
determine the magnitude of the trend.

Mann-Kendall trend test:

Thenon-parametric Mann-Kendall test iscommonly
employed to detect monotonictrends in series of
environmental data, climate data or hydrological data.
Sinceit isanon-parametric test soits main advantageis
that the data need not conform to any particular
distribution. The Null hypothesis, H,, isthat the datacome
from a population with independent realizationsand are
identically distributed. The alternative hypothesis, H,, is
that the datafollowa monotonic trend.

This test is rank based method for evaluating the
presence of trendsin time-series data. The initial value
of the Mann-Kendall statistic, Sis assumed to be 0 (no
trend). If adatavalue from alater time period is higher
than a data value from an earlier time period, Sis
incremented by 1. On the other hand, if the data value
fromalater timeperiodislower than adatava ue sampled
earlier, Sisdecremented by 1. The net result of all such
increments and decrementsyields the final value of S.

Let 1x, 2X, ..., jX,..., NX represent n data points where
jX represents the data point at timej. Then the Mann-
Kendall statistic (S) isgivenby:

S=%15$MM-XO

i=1j=1
T150f (x; - x)>0
Sngj-m):ioﬂfuj-m)zo
§- L3if (¢ - x)<0

A very high positivevalue of Sisanindicator of an
increasingtrend, and avery low negative valueindicates
adecreasing trend. However, it is hecessary to compute
the probability associated with Sand the samplesizento
statistically quantify the significance of the trend.The
mean of Sis E[S] = 0 and the variance c?is:

. ]
o2 :}n(n - D@n+5)- atyt;- (2t + 5)%/18
1 =1

where, n is the number of data points, p is the
number of tied groups (atied group is a set of sample
data having the same value) and t. is the number of data
pointsinthej™ tied group. The statistic Sisapproximately
normal distributed provided that the following Z-
transformation isemployed:

;§;E if S>0
i o

ZMK =1 0 if S=0
!
%S+1 it S<0

g

Z,, follows the standard normal distribution
(Kendall, 1975). The hypothesisof notrendisrejected if
|Z>Z, . where, Z is taken from the standard normal
distribution table and «c islevel of significance (Barnard,
1947).

Sen’s slope estimate :

The magnitude of slope of trend is estimated using
the approach described by Sen (1968). The Sen’s slope
estimator isanon-parametric, linear slope estimator that
works most effectively on monotonic data. This test
computes both the slope (i.e. linear rate of change) and
intercept according to Sen’s method. First, a set of linear
slopesiscalculated asfollows:

X - X;
dy=—-—"Lfor1£i£j£n
J-1

where, d is the slope, X denotes the variable, nis
the number of data and i, j are indices. Sen’s slope is
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then calculated asthe medianfrom all slopesb =Median
d,. A positive value of b indicates an upward trend,
whereas a negative val ue represents a downward trend.

Pettitt’s change point analysis test :

Thereare various methodsto determine change point
analysisof atime series (Chen and Gupta, 2011). Inthis
study, we used the nonparametric approach devel oped
by Pettitt (1979) to detect change pointsin rainfall time
series. The Null hypothesis of the test is H: The T
variablesfollow one or more distributions that have the
same location parameter (no change point), against the
alternative hypothesisH, : achange point exists. Thistest
uses a modification of Mann-Whiney U, that tests
whether two sample sets X, X, ..., X and X, ;, X,
X, are from the same population. The test statistic U,
isdefined as:

N

Uin =Upan + ason(x; - xj)fort=1,2,..,N
=1

and

115if (- x;)>0
San(x; - xj):}o;if (x¢ - %j)=0
£- Liif (x - x) <0

The test statistics counts the number of times an
observation of first sample exceeds an observation of
the second sample. The test statistics K and associated
probability (P) used inthetest are given as:

Kn = maxl£I£N|Ut,N|

P @2exp{- 6(K )*/(N? + N?)

RESULTSAND DATA ANALYSIS:

The mean, co-efficient of variation (%) and its
percentage contribution of monthly rainfall of fivedifferent
districts of Bihar for the period of 1950 - 2000 has been
delineatedin Table 1.

Monsoon rainfall accountsfor 64.71, 65.56, 65.70,
69.39 and 72.52 per cent of the annual rainfall of the
district Kishanganj, Araria, Purnia, Madhubani and West
Champaran. So here we can conclude that West
Champaranistherainiest district during M onsoon among
al thefivedistricts. Thisstudy reveal sthat if intensity of
rainfall is increasing during Premonsoon months (viz.,
April, May and June), then it can be concluded that month
of July will receives highest intensity of rainfall, which
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will help thefarmersto decide their time of sowing (early,
timely or |ate).

The standard deviation (SD) and co-efficient of
variation (CV) of themonthly rainfall indicate high degree
of variability associated in the monthly rainfall. In case
of monthly rainfall the co-efficient of variationisless
significant in the months of May, June, July, August
and September (CV <75%). Monsoon rainfall has
minimum co-efficient of variation and winter rainfall
has highest co-efficient of variation. It can beinferred
that rains during South-west monsoon are more
reliable. In South-west monsoon, July and August are
generally the active monsoon months. Juneisthe onset
month which witnesses an outburst of rain while
September isthe withdrawal month, receiving more of
the sporadic rain.

Trend analysis of monthly rainfall:

The rainfall data set of different five districts of
Bihar for the period of 1950 — 2000 have been analysed
separately.

From Table 2 it can be seen that during May and
June thereisinsignificant trend in all the five districts.
Besides Madhubani and West Champaran show
insignificant trend during the month of July also. In
Kishanganj thereisvery little but significant negativetrend
during the months of March, July and October and
remaining months show positivetrend. InArariathereis
very little but significant negativetrend during the months
of March, July, August and September and remaining
months show positivetrend. In Purniathereisvery little
but significant negative trend during themonths of March,
July, August, September and October and remaining
months show positivetrend. In Modhubani thereisvery
little but significant negative trend during the months of
August, September and October and remaining months
show positivetrend. Similarly in West Champaran there
is very little but significant negative trend during the
months of March, August, October and November and
remai ning months show positivetrend.

The results from Mann-Kendall trend test is re-
established by Sen’s slope estimate. here we can see
that negative value of Sen’s slope shows decreasing trend
and positive value of the slope shows increasing trend
that justified the results obtained from Mann-Kendall
trend test.

It can be seen from Fig. 1 that there is sudden
decreasing trend during 1960-1970 and increasing trend
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during 1980-1990.

Monthly anomaly clearly depicts that how rainfall
has changed over time (anomaly is that which shows
dispersion from mean). Anomaly plot for rainfall (mm)
showing monthly anomaly of five district (Fig. 2 to 6)
indicate that the month of July has maximum positive
monthly anomaly which means July month receives
rainfall more than their mean rainfall of all the studied

districts. On the other hand December month has
maximum negative annual anomaly which mean
December month receivesrainfall lessthan meanrainfal.

Change point analysis:

The Pettitt test was used to detect changesin annual
rainfall for the period 1950-2000. For annual rainfall of
different districts of Bihar, It has been seen that true

Table 1: Monthly rainfall statisticsfor the period (1950-2000)

Months/ Kishanganj Araria
period Mean(mm) CV (%) % Contribution Mean(Nos) CV (%) %Contribution
Jan. 137 96.07 0.87 15.6 93.03 117
Feb. 9.3 96.18 0.59 10.1 99.54 0.76
Mar. 15.0 89.09 0.95 141 94.46 1.06
Apr. 39.3 68.87 249 271 73.79 2.03
May 114.6 51.08 7.26 85.1 56.89 6.37
Jun. 260.5 39.69 16.51 209.6 43.62 15.69
dul. 4231 30.80 26.82 354.8 33.78 26.58
Aug. 3174 36.55 20.12 280.3 41.29 20.99
Sep. 280.2 39.21 17.76 240.1 45.38 17.99
Oct. 917 83.62 5.81 86.0 91.73 6.44
Nov. 8.9 117.99 0.56 9.0 123.22 0.68
Dec. 4.0 199.73 0.25 31 204.88 0.23
Annual 1577.6 948.90 100.00 1334.8 1001.6 100.00
Monsoon 1020.7 19.18 64.71 875.1 21.45 65.56
Premonsoon 4144 28.47 26.27 321.7 31.98 2411
Winter 26.5 7175 1.68 27.7 70.96 2.08
Purnia Madhubani
Jan. 15.1 85.47 122 16.0 98.15 1.38
Feb. 10.2 93.96 0.83 10.3 90.74 0.89
Mar. 12.1 91.71 0.98 12.1 100.11 1.05
Apr. 24.3 78.13 197 15.8 71.83 1.37
May 714 54.39 5.77 574 73.43 4.96
Jun. 195.7 43.34 15.81 150.9 54.78 13.06
Jul. 314.8 30.26 25.42 318.8 38.14 27.58
Aug 265.8 34.54 21.47 272.7 30.95 23.59
Sep. 2329 38.39 18.81 2104 43.93 18.20
Oct. 84.6 78.76 6.83 80.3 82.08 6.95
Nov. 7.6 115.40 0.61 8.0 143.68 0.69
Dec. 34 183.56 0.28 29 169.40 0.25
Annual 1238.0 927.90 100.00 1334.8 1001.6 100.00
Monsoon 8134 17.48 65.70 801.8 19.08 69.39
Premonsoon 2915 32.48 23.55 224.1 41.77 19.39
Winter 26.1 67.28 211 26.9 74.37 2.33

Table 1: Contd............
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Table 1:Contd...............

Months/ period Mean (mm) WzﬂvCi(f)l/?)mpal’an % Contribution
Jan. 16.5 83.84 1.29

Feb. 10.1 78.02 0.79

Mar. 10.2 92.12 0.80

Apr. 18.0 70.96 1.42

May 451 80.47 354

Jun. 180.4 53.40 14.17

Jul. 359.6 36.33 28.26

Aug. 333.7 24.89 26.23

Sep. 229.3 36.66 18.02

Oct. 59.4 95.62 4.66

Nov. 51 152.10 0.40

Dec. 49 135.93 0.38

Annual 1272.4 940.4 100.00
Monsoon 922.7 18.98 7251
Premonsoon 2435 42.34 19.14

Winter 26.5 63.00 2.09

Table 2: Trend analysis of monthly rainfall (1950-2000)

Months/ Kishanganj Araria Purnia Madhubani West Champaran
period MK p-value MK p-value MK p-value MK p-value MK p-value
Jan. 0.03 0.77 057 0.56 0.06 0.55 0.06 054 0.09 031
Feb. 0.25 0.01 0.24 0.02 0.19 0.08 0.18 0.06 0.21 0.03
Mar. -0.06 0.57 -0.06 0.55 -0.07 0.47 0.02 0.82 -0.07 051
Apr. 011 0.28 0.08 0.43 0.07 0.46 0.01 0.96 0.12 0.23
May 0.32 0.00 0.32 0.00 0.34 0.00 0.34 0.00 0.35 0.00
Jun. -0.22 0.02 -0.29 0.00 -0.28 0.00 -0.34 0.00 -0.3 0.00
Jul. -0.12 0.21 -0.17 0.08 -0.15 0.13 -0.24 0.01 -0.24 0.01
Aug. 0.03 0.78 -0.01 0.89 -0.02 0.81 -0.06 0.52 -0.16 0.09
Sep. 0.05 0.59 -0.02 0.86 -0.02 0.84 -0.04 0.72 0.05 0.58
Oct. -0.06 0.51 -0.08 0.43 -0.06 0.56 -0.05 0.61 -0.04 0.71
Nov. 0.07 0.47 0.06 0.55 0.05 0.59 0.03 0.76 -0.02 0.84
Dec. 0.12 0.31 0.07 0.49 0.11 0.27 0.12 0.23 0.08 0.39
(MK: Mann Kendall)

Table 3: Sen’s slope estimate of monthly rainfall data

Months/period Kishanganj Araria Purnia Madhubani West Champaran
Jan. 0.01 0.05 0.07 0.06 0.09

Feb. 0.16 0.15 0.12 0.13 0.11

Mar. -0.05 -0.06 -0.06 0.02 -0.03

Apr. 031 0.15 0.16 0.01 0.12

May 2.08 151 122 123 0.89

Jun. -2.47 -2.54 -2.17 -2.71 -2.73

Jul. -1.49 -1.72 -1.23 -2.55 -3.30

Aug. 0.29 -0.12 -0.22 -0.43 -1.36

Sep. 0.36 -0.12 -0.19 -0.27 0.43

Oct. -0.31 -0.45 -0.31 -0.24 -0.09

Nov. 0.01 0.01 0.02 0.01 0.00

Dec. 0.00 0.00 0.01 0.01 0.01
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Fig. 1:

Trend analysis for rainfall (mm) of five districts of Bihar
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Monthly rainfall anomaly of Kishanganj district
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Monthly rainfall anomaly of Madhubani district
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Fig. 2: Monthly anomaly plot for rainfall (mm) of
Kishanaganj district

Fig. 5: Monthly anomaly plot for rainfall (mm) of
Madhubani district

Monthly rainfall anomaly of Araria district
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Monthly rainfall anomaly of West Champaran district
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Fig. 3: Monthly anomaly plot for rainfall (mm) of
Araria district

Fig. 6 : Monthly anomaly plot for rainfall (mm) of
West Champaran district

Monthly rainfall anomaly of Purnia district
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Fig. 4 : Monthly anomaly plot for rainfall (mm) of
Purnia district

change point is present in the seriesand detail shas been
giveninTable 4.

Conclusion:

Historical meteorological data of five districts of
Bihar onrainfall have been analyzed with Mann Kendall
Z statistic, Sen’s slope test. The study reveals that in
general during May and Junethereisinsignificant trendin
al the five districts. However, March, July, August,
September and October show very little but significant
negativetrendinall thefivedistricts. Also, if intensity of
rainfall is increasing during Premonsoon months (viz.,

Table4 : Change point analysis of different district of Bihar

District Kt p-value Change point (present or not) Change point present at tau value
Kishanganj 4399 1.206 yes 221
Araria 5145 1.001 yes 280
Purnia 4910 1.065 yes 221
Madhubani 5925 0.7991 yes 221
West Champaran 5808 0.8283 yes 244
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April, May and June), then it can be concluded that month
of July will receives highest intensity of rainfall, which
will help thefarmersto decidetheir time of sowing (early,
timely or late).

Acknowledgment:

Thisresearch work have been conducted in ICAR-
IASRI. All the laboratory facility and softwares have
been provided by Indian Agricultural Statistical Research
Ingtitute, New Delhi, isthankfully acknowledged.

Authors’ affiliations:
SUBHRAJIT SATPATHY, ICAR-Indian Agricultural Research
Institute, NEW DELHI, INDIA Email : satpathyiasri@gmail.com

LITERATURECITED:

Barnard, G.A. (1947). Significance test for 2x2 tables.
Biometrika, 34 (1/2) : 123-138.

Chen, J. and Gupta, A.K. (2011). Parametric tatistical change
point analysis: with applicationsto genetics, medicine
and finance. Springer Science and Business Media.

Jana, C., Alam, N.M., Shrimali, S. S., Kumar, G, Ghosh, B. N.
and Mishra, P K. (2015). Rainfdl extremity inDoonvalley
of Uttarakhand-reorienting agricultural management.
Internat. J. Agric.& Satist. Sci., 11(2) : 425-431.

th

Kendall, M. G (1975). Rank correlation methods, 4" Ed.,
Charles Griffin, LONDON, UNITED KINGDOM.

Kumar, V., Jain, S. K. and Singh, Y. (2010). Analysis of long-
termrainfall trendsin India. Hydrological SciencesJ., 4
(55): 484-496.

Lal, M. (2001). Climatic change — implications for India’s water
resources. J. Social & Econ. Develop., 21 : 101-119.

Lanzante, J. R. (1996). Resistant, robust and non-parametric
techniques for the analysis of climate data: Theory and
examples, including applicationsto historical radiosonde
station data. Internat. J. Climatol., 16 (11) : 1197-1226.

Lehmann, E. L. (1975). Non-parametric, statistical methods
based on ranks, Holden-day.Inc,California.

Mooley, D. A. and Parthasarthy, B. (1984). Fluctuations of All-
India summer monsoon rainfall during 1871-1978.
Climatic Change, 6 : 287 -301.

Pettitt, A. (1979). A non-parametric approach to the change
point problem. Appl. Satist., 28(2) : 126-135.

Sen, P K. (1968). Estimates of the regression co-efficient based
on Kendall’s tau. J. American Satist. Assoc.,63 : 1379-
1380.

Thapliyal, V. and Kulshreshtha, S. M. (1991). Climate changes
and trends over India. Mausam, 42 : 333-338.

Year
* % % % % Of Excellence + x » % »

Internat. Res. J. Agric. Eco.& Stat., 8 (2) Sept., 2017 : 393-400 400
HIND AGRICULTURAL RESEARCH AND TRAINING INSTITUTE




