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ABSTRACT

An understanding of tempaoral varistion in rainfall distribution is key requirement for the
agricultural planning and management of water resources. Bihar is an sastern state in Indis,
where agricultural activities mainly depends on the rainfall. Any change in rminfall distribution
may strongly impact the agriculture of this region Long term rainfall (1871-2011) over the sisie
of Bihar iz analyzed for temperal variation an snnual and s2asonal time scals. Long term changss
in rainfall are studied by parametric 32 well a5 non-parametric tasts lika linear regression method
and Mann-Kendall test The investigation showsad a fang term Insignificant declining trands |'n
annual a5 well as winler and meonsoon rainfall, where 2s a significamt increasing trend at 95%

level of confidence in pre-mansoon seazan. There iz no significant trend In post-mensocn rainfall
during the period 1871-2011 Frequency of Normal Excess Deficient and Scanty rainfall aver
Bihar during the period 1871-2011 have alsa besn ablained by decadal analysis of rainfall Decadal
analysis indicates that the deficient years of annual as well monsesn rainfall is maximum during
iast decade |2 2001-2010. This changing rainfall trend during mensoon maonths can affect the

agricultural activity, hydro power generation and reservair operation in the region
Keywords: Decling trend. annud! and sssomal rainfall, agnissftural itivily

1. Introduction

Bihar (Z2-27°N, 82-88°E) Is locatad in the

eastem pari of the country (Fig.1). Itis an entirely
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Fig 1 The geophysical location of Bihar (ragion of
study) in sub-division map of india

land-locked stale aithough the outlst 1o the sea
through the por of Kolkata is not far away Elhar
fles mid-way between the humid West Bengal in
the east and the sub humid Utiar Pradesh in the
west which providas it with 7 transitional positionin
respect of climate It Is bounded by Nepal in the
north and by Jharkhand In the south. The Bthar plain
iz divided Info two unegual halves by the rvar
Ganga which flows through the middie from west
lo 2asi The Himalayan Mountains in the north have
a significant bearing on the distribution of mansoon
rainfsll over Bihar. Agriculture is thevitat source of
weaith in Bilar. 76% of its population is Fmgaged in
agricultural pursuits; agriculiure as the prlrnErry
feeder of rural.ecenomy Agriculture in Bihar is
crucially dependant en monsoon. Ahhpu,gh arond
57 percent of its gross cultivated area is %mgalai
irrigation ilself is crucially dependent on monsgon
as It fargsly depends on the use of surface watet
Total irrigated area in the State is 45 67 lakh
hactares, of which nearly 30 percentisfed by canal
water Ralnfall plays a vital role in Bivar’s agriculturs
economy Moreover the siate experiences floods
3z well az droughts almos! en 2 regular basls
Variability and trends in rainfall 1= one of the

imporant aspects of climate vanability siudies and
worldwide several attempts have hesn made o
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study both spatial and temporal variation of the
rainfall Howevar, a highly spatial vanation has been
obsarved at differant regiens of India by different
ressarchers. Jagadish et al (2012} studisd temporal
variation In menthly seasenzl and annual rainfall
over Orissa (Curently called as “Odisha’) during
the period from 1871-2008 Guhathakuria and
Rajzavan (2008) performed linear trend analysis
to examine the larg-term frends in rainfall over
differant subdivisions of India and monihly
coniribution of zach of the monsoen months 1o
annuslrainfall. Basistha etal (2005) reported 1564
as the most probable year of change inannual as
well as mansoon rainfall in the Himalayan ragien of
India. In this region, the rainfall was in increasing
trend up fo 1984, followed by a decreasing trend
during 15651980 Kumar and Jain (2010) analyzed
trends inseasanal and annual rainfall and rainy days
al five statlons in Kashmir Vallsy of Indiz. They
obzerved decreasing rainfall 31 four stations and
increasing rainiall at one-station, but none of the
obsarved trends in annual rainfall were statistically
significant. Mehapatra et al {2003) studiad spatial
variability of daily rainfall over Odisha during
monsoan season for 3 period of 20 years (1980-
1995} and reporisd five hemogensaus regions of
daily mensoen rainfall The frequency of extreme
ralnfall events shawead a significant inter annual and
inter decadal varistions In addition to 2 statistically
significant long term trend (Rajesvan et al 2008)

Keeping in view the larger geographical area of the
country. various efforis have been mads tawards
regianal and local analyses of rainisll vanations (Lal et
al 1952; Sharma etal 2000; Singh and Sontakke 2002;

Singh et al 2005, Kumar et al, 2013 and 2013 )

In thiz paper an attempt has besn made to study
the leng tarm trends in rainfall over Bihar using its
monthly data far the perod 1871-2011 (141 years)
Seazszonal annual and decadal rainfall pafiern have
kieen studied by using linear trend of mean annmat','
series of rainfall

2. Dataand Methodology

in this paper seasonal, annual and decadal
rainfell pattemn have been sfudied by using linear
trend of mean anamaly seres of rainfall For the
purpose the monthly rainfall data from the Indian
institute of Trzpical Metecrology (TM) for the perded
1871-2011" 'Homeogeneousindian Manthly Rainfall
Data Sats (1871-2011)" during June to September
has besn used The Mann-Kandail non-parametric
test has besn employsd to ascartain the presancs
af statlstically significant trend (Kendall, 1576
Kumar and Jain 2010, Subash efa/, 2011, Kumar
etal 20138 2015) Inthe study, trend Is considerad
1o bie significant fthe confidence level is 5%

3. Resultand Discussion

3.1  Mean rainfall characteristics

The rainfall characteristics of Bihar are
presented in Table-1 As szan from Table 1 the
mean annual rainfall of Bihar based on 141 years
data for the pericd from 187110 -2011 is 1224 mm
wiih standard deviation 218 mm and coefficient
variation 17.61%. During winter the mean, standard
deviation and coeflicient variation are resp ectivaly
31 mm, 25 mm-and 81.4% During pre-monsoon
the mean standard deviation and cosfficient
variation ara respectively 83 mm, 43 mm and 50 4%,
Bluring mansoan the mean, slandard deviation and
cocfficient variation are respadtively 1631 mm, 201
mm and 19 5% and during past monsoan the mean,

‘standard deviation and coefficient variation are

respectively 77 mm, 64 mm and 82.8%_ itis aiso
ahgerved that the highest cosfiicient af variation is
found to be during post monsoon season followead
by winter, whareas coafficient of vanation is found
ta be lewes! during annual followed by mensoon
During the monsaon season the cosfficient of
variation Is vary low campared to other seasen
which shows 3 dependable monsoon rainfall. About
B4% of the annual rainfall occurs during mensoon
season, 7% in pre-monsoon season. 6% In post-
menrsoon and 3% in winterseason.

TABLE1
Mean, Standard Deviation and Coefficient of Variability of rainfall over
Bikar during the period from 1871 to 2011,

Seasons Mean Rainfall Standard Deviation | Coefficient of
{mm) {$D in mm) Variability (CV in %)
Winter (Jan-F=h) 31 mm 25 mm 314%
Pre-Monsoen (Mar-May) 85 mm 43 mm 50.4%
Monsoon (Jun-Sep) 1031 mm 201 mm 19:5%
Fost-Monsoon (Od-Decj T mm bd mm 62.8%
Annual (Jan-Lsc) 1224 mm 2o mm 1ol%
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3.2 Annual rainfail trend during 1871-2011
The annual trend of rainfall over Bihar durlng
the periad 1871-2011 has beanshowninFig 2. The
mean annualrainfall over Bihar showed & fong term
insignificant declining trend. From the data It has
bezn observed that the highest rainfall departurs

{41.3%) was obsarved in the year 1984 followed
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by 40 2% Inthe year 1987, Similarly, we have found
that the lowest rainfall departure was-47 1% in the
year 1908 followed by -37 4% in the year 1972
During the period under study, the highest (173 cm)
and lawest (65 cm) annual rainfall are found in the
years 1984 and 1908 r=spactively

v=0.0181x+ 1 2818
A= 00017

Fig 2Annual trend of rainfall over Bihar duning the period 1871201

33 Winter season

The trand of rainfall over Bihar during  winter
season for the period 1871-2011 has besn shown
the Fig.3. The mean rainfall over Bihar during winter
s2ason shows a long t=rm insignificant declining
trend. From the data it has bean absarved that the
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highast rainfall departure (283:5%) was observed
in the y=ar 1384 followed by 242:4% in the year
1957 Similarly. it is found that the lowest rainfall
departure was-100 0% (no rainfall) in the year 2005
followed by -83.3% in the year 1899 The highest
(120 mm) winter rainfall is found fn the years 1984

y = 0.1314x 49,3304
R = 0,004

SF
2

1871
18716
1881
1886
18917
1596
1901 1
1906 -
1911
1911
1926

1931 1

1936 1

Year
Fig 3 Trend of rainfall aver Bihar during winter season for the pariod 1871-2011
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34 Pre-monsoon season

The trend of rainfall over Bihar during  pre-
monsoan seaszon for the period 1671-2011 hasbeen
showr the Fig4. Ths mean rainfall over Bihar
during pre-moensoon season shows a long term
significant increasing trend. From the data it has
besn abserved that the highest rainfall departure
(268 5%) was cbserved in the year 1387 followed

by 143 7% in the year 2000 Similarly, we have
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found that the lowest minfall depariure was -89 6%
in the year 1972 followed by -B4 1% in the year
1935 The highest (260 mm) pre menseon raindall
iz found in the year 1887 The significant increasing
trand of rainfall during the pre-monsoen ssasaon
could be aitributed 1o increass n thundarstorm
activity over the region particularly duringthe pariod
15961-2611 (Laskar 2009)

¥=0,19%-13.491
R¥=0.0237

Percentage anomaly

Fig.4 Trend of rainfall aver Bilar during pre monsaon season for the pariod 1871-2011

15 Monsoon seasan _

The trend of rainfall avar Blhar during monsean
s=ason for the perod 1871-2011 has been shown
the Fig.5 The meanrainfall over Bihar during winter
season shows 3 long tarm insignificant declining

frend From the daiz It has been abssrvad that the.

highest rainfall departure (53 6%) was observad In
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the year 1987 followsd by 46 6% in the year 1895
Similarly, we have found that the lowest rainfall
departure was -47.81% In the year 1908 followed
by -37 81% In the y=ar 1972 The highest (1580
mm) and lows=at (540 mm) monsoon rainfall are
found in the years 1987 and 1308 respectivaly.
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Fig & Trend of rainfall over Bihar dunng winter season for the penod 1871-2011
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36 Post-Monsoon season

The trand of rainfall over Bihar during post
monsaon season forthe period 1671-2011 hasbeen
shown the Fig 6 Mo significant trend was observed
in the mean rainfall over Blihar during post monsoon
season From the data it has been shserved thal
the highest rainfall departura (267 7%) was
cbsarved in the year 1925 followed by 255.6% in
tha year 1961 Similarly. we have found that the
lowest rainfall depariure was -89 5% in the yaar
1875 followed by -89 2% in the year 1935 The
highest (280 mm) rainfall is found during post
monsoarn s=ason inthe years 1928

As in trend analysis studiss the resulis
significantly depend upon the period of data and
the stations whose data are used as a result
the study of trends using this long period data
(1871-2011) may not be the correct depiction
of the reaiity and this aspect needs to be
addressed Finzlly, while interpreating the results
oftrend analysis, the observations of Cobn and
Lins (20058) are worth repeating. ‘that reported
trends are real yet insignificant indicates a
warriseme possibility. natural climatic
excursions may be much larger than we

4. Decadal,

Rainfall

To study the variability of the rainfall in more
getail, decadal analysis of annual as well as
seasanal rainfall has besn camied oul by
catagorizing the rainfall as normal, daficient. axcess
and scanty when percentage departure of rainfall
from long period average (1671-2011) are =20%, -
20% 1o -59% +20% or more and -60% 1o -99%
respactively and the results of the decadal analysis
i= summarized in Table-2

Study reveals that during the decade 1991-
2000, there were maximum numbers (3) of year
with exeess anmual rainfall Simitarly, during the
decade 2001-2010 there ware maximum numbers
(4) of year with deficit annual rainfall, wharzas during
the period 1671-2011 not 2 single year racelvad
scanly annual rainfall

Annuzl and Seasonal

In winter season during the decades 1901-
1910 1937-40 and 194 1-50 there were maximum
numbar (5) ef years with excess rainfall Similarly,
during the decades 18%1-1890, 19111920 and
1941-1950 there wars maximum number 4} of years
with deficit winter rainfall whereas during the

imagins decades 1881- 18?& and 1581-1990 there were
TABLE-2
Decadal frequency of Mormal [N}, Excess (E), Deficient (D) and Scanty (S§)
rainfall over Bihar during the peried 1871-2011
Decade Annual Winter Pre-Monsoon | Monsoon Pest-Monsoon

NEDSNETDGSINEDSESNEDSNETDS
1671-1880| ¥ 2 1 0 (1 4 3 2|1 3 5 1|6 2 2 0|1 4 2 3
1881-18%0| 7 2 1 0|1 2 2 5|3 3 4 0|7 2 1 0|2 4 1 3
18911800 6 2 2 0 |1 4 4 1|3 3 3 1|6 2 2 [0 3 3 4
19011910 8 0 2 0 (0 5 1 4 |2 4 3 1|7 1 2 0,03 2 5
19141920 8 2 O 0 (0 3 4 3|1 6 3 0|7 3 0 0|2 4 1 3
19291830 8 0 2 0 (2 3 3 2|3 0 5 2|5 3 2 0,0 3 4 3
19311940 7 2 1 0 |3 5 0 2|2 3 1 4|7 21 0|2 41 3
19411950 | $ 1 0 06 |0 5 4 1|2 2 8 0|9 17 € 02 4 1 3
19611960 9 & 1 0 |2 3 2 3 |5 0 4 1(8 G 2 0|0 2 5 3
19611970 8 0 2 0|1 3 2 4 |3 2 3 2(8 0 2 0{2 4 1 3
9711980 8 1 1 0 |1 4 2 J|& 2 1 1|8 0 2 0|1 5 3 1
19811980 | &8 2 2 0|1 2 2 5|4 8 0 Q|7 2 1 0|1 3 4 2
19912000 6 3 1 0 |3 2 3 2|2 5 21|63 1 0|2 4 2 2
2001-2010| 5 1 4 0|3 2 1 4|3 6 1 0|3 225 0|1 2 4 3

maximum number (5) of years with scanty reinfall

in pr= monsoon season duting the decades
1911-1820, 1981-1580 and 2001-2010 there were
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maximum number (6} of years with excess rainfall
Simitarty, during the decads 1941-1950 there were
maximum number{4) of years with deficit wintar
rainfall whereas during the decades 1931-1940



there weare maximum number (4) of y2ars with
scanty rainfall

In mensoon season during the decades 1911-
1920, 1971-1930 and 1991-2000 there were
maximum number (3) of years with excass rainfall
SImIEar'l',' during the decads 2001-2010 there were
maximum number (5) of years with deficit winter
rainfall whareas during the pariod 1871-2011 not &
single year racaived scanty rainfall,

In post monsoen ‘season during the decads
1871-1980 there ware maximum number (5) of
years with excess rainfall EIFF'F“EI":_',' during the
dacade 1951-1960 there ware maximum number(s)
of years with deficit winter minfall whereas dur!m;
the decades 1501-1810 there were maximum
number (5] of years with scanly rainfall,

8. Conclusion

Based on 141 years data for the peried 1871-
2011, It i= obzarved thal annual mean rainfall of
Biharle 122 4 em Its 84% rainfall occlrs during
monsaon, 7% in pre-monsoon, 6% in post-monsoon
and 3% in winter seasan.  The study shows
decreasing trend in annual as well a5 in wintar &
monsean seasan and significant incraasing trend
in pre-mansoon . season. No trend is observed in
post- monsoon rainfall The significant increasing
trend in pre-monsoon rainfall may be atiributed to
increase in thunderstorm activity over the reglan
particulary duting the period 19812011

In decadal analysis_ it is observed thal
maximum number of excass years inannual rainfall
is during decade 1991-2000 and maximum number
of deficiant year in annual as well 3s monsoan
season rainfall are during 2001-2010
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