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& forw 3oa 4| gut HF gl ygfii faeavor & Fo Sl # Sl a1 af F$ G 7L a1 ARRICHS TG
& " e 8, 3R g & ast 7 oenrer @i O F JoRers ygia qdlt % §1 a7 ueeaar @t
AT & AT, AT-Fse qleToT F ACIHA § aW Wigar gaw (PCI) IR swF vgfr feewor fmar o
dIEITS fARewor & e Terar § B arfte aw wfRafAa w7 @ Faka @ § 3R Al oo @A §9
faaRa gl &1 af¥ss awi =7 WA AT & a1 & PCI AeTEE & FROT g1 R & afaroh, gy
30 IR AT AEl A GRS ygft gERicAs O1$ 918, Siafe RWER & gey uRHer fSe S e,
HIST, FFaY, Agard 3R G gt et S qfvhar, #ReR, 3R 3k gotar # Frrcas ygia o a1$)

ABSTRACT. Precipitation over a region plays vital role in determining availability of water resource whereas study
of spatiotemporal distribution of rainfall helps in managing precipitation associated risks like drought, flood etc. The present
study is carried out in the state of Bihar, India using District-wise rainfall data of Bihar for period 1900-2022. Major findings
of study indicate that CV and SD of monsoon season and annual rainfall are in a moderate range except for districts
Begusarai and Jahanabad; however, CVs for pre-monsoon, winter and post-monsoon seasons were high for all the districts.
Innovative trend analysis of the rainfall indicates either no trend or a negative trend except in few districts, and in recent
years the negative trend is observed in almost all the districts. To understand homogeneity in rainfall, the precipitation
concentration index (PCI) and its trend analysis performed through Mann-Kendall test. PCI analysis indicates irregularly
distributed annual and uniformly distributed monsoon rainfall. High inhomogeneity in annual rainfall is due to the post-
monsoon PCI contribution. PCI trend was found positive in the southern, extreme northern, and central parts of Bihar,
whereas extreme west districts of Bihar like Aurangabad, Bhojpur, Buxar, Rohtas and extreme eastern districts like Purnia,
Katihar, Araria and Supaul had negative trend.

Key words - Rainfall, Precipitation concentration index, Innovative trend analysis, Mann kendall test.

1. Introduction era. Due to these observed changes and their impact on
alterations in the hydrological cycle, various research has

The observed rainfall pattern changes and their been carried out on spatiotemporal changes in rainfall and
consequence on water resource availability are one of the the subsequent outcomes on the management of water
most important climate change associated problems of the resources for irrigation in agriculture, flood, or drought

1059



MAUSAM, 75, 4 (October 2024)

management in recent times (Gu et al., 2017; Mall et al.,
2019). This change pattern study is carried out by various
researchers in the world (De Luis et al., 2000; Hulme et al.,
1998; Chaubey et al., 2022) and finding of these studies
indicates an increase in the contribution of extreme events
to accumulated precipitation (Alexander et al., 2006;
Haider et al., 2020; Min et al., 2011; Tabari, 2020). Climate
change and global warming impacts on the intensity and
duration of precipitation; these impacts are evident in the
form of long-dry spell, extreme event with high
precipitation intensity causing floods or less precipitation
leading to droughts (Ford & Labosier, 2017; Zaman et al.,
2020; Chaubey & Mall, 2023).

Finding of the studies carried out on India’s
precipitation distribution also showed variability in the
rainfall on different temporal and spatial scales (Kripalani
et al., 2003; Sahai et al., 2003; Mall et al., 2006), high
variability in rainfall distribution over space has been
indicated. Regions like Western Ghats, Sub-Himalayan
areas in North East receive annual rainfall more than 200
cm. and regions like northern part of Kashmir, West
Rajasthan and Punjab receives annual rainfall less than
50 cm. An increasing trend in the frequency of extreme
precipitation was observed in the central part of India by
Goswami et al. (2006). According to Krishnamurthy et al.
(2009) statistically significant increasing trends is observed
for extremes over many parts of India whereas decreasing
trends has been observed in some parts of India only. These
extreme events show the percentage contribution of rainfall
in annual and seasonal rainfall in few days only. Changing
rainfall concentrations may cause floods and droughts like
situation and further leads to pressure on water resources
(Zhang et al., 2009). Oliver in 1980 introduces the concept
of Precipitation Concentration Index (PCI) to study the
rainfall concentration and this index was further used to
characterize homogeneity in monthly, seasonal and annual
rainfall by many researchers (De Luis et al., 2011 & 2010;
Apaydin et al., 2006; Michiels et al., 1992), There are
number of studies carried out on the evaluation of PCI
across the world like Spain and China etc. by De Luis
et al. (2011), Xuemei et al. (2011), Adegun et al. (2012),
Iskander et al. (2014), Benhamrouche et al. (2015), Gocic
et al. (2016), Al-Shamarti (2016) and Nery et al. (2017).
However, only a few studies on PCI are available in India,
regional level studies are available by Patel and Shete
(2015) and Valli et al. (2013) in north Gujarat and Andhra
Pradesh, respectively.

In the present study, spatiotemporal rainfall
concentration distribution is studied for Bihar state in India
using district-wise monthly rainfall data from 1901-2022.
To study the long-term changes in seasonal and annual
rainfall, trends in the PCI have been analysed using Mann-
Kendall test.
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2. Study area, dataset used and methodology

2.1. Study area

Bihar is situated in the eastern part of the country.
Topographically, the state is divided into sub-Himalayan
foothills, Indo-Gangetic plains, and the southern plateau
zone. The annual mean rainfall of Bihar is 1098.9 mm;
however, the monsoon rainfall mean is 938.7 mm, with
coefficients of variation of 18.2 and 19.3, respectively.
(Met Monograph No.: ESSO/IMD/HS/Rainfall
Variability/04(2020)/28). The southwest monsoon season
contributes 86% of the rainfall in the state during South
West monsoon season (June to September), about 2%
rainfall received in the winter season (December, January,
and February), about 6% in the pre-monsoon season
(March-May), only 6% in the post-monsoon season
(October and November).

Fig. 1. Study Area Bihar, India.
2.2. Dataset used and methodology

To study the spatiotemporal variability of rainfall, a
monthly rainfall data for all districts of Bihar state for the
period 1901-2022 was used (Source: India Meteorological
Department).

According to the study made by Alsubih et al. (2021)
the temporal dynamics of rainfall makes variation of
rainfall in its intensity, frequency, pattern and distribution
over an area. There are various methods to check the
temporal variability of rainfall over an area, which include
the standard deviation, coefficient of variation (CV),
precipitation concentration index, etc. where coefficient of
variation (CV) evaluates the seasonal and annual rainfall
dynamics of long-period rainfall (Belay et al., 2021) and
the extent of rainfall dynamics is classified as high (CV >
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30), moderate (20 < CV < 30) and low (CV < 20) Hare
(2003). Hence, higher the value of CV higher the dynamics
of rainfall in the study area and vice versa. The precipitation
concentration index (PCI) evaluates the rainfall seasonal
and annual distribution over time. In the present study, the
monthly, seasonal and annual averages, standard deviation,
and coefficient of variance of the monthly rainfall are
calculated using R software.

The seasonal and annual precipitation concentration
index was calculated for each district to understand the
heterogeneity in seasonal and annual precipitation. Using
meteorological standards, the year has been divided into
four seasons, viz., winter (January to February), pre-
monsoon (March to May), monsoon (June to September),
and post-monsoon (October to December), and further PCI
was calculated using the following equations proposed by
Oliver (1980):

PCIAnnual = Zl 1pl)2 x 100
=1 DPi
2 2
PCly ingor = <=1 % 16.67
Zi:lpi)

i, v}
PCIPre—monsoon ===t 3 2 X 25

(Z 1PL)
PClyonsoon = (Zl 1pl)2 x 33.33
Di
p?
PClpost—monsoon = (Zl 1pl)2 X 25
101

where p; is the monthly precipitation in i"" month and
100, 16.67, 25, 33.33 is percentage of season duration in
annual.
According to Oliver (1980),
0]
(ii)

(iif) 16 <PCI < 20: Irregular distributed precipitation

PCI < 10: Uniform distributed precipitation

11 <PCI < 15: Moderate distributed precipitation

(iv) PCI > 20: Strongly Irregular distributed precipitation
Trend Analysis

Mann Kendall Test: The trend which is significant change
in climatic data over time is primarily studied by parametric
and non-parametric test. In this study statistical
significance trend analysis of Precipitation Concentration
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Index was carried out by Man-Kendall test in The RStudio
program.

The Mann-Kendall’s (MK) test is a statistical
nonparametric test widely used for trend analysis in
hydrometeorological time series data (Panda & Sahu,
2019). The trend analysis is proposed by Mann, (1945). The
Non parametric Mann Kendall Test does not require the
data to be normally distributed also it has less sensitivity
towards inhomogeneous time series data. In MK test, the
null hypothesis Ho assumes that there is no trend (the data
is independent and randomly ordered). The null hypothesis
is tested against the alternative hypothesis H1, which
assumes that there is a trend. The MK statistic is computed
as follows:

n-1 n

sgn (xj - X;)
i=1 j=it+1

where, x; and x; are annual or seasonal values in years
j and i respectively, n is the number of data points, and
sgn(x;-xi) is calculated as follows:

1 le]—xl>0
0 ifXj—xi =0
-1 ifX]-—xi<0

sgn(xj — x;) =

A positive or negative value of S indicates an upward
(increasing) or downward (decreasing) trend respectively.

Innovative Trend Analysis (ITA): Trend analysis of
hydrological parameters like rainfall using non-parametric
tests like the Mann-Kendall (MK) test, Spearman's Rho
(SR) test, regression analysis and wavelet analysis are all
frequently suggested as classic mathematical methods
(Malik et al., 2020; Ivanovski et al., 2021). To analyze the
trend in long-term annual rainfall Innovative Trend
Analysis (ITA), introduced by Sen (2012). ITA is carried
out in various studies across the world (Gumus et
al., 2022), in the ITA method the long period data is
divided into two halves and independently arranged in
ascending order. The first half is plotted on the x-axis of the
cartesian coordinate system and the second half on the
y-axis, where the vertical and horizontal axes should be the
same range of duration. The time series is declared
trendless if the data points lie on a 1:1 straight line in the
scatterplot whereas time series depicts a positive or
negative trend if the data points are spread above or below
a straight line (Sen, 2012). The average difference between
Xi and Xj, obtained from the horizontal or vertical distance
from a 1:1 straight line, represents the magnitude of the
increasing or decreasing trend at each data point.
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TABLE 1

Statistical feature of District wise rainfall of Bihar

District Annual Winter Pre-Monsoon Monsoon Post Monsoon
Mean StDev CV Mean StDev CV Mean StDev CV Mean St Dev CV Mean St Dev Ccv
ARARIA 1643 346 21 23 20 86 174 81 46 1356 308 23 90 113 126
AURANGABAD 1068 268 25 38 33 88 34 28 83 950 244 26 64 59 92
BANKA 1117 262 23 32 28 88 81 54 67 908 225 25 96 94 98
BEGUSARAI 1079 309 29 28 24 86 72 56 79 899 291 32 80 84 105
BHAGALPUR 1166 279 24 29 25 87 98 67 69 950 243 26 89 89 100
BHOJPUR 1040 226 22 30 28 91 36 31 86 912 204 22 61 62 102
BUXAR 979 253 26 30 32 105 29 26 87 855 237 28 64 92 143
CHAMPARAN_E 1279 261 20 29 24 83 88 52 59 1091 259 24 72 69 95
CHAMPARAN_W 1400 305 22 32 25 79 108 65 60 1258 288 23 77 66 85
DARBHANGA 1156 285 25 24 18 77 91 44 48 968 261 27 73 73 100
GAYA 1051 265 25 34 30 88 40 34 85 910 238 26 67 55 82
GOPALGANJ 1143 267 23 27 22 81 58 47 81 986 249 25 72 73 102
JAHANABAD 1009 296 29 33 30 89 41 38 92 870 279 32 64 53 83
JAMUI 1136 229 20 34 33 97 72 51 71 941 199 21 89 85 95
KATIHAR 1340 372 28 23 22 95 131 77 59 1088 318 29 98 96 98
KHAGARIA 1097 300 27 23 22 94 80 52 66 913 261 29 81 81 100
MADHEPURA 1293 307 24 23 21 90 114 66 58 1067 281 26 89 88 99
MADHUBANI 1227 2712 22 22 18 83 108 49 45 1026 259 25 72 71 99
MUNGER 1171 263 22 29 25 87 77 53 69 977 236 24 89 85 96
MUZZAFARPUR 1174 303 26 27 22 81 79 52 66 991 278 28 89 88 99
NALANDA 988 223 23 29 30 104 46 41 91 848 209 25 65 60 92
NAWADAH 1024 198 19 35 30 86 46 42 91 867 172 20 76 73 95
PATNA 995 243 24 28 27 94 48 43 90 855 221 26 64 59 92
PURNEA 1543 379 25 24 23 95 159 81 51 1253 338 27 106 103 97
ROHTAS 1062 266 25 37 32 87 35 32 91 928 239 26 62 57 92
SAMASTIPUR 1172 307 26 30 28 93 76 51 68 993 291 29 74 79 107
SARAN 1075 238 22 27 23 83 17 5 30 929 234 25 68 71 104
SITAMARHI 1243 312 25 27 23 86 105 50 48 1042 296 28 69 66 95
SIWAN 1102 261 24 29 26 90 48 33 69 959 251 26 66 82 125
SUPAUL 1356 332 24 25 21 85 130 68 53 1117 306 27 84 90 107

1062



SINGH et al. : SPATIOTEMPORAL ANALYSIS OF PRECIPITATION TREND DURING 1900-2022 IN BIHAR

2000 2000 2000
Aurangabad Araria Banka Begusarai
Inc Triangle 2000 Inc Triangle 1500 | IncTriangle Inc Triangle
. o 5
T . © T
1000 i s 1000 _:'é 1000 |8
c = c 8
3 1000 | § S ]
Y S ] n
(%] % (%]
(] . 500 . Dec Triangle]
® . Triangle Dec Triangle Dec Triangld
0 First Half First Half ® it Half . First Half
0 0
0 1000 2000 0 1000 2000 0 500 1000 1500 2000 0 1000 2000
2500 2000 2000 2000
Bhagalpur Bhojpur E Champaran
X i Inc Triangle
20001 inc Triangle 1500 |Inc Triangle 1500 IrlfTrlangIe 1500
Y ol ©
1500 | € 2 .E
-g 1000 'g 1000 | § 1000
1000 3 8 &
500 Dec Triangle >00 } Dec Triangle] |
. Dec Triangle Dec Triangle
First Half First Half 0 ‘ 0 8
0
-500 500 1500 2500 0 1000 2000 O, 1000 2000 0 1000 2000
First Half
W Champaran Darbhanga Gaya
i 2000 |Inc Triangl Inc Triangle
1500 IncTriangle ne friangie 1500 | Inc Triangle 1500 g
[ 1500 | £ = [
© © T ©
1000 | ¢ S 1000 |35 1000 S
9 1000 | § 5 9
(%] (%] % (%]
(%]
500 , 500 ® 500 )
Dec Triangle 500 Dec Triangle %ec Triangle Dec Triangle
0 First Half 0 First Half 0 First Half 0 First Half
0 1000 2000 0 1000 2000 3000 0 1000 2000 0 1000 2000
2000 Jamui 3000 - 4000 2000
| Katihar Kisanganj Madhubani
IncTriangle i .
1500 Inc Triangle Inc Triangle Inc Triangle
w — 3000 @ 1500
g 2000 o E‘,
o T o
1000 g 5 2000 | & 1000
& 1000 & b
500 ® b
Dec Triangld Dec Triangle 1000 . 500
Dec Triangle Dec Triangle
First Half 0 First Half First Half 8
0
0
0 1000 2000 3000
0 1000 2000 0 2000 4000 0 1000 2000

1063



MAUSAM, 75, 4 (October 2024)

2000 Munger 2000 Muzzafarpur 1500 Nalnda 1800 Nawada
) Inc Triangle Inc Triangle 1600 Inc Triangle.
Inc Triangle \ 1400
- T 1000 | 1200 | =
© o T
o < > 1000 | B
1000 |2 1000 (S < S
o %} o 800 @
3 8 %
n 500 600 X
’ . Dec Triangle Dec Triangle
Dec Triangle Dec Triangle 400
First Half First Half
First Half First Hal 200
0 0 0
0 1000 2000 0 1000 2000 0 500 1000 1500 0 1000 2000
2500
1800 Patna' Purnea 2000 Rohtas 2500 |, Saharsa
IncTriangle Inc Triangle Inc Triangle Inc Triangle
2000 2000
=
1200 | % = = z
T 1500 | £ & 1500 | &
© c
< 5 1000 | 2 g
] 1000 | § 3 1000 | &
600 |« < @ Dec Triangle 4
Dec Triangle & DecTriangle | gqq Dec Triangle
500 .
First Half - ;
0 First Half First Half First Half

0

1000

2000

0

1000

2000

0
0 600 1200 1800 -500 500 1500 2500
-500 500 1500 2500 0 1000 2000
1500
2000 Samastipur Sara.n 2000 | sijtamarhi 2500 Siwan
Inc Triangle Inc Triangle 1800 | Inc Triangle nc Triangle
1500 1600 2000
E 1000 “,—j"g 1400 = -
I ©
1000 |2 =) 1200 | = 1500 | £
5 5 1000 | § T
Q Q
& 00 | S 800 | g 1000 | $
500 Dec Triangle 600 v
First Half Dec Triangle :88 @ DecTriangle | 500 Dec Triangle
0 ) )
First Half First Half -
0 1000 2000 0 0 , 1000 200 First Half
0 1000 0 1000 2000 3000
2000 | vaishali
2500 Supaul
Inc Triangle Inc Triangle
2000 1500
u
© =
1500 | T K
xe)
g 1000 |2
1000 | 9 ]
< i é Dec Triangle
500 Dec Triangle 500
First Half .
0 First Half

Fig. 2. Trend analysis of district wise annual rainfall data using ITA.
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3. Results and discussions

3.1. District wise rainfall characteristics

Statistical analysis of long-term district-wise rainfall
data for Bihar is presented in Table 1. Annual mean rainfall
for the period 1901-2022, with a value >1200 mm, is
concentrated in the northern and north-eastern districts of
the state, viz. Araria, Purnea, E and W Champaran, Supaul,
Katihar, Madhepura and Sitamarhi; however, southern and
south-west districts like Buxar, Nalanda, and Patha
received <900 mm of annual mean rainfall. More than 80%
of the rainfall in the state is received during the monsoon
(Met Monograph IMD); hence, the mean rainfall value of
the monsoon also shows a similar distribution. The
coefficient of variation with the annual rainfall for all the
districts found in the moderate range only has values in the
range of 20-30. The coefficient of variation for the
monsoon rainfall is also in the moderate range except for
the districts Begusarai and Jahanabad; however, CV values
for pre-monsoon, winter rainfall and post-monsoon rainfall
are high for all the districts.

3.2. Trend analysis of district wise long-term rainfall
data

Trend analysis of district-wise long-term rainfall data
is depicted in Fig. 2. Analysis of the data indicates that no
trend has been found in the districts of Araria, Bhagalpur,
Begusarai, East and West Champaran, Darbhanga, Katihar,
Munger, Muzzafarpur, Nalanda, Nawada, Kisanganj,
Patna, Saharsa, Saran, Sitamarhi, Supaul Gopalganj and
Vaishali. A significant decreasing trend was observed in
Aurangabad, Banka, Gaya and Rohtas; however, the
rainfall for Bhojpur, Buxar and Jamui was also in the
decreasing triangle, but the points were concentrated near
the no trend line. Rainfall for Madhubani was lying near no
trend line, but in a positive triangle, only Purnea shows an
increasing rainfall trend in recent years. The rainfall of the
South West monsoon season was also analyzed and the
results were found in line with the annual rainfall analysis;
hence, separate figures are not included in the study. The
trend in the district-wise rainfall shows either no trend or a
negative trend except in one district and the negative trend
in recent times is found in almost all the districts. The
decrease in monsoon rainfall trend for Bihar state is also
reported by Zakwan and Ara, 2019 in his study conducted
with the monthly met subdivision rainfall for the duration
1950-2016 using non parametric and parametric trend
analysis. Kumar et al. (2010). in his study using all India
met sub divion monthly dataset reported negative
southwest monsoon trend for Bihar.
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3.3. PCI for annual rainfall

The average precipitation concentration index of
long-term rainfall data for each district for annual, winter,
pre-monsoon and post-monsoon data is tabulated in
Table 2. The average annual PCI for districts varies from
21 to 27, i.e., strongly irregularly distributed rainfall. The
winter rainfall was in the range of 12-14, which lies in the
moderately distributed rainfall; pre-monsoon rainfall PCI
ranges from 15-19, i.e., irregular distribution; post-
monsoon PCI values were in the range of strongly irregular
distribution, with values of 20-23, whereas monsoon PCI
values for most of the districts were found in the uniform
distribution. Since monsoons contribute to 85% of the
annual rainfall, the uniform distribution of south-west
monsoons supports the uniform distribution of rainfall in
Bihar. Hence, high inhomogeneity in annual rainfall may
be due to post-monsoon PCI contribution and
interannual variability of rainfall is very high because of the
major contribution of south-west rainfall. The variability
found in the analysis of the coefficient of variation also
supports the lower variation in the south-west monsoon and
the high CV in post-monsoon rainfall. The high annual PCI
values for Bihar state were also reported by Zakwan and
Ara (2019).

District wise categorical PCI distribution is depicted
in the Table 3 where all the districts are in the strongly
irregular distribution category for annual and post monsoon
rainfall all districts have moderately distributed
precipitation in winter rainfall season, for pre monsoon 12
of 36 districts were in moderate and 24 districts in irregular
distributed precipitation. Whereas in monsoon which
contributes 85% of total annual rainfall 27 of 36 districts
were had uniform distribution and remining 09 districts
were had moderate distributed precipitation.

Table 4 represents the temporal and seasonal
variability of PCI across the districts of Bihar using MK
Test. The significant change in the PCI were found for few
districts only where Banka and Munger shows significant
increasing trend and Purnea had significant decreasing
trend in annual PCI. Again Banka, Bhagalpur and Munger
had significant increasing trend in monsoon rainfall also
with the values 2.5, 2.2 and 2.2 respectively and Begusarai
and Khagaria had significant decrease in monsoon PCI with
-0.2 and -2.4 values. Spatial distribution of PCI trend
indicates that the positive trend (both significant and
nonsignificant) is mainly distributed in the southern,
extreme northern and central part of Bihar whereas extreme
western districts of Bihar like Aurangabad, Bhojpur, Buxar,
Rohtas and extreme eastern districts like Purnia, Katihar,
Avraria and Supaul had negative trend (both significant and
nonsignificant). The increasing trend areas may requires
the attention of water resource in these areas.
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TABLE 2

District Annual Winter Pre-Monsoon Monsoon Post Monsoon
Aurangabad 25 12 17 10 20
Banka 21 14 15 10 21
Begusarai 25 13 17 12 22
Bhabhua 25 13 17 11 21
Bhagalpur 22 13 16 10 21
Bhojpur 25 12 17 11 21
Buxar 27 13 19 11 21
E Champaran 23 13 15 10 20
W Champaran 23 13 16 10 21
Darbhanga 23 13 16 10 21
Gaya 24 12 17 10 20
Gopalganj 24 13 17 10 21
Jahanabad 24 13 18 10 21
Jamui 22 13 16 10 21
Katihar 21 14 17 10 22
Khagaria 24 14 17 11 22
Kisanganj 22 14 15 10 22
Lakhisarai 23 14 18 10 23
Madhepur 22 13 17 10 21
Mdhubani 23 13 15 10 21
Munger 22 13 15 10 21
Muzzafarpur 23 12 16 10 21
Nalanda 24 13 17 10 21
Nawada 23 13 17 10 21
Patna 24 12 16 10 21
Purnea 21 14 16 10 22
Rohtas 25 12 16 11 21
Saharsa 22 14 16 10 22
Samastipur 23 13 15 10 21
Saran 24 12 17 10 21
Sitamarhi 23 13 16 10 21
Shekhpura 27 14 19 12 22
Seohar 24 14 17 11 22
Siwan 25 12 17 11 21
Supaul 22 13 16 10 22
Vaishali 24 12 17 10 20
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TABLE 3

District wise distribution of PCI in Bihar

- Pre Post
Annual  Winter Monsoon
Monsoon Monsoon

PCI Distribution Districts

Aurangabad, Banka, Bhagalpur, E and W
Chmparan, Darbhanga, Gaya, Gopalganj,
Jahanabad, Jamui, Katihar, Kisanganj,

Nil Nil Nil Lakhisarai, Madhepura, Madhubani,  Nil
Munger, Muzzafarpur, Nalanda, Nawada,
Patna, Purnea, Saharsa, Samastipur,
Saran, Sitamarhi, Supaul, Vaishali (27)

Uniform distributed
precipitation

Banka, Bhagalpur, E Chamaparan, W Begusarai, Bhbhua, Bhojpur, Buxar,

Moderate distributed . Champaran, Kisanganj, Madhubani, Munger, - - .
precipitation Nil Al Patna, Purnea, Samastipur, Sitamarhi, Supaul Khagaria, Rogtievséns%lg;pura, Seohar, Nil
(12)
Aurangabad, Begusarai,Bhabhua, Bhojpur,
Buxar, Darbhanga, Gaya, Gopalganj,
Irregular distributed Nil Nil Jahanabad, Jamui, Katihar, Khagaria, Nil Nil
precipitation Lakhisarai, Madhepur, Muzzafarpur, Nalanda,
Nawada, Rohtas, Saharsa, Saran, Sheikhpura,
Seohar, Siwan, Vaishali (24)
Strongly Irregular gy Nil il Al

distributed precipitation

TABLE 4

District wise and season wise trend analysis of PCI using Man Kendall Test

District Annual Winter Pre-Monsoon Monsoon Post Monsoon

z p value z p value z p value z p value z p value
ARARIA -0.9 0.4 -2.1 0.0 -1.0 0.3 -04 0.7 -1.9 0.0
AURANGABAD -1.3 0.2 1.1 0.3 11 0.3 -1.3 0.2 0.4 0.7
BANKA 2.1 0.0 0.7 0.5 0.1 0.9 2.5 0.0 0.6 0.6
BEGUSARAI -1.2 0.2 -1.2 0.2 -0.9 04 -0.2 0.0 -1.3 0.2
BHAGALPUR 0.9 0.4 -1.1 0.3 -2.3 0.6 2.2 0.0 -0.5 0.6
BUXAR -0.5 0.6 -0.8 04 21 0.0 -1.0 0.3 0.3 0.7
CHAMPARAN_E 0.3 0.7 -1.9 0.1 -0.5 0.6 0.7 0.5 -1.4 0.2
CHAMPARAN_W  -15 0.1 -2.0 0.0 0.0 1.0 0.5 0.6 -0.6 0.6
DARBHANGA -0.8 0.4 -0.6 0.5 0.1 0.9 -0.3 0.8 0.5 0.6
GAYA -1.2 0.2 -0.9 04 0.2 0.8 -1.7 0.1 -0.4 0.7
GOPALGANJ -0.5 0.6 -1.9 0.1 -1.4 0.2 0.7 0.5 -1.3 0.2
JAMUI 1.3 0.2 -0.5 0.6 24 0.0 0.6 0.5 15 0.1
KATIHAR -1.9 0.1 -2.7 0.0 -0.6 0.0 -0.6 0.5 0.5 0.3
KHAGARIA -1.3 0.2 -1.9 0.1 -1.1 0.3 -2.4 0.0 0.2 0.8
KISHANGANJ 0.6 0.5 -1.7 0.1 -1.3 0.2 0.0 1.0 0.0 1.0
MADHUBANI 0.6 0.6 -0.8 04 0.0 1.0 0.2 0.8 0.9 04
MUNGER 2.2 0.0 -0.9 0.3 0.9 0.3 2.2 0.0 11 0.3
MUZZAFARPUR -0.5 0.6 -1.3 0.2 -1.2 0.2 0.1 0.9 -0.3 0.8
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TABLE 4 (cont.)

District Annual Winter
z p value z p value

NALANDA 0.8 0.4 -0.1 0.9
NAWADAH -0.1 0.9 -0.9 0.3
PATNA 0.6 0.5 0.5 0.3
PURNEA -2.5 0.0 -1.5 0.1
ROHTAS -0.2 0.8 0.5 0.6
SAMASTIPUR -0.4 0.7 -1.0 0.3
SARAN 0.3 0.8 -1.4 0.2
SITAMARHI -1.0 0.3 -1.8 0.1
SIWAN 0.6 0.6 -1.7 0.1
SUPAUL -0.8 0.4 0.1
VAISHALI 0.6 0.6 -0.5 0.6

Pre-Monsoon Monsoon Post Monsoon
z p value z p value z p value
1.8 0.1 0.6 0.5 0.0 1.0
11 0.3 0.3 0.8 0.8 0.4
1.7 0.1 -0.5 0.6 1.0 0.3
-0.9 0.4 -1.7 0.1 -0.6 0.6
0.5 0.6 -0.4 0.7 1.8 0.1
-0.5 0.6 0.5 0.6 0.5 0.6
1.1 0.3 0.7 0.5 -0.3 0.8
0.0 1.0 -0.1 1.0 0.0 1.0
0.7 0.5 -0.4 0.7
-0.2 0.8 -1.1 0.3 0.5 0.6
1.4 0.2 14 0.2

4. Conclusion

Bihar is an agriculture-dependent state where only 57
percent of the agricultural area is irrigated, 30 percent of
the irrigation is canal water-dependent, and about 63
percent is tubewell-dependent (BAMET]I.org). Bihar is an
agricultural state hence information derived through the
spatial and temporal distribution of rainfall will be useful
for agricultural irrigation scheduling, flood frequency
analysis, water resource management, studying the impacts
of climate change on rainfall distribution and other
environmental aspects (Michaelides et al., 2009, as cited in
Ngongondo et al., 2011). In the present study, district-wise
rainfall data of Bihar for the period 1900-2022 was
analysed with statistical tests like CV, standard deviation,
and ITA for trend analysis. The precipitation concentration
index and its trend were also analysed to understand change
in the spatiotemporal distribution of rainfall concentration.
The major findings of the study indicate: The coefficient of
variation of the annual rainfall and monsoon rainfall was
found in the moderate range for all the districts except for
Begusarai and Jahanabad; however, CV values for pre-
monsoon, winter rainfall and post-monsoon rainfall were
found high for all the districts. Trend analysis of district
wise rainfall using ITA indicates either no trend or a
negative trend except in one or two districts, and the
negative trend was observed in recent two decades in
almost all the districts.

Precipitation concentration index analysis indicates
strongly irregularly distributed annual rainfall, whereas
uniform distribution in  monsoon rainfall but high
inhomogeneity in annual rainfall is found due to post-
monsoon PCI contribution, and interannual variability of
rainfall is very high because of the major contribution of
south-west monsoon rainfall in annual rainfall.

The spatial distribution of the PCI trend indicates a
positive trend in the southern, extreme northern, and central
parts of Bihar, whereas extreme western districts of Bihar
like Aurangabad, Bhojpur, Buxar, Rohtas and extreme
eastern districts like Purnia, Katihar, Araria and Supaul had
a negative trend.

The findings on trend analysis and homogeneity as
well as spatiotemporal distribution of rainfall provide
useful information for decision-makers and planners to
design appropriate plans to deal with the adverse
hydrometeorological conditions viz. floods, droughts,
deficit rainfall, etc. This information is useful in
hydrological, water resource, and environmental
management programs.
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