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This study aims to determine rainfall trend in the Bihar state of India using
70years data recorded between 1950 and 2019. Seasonal (pre-monsoon,
monsoon, post-monsoon and winter season) and annual average rainfalls
are analyzed to find climate variability and possible trends using parametric
method (linear regression analysis). The rainfall trend analysis in Bihar will
help the planners to understand the recent scenario of climate change in this
state. Existence of trend is being evident from parametric method. Results
revealed that except for pre-monsoon season, trends of rainfalls in
monsoon, post-monsoon and winter seasons are decreasing including the
annual average rainfall during last 70 years.

Introduction

Variability is the key feature of climate and
during the last few decades substantial
increase in the temperature and changing
rainfall pattern associated with the climate
change has drawn a lot of attention, as it
affects the food production and available
fresh water (Dore, 2005). According to IPCC
(2007), the global average surface
temperature increased by about 0.74 °C in the
100 years of 19062005 and temperature has
risen in the past four decades in the lowest
eight kilometres of the atmosphere. The report
also states from 1900 to 2005, precipitation

has found to either increase or decrease in
different parts of the world (IPCC, 2007). An
increasing trend of rainfall is found in the
north-east Europe, north and South America
and central Asia, whereas a decreasing trend
is noticed in the Mediterranean and southern
Africa and south Asia (IPCC 2007). Australia
also shows an increasing trend of rainfall
(Suppiah and Hennessy 1998; Nicholls and
Lavery 1992). Reduction in the average
annual rainfall trend is observed in north and
north-east China (Hu et al., 2003; Zhai and
Pan 2003), Russia (Savelieva et al., 2000;
Peterson et al.,, 2002), coastal areas of
Pakistan (Farooq and Khan 2004), Italy
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(Buffoni et al., 1999), eastern Brazil (Silva
2004) and Kenya (Kipkorir, 2002). The
increasing trend of rainfall is observed in west
China, while in the Huaihe River basin, Haihe
River basin and Yellow River basin a
substantial decrease is observed with some
moderate variation in the north-east (Zhang et
al., 2012). A number ofstudies are available
on the rainfall trend and summer monsoon of
India (Parthasarathy and Dhar, 1974, 1978;
Kothyari and Singh, 1996; Sarkar et al., 2004;
Guhathakurta and Rajeevan, 2008) where an
increasing trend is observed in Kashmir to the
south through the Deccan Plateau (Sen Roy
and Balling, 2004). Kumar and Jain (2010)
also observed an increasing trend in the
seasonal rainfall in Kashmir valley, but
monsoon rainfall showed a decreasing trend
in Srinagar. A decreasing trend has been
observed in north-east India, central north-
east India and west-central India by Kumar et
al., (2010).

Numerous techniques have been developed
for analysis of rainfall trend which involves
parametric and nonparametric tests. The
nonparametric test includes Mann-Kendal
test, Sen’s slope estimator, Detrended
fluctuation analysis and seasonal Kendall
method. Most of the studies have performed
non-parametric tests such as Mann- Kendal
test, Sens’s slope. The parametric linear
regression analysis (Nandagiri et al., 1997)
can also be used for the analysis of trend.
Present study portrays a parametric method of
calculating trends for annual average and
seasonal average rainfall.

Materials and Methods

This study work has been done at the
department of agronomy, Bihar agricultural
college (BAC), Sabour. In this study the
rainfall data of 37 districts of Bihar for 70
years, ranging from 1950 to 2019are collected
from four meteorological centres viz. Pusa,

Madhepura, Patna and Sabour of Bihar. Here
parametric method of identifying the
variability is adopted. Rainfall data is
analysed by considering seasonal averages
viz., Pre-monsoon (March—May), Monsoon
(June—September), Post-monsoon (October—
November) and Winter (December—February)
and annual average value of rainfall. The
methodology adopted to calculate the trend of
rainfall involves some steps such as collection
of rainfall data, annual averaging of them,
data pre-processing to fill missing values or to
inspect the anomalies, arrangement of data,
calculation of mean values and trend analysis.

Results and Discussion

The study reflects the present rainfall scenario
of Bihar for the last 70 years till 2019, which
indicates some notable characteristics. Trend
analysis performed over a categorical data
shows substantial variations (Fig. 1, 2, 3, 4, 5
and table 1). The annual rainfall graph in the
fig. 1 illustrates the prominent decreasing
trend of rainfall with R? value of
0.24.Monsoon and winter periods also show
decrease in rainfall, while for post-monsoon
period (fig. 4) the decreasing trend is not so
prominent. The falling rate is particularly
dominant in the monsoon and annual average
rainfall graph. It is observed that the
frequency of occurrence of pre-monsoon
rainfall are less and very uncertain. These less
frequent rainfall days have contributed
towards positive trend pattern in pre-monsoon
season (Fig. 2). Increasing trend may also
indicate the increased number of rainy days in
pre-monsoon or summer days. The decreasing
rainfall trend in monsoon is highly prominent
when compared with post monsoon and
winter rainfall. Decreasing trend may reflect
the decreased intensity of rainfall or number
of rainfall days. The factors such as ENSO or
EINino, Southern Oscillation and snow in the
Himalaya have an effect on affecting
monsoon rainfall. Monsoon is related to the
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active and break phase, and if the break phase
continues for a longer period there will be
decrease in monsoon rainfall (Ramesh Kumar
et al., 2009). In Bihar, the observed decrease
in _monsoon rainfall and annual average

rainfall in the last 70 years may create
problems in the agricultural sectors and also
in the water supply areas, as the demand is
continually increasing with the growing
urbanization.

Table.1 Summary table of regression equation with corresponding R? value during 1950-2019

Status Regression equation R?
Annual average y =-4.620x + 1332 0.240
Pre-monsoon y =0.091x + 17.95 0.034
Monsoon y =-1.195x + 288.4 0.318
Post-monsoon y =-0.105x + 42.38 0.007
Winter y =-0.065x + 21.54 0.048

Fig.1 Trend of rainfall for annual average during 1950- 2019
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Fig.2 Trend of rainfall in pre-monsoon during 1950- 2019
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Fig.3 Trend of rainfall in monsoon during 1950- 2019
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Fig.4 Trend of rainfall in post-monsoon during 1950- 2019
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Fig.5 Trend of rainfall in winter during 1950- 2019
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In conclusion this study throws light on the
rainfall trends for Bihar district of India.
Except for pre-monsoons, the slopes of trend
lines are negative and show clearly the
decreasing pattern of rainfall in corresponding
seasons. Monsoon rainfall as well as annual
rainfall is decreasing and is really a call for a
tattle.
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