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ABSTRACT

In the present study, the temperature and rainfall events during south west monsoon season (June to
September) have been analyzed over Bihar region using 30 years (1985-2014) daily surface data of
temperature and rainfall of four stations of Bihar region. The rainfall has been classified in six groups
based on the India Meteorological Department (IMD) criteria. It is seen that the frequency of moderate
and heavy rainy days decreases which is compensated by the increasing trend of rather heavy and very
heavy rainy days. The overall seasonal rainy days shows decreasing trend except Gaya and Bhagalpur.

The temperature events have been analyzed in four categories (>30 'C, >35°C, >40 "C and >45 "C) for
all the stations. An increasing trend of temperature in >35 "C category is noticed for all the stations
except Bhagalpur. Similarly, an increasing trend of >40 "C is seen for all the stations except Gaya.

However, the frequency of extreme temperature events (>45 C) increases for Patna and Gaya and
decreases for Purnea and Bhagalpur.
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INTRODUCTION

There are number of ways in which temperature and rainfall daily affects the lives of the people. The
surface temperature and rainfall is influenced by the geographical features of the region. The long term
trend in monsoon season for 1951 -2005 conducted by Pattanaik and Rajeevan, 2010 has shown that the
increasing trend of contribution from extreme rainfall events is balanced by a decreasing trend in low
rainfall events. Consequently, extreme weather and climate events have received increased attention in
the last few years (Karl and Easterling, 1999).

Dash et al., (2009) examined possible changes in the frequency of rain events in India in terms of their
duration and intensity per day using daily gridded (1° x 1°) rainfall data for the period 1951-2004. They
found that the frequencies of moderate and low rain days considered over the entire country have
significantly decreased in the last half century. Studies in the past by Dash et al., (2007), Lal, (2003) and
Goswami et al., (2006) shows that, in general the frequency of more intense rainfall events in many parts
of Asia has increased whereas the number of rainy days and total annual precipitation decreased. Mason
et al., 1999 suggested that climate change projection is understood better using change in extreme events
rather than climatic means. It is seen that most of the temperature trend studies in India focus on the
analysis of annual and seasonal temperature data for a single station or group of stations. Recently similar
type of study has been done by Bhatla and Tripathi, 2014, for Varanasi shows that the frequency of
extreme rainfall shows overall decreasing trend. But in the current scenario, the identification of the
temperature and precipitation trends and their projections is the main theme of the studies. Goswami et
al., (2006) showed that there were significant rising trends in the frequency and magnitude of extreme
rain events over central India during the monsoon season.

MATERIALS AND METHODS

Data and Methodology

In the present study, the temperature and rainfall data used is taken from meteorological centre Patna. The
data has been analyzed for four stations of Bihar, Patna, Gaya, Bhagalpur and Purnea departmental
observatories of last 30 years monsoon season (June to September). The frequency of rainfall was

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)



International Journal of Applied Engineering and Technology ISSN: 2277-212X (Online)
An Open Access, Online International Journal Available at http://www.cibtech.org/jet.htm
2015 Vol. 5 (2) April-June, pp. 67-84/Giri

Research Article

calculated based on the India Meteorological Department (IMD) criteria: 0.1mm -7.5 mm (light rain), 7.6
mm -35.5 mm (moderate rain), 35.6mm -64.4mm (rather heavy rain), 64.5mm - 124.4 mm (heavy rain),
124.5 mm — 244.5mm (very heavy rain) and > 244.5 mm (exceptionally heavy rain). The frequency of

temperature events were calculated for the criteria >30 'C, >35°C, >40 "Cand >45°C. Further, the
linear trend analyses have been carried out and tested its statistical significance using Mann-Kendall Rank
Statistics (WMO, 1966) at 95% significant level.

RESULTS AND DISCUSSION

The rain events of rainfall > 0.0 mm are considered rainy days. No of rainy days in six different
categories are represented in figures 2(a) to 2 (v). The cumulative rainy days over the monsoon season of
all the four stations are given in figures 3 (a) to 3 (d). It is noticed that Gaya and Bhagalpur show negative
trend in cumulative rainfall, figures 3 (b) and 3 (c) except Patna and Purnea, Figures 3(a) and 3(d). It is
also observed that inter annual variability is more in 35.6 -64.4 mm category followed by 7.6 to 35.5mm
and 64.5 to 244.5 mm. It is also seen that the year 1999 to 2002 none of heavy rainfall event is observed
for Gaya followed by Patna Bhagalpur region.

Temperature events of four categories (>30 C, >35 C, >40 "Cand >45 C) over Bihar region (Patna,
Gaya, Bhagalpur, Purnea) along with the linear trend during monsoon season have shown in figure 1 (a)

to figure 1 (0). Increasing trend is noticed for all the stations in >35 "C number of temperature events
except Bhagalpur in last 30 years.

Figure 1 (c) and 1 (0) in >40 C temperature category of Patna and Purnea show slight increasing trend
except Gaya and Bhagalpur, figures 1 (g) and 1(k). Inter annual variability also observed in between the

selected temperature categories. No event has been observed for Purnea in the temperature range >45 'C ,

however Patna and Gaya shows slightly increasing tendency. Bhagalpur shows negative trend in >45 "C
temperature range.

Table 1 (a) shows the frequency of rainy days for three decades namely 1985-1994, 1995-2004, 2005-
20104 using different criteria i.e the rain in mm 0.1-7.5, 7.6-35.5, 35.6-64.4, 964.5-124.4, 124.5-244.5
and >244.5 mm over Bihar region (Patna, Gaya, Bhagalpur, Purnea) during monsoon season as a whole.
The frequency of the rainy days in 7.6-35.5 mm (moderate) category decreases for all the three decades.
The frequency of the rainy days in 0.1-7.5 mm (light) category increases for Patna and Purnea and than
decreases for Bhagalpur & Gaya during all the three decades. The frequency of the rainy days in 35.6-
64.4 mm (rather heavy)category decreases during last two decades, 1995-2004, 2005-20104for all the
four stations of Bihar.

The rainy days frequency in 64.5-124.5 mm (heavy rain) category increases for Gaya and Purnea
however, decreases for Patna and Bhagalpur during last two decades, 1995-2004, 2005-20104. Rainy
days frequency of 124.5 -244.5 mms (very heavy) category increases in last two decades of Patna, Gaya
and Bhagalpur, except Purnea. No change has been noticed for the frequency of rainy days in > 244.5
(exceptionally heavy rain) category.

Table 1 (b) shows the frequency of temperature events for three decades namely 1985-1994, 1995-2004,
2005-20104 using different criteria i.e the temperature >30 'C, >35 'C, >40 "Cand >45 "C over Bihar
region (Patna, Gaya, Bhagalpur, Purnea) during monsoon season as a whole. It shows that frequency for

criteria more than 35 "Cis increases for Patna and Gaya and decreases for Bhagalpur and Purnea.
Temperature events for the criteria >40 "C increases for Patna and Purnea and decreases for Bhagalpur
except Gaya in which >40 "C events are decreases during the 1995-2004 decades and increases

thereafter in 2004-2014. For the criteria >30 'C the frequency decreases for Gaya and Purnea and
increases for Bhagalpur except Patna for which the frequency of such events decreases during last two

decades namely 1995-2004 and 2005-2014. However, for the criteria >45 "C the frequency is higher
during all the decades 1985-1994, 1995-2004, 2005-20104 for all the four stations.
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(g) Temperature events more than 40 Degree C (Gaya)
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(h) Temperature events more than 45 Degree C (Gaya)
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(i) Temperature events more than 30 Degree C (Bhagalpur)
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(m)Temperature events more than 30 Degree C (Purnea)
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Figure 1: Variation of frequency of maximum temperature of Patna for the criteria (a)>30 C,

(b)>35°C, (c)>40°C, (d)>45 °C°C for the monsoon season, same for Gaya (e to h), same for
Bhagalpur (i to ) and same for Purnea (m to 0) respectively
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(d) Number of rainy days for Patna (64.5--124.4mm)
7 -
y =-0.007x + 1.613
Fe -
e ||
e°
4 - e 64.5--124.4mm
u
e3 ]
n2 - M A A /—\ /
C
1- vV V /
y
0 .
5 D O NP F NI I PO QO N0
Years
(e) Number of rainy days for Patna (124.5--244.5mm)
2.5 -
y =0.010x + 0.137 124.5--244.5mm
2 .
F !
M5 -
e
q 4 |
u
€ os - a
n
; O T T T T T T T T T T T T T T T T T T T T T T T T T 1
5 O N P H N DD 5 N0
N AR U AR RN
Years
45 - .
10 - (f) Number of rainy days for Gaya (0.1--7.5mm)
F =-0.191x + 31.66
(35 -
€30 -
25 -
Y -
€
nl5 - ===0.1--7.5mm
€10 - — Linear (0.1--7.5mm)
Y5
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
LOMNODDOTdNNMTLOLON~NOODNDOTANMNMTLLON~NEDDOANMS
[celicolcolcolicolio) o) le)Ne)Ne)Ner)Nerlorleor e e ie i i e I e I e R e R e R e R e I e I I I B |
[e>Ne)NeoNeoNerNeNe e Ne NN NN NN lololelelolNolololololololololNo)
A A A A A A A A A A A A AN N NNNNNANANANNNNNN
Years

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)



International Journal of Applied Engineering and Technology ISSN: 2277-212X (Online)

An Open Access, Online International Journal Available at http://www.cibtech.org/jet.htm

2015 Vol. 5 (2) April-June, pp. 67-84/Giri
Research Article

(9) Number of rainy days for Gaya (7.6--35.5 mm)
F 35
.30 - y=-0.171x + 23.02
e 25 A
a 20 -
e 57 7.6--35.5
o (.0--30.0 MM
n 10 -
c — Linear (7.6--35.5mm)
y T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
© 00 O N I © 0 O N ¥ © 00 O N <
O 0O O O O O O O O O O O I o
D OO OO OO O O O o O O O O o o
I e e e e 1 NN AN NN N NN
Years
(h) Number of rainy days for Gaya (35.6--64.4mm)
12 -
F
r 10 - y =-0.01x + 4.855
e =—35.6--64.4mm
8 .
q
u 6 - A /
e
4 | V
n
y
0 T T T T T T T T T T T
S D O NP HF N DI P IO QI ™D
Years

< O S oc O o= T
N W bR O N

0

(i) Number of rainy days for Gaya(64.5--124.4mm)

e 64.5--124.4mm
4 y =0.015x + 1.632

A=A

e ICARICC I S P & & & D
CERGHRCHIC MO GBI R SRS I

Years

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)



International Journal of Applied Engineering and Technology ISSN: 2277-212X (Online)
An Open Access, Online International Journal Available at http://www.cibtech.org/jet.htm
2015 Vol. 5 (2) April-June, pp. 67-84/Giri

Research Article

< O S oc o o= T

(1) Number of rainy days for Gaya (124.5--244.5mm)

35 -
37 y = -0.008x + 0.471
25
2_
1.5 - ——124.5--244.5mm
1 Lingar (124.5--244.5mm)
AN N A
0 IIIIIIIIIIIIIIIIIIII Ivl I\TII T T T Ivl_l
S D O NP HF N DI NN
SIS N A I I L N EE
Years
(k) Number of rainy days of Bhagalpur (0.1--7.5mm)
40 - ——0.1--7.5mm
F 35 - y =-0.108x + 25.41
2\ A A [~
e
g 25 | T A
u 20 A \/
e 15 -
n
10 -
C
y i
0 r— 1 1t T T T+ 1T 1T+ T T1 1111171717 T 17T 1T 1T 1T 71T 71T 1T 71T 71T T1T1
5 O N PO AP N DA DPDIEDIIDND
S R R I I NN
Years
(HNumber of rainy days for Bhagalpur(7.6--35.5 mm)
1 y =-0.087x + 16.11
E 25 -
r =T7.6--35.5mm
e 20 -
q
u 15 4
[
n 10 -
C
y 57
0 T 1 r 1 r 1 r 1 1 T+ 1 117 1T 1T 17T 1T 1T 1T 71T 1T 1T 7T 1T 1T 71T 71T 71T 711
5 D O NP HI NI JDDI IO
ST F I TIPS SSSSSS
Years

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)



International Journal of Applied Engineering and Technology ISSN: 2277-212X (Online)
An Open Access, Online International Journal Available at http://www.cibtech.org/jet.htm
2015 Vol. 5 (2) April-June, pp. 67-84/Giri

Research Article

(m) Number of rainy days for Bhagalpur (35.6--64.4mm)
y =-0.187x + 7.503

[y
N
)

[ay
o
I

—35.6--64.4mm

< oo c Qo o= T

(n) Number of rainy days (64.5--124.4mm)
| B ———64.5--
5 y =-0.025x +2.229 124.4mm
r
é_ .
q
a .
e
| ——
C
¢l
O T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
198519871989199119931995199713992001200320052007200920112013
ears
(o)Number of rainy days for Bhagalpur (124.5--
2.5 - 244.5mm)
F y =0.011x + 0.287
r2 - 124.5--
e 244.5mm
ql.5 -
u
e 1 -
n
0.5 -
y ||
0 1 T T 1 1 1 1 1 T T T T 1 T T T 1 T T T T T T T T T T T T 1
S D O NP P DN DI P I L™ »
SEFCARS S T LI
SRR AR B i I S NI
Years

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)



International Journal of Applied Engineering and Technology ISSN: 2277-212X (Online)
An Open Access, Online International Journal Available at http://www.cibtech.org/jet.htm
2015 Vol. 5 (2) April-June, pp. 67-84/Giri

Research Article
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(v) Number of rainy days for Gaya (>244.5mm)
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Figure 2: Variation of frequency of rainfall for Patna (a)>0.1-7.5mm, (b)7.6-35.5mm(c)35.6-
64.4mm, (d)64.5-124.4 mm (e) 124.5-244.5mm (f to j) same as before for Gaya (k to 0) same as
before for Bhagalpur and (p to t) same as before but for Purnea (u and v) > 244.5 mm for Purnea
and Gaya respectively
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Figure 3: (a) Cumulative rainfall of monsoon season. For Patna (b) same for Gaya (c) Same for
Bhagalpur (d) Same for Purnea
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Table 1 (a): Decadal frequency of rainfall events over Bihar region

7.6-35.5 35.6- 64.5- 124.5- >244.5
Station Decades 0.1-7.5mm mm 64.4mm 124.4mm 244.5mm mm
1985-
Patna 1994 237 168 34 14 2 0
1995-
2004 287 178 42 17 2 0
2004-
2014 304 139 43 14 5 0
1985-
Gaya 1994 297 229 48 19 5 1
1995-
2004 297 197 53 12 1 0
2004-
2014 265 190 40 25 4 0
1985-
Bhagal 1994 260 163 69 20 3 0
pur 1995-
2004 232 143 38 18 4 0
2004-
2014 220 137 31 17 7 0
1985-
Purnea 1994 307 245 42 41 8 1
1995-
2004 321 231 61 26 7 1
2004-
2014 370 208 43 34 4 1

Table 1 (b): Decadal frequency of temperature events over Bihar region

Station Decades >30 (deg C) >35 (deg C) >40 (deg C) >45 (deg C)
1985-1994 840 109 33 1
Patna 1995-2004 875 156 35 1
2004-2014 850 194 55 2
1985-1994 800 270 72 3
Gaya 1995-2004 788 270 48 5
2004-2014 750 350 64 6
1985-1994 505 265 85 2
Bhagalpur 1995-2004 593 238 30 0
2004-2014 604 198 15 2
1985-1994 771 152 1 0
Purnea 1995-2004 677 177 3 0
2004-2014 646 169 6 0
Conclusions

The frequency of rainfall events is classified in six classes (light, moderate, rather heavy, heavy, very
heavy and exceptionally heavy). The number of moderate rainfall days (7.6 mm -14.4 mm) of all the four
stations decreases while light rainfall days increases except Gaya. Similarly, the rainy days for heavy
rainfall criteria (64.5 -124.4mm) decreases for three stations except Gaya. The number of rainy days for
rather heavy rain criteria (35.6 -64.4 mm) increases all the stations except Bhagalpur and very heavy rain
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fall criteria rainy days increases of all the three stations except Purnea. No case has been reported for
exceptionally heavy rain criteria (> 244.5 mm) of all the stations of about two decades.

The frequency of extreme temperature events shows increasing trend for the criteria >35 "C for all the
stations except Bhagalpur. The frequency at >40 "C criteria shows increasing trend except Gaya. The

frequency of >30 "C show increasing trend of all the stations except Gaya and Bhagalpur. The region
might be the correct exposure of the weather instruments at the site. The results obtained at micro level
will help to understand the behavior at global and regional scale.
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