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Trends in the temperature and rainfall extremes during recent past in Gujarat
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ABSTRACT

In the present study, an attempt has been made to analyze the temperature and rainfall extremes
observed in Gujarat during the recent past. Observed daily data of maximum and minimum temperature
and rainfall for 32 geographically well distributed locations in Gujarat for the available time series during
year 1958 to 2011 has been used to calculate various extreme climate indices and their trends. Results
revealed signature of warming in Gujarat as indicated by statewide uniform increase in numbers of
warm nights (TR25), decrease in cold days (FD10), decrease in frequency cool nights (TN10p), increase
in minimum of minimum temperature (TNn) and increase in frequency of warm nights (TN90p). The
results also indicated an increase in total amount of precipitation (PRCPTOT) and extremely wet days
(R99p) over more numbers of stations of the state. However, most temperature and rainfall extremes
showed mixed over the state.
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In the context of global warming, the study of extreme

weather events has become important due to its impact on

socio-economic activities (Karl and Easterling, 1999). Much

work has been devoted to the study of extreme weather

events over India. De et al. (2005) reviewed various extreme

weather events over India in the past 100 years and discussed

their causes and socio-economic impacts. Revadekar et al.

(2012) studied temperature extremes over India. They noted

a widespread warming over Indian region through both

frequency and intensity indices of temperature extremes.

Rupa Kumar et al. (1992) examined the trends in the total

precipitation during 1871-1984 and found increasing trends

in the precipitation amounts all along the west coast of India

and northwest India.  Joshi et al. (2006) examined the trends

in extreme rainfall indices for the period of year 1901 to

2000 over India. Their study showed that there were

significant positive trends for most of the extreme rainfall

indices over the west coast and northwestern parts of Indian

peninsula. However, very little work has been done on the

climate extremes at regional level especially for Gujarat

state. Ray et al. (2009) studied climate variability and

extreme weather events like cold wave and heat wave

conditions and heavy rainfall events in Gujarat and they

recorded a significant steady increase in these events. In the

present study an attempt has been made to analyze the

observed trend in the temperature and rainfall extremes in

Gujarat over past few decades.

MATERIALS AND METHODS

Observed daily data of maximum temperature,

minimum temperature and rainfall of 32 geographically well-

distributed locations in Gujarat for the available time series

during 1958 to 2011 has been used to calculate various

extreme climate indices. The locations of these stations

(Fig. 1) along with the period for which the time series at

various stations were used given in Table 1.

Assessment of the data quality is pre-requisite for

calculating extreme indices. The RClimDex, a program script

written in R language developed at the Meteorological

Service of Canada was used for data quality assessment

(Zhang and Yang, 2004). All the outliers and suspected

values of maximum and minimum temperature were discarded.

The indices and their trends were worked out using RClimDex.

The indices that have been calculated are listed in Table 2.

Station records with more than 25% of the data either

missing or recording zero for any particular index was

considered invalid. The significance of each trend was

examined at 95% confidence level.

RESULTS AND DISCUSSION
The extreme climate indices (trends) discussed for the

stations. Inferences were drawn for the state considering the
overall pattern of trend over regions. Statistical significance
was considered for each index. Though, inferences were not
strictly based on test of significance as many indices values

mailto:manoj.lu@yahoo.in
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Fig.1: Location of meteorological stations

Table 1: Stations selected for study

Station Name Start year End year Station Name Start year End year

Ahmedabad 1969 2006 Khedbrahma 1992 2009

Amreli 1973 2006 Mahuva 1987 2011

Anand 1958 2011 Naliya 1969 2006

Arnej 1989 2011 Navsari 1980 2011

Bharuch 1990 2011 Nawagam 1978 2011

Bhavnagar 1969 2006 New Kandla 1969 2006

Bhuj 1969 2006 Okha 1969 2006

Dahod 1969 2003 Porbandar 1969 2006

Deesa 1969 2006 Radhanpur 1992 2011

Diu 1969 2001 Rajkot 1969 2006

Dwarka 1969 2006 S K Nagar 1981 2011

Godhra 1989 2011 Surat 1969 2006

Idar 1969 2006 Tanchha 1994 2011

Jamnagar 1992 2011 Valsad 1974 2006

Junagadh 1987 2008 Vadodara 1969 2006

Kesod 1969 2006 Veraval 1969 2005
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Table 2: Extreme climate indices used in the study

Index Index name Definition Unit

SU35 Hot days Annual count when Tmax (daily maximum) >35ºC Days

SU40 Very Hot days Annual count when Tmax (daily maximum) >40ºC Days

TR25 Hot nights Annual count when Tmin (daily minimum) >25ºC Days

FD10 Cold days Annual count when Tmin  (daily minimum) <10ºC Days

TXx Maximum of Maximumtemperature Monthly maximum value of daily maximum temperature °C

TXn Minimum of Maximumtemperature Monthly minimum value of daily maximum temperature °C

TNx Maximum of Minimumtemperature Monthly maximum value of daily minimum temperature °C

TNn Minimum of Minimum temperature Monthly minimum value of daily minimum temperature °C

TX90p Warm Days Percentage of days when Tmax >90th percentile Days

TX10p Cool days Percentage of days when Tmax <10th  percentile Days

TN90p Warm nights Percentage of days when Tmin >90th percentile Days

TN10p Cool nights Percentage of days when Tmin <10th percentile Days

DTR Diurnal TemperatureRange Monthly mean difference between Tmax and Tmin °C

RX1day Maximum 1 day rainfallamount Monthly maximum 1 day rainfall mm

R100 Number of very heavyrainfall days Annual count of days when Rainfall>=100mm Days

R99p Extremely wet days Annual total Rainfall when Rainfall>99th percentile mm

PRCPTOT Annual total rainy days Annual total Rainfall in wet days  (Rainfall>=2.5 mm) mm

were not significant because of limited length of weather
parameters time series or broken time series with few missing
values for many stations. The values of the all climatic
extreme indices are given in the Table 3 and discussed
accordingly. The indices showing almost uniform trend
pattern for the state and concluding, are also presented with
spatial distribution by mapping (Fig.2).

Trends in temperature extreme indices

The warm extreme index of SU35 in general showed
increasing trend for more numbers of stations in Gujarat and
many of those including Mahuva, Valsad and Idar were
significant.   The trends in the index of SU40 were mix and
very few stations showed significant trend. Only Porbandar
had significant rising trend while SK Nagar showed
significant declining trend. The index of number of hot
nights (TR25) also showed increasing trend at most of the
stations (Fig. 2a). The stations of Jamnagar, Arnej, Idar, Surat
and Veraval had comparatively high rising trend which were
statistically significant. While very few stations showed a
declining trend. Diu and Mahuva among them revealed
significantly decreasing trends.

 A decreasing trend for the frequency of cold days
(FD10) was observed at most of the stations during the
investigation period (Fig. 2b) and trends were significant at
many of these stations. Only five other stations revealed

increasing trends among which only Diu shows significant
increasing trend.

The index of monthly maximum value of daily
maximum temperature (TXx) indicated positive and negative
mix trend values over the state. Among all stations Dwarka
and Valsad showed rising while Anand showed significant
decrease in trend value. The event of minimum of maximum
temperature (TXn) also showed mixed trend values for
stations of Gujarat.  However, the increasing trends were
significant only at Anand and some coastal stations (New
kandla, Porbandar, Veraval, Diu and Mahuva). Only
Radhanpur shows significantly decreasing trend.

The event of monthly maximum of minimum
temperature (TNx) had mix trend values. The extreme index
of minimum of minimum temperature (TNn) showed rising
trend in most parts of Gujarat except some stations (Fig. 2c).
Many of them showed significantly rising trends, thereby
indicating a decrease in the night temperature in the state
over past few decades. Only Diu revealed significantly
decreasing trend.

The percentile based indices were worked out for
those stations satisfying the criteria with no more than 25%
of data recording zero for the index. The event of warm days
(TX90p) showed mixed trend for the state. However, only
Porbandar had positive significant trend.  Events of cool



121 LUNAGARIA et al [Vol. 17, No. 1
T

ab
le

 3
.  

C
li

m
at

ic
 in

d
ic

es
 tr

en
d

 v
al

u
es

 f
o

r 
st

at
io

n
s 

o
f 

G
u

ja
ra

t

St
at

io
n

SU
35

SU
40

TR
25

FD
10

TX
x

TX
n

TN
x

TN
n

Tx
10

p
Tx

90
p

TN
10

p
TN

90
p

DT
R

RX
1d

ay
R

10
0m

m
R

99
p

PR
CP

TO
T

A
hm

ed
ab

ad
-0

.1
30

-0
.1

66
1.

15
0

-0
.0

73
-0

.0
05

0.
01

7
0.

02
3

-0
.0

16
0.

04
2

-0
.0

15
-0

.1
95

0.
20

4
-0

.0
18

0.
87

3
-0

.0
01

1.
96

8
1.

63
4

B
ha

vn
ag

ar
0.

07
2

-0
.1

19
0.

60
7

-0
.3

96
0.

00
9

0.
00

2
0.

01
8

0.
10

2
-0

.0
50

0.
05

8
-0

.4
33

0.
22

0
-0

.0
26

-0
.2

38
-0

.0
16

-1
.8

65
1.

51
4

B
hu

j
-0

.2
59

-0
.3

13
0.

35
9

-0
.9

61
-0

.0
19

-0
.0

11
0.

01
7

0.
11

2
0.

05
7

0.
00

2
-0

.2
87

0.
50

6
-0

.0
51

0.
78

8
0.

02
1

0.
53

1
1.

56
1

D
ah

od
0.

62
0

0.
16

6
0.

09
1

0.
13

4
0.

03
3

0.
00

9
-0

.0
58

0.
02

0
-

-
-

-
0.

01
7

-1
.8

64
-0

.0
13

-3
.3

85
-1

5.
4

D
ee

sa
0.

31
2

-0
.1

50
-0

.8
78

0.
06

8
-0

.0
03

0.
02

2
-0

.0
27

-0
.0

24
-0

.1
51

0.
09

9
0.

60
7

-0
.0

78
0.

03
6

0.
45

4
0.

01
1

-1
.2

26
2.

05
2

DI
U

0.
15

4
-0

.0
05

-4
.3

47
0.

81
6

-0
.0

06
0.

07
1

-0
.1

17
-0

.2
48

-
-

-
-

0.
26

1
-1

.0
23

-0
.0

11
-2

.5
19

-3
.3

15

D
w

ark
a

0.
16

4
0.

00
0

0.
61

7
0.

00
0

0.
03

8
0.

04
1

0.
01

1
0.

01
9

-
-

-
-

0.
00

0
0.

15
4

0.
00

0
0.

30
8

1.
12

8

Id
ar

1.
00

5
0.

43
1

1.
30

5
-0

.0
23

0.
03

9
0.

03
4

0.
00

4
0.

04
4

-
-

-
-

0.
01

1
-1

.0
37

-0
.0

18
-3

.2
57

-3
.9

43

K
es

od
0.

27
9

-0
.0

40
0.

54
6

-0
.2

60
-0

.0
04

-0
.0

02
0.

00
8

0.
02

1
-0

.0
49

-0
.0

13
-0

.2
74

0.
19

3
-0

.0
15

0.
77

5
-0

.0
04

-0
.6

75
0.

88
4

Va
do

da
ra

0.
63

3
0.

03
6

0.
87

5
-0

.3
37

0.
00

0
0.

03
9

0.
00

9
0.

06
8

-0
.1

43
0.

18
5

-0
.4

97
0.

18
7

-0
.0

12
1.

90
8

0.
05

6
3.

85
9

8.
26

3

N
al

iy
a

0.
78

1
0.

10
9

0.
73

8
-0

.7
23

0.
05

4
0.

01
2

0.
02

3
0.

05
8

-
-

-
-

-0
.0

02
0.

83
8

-0
.0

10
1.

03
6

-1
.0

41

N
ew

 K
an

dl
a

0.
76

6
0.

04
7

0.
81

1
-0

.0
25

0.
02

8
0.

06
4

0.
01

6
0.

03
6

-
-

-
-

0.
00

6
0.

29
6

-0
.0

05
-1

.2
32

-0
.3

23

O
kh

a
0.

02
6

0.
00

0
0.

76
0

0.
00

0
-0

.0
06

0.
02

8
0.

01
4

-0
.0

11
-

-
-

-
0.

02
6

-0
.3

41
0.

00
0

0.
01

0
2.

46
6

Po
rb

an
da

r
0.

79
6

0.
10

3
0.

02
1

-0
.0

44
0.

04
3

0.
05

1
-0

.0
01

0.
01

1
-0

.3
75

0.
47

3
-0

.1
05

0.
20

4
0.

02
1

-1
.7

91
-0

.0
05

-2
.5

65
-2

.2
69

R
aj

ko
t

0.
39

4
0.

30
9

0.
93

0
-0

.3
74

0.
02

9
0.

02
9

0.
04

1
0.

07
1

-
-

-
-

-0
.0

19
-2

.0
75

0.
00

2
-2

.6
75

-0
.4

73

Su
ra

t
-0

.6
89

-0
.0

43
1.

26
1

-0
.0

37
-0

.0
16

-0
.0

19
0.

01
4

0.
01

3
0.

14
8

-0
.2

26
0.

06
9

0.
49

9
-0

.0
28

0.
48

5
0.

01
6

1.
10

2
4.

52
1

Va
lsa

d
1.

98
2

0.
12

2
0.

46
4

-0
.0

69
0.

09
3

0.
07

6
0.

00
9

0.
05

9
-

-
-

-
0.

05
0

6.
05

2
0.

05
1

18
.6

67
18

.5
79

Ve
ra

va
l

0.
22

8
0.

03
6

1.
25

4
-0

.1
04

0.
02

4
0.

03
4

0.
01

7
0.

08
5

-
-

-
-

-0
.0

20
-0

.2
35

-0
.0

09
1.

01
1

1.
14

7

A
m

re
li

1.
20

2
0.

88
9

0.
18

4
-0

.3
73

-0
.0

06
0.

01
8

-0
.0

35
0.

06
8

-0
.3

28
0.

08
6

-0
.2

79
0.

00
1

0.
00

2
3.

18
6

0.
04

5
7.

12
1

22
.2

21

A
na

nd
0.

53
4

-0
.2

00
0.

59
6

-0
.1

85
-0

.0
28

0.
04

2
-0

.0
20

0.
04

6
-0

.3
00

-0
.1

27
-0

.3
38

0.
09

9
-0

.0
01

0.
49

4
-0

.0
09

0.
99

1
0.

67
1

A
rn

ej
-0

.2
87

0.
12

9
2.

00
8

-0
.5

79
0.

00
3

0.
05

1
0.

02
8

0.
16

6
-0

.0
48

-0
.1

66
-0

.3
95

0.
42

0
-0

.0
62

3.
86

6
0.

03
6

7.
45

8
19

.4
82

G
od

hr
a

-0
.1

23
-0

.2
11

0.
99

1
-0

.1
10

-0
.0

82
-0

.2
57

0.
00

2
-0

.0
19

-
-

-
-

-0
.0

24
-5

.9
08

-0
.0

54
-1

1.
24

7
-4

.3
65

Ja
m

na
ga

r
-1

.2
84

-0
.1

00
2.

87
6

-1
.0

47
-0

.0
42

-0
.0

90
0.

04
4

0.
01

8
-

-
-

-
-0

.1
76

1.
54

9
-0

.0
02

-0
.9

17
12

.2
00

K
he

db
ra

hm
a

-1
.3

91
-0

.4
30

0.
63

9
-0

.4
30

0.
01

5
-0

.5
75

0.
13

1
-0

.0
84

-
-

-
-

-
-1

.3
80

-0
.0

34
1.

00
0

-1
0.

47
2

M
ah

uv
a

2.
97

3
0.

00
5

-5
.6

75
0.

02
5

-0
.0

66
0.

13
0

-0
.2

27
-0

.0
14

-
-

-
-

0.
16

6
0.

42
3

0.
02

9
3.

97
0

-0
.4

63

N
av

sa
ri

-0
.5

76
-0

.0
14

1.
81

1
-0

.3
15

-0
.0

11
0.

03
3

0.
02

2
0.

09
6

-
-

-
-

-0
.0

71
-0

.9
21

-0
.0

11
-6

.2
41

3.
16

1

N
aw

ag
am

1.
06

7
0.

42
6

0.
74

1
-0

.2
60

0.
00

9
0.

03
4

-0
.0

54
0.

05
6

-
-

-
-

0.
02

8
1.

91
1

0.
03

1
1.

50
3

18
.2

93

R
ad

ha
np

ur
-7

.6
48

-2
.8

35
-3

.8
15

-0
.8

18
-0

.3
65

-0
.9

97
-0

.0
26

0.
12

8
-

-
-

-
-0

.5
80

2.
99

0
0.

07
1

5.
01

2
22

.3
88

SK
 N

ag
ar

-1
.2

10
-0

.8
84

-0
.6

15
0.

28
5

-0
.3

16
-0

.2
33

-0
.0

22
0.

07
2

-
-

-
-

0.
02

4
-0

.8
34

-0
.0

02
-3

.2
18

3.
56

2

Ju
na

ga
dh

-0
.0

44
-0

.3
88

0.
43

7
-1

.0
18

-0
.0

48
-0

.1
14

-0
.0

43
0.

13
3

-
-

-
-

-0
.0

70
3.

17
7

0.
07

5
12

.2
10

17
.3

79

Ta
nc

hh
a

-2
.0

05
0.

15
3

1.
45

8
-0

.6
61

-0
.6

04
-0

.7
42

-0
.0

05
0.

12
3

-
-

-
-

0.
01

6
0.

11
5

0.
01

2
3.

00
9

2.
94

5

Bh
ar

uc
h

0.
66

6
-0

.1
44

0.
68

6
-0

.1
47

-0
.0

42
-0

.1
44

-0
.0

47
0.

12
6

-
-

-
-

-0
.0

32
-1

.7
10

-0
.0

18
-4

.3
71

-0
.0

59

B
ol

d t
re

nd
 v

al
ue

s a
re

 si
gn

ifi
ca

nt
 at

 9
5%

 o
f l

ev
el



122June 2015] Trends in temperature and rainfall extremes in Gujarat

Fig. 2 (a-h) : Spatial mapping of climatic extreme indices (trends) over Gujarat. [Triangle indicates positive trend/index value, Inverted

triangle indicates negative trend/index value, Asterisk (*) in marker indicates statistically significant value at 0.05 level.]
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CONCLUSION

The study revealed mixed pattern for most
temperature and rainfall extreme indices over the Gujarat.
However, increase in numbers of warm nights (TR25),
decrease in cold days (FD10), increase in minimum of
minimum temperature (TNn), decrease in frequency cool
nights (TN10p) and increase in frequency of warm nights
(TN90p) revealed statewide uniform pattern, indicating
signature of warming in Gujarat. These warming trend in
indices based on minimum temperature reveals trend of less
cooling during night period. Rainfall indices also showed no
uniformity for any negative or positive trends over Gujarat.
Total annual rainfall (PRCPTOT) and extremely wet days
(R99p) were found to increase at more numbers of stations.
As the rainfall is the parameter having very high variability,
very few stations showed statistically significant trends.
Thus, still there is ambiguity in the rainfall pattern for
Gujarat state.
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days (TX10p) showed negative trend at more numbers of the
stations and some of them reaved significant trend. While
the station records at Bhuj, Surat and Ahmedabad indicated
increasing trend with the trend at Surat station being
significant. The trend for events of warm nights (TN90p)
also increased all over Gujarat (Fig.2e) with significant
trends at Bhuj, Bhavnagar, Surat and Arnej stations. Only
the trend at Deesa station in North Gujarat showed a non-
significant decrease. Thus, the frequency of warm nights in
a year was increasing in most part of the state. The trend in
the event of cool nights (TN10p) indicated a decrease all
over Gujarat except at Deesa (Fig. 2d). The positive trends
at Bhuj, Bhavnagar, Arnej, Anand, Kesod and Vadodara
stations were found significant. The observed declining
trends for this event were consistent with the observed
rising trend in the event of warm nights. However, the rising
trend for this event only at Deesa station in North Gujarat
was noted to be significant.

The index of diurnal temperature range showed mixed
pattern in the trend (Fig. 2f). Though, more numbers of
stations revealed significantly decreasing trends. The value
of the trends, either positive or negative, at most of the
stations is very small that indicates that there is no much
change in the DTR during past few decades. Only Deesa in
north Gujarat and coastal stations (Dwarka, Porbandar, Diu,
Mahuva and Valsad) showed significant increasing trend in
diurnal temperature pattern.

Trend in extreme rainfall events

The index of maximum one day rainfall amount
(RX1day), Monthly maximum consecutive 5-day rainfall
(RX5day) and Number of very heavy rainfall days (R100)
revealed mixed trend values and most of them were non-
significant.

Annual total rainfall (PRCPTOT) also revealed
positive and negative trend values (Fig.2h). However, more
numbers of stations had positive trend values including
only a single station (Arnej) having statistically significant
trend. It indicates, rainfall quantum has increased over more
stations of Gujarat during last few decades. Meanwhile,
extremely wet days (R99p) also had similar pattern and
indicating irregular distribution of rainfall (Fig.2g).

As the rainfall being stochastic parameter having
high variability all rainfall event indices (trends) at most
stations were found non-significant.
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