International Journal of Applied Environmental Sciences
ISSN 0973-6077 Volume 12, Number 5 (2017), pp. 977-998
© Research India Publications
http://www.ripublication.com

Trends in intense rainfall events over Gujarat State
(India) in the warming environment using gridded
and conventional data

Hiren Dave*1, M.E. James1 and Kamaljit Ray2
1

Dept. of Physics, Electronics and Space Sciences, Gujarat University, Ahmedabad,
Gujarat 380009, India.
2
India Meteorological Department, New Delhi, 110003, India.
E-mail: hiren.hm@gmail.com

Abstract
Trends in temperature and rainfall over Gujarat State have been analyzed
using station data and gridded data. Statistically significant (99.9% level)
increasing trend in annual mean temperature is observed at Veraval, a coastal
station in Saurashtra region, during the period 1901-2014. The temperature
pattern have shown a significant increasing trend during 1901-1930, followed
by a plateau region during 1931-1990 and a sudden upward shift in early
nineties. A significant increasing trend in temperature (0.220C/decade) is
observed over arid regions of the State; indicating warmer regions of the State
are getting more and more warmer. Reversal of east-west temperature gradient
is observed from the decade 1991-2000 onwards, which may be due to
dominance of offshore trough and MTC. Monsoon rainfall at Veraval showed
a significant (99.9% level) increasing trend with a change of 44.3 mm/decade
and has not shown any decadal or epochal changes. The arid region of the
State where significant increase in temperature is observed does not show any
significant change in monsoon rainfall. Eleven stations out of sixteen have
shown increasing trends (>5%/decade) in monsoon rainfall, in which, at six
stations the increasing trend is statistically significant. The highest one-day
point rainfall over the State is also found to be increased with time. Semi-arid
regions of the State show significant increasing trend in intensity and
frequency of intense rainfall events during last four decades. At regional
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level, the change in the monsoon rainfall is not linked to the change in the
temperature.

Keywords: Intense rainfall events, Temporal changes in temperature, Trends
in monsoon rainfall, Decadal variation of rainfall, Gujarat.

1. INTRODUCTION:
Warming of earth’s environment is unequivocal, as indicated by increasing global
average temperature, melting of snow and ice and rising of mean sea level [1].
According to this report, in the last century, there were two epochs of an increasing
trend in global mean annual temperature, the first one during 1910-1945 and the more
prominent one from 1976 onwards. IPCC project out that by the year 2100, rise in
global annual mean temperature would exceed by nearly 1.5°C under various
scenarios. The Sea Surface Temperature (SST) over oceanic region around India has
gone up by 0.6°C in 100 years and by about 0.15°C/decade from 1971 onwards [2].
Similarly, tropospheric temperature over India has increased at the rate of
0.3°C/decade from 1971 [3].
As the climate warms up, the concentration of water vapor in the atmosphere
increases due to the increasing water-holding capacity of the atmosphere. Water
vapour content in the atmosphere increases by about 7% per 10C warming of the
atmosphere [4]. Higher SST causes more evaporation from sea which leads to deeper
convection. Under such a warming environment, weather systems like thunderstorms,
depressions and cyclonic storms will have more potential for intense precipitation
[5,6].
Southwest monsoon rainfall over India exhibits variability in all time scales from
diurnal to epochal. The yearly variability of monsoon rainfall has been studied by
many researchers [7, 8, 9, 10]. Sinha Ray and Srivastava [11] have reported a
decreasing trend in rainfall over most parts of the country except over northwest India
and a few stations in the northern India. Joshi and Rajeevan [12] have observed an
increasing trend in monsoon rainfall over the west coast and the northwest India. A
preliminary analysis by Ray et al. [13] using 40 years data for Gujarat found that
mean seasonal rainfall has increased over Saurashtra and south Gujarat region (along
west coast) and has remained more or less same over north Gujarat region and
adjoining Kutch.
Southwest monsoon rainfall exhibits significant multidecadal as well as 30-year epoch
variations [9, 14, 15]. Preethi et al. [16] examined the long-term trends in the summer
monsoon rainfall over the Asian domain using data for the period 1901-2014 and
found an anti-phase relation between rainfall over northern part of west coast India
and northeast India. Their results reveal that the north eastern part of India shows a
significant decreasing trend in the summer monsoon rainfall but the northern parts of

Trends in intense rainfall events over Gujarat in the warming environment

979

the west coast of India displays a significant increasing trend in recent time.
Guhathakurta et al. [15] analysed trends in all-India monsoon rainfall based on long
period data for the period 1900-2011 and reported strong negative departures for the
first two decades, positive departures for the next five decades, again negative
departures for the last four decades. The 30-year epochal analysis of all-India rainfall
by them has shown an increasing trend in 1901-1930 and 1931-1960 and decreasing
trend in 1961-1990 and 1991-2011. They concluded that all-India monsoon rainfall
over the last 111 years has remained quite stable without any significant trends in
spite of the minor fluctuations on yearly, decadal and epochal basis. Preethi et al. [16]
observed epochal changes in northern part of west coast India with frequent below
normal rainfall prior to 1940 followed by frequent above normal rainfall during 19401970 and an increasing trend during the recent 3-4 decades. The decadal and epochal
variability of Indian monsoon rainfall are found to be influenced by SST over Indian
Ocean and Pacific Ocean [10, 17, 18, 19, 20, 21, 22, 23]
Understanding the changes in the extreme rainfall events is much more important than
the changes occurring in the mean conditions. Studies have shown an increasing trend
in intense/ extreme precipitation worldwide [14, 24, 25, 26]. Goswami et al. [26]
using gridded data for the period 1951-2000, found an increasing trend in the
occurrence of very heavy rainfall (R>150 mm/day) concurrent with decreasing trend
in moderate rainfall, resulting in no net discernible trends in Indian summer monsoon
rainfall over Central India. Using high resolution daily gridded rainfall data (19012004), Rajeevan et al. [27] found an increasing trend; 0.8 events/decade in the
frequency of very heavy rainfall (VHR) events (R>15 cm) over Central India.
Investigations by Ghosh et al. [28] contradict these observations. They found
spatially varying mixed responses of the global warming towards rainfall occurrence
and also on the amounts all over India. Hamza et al. [29] reported an increasing trend
in VHR (R>20 cm) over northwest India. Pai et al. [30] studied long term trends in
the daily rainfall events during the southwest monsoon season over four regions of
India as South Central India (SCI), North Central India (NCI), North East India (NEI)
and West Coast (WC) using high resolution (0.250 x 0.250) gridded data for the period
1901-2010. They found that average of 25 heaviest rainfall events have shown very
significant increasing trends at all regions. They also found that during the long
period (1901-2010) the frequency of HR events increased significantly at SCI and
WC and VHR events increased significantly (99% level) at all regions. During the
second half (1956-2010), the trend in the frequency of HR events showed an increase
at SCI (95% level) and NCI, but decrease at NEI (99% level) and WC. VHR showed
significant increasing trends at SCI (99% level) and NCI (95% level). They observed
higher increasing trend in VHR events (R>150mm) over Central India during the
years 1956-2010, compared to that of Goswami et al. [26] and Rajeevan et al. [27].
In their opinion this higher increasing trend is due to the increasing trends in the
monsoon lows during the recent decade. In the global warming scenario, strong
coupling between equatorial Indian Ocean SST and VHR events over Central India
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suggests an increase in the frequency of VHR events and the risk of floods over
Central India [27].
Guhathakurta et al. [15] found that the number of stations with increasing trends in
the frequency of HR events (R>=150 mm) dominated over that of decreasing trends
during the period 1901-2011 over 17 out 36 subdivisions of India including both
subdivisions of Gujarat. Analysing 40 years of data, Ray et al. [13] observed an
increase in rainfall extremes over south Gujarat and Saurashtra and no change in north
Gujarat and Kutch.
With the global scenario of rising temperature and the varying nature of the trends in
monsoon rainfall at different parts of India, an attempt has been made in this paper to
study the changes in the temperature and examine whether the stability of monsoon
over Gujarat State holds good or not. A detailed study of the temporal variations of
the monsoon rainfall has been made in terms of the intensity and the frequency of the
intense rainfall events, highest one-day point rainfall and decadal variation in spatial
variability.

2. DATA:
For operational forecasting purpose, India Meteorological Department (IMD) has
divided the Gujarat State into two regions as Saurashtra and Kutch (S&K) region in
the west and Gujarat region in the east. Climate of Gujarat State, which is situated on
the northwestern part of India, is characterized by significant spatial variation with hot
and dry conditions over the northwestern parts and moist conditions over the southern
parts. Climatic classification reveals that the Gujarat State experiences arid climate in
the northwest part comprising most of S&K region and semi-arid climate in the
remaining parts of the State. There are eight IMD observatories in both the arid and
the semi-arid regions. Figure 1 shows domain of Gujarat State and location of all
IMD observatories in the State.

Figure 1 - Location of the Gujarat State and 16 IMD observatories in the State.
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The annual temperature and monsoon rainfall data for the period 1901-2014, for a
coastal station Veraval (VRL) has been analyzed for long term variations. Temporal
variations and decadal changes in the temperature over the State for the second epoch
of increasing trend in global annual mean temperature has been analyzed using the
gridded data [31] for the period 1970-2005. Temporal and spatial variations of
monsoon rainfall, especially intense rainfall have been studied using 0.5° x 0.5°
gridded daily rainfall data for the period 1971-2005 [32] and also the rainfall data
recorded at 16 IMD observatories in the State for the period 1970-2014, separately for
the arid and the semi-arid regions. The following criteria has been used for the
quantification of the intensity of rainfall; very heavy (VH) rainfall 120≤R<200 mm,
and intense rainfall R>=200 mm.
Widely used Mann-Kendall non-parametric (distribution free) trend test [33, 34] has
been used to determine the possible existence of statistically significant trend at
different probability levels in temperature and rainfall. This two-tailed test has been
used at four different confidence levels as 90%, 95%, 99% and 99.9% to reveal the
significance of trend in temperature and rainfall.

3. RESULTS AND DISCUSSIONS:
3.1 Warming environment over Gujarat:
Annual temperature anomaly with respect to the mean temperature at Veraval (VRL),
a coastal station in S&K region for the period 1901-2014 is shown in Figure 2a.
Annual temperature and their 9-year running average clearly show an increasing
trend. The linear trend for the whole data period 1901-2014 is statistically significant
at 99.9% level with an increase of 0.140C/decade. The pattern is similar to a good
extent to that of the global scenario with two periods of increasing trend and a pleatue
region in between. Linear trends for the three distinct periods are presented in Figure
2b. Significant (99%) increasing trend is observed for the period 1901-1930 with a
linear rate of 0.180C/decade and for the period 1931-1990, the increase was only
marginal (0.050C/decade). A rapid upward shift in the temperature is observed in the
early nineties; the mean temperature increased by 0.910C between 1931-90 and 19912014.
During the period 1991-2014, the temperature increased at a rate of
0
0.10 C/decade. The decadal mean temperature presented in Figure 2c clearly shows a
change from negative departure to positive departure from the decade 1961-70 and
sharp increase of about 0.50C in last decade of the previous century and also in the
first decade of present century.
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Figure 2 - Temporal variation of temperature at Veraval. (a) Long period trend
(b) Trends in three distinct epochs (c) Decadal temperature anomaly.
Figure 3 shows temporal variation of the annual mean temperature over Gujarat State
for the period 1971-2005 based on the gridded data. The average temperature for the
State as a whole clearly shows an increasing trend significant at 99% confidence
level, with an average increase of 0.160C/decade. This increase, which is less than all
India annual temperature rise of 0.22°C/decade for the period 1970 onwards as
reported by Kothawale and Rupa Kumar [3] and is marginally higher than the SST
variation of 0.150C/decade observed over the oceanic region close to India [2].
Region-wise trends in the temperature reveals very significant increase of
0.220C/decade over S&K region (99.9% level) compared to 0.120C/decade in the
Gujarat region (95% level), suggesting that the hotter regions of the State are getting
more hotter.
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Figure 3 - Temporal variations of the mean annual temperature over Gujarat State.
Decadal temperature anomalies with respect to the climatological mean (1971-2000)
are depicted in Figure 4. It shows that during the decade 1981-1990, the anomaly was
marginally negative in the western parts where as it was marginally positive over
eastern parts of the State. A reversal of gradient in the temperature anomaly is
observed for the decade 1991-2000 onwards compared to 1981-1990. The whole of
S&K region and western parts exhibit a positive anomaly and eastern parts does not
show any change. For the period 2001-2005, the east-west gradient in anomaly
becomes very prominent over the southern part of the State with a very significant
positive anomaly of 0.350C over the western and the northern parts of the State.
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Figure 4 - Decadal changes in the spatial variations of temperature over Gujarat State.
3.2 Intense rainfall over Gujarat
Long period (1901-2014) yearly variation of monsoon rainfall at Veraval along with
its linear trend presented in Figure 5 shows a clear increasing trend with lot of
fluctuations; linear trend shows an increase of 44.3 mm/decade. The 11-year and 31year running means plotted in the figure do not reveal any decadal or epochal
variations. The normalized departure with respect to the mean of decadal values
shows negative departures up to 1950 and positive departures thereafter. There are no
distinct trends in monsoon rainfall at different epochs. The scatter plots between
annual temperature and monsoon rainfall shown in Figure 6 do not exhibit any
relation between them. But, the decadal values of temperature and rainfall show a
much better correlation.
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Figure 5 - Temporal variation of monsoon rainfall at Veraval.

Figure 6 - Relation between rainfall and temperature at Veraval.
The average monsoon rainfall at all the IMD observatories in Gujarat State during the
period 1970-2014 is presented in Figure 7. The State as a whole has an average
monsoon rainfall of 695 mm; Valsad in the South Gujarat experiences maximum
monsoon rainfall of 1717 mm, whereas Bhuj in S&K region record minimum
monsoon rainfall of just around 340 mm. Average monsoon rainfall in the semi-arid
region and the arid region are 922 mm and 469 mm respectively. Figure 8 shows
spatial distribution of mean daily rainfall over the Gujarat State using gridded data for
the period 1971-2000. The coastal region of South Gujarat is found to have the
highest mean daily rainfall of greater than 5.0 mm/day whereas the northwestern part
of the State is seen to have the lowest daily rainfall, i.e. less than 1.0 mm/day.
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Figure 7 - Average monsoon rainfall at all IMD observatories in the Gujarat State.

Figure 8 - Spatial distribution of the mean daily rainfall over Gujarat State.

Figure 9 - Highest one-day point rainfall recorded at all observatories in th Gujarat
State during 1970-2014.
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Highest one-day rainfall recorded by individual stations during the period 1970-2014,
as shown in Figure 9 indicates that all the 16 stations in the State recorded intense
rainfall of more than 200 mm/day atleast once. Valsad in the South Gujarat recorded
highest one-day rainfall of 568 mm during the period. Stations in the driest parts of
the Gujarat State namely Bhuj and Okha, where the average monsoon rainfall is less
than 370 mm, also recorded intense rainfall of more than 375 mm/day.
In the backdrop of warming environment over Gujarat, temporal variation of monsoon
rainfall during 1970-2014 for the State as a whole and separately for the arid and the
semi-arid regions are shown in Figure 10.

Figure 10 - Temporal variation of the monsoon rainfall over Gujarat State.
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Monsoon rainfall over the State as a whole and over the semi-arid region shows
statistically significant (90% level) increasing trend with change of 56 mm/decade
and 65 mm/decade respectively. Increase in monsoon rainfall is very prominent
during the last 15 years; highest average monsoon rainfall for the State (1153 mm)
occurred during this period. For 11 years of this 15 year period, the State recorded
more than the climatic mean rainfall of 695 mm. Arid region of the State where
increasing trend in temperature is very significant shows only a marginal increase of
39 mm/decade in monsoon rainfall.
Decadal changes in the spatial distribution of annual rainfall anomaly (with respect to
1971-2000 mean) over Gujarat State based on gridded data are presented in Figure 11.
A salient feature of the figure is that, the coastal South Gujarat part in the semi-arid
region shows a very significant increase of 1.2 mm/day and the northeastern part of
the semi-arid region shows a slight decrease in the average daily rainfall after the year
2000.

Figure 11 - Decadal change in spatial variation of the annual rainfall (mm/day) over
Gujarat State.
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Monsoon rainfall at all IMD stations has been analyzed for its temporal variations;
details are given in Table 1 and a few representative cases are presented in Figure 12.

Figure 12 - Temporal variations of monsoon rainfall at selected stations in Gujarat
State.
Condition of ‘no trend’ is considered for stations where the decadal change is less
than 5% of the seasonal mean.
In general, stations in Saurashtra region show
increasing trend. Amreli and Dwarka show statistically significant increasing trend
(at 99.9% and 99% levels respectively) in monsoon rainfall; where the decadal
increases are about 25% of the seasonal mean. Increase at Bhavnagar, Veraval,
Porbander and Baroda are about 10%/decade, and the trends are significant at 95%,
90%, 90% and 90% levels respectively. In terms of actual amount, Amreli and
Valsad show maximum increase; 157 mm/decade and 112 mm/decade respectively.
This suggests the dominance of offshore trough and mid tropospheric cyclone over
the rainfall of Gujarat during the recent years [35]. Overall, eleven stations out of
sixteen shows an increasing trend of 5%/decade or more in monsoon rainfall, in which
at six stations, the increase is statistically significant. None of the stations exhibited
decreasing trend in monsoon rainfall. These observations are consistent with result of
Preethi et al. [16] where they found an increase in monsoon rainfall over northern part
of west coast of India. They attributed the westward shift of monsoon flow system to
this increase; the monsoon trough over South Asia shifted westward by about 2-3°
longitudes. Joshi and Rajeevan [12] also reported an increasing trend in monsoon
rainfall over the west coast and the northwest India. Ray et al. [13] used similar data
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and their results indicated increasing tendencies in temperature and rainfall during the
past 40 years for both seasonal as well as annual basis.
Temporal variations of the highest one-day point rainfall recorded in each year during
1970-2014 over the State as a whole and semi-arid region and arid region separately
are presented in Figure 13.
Table 1: Trends in monsoon rainfall at all IMD observatories in Gujarat State during
1970-2014

Rainguage
Station

Mean monsoon
rainfall (mm)

VLD
SRT
VRL
AHM
VVN
BVN
BRD
AMR

1717
1216
768
785
839
637
849
568

PRB
RJK
DWK
OKH
DSA
NLY
BHJ
KND

640
648
404
368
573
373
340
402

Trend

Significance
level

Semi-arid Region
Increasing
No trend
Increasing
90%
No trend
No trend
Increasing
95%
Increasing
90%
Increasing
99.9%
Arid Region
Increasing
90%
Increasing
Increasing
99%
Increasing
Increasing
No trend
Increasing
No trend
-

Change per Change
decade
per
mm
decade %
112
31
84
13
3
58
82
157

6.5%
2.5%
10.9%
1.7%
0.4%
9.1%
9.7%
27.6%

87
40
99
60
36
-3
33
7

13.6%
6.2%
24.5%
16.3%
6.3%
-0.8%
9.7%
1.7%

Temporal variations of the highest one-day point rainfall recorded in each year during
1970-2014 over the State as a whole and semi-arid region and arid region separately
are presented in Figure 13.
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Figure 13 - Temporal variation of the highest one-day point rainfall over Gujarat
State.
The increasing trend observed in the highest one-day point rainfall over the State is
statistically significant at 95% level and it is rising at a rate of about 24 mm/decade.
The highest one-day rainfall over the semi-arid region shows a very significant
increase (99% level) with a magnitude of about 31 mm/decade but over arid region
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there is no trend in highest one-day point rainfall. Goswami et al. [26] using gridded
data found that the average intensity of the heaviest four events in each monsoon
season over Central India shows an increase of about 10 %/decade.
The day when at least one of the IMD observatories in the State/region reported R
>= 200 mm/day is considered as intense rainfall event (IRE) and a day with 120 ≤ R <
200 mm/day is considered as very heavy rainfall event (VHRE).

Figure 14 - Frequency of intense rainfall events and very heavy rainfall events along
with linear trends over the Gujarat State.
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Figure 14 shows temporal variations in the frequency of IRE and VHRE for the State
as a whole and for the semi-arid and the arid regions separately, along with their
linear trends. The highest number of IRE over the State occurred in the years 1988
and 2005 (six events each). Similarly, the highest number of VHRE occurred in 1976
and 2007 (14 events each).
MK test clearly indicate a statistically significant
increasing trend in the frequency of VHRE (95% level) and IRE (90% level) in the
State; on average IRE increased from about 1 in 1970 to about 3 in 2014. Increase in
the frequency of IRE over Gujarat is lower than that reported by Goswami et al. [26]
and Rajeevan et al. [27] over Central India. Lower value of increasing rate in the
present study compared to the other two studies is because of the definition of heavy
rainfall events; in their study they considered all the grids having R>15 cm as
individual VHRE. Pai et al. [30] also observed significant positive trend in HRE and
VHRE over west coast. Guhathakurta et al. [15] reported that at both subdivisions of
Gujarat State (Gujarat subdivision and Saurashtra & Kutch subdivion), the number of
stations with increasing trends in the frequency of heavy rainfall events (R>=150 mm)
dominated over that of decreasing trends during the period 1901-2011.
In comparison with the arid region, frequency of IRE and VHRE over the semi-arid
region has increased very significantly (99% level for IRE and 95% for VHRE). Over
the semi-arid region, during the first ten year period (1970-79) only 9 IREs occurred,
but during the last ten year period (2005-14) there were 24 IREs. Most of these
VHREs and IREs over Gujarat are associated with one of the following synoptic
situations (i) monsoon depressions and lows from the Bay of Bengal (ii) midtropospheric cyclones over the west coast and surrounding areas and (iii) interaction
of upper air cyclonic circulations with offshore troughs.
Table 2: Number of Intense rainfall days under different categories at individual
stations over Gujarat State during 1970‐2014
Semi-arid Region (mm/day)

Arid Region (mm/day)

200-300

300-400

400-500 >500 Intense
>200

200-300

300-400

VLD

16

3

1

1

21

SRT

14

1

0

0

VRL

8

3

0

AHM

9

1

VVN

6

BVN

400-500 >500 Intense
>200

PRB

6

2

2

1

11

15

RJK

9

1

0

0

10

1

12

DWK

2

3

0

0

5

0

0

10

OKH

3

1

0

0

4

1

0

0

7

DSA

4

0

0

0

4

5

0

1

0

6

NLY

3

1

0

0

4

BRD

5

0

0

0

5

BHJ

2

0

1

0

3

AMR

4

0

0

0

4

KND

2

0

0

0

2
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Table‐2 shows station-wise frequency of 24-hour intense rainfall events (R>200 mm)
with different intensities (200-300 mm, 300-400 mm, 400-500 mm, >500 mm) during
1970-2014. Maximum events of intense rainfall occurred at Valsad (21 events).
Among the 16 stations, only 5 stations recorded rainfall of more than 400 mm/day;
among them 3 stations recorded intense rainfall of more than 500 mm/day.
4. SUMMARY AND CONCLUSION:
Temporal changes of the mean annual temperature (1901-2009) over Veraval, is
similar to the global scenario with two epochs of increasing trend and a plateau region
in between; linear trend in the temperature anomaly is nearly 0.130C/decade, which is
statistically significant at 99.9% level. The epoch 1901-1930 experienced a
significant (99% level) increase in temperature. A shift (increase) in annual
temperature of 0.910C is observed between 1931-1990 and 1991-2014. The east-west
gradient in the temperature anomaly over the State has changed during the last decade
of the previous century. For Gujarat State as a whole, the increasing trend in the
annual mean temperature for the period 1971-2006 is statistically significant and it is
about 0.160C/decade. The S&K region shows a very significant increase (99.9%
confidence level) of 0.220C/decade, which is almost double of that of Gujarat region,
indicating that the arid region of the State is becoming hotter at a rapid pace. A
reversal of gradient in the temperature anomaly is observed for the decade 1991-2000
onwards compared to 1981-1990.
Temporal variations of monsoon rainfall at Veraval for the period 1901-2014 shows a
significant (99.9% level) increasing trend of 44.3 mm/decade, but there are no
evidences of decadal or epochal cycles. Decadal mean values were below the normal
up to 1950 and thereafter departures were above normal.
Monsoon rainfall over the State as a whole shows a statistically significant increasing
trend with a change of 56 mm/decade and over the semi-arid region the increase is
much more, about 65 mm/decade.
In general, the Saurashtra area shows an
increasing trend in monsoon rainfall. Among the sixteen stations in the State, eleven
stations have shown an increase of 5%/decade or more in monsoon rainfall; in which
at six stations, the increasing trend is statistically significant. At Amreli and Dwarka
the increase is very significant and monsoon rainfall increased at a rate of about
25%/decade. Decadal changes in the spatial variation of the annual rainfall show very
significant increase of 1.2 mm/day over the coastal South Gujarat of the semi-arid
region. Highest one-day point rainfall over the State also shows a significant
increasing trend (24 mm/decade). On the regional basis, the highest one-day point
rainfall over the semi-arid region has increased at a rate of 31 mm/decade. On
average the frequency of intense rainfall events over the State has increased from
about 1 in 1970 to about 3 in 2014.
There is a very significant increasing trend in temperature over the arid region of the
State, but monsoon rainfall doesn’t show any increase in terms of intensity as well as
frequency. On the other hand, semi-arid region where there is no change in
temperature exhibit a very significant change in the rainfall. The frequency as well as
intensity of the rainfall in general and intense rainfall in specific is not affected by a
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local increase in temperature. The change in the east-west temperature pattern and the
increase in rainfall over Saurashtra region could be due to an increase in cyclonic
activity over Arabian Sea along the coastal areas of Gujarat during the monsoon
period. The increasing trend in very heavy rainfall/intense rainfall events is a matter
of serious concern. Since, there is a lot of uncertainty in the prediction of very heavy
intense rainfall, the increasing trend in frequency and intensity of intense rainfall has
to be taken care of by the policy makers when planning for the urban development,
disaster management etc.
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