MAUSAM, 67, 4 (October 2016), 903-912

Introduction

551.577 : 551.579 : 551.553.21 (540.27)

Analysis of rainfall pattern and extreme events during southwest
monsoon season over Varanasi during 1971-2010

R. BHATLA, A. TRIPATHI and R. S. SINGH
Department of Geophysics, Banaras Hindu University, Varanasi — 221 005, India
(Received 27 February 2015, Accepted 21 September 2015)
e mail : rbhatla@bhu.ac.in

mfsvaﬁ%rq-arfr1971-2010%%%40@%%@5@%%%@%
aREH A aW ®q (A-RAdE) F SR Ffave, AfdE IR gUhg fAeawer & AeyH § IRIOE
(3ceR geer, ) # awi &1 @ Fufoat fr ygfaat 3R aRadeeiear &1 gar oener &1 gara far awr
g1 aRomAT & war @em ¥ 6 1971-2010 & SR @R At ddd: AEgT awi kg T @Y & WY I,
Ser$ 30T AR AR & 7 # o g5 FATa: T Kl 7 9ffT ast aRweer (e ast arer
&, 0-2.4 T, 7. FSIRT [ 2.5-64.4, FEI 11, 64.5 T 124.4; HEIRT 11 124.5 & & 3R 3770%) g7 Tsihv
T & AT B FHA A F AT aw K B ygfy 7w & ggfy @ a1 §) FreiE g
fALATOT ¥ Tg I Toram & fF U gde Heardy F gt i gt i AT IREGRAT H g & ant A
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ABSTRACT. An attempt has been made to detect the pattern of rainfall and examine the trends and variations of
extreme events of rainfall over Varanasi (Uttar Pradesh, India) through seasonal, monthly and decadal analysis during
southwest monsoon season (June-September) using the daily rainfall data of 40 years period from 1971-2010. The results
show that cumulative rainfall during 1971-2010 is overall decreasing in monsoon season as well as in all the months
June, July, August and September. In general, the observed rainfall events in all categories (Non rainy day, 0-2.4 mm;
Category I, 2.5-64.4; Category 11, 64.5 to 124.4; Category III, 124.5 mm or more) have a decreasing trend in all the
months and monsoon season over the entire period of study. However, decadal analysis reveals that in general frequency
of rainfall events in almost every category is decreasing in recent decade. Different results are seen in August, as
cumulative rainfall is decreasing in this month, whereas very heavy and exceptionally heavy rainfall events and their
contribution have increased in recent decade as well as over total period.

Key words — Rainfall, Trend analysis, Southwest monsoon, Decadal rainfall, Seasonal rainfall.

Several studies on trends of rainfall have been

The changes in total precipitation may be associated
with changes in frequency of rainfall events, rainfall
intensity, or combination of both (IPCC, 2007). The
change in rainfall distribution and its impact on the water
resources is one of the important climatic problems. To
understand the rainfall pattern changes during recent
decade have become important while considering future
climate change. Therefore, the analysis of daily rainfall
has become important, viz., changes in frequency of
rainfall events are due to changes in number of heavy or
light rainfall events over the region (Karl and Knight,
1998; Trenberth et al., 2003). Therefore, it is important to
monitor closely, the rainfall pattern on regional and local
scale.

carried out by many scientists over different regions of the
world. The variability and extremes of daily rainfall
events during the Indian summer monsoon were
investigated on the basis of long observational record for
the period 1901-1989 (May, 2004). Goswami et al. (2006)
observed significant rising trends in the frequency of
extreme rainfall events and significant decreasing trend in
the frequency of moderate rainfall events over central
India during summer monsoon season. Francis and Gadgil
(2006) shows that the probability of getting intense
rainfall between 14° N - 16° N and near 19° N using 37
years (1951-1987) daily rainfall data of summer monsoon.
Dash and Hunt (2007) have emphasized on the decrease in
mean monsoon rainfall over India although the decreasing
trend is small. Pattanaik and Rajeevan (2010) studied the
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TABLE 1

Categorization of rainfall events based on daily rainfall

IMD classification

IMD classification regrouped for this study

Rainfall categories

Daily Rainfall (mm)

Rainfall categories Daily Rainfall (mm)

No rain 0

Very light rain 0.1to24
Light rain 25t07.5
Moderate rain 7.6 to 35.5
Rather heavy rain 35.6to 64.4
Heavy rain 64.5t0 124.4
Very heavy rain 124.5 to 244.4
Extremely heavy rain >244.5

Non rainy day 0.0t0 2.4
Category I 2.5t0 644
Category 11 64.5 to 124.4
Category III 124.5 mm or more

frequency of rainfall events and percentage contribution to
total monsoon rainfall using daily rainfall data for 55
years (1951-2005) and found significant increasing trend
in the extreme rainfall events (divided into six different
categories from ‘light’ to ‘exceptionally heavy’ depending
on the amount of rainfall in a day as per IMD) over the
west coast and central parts of India. Guhathakurta et al.
(2010), observed increasing trend in the frequency of
heavy rainfall events (according to India Meteorological
Department if the rainfall of that is 64.5 mm or more) over
few numbers of stations in Konkan and Goa and adjoining
west coast of India. There have been several studies on
daily extreme rainfall as per IMD criterion over the region
based on station and grid point rainfall data (Sen Roy and
Balling, 2004; Joshi and Rajeevan, 2006; Goswami et al.,
2006; Ghosh et al., 2009; Dash et al., 2009; Guhathakurta
et al., 2011). All these studies described long term trends
and were for country as whole or sub-divisional based,
while few studies have been carried out on regional and
local scale (Rakehecha and Soman, 1994; Saseendran
et al., 1995; Prasad and Agrawal, 1996, Desai et al., 1996;
Sinha Ray and Srivastava, 2000; Sonar, 2014,
Guhathakurta, 2014; Mohanty et al., 2014; Kumar and
Jaswal, 2014).

In order to have a better understanding of rainfall
behaviour as an indicator of climate change and also for
proper mitigation and sustainable development of a given
place, the micro-scale studies are appreciated (Bhatla and
Tripathi, 2014). It is preferable to analyse daily rainfall
data on regional or local scale which may provide the
local information about the changing trends of monsoon
rainfall and help to identify the recent climate change on
local scale over the region. The objective of the present
study is to examine the observed trends and variations of

extreme events of rainfall as well as changes in the rainfall
pattern over Varanasi during southwest monsoon season
using the daily rainfall data of 40 years period from 1971-
2010. Varanasi (25° 20' N, 83° 0' E) has been chosen for
this study as it lies in the subtropical region where the
monsoon trough exists and we may expect a high degree
of variability in rainfall events. Being situated at the tropic
of Cancer, its temperature reaches as high as 45 °C with
humidity too during summers. Monsoons usually come in
middle of June or late June for about two months with
torrential rains and high humidity accompanying it. The
paper is presented in four sections. Section 2 describes the
Data and Methodology used in this study. Trends of
rainfall events and their decadal variations are analysed
and discussed in section 3. Conclusions are presented in
section 4.

2. Data and methodology

The daily rainfall data for the 40 years (1971-2010)
period during monsoon season (June - September) was
used for the analysis of rainfall pattern and extreme
rainfall events over Varanasi station. The above said daily
rainfall data was obtained from India Meteorological
Department, Pune. The rainfall events are categorised
according to the classification defined by IMD into No
rain, very light rain, light rain, moderate rain, rather heavy
rain, heavy rain, very heavy rain and exceptionally heavy
rain depending on the amount of rainfall received in a day
and further regrouped into four broad categories Non
rainy day, Category-I, Category-II and Category-III as
defined in Table 1. Daily rainfall 0.0 to 2.4 mm/day is
considered as Non Rainy day category, rainfall 2.5 to
64.4 mm (rf > 2.5 and rf < 64.5, where ‘rf* is daily rainfall
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amount) i.e., light, moderate and rather heavy rainfall
events as per IMD classification are regrouped into
'Category-I'.  Daily rainfall 64.5 to 1244 mm
(rf > 64.5 and rf < 124.5), i.e., Heavy rainfall events
as per IMD classification is considered in this study
as 'Category-II'. Daily rainfall 124.5 mm or more
(rf > 124.5 mm/day), i.e., very heavy and extremely
heavy rainfall events as per IMD are further regrouped as
'Category-1II'  (http://www.imd.gov.in/doc/termglossary.

pdf).

As per IMD criteria, rainfall > 2.5 mm/day is
considered as rainy day. The same criteria is considered
for this study and used to calculate total rainfall amount.
The 'frequency of rainfall event' is defined as the number
of days or occasions when rainfall occurred in a particular
category of rainfall as identified in Table 1, in each year.
The ratio of total rainfall in a category, to ‘Total rainfall
amount’ calculated in percentage is taken as Percentage
(%) contribution of rainfall in that category. Here, ‘Total
rainfall amount’ is the amount of rainfall received in all
the three rainfall categories (rainy days), i.e., Category-I,
Category-1I and Category-III, each year. Since focus of
the present study is to analyse the changes in the
frequency of extreme rainfall events, therefore, frequency
and rainfall in Category-I, Category-II and Category-III
only has been considered, whereas, the rainfall received in
‘Non rainy day’ category has not been considered as their
contribution and impact on agriculture and social activities
are not much important. The trends of rainfall are
analyzed using linear regression method and the statistical
significance of trend is tested by Man Kendall rank
statistics (WMO, 1966) over all series of data at 95%
significance level.

3. Result and analysis
3.1

Seasonal and monthly trends in cumulative
rainfall

The trend analysis of seasonal (June-September) and
monthly (June, July, August and September) rainfall over
Varanasi is carried out for the study period 1971-2010 and
shown in Figs. 1(a-¢). The analysis has also been done for
the four embedded decades, viz., 1971-1980 (D1), 1981-
1990 (D2), 1991-2000 (D3) and 2001-2010 (D4).

Fig. 1(a) shows the variations in the seasonal rainfall
during the period 1971-2010. The regression equation
depicts a very small decreasing trend of the order of
2.5 mm/year. The highest cumulative rainfall of
1438.7 mm is observed in the year 1971 and lowest
511.3 mm is observed in 2004. The trend in the month of
June for entire study period 1971-2010 is not noticeable,
although, it is towards negative side [Fig. 1(b)]. There is
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Figs. 1 (a-e). Cumulative rainfall for period 1971-2010 for (a) Season

(b) June (¢) July (d) August and (e) September
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Figs. 3(a-e). Percentage contribution to rainfall amount
Figs. 2(a-e). Frequency of rainfall events in different (>2.5 mm) in different categories of rainfall events

categories, over Varanasi for the period 1971-
2010 during (a) monsoon season (b) June
(c) July (d) August and (e) September

with linear trend line, over Varanasi for the period
1971-2010 during (a) monsoon season (b) June
(c) July (d) August and (e) September
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TABLE 2

Trend values for frequency and percentage contribution of rainfall events to total rainfall amount in different categories over
Varanasi for the period 1971-2010 during monsoon season, June, July, August and September

Frequency of rainfall events in category

Avg. Percentage contribution in category

Decade
I I I I 11 I
Season -0.0615 -0.0313* -0.0027* 0.10 -0.20 0.07*
June 0.0057 -0.0070%* -0.0012%* -0.35% -0.25% -0.05%
July -0.0223 -0.0170* -0.0053* 0.37 -0.20%* -0.17*
August -0.0224 -0.0007* 0.0046* -0.30* -0.10* 0.40%*
September -0.0225 -0.0067* -0.0008* 0.21* -0.20* 0.02*

“*” indicate significance at 95% confidence level

wide range of fluctuations with maximum cumulative rain
of 320.9 mm in the year 1984 and minimum cumulative
rain of 0 mm in the year 1987 found in the month of June.
A decreasing trend in monthly cumulative rainfall,
although of small magnitude (of the order of 1.5 mm per
year) is observed as shown in Fig. 1(c) for the month of
July for the entire period under consideration, i.e., 1971-
2010. The fluctuations in cumulative rainfall are clearly
visible from the Fig. 1(c) and found to be ranging from
475.7 mm (1971) to 76.7 mm (2004).

The interannual variation of monthly cumulative
rainfall for the month of August during period 1971-2010
is shown in Fig. 1(d). The analysis shows a negligible
decrease at a rate of 0.1 mm/year is present. However, the
variations during this period are large with minimum
cumulative rainfall of 81.8 mm in year 1971 to maximum
501.4 mm in year 2007. A decreasing trend of very small
magnitude of the order of 0.7 mm per year is observed as
shown in Fig. 1e for the month of September for the entire
period under consideration, i.e., 1971-2010. The
maximum cumulative rainfall of 591.3 mm is recorded in
1987 and minimum cumulative rainfall of 33.3 mm is
recorded in 2004, therefore the range of variation is
largest in this month. Also the cumulative rainfall is seen
to be below 40 years average (218.4 mm) for the
consecutive 7 years since 2004.

3.2. Seasonal and monthly trends in frequency of
rainfall events

Figs. 2(a-e) shows the variations in the frequency of
rainfall events and their trends using three different
categories as defined in Table 1 for the entire period of
study (1971-2010) over Varanasi during the southwest
monsoon season (June - September) as well as in the
months of June, July, August and September separately.
Trend line equations were not shown in the Figs. 2(a-e),

while their trend values were presented separately in
Table 2. A trend value marked with “*’ indicates its
significance at 95% confidence level. Analysis of number
of rainfall events in Category-I shows a slight decreasing
trend [Fig. 2(a)] in the monsoon season. Significant
decreasing trend is observed for events under Category-1I
and Category-III. Analysis of rainfall events in the month
of June [Fig. 2(b)] shows a slight increasing rate for
rainfall events under Category-I, whereas Category-II and
Category-III show significant decreasing trend. It is also
seen that only one event in Category-III, which occurred
in 1984, is responsible for its decreasing trend, whereas, in
Category-I1, highest frequency of magnitude 2 is seen in
1971. In the month of July [Fig. 2(c)] variations in
frequency of rainfall events in all the three categories
shows no significant trend. The similar characteristic is
exhibited by Fig. 2(e), where number of events show
decreasing trend in all the three categories in the month of
September. However, in both July and September months,
the trend for frequency of rainfall events in Category-II
and Category-III is statistically significant. In the month
of August [Fig. 2(d)], the rainfall events under
Category-III show a significant increasing trend, however,
events under Category-I and Category-Il show a
significant decreasing trend.

3.3. Seasonal and monthly trends in percentage
contribution of rainfall events

The percentage contribution of rainfall received in
each category to the total rainfall amount (cumulative
rainfall when daily rf > 2.5 mm) during the entire period
of study (1971-2010) for the monsoon season (June-
September) and also for monsoon months, i.e., June, July,
August and September over Varanasi [Figs. 3(a-e)] is
analysed. Trend line equations were not shown in the
Figs. 3(a-e) just for the sake of clarity; however, their
trend values were presented separately in Table 2. A trend
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TABLE 3

Decadal analysis of frequency of rainfall events in different categories (as defined in Table 1) and their average percentage (%)
contribution to total rainfall amount (> 2.5 mm) during monsoon season over Varanasi for the period 1971-2010

Frequency of rainfall events in category

Avg. Percentage (%) contribution in category

Decade
I I I I 11 I
1971-1980 396 23 4 72.3 21.4 6.4
1981-1990 380 19 4 71.7 20.4 7.9
1991-2000 394 18 4 75.9 16.7 7.4
2001-2010 366 14 3 76.9 15.2 8.0
TABLE 4

Decadal analysis of frequency of rainfall events in different categories (as defined in Table 1) and their average percentage (%)
contribution to total rainfall amount (>2.5 mm) during June over Varanasi for the period 1971-2010

Frequency of rainfall events in category

Avg. Percentage (%) contribution in category

Decade
I ) 111 I I I
1971-1980 47 3 0 75.7 243 0.0
1981-1990 47 2 1 69.4 18.8 11.8
1991-2000 51 3 0 76.6 23.4 0.0
2001-2010 48 1 0 88.8 11.2 0.0
TABLE 5

Decadal analysis of frequency of rainfall events in different categories (as defined in Table 1) and their average percentage (%)
contribution to total rainfall amount (>2.5 mm) during July over Varanasi for the period 1971-2010

Frequency of rainfall events in category

Avg. Percentage (%) contribution in category

Decade
1 1T I 1 1I 11T
1971-1980 133 9 2 71.0 20.6 8.5
1981-1990 143 6 1 75.3 17.4 73
1991-2000 109 2 1 86.0 7.8 6.2
2001-2010 127 4 0 87.2 12.8 0.0

value marked with “*’ indicates its significance at 95%
confidence level. The analysis of Fig. 3(a) shows that the
trend for the Category-I and Category-III have significant
increasing trend, whereas, the Category-II shows a
decreasing trend. The analysis of percentage contribution
of rainfall in these categories in the month of June
[Fig. 3(b)] shows an overall decreasing trend (all
significant). However, the comparison between Fig. 3(b)
and Fig. 2(b) reveals that the rainfall events in Category-I
have increased; however, their intensities have reduced. In

Fig. 3(c) a growth in percentage contribution of rainfall in
recent time in Category-l events is seen, whereas,
Category-II and Category-III show significant decreasing
trend. This indicates the increase in intensities of rainfall
events in Category-I in the month of July. In the month of
August [Fig. 3(d)] the percentage contribution of rainfall
events in Category-I and Category-II has significant
decreasing tendency, whereas, it has significant increasing
tendency for rainfall events in Category-1II. Fig. 3(e) is
very similar to Fig. 3(a), where the percent contribution
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TABLE 6

Decadal analysis of frequency of rainfall events in different categories (as defined in Table 1) and their average percentage (%)
contribution to total rainfall amount (>2.5 mm) during August over Varanasi for the period 1971-2010

Frequency of rainfall events in category

Avg. Percentage (%) contribution in category

Decade
I I I I 11 I
1971-1980 130 4 1 82.1 12.4 5.5
1981-1990 106 6 1 72.7 20.9 6.4
1991-2000 128 7 0 80.5 19.5 0.0
2001-2010 121 4 3 64.8 11.2 24.0

from rainfall events in Category-I and Category-III show
significant increasing trend, whereas Category-1I shows a
significant decreasing trend. The comparison between
Fig. 3(e) and Fig. 2(e) reveals that light, moderate, rather
heavy, very heavy and exceptionally heavy rain has
decreased in frequency but their intensities has increased
in the month of September.

3.4. Decadal analysis of frequency of rain events
and their contribution

The whole period of study 1971-2010 is divided into
four decades 1971-1980, 1981-1990, 1991-2000 and
2001-2010 for further study of the rainfall distribution and
its variation in reference to previously defined (Table 1)
three categories of rainfall events and their percent
contribution to total rainfall amount and decadal analysis
is performed over the monsoon season and its four
constituent months June, July, August and September
(Tables 3-7).

The decadal analysis of frequency of rainfall events
and their contribution to total rainfall amount in each
category is carried out for the monsoon season (Table 3).
In all the three categories number of rainfall events has
decreased in the recent decade. In Category-I the highest
frequency is observed in D1 (396 events per decade) and
lowest in D4 (366 events per decade), however, the
decrease in frequency of events in recent decade D4 in
comparison to D3 is 7.1% (28 events). In Category-II
again D1 receive maximum number of events (23 per
decade) and D4 receives lowest number of events (14 per
decade). The decrease in recent decade D4 is 22%
(4 events) as compared to D3. In Category-III, the number
of events per decade are maintained at 4 in D1, D2 and D3
which falls to 3 in D4, thereby registering a 25% decrease.
The scenario of per cent contribution of rainfall events to
total rainfall is entirely different in Category-I as highest
contribution come from D4 which corresponds to lowest

frequency of events. The recent decade D4 observes an
increase of 1% in contribution to total rainfall as
compared to D3. The lowest contribution was recorded in
D2 (71.2%). However, in Category-II the contributions
from different decades are varying in the same way as
frequencies are changing. An increase in the recent decade
is recorded in the percentage contribution of events in
Category-III, thus making D4 highest contributing decade
(8.0%) and D1 lowest contributing decade (6.4%).

A decrease in the frequency of rainfall events in all
the three categories is observed in the recent decade in the
month of June (Table 4). In Category-I, the maximum
frequency of 51 events per decade was observed in D3,
which declined to 48 events per decade in D4. Category-II
observed a decrease from D3 (3 events per decade) to D4
(1 event per decade), whereas, Category-III recorded only
1 event in D2, which shows the scarcity of events in this
category. Contrary to frequency, the percentage
contribution in the Category-I has increased by 12.2% in
the recent decade, showing increase in the intensities of
rainfall events in this category in the recent decade. The
contribution in the Category-II has reduced by 12.2% in
accordance with the decreased frequency of rainfall
events. There is no contribution to total rainfall from
Category-III in decades D3 and D4 because of non
occurrence of any event in this period, however, 11.8%
contribution is observed in D2.

Decadal changes in the frequency of rainfall events
and their contribution to total rainfall is shown in Table 5
for the month of July. In Category-I, there is increase in
the frequency in recent decade D4 (by 18 events) as
compared to D3, which records the lowest frequency of
109 events per decade, however highest frequency 143
events per decade is observed during D2. In Category-II,
there is increase in the frequency in recent decade D4 (by
2 events) as compared to D3, which records the lowest
frequency of 2 events per decade, however highest
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TABLE 7

Decadal analysis of frequency of rainfall events in different categories (as defined in Table 1) and their average percentage (%)
contribution to total rainfall amount (> 2.5 mm) during September over Varanasi for the period 1971-2010

Frequency of rainfall events in category

Avg. Percentage (%) contribution in category

Decade
I I I I 11 I
1971-1980 86 7 1 60.3 32.8 6.9
1981-1990 84 5 1 66.4 25.0 8.6
1991-2000 106 6 3 62.8 17.8 19.4
2001-2010 70 5 0 72.1 27.9 0.0

frequency 9 events per decade is observed during DI1.
Further, frequency of events in Category-1II gradually
decrease from decade D1 (2 events) to recent decade D4
(0 events). In Category-1 the percentage contribution to
total rainfall gradually increase from D1 with lowest
contribution of 71.0% to D4 with highest contribution of
87.2%. Whereas in Category-Il the percentage
contribution increased in the recent decade D4 (12.8%) by
recording an increase of 5.0% over decade D3 (7.8%)
which records lowest contribution. In Category-III the
percentage contribution gradually decreased from highest
contributor D1 (8.5%) to D4 (0%).

Table 6 describes the variations in the frequency of
rainfall events and their contribution to total rainfall in
different categories for the month of August. In
Category-I the highest frequency of events is observed in
decade D1 (130) which decreased to lowest frequency
level in decade D2 (106). However, recent decade D4
(121) observed a decrease of 7 events over the decade D3
(128). In Category-1I, decade D3 (7) recorded highest
frequency which decreased to 4 events in the recent
decade D4. In Category-III, the lowest frequency 0 is
observed in D3, which increased to 3 in recent decade D4.
Percentage contribution by events in recent decade D4
(64.8%) is the lowest in Category-I, whereas highest
contribution is recorded in D1 (82.1%). In Category-II
also the decade D4 (11.2%) has recorded the lowest
contribution. Thus in both Category-lI and Category-II
recent decade has decreased in contribution. However, in
Category-III, decade D3 (0%) has recorded the lowest
contribution, which increased to highest contribution in
recent decade D4 (24.0%).

Table 7 shows the decadal rainfall pattern for the
month of September. In Category-I, a sharp decrease is
observed from decade D3 (106) being highest frequency
to decade D4 (70) being the lowest. Again in Category-II,
the decrease in recent decade D4 (5) is seen. The highest

frequency in this category is 7 in D1. In Category-III,
decrease in the number of events is noticed in the recent
decade D4 (0), whereas, highest frequency is recorded in
D3 (3). Percentage contribution from rain events in
Category-I is increased in recent decade D4 (72.1%) from
D3 (62.8%). Similar increase is observed in Category-II
from D3 (17.8%) to D4 (27.9%), whereas highest
contribution recorded in decade D1 (32.8%). Contrary to
Category-I and Category-II, a decrease in percentage
contribution in recent decade D4 (0) is seen against D3
(19.4%).

The monsoon rainfall is the average over many
sporadic weather events at spatial scales between 100 and
1000 km, which can give to up to 400 mm of rainfall on a
single day (Stephenson et al., 1999). Such extreme daily
rainfall events are due to convection associated with
monsoon depressions, mid-tropospheric cyclones, local
convection, thunderstorms and other mesoscale
phenomena which may not associate with monsoon
circulation and organized convection (Dash et al., 2009).
The increasing (decreasing) trend of extreme rainfall
events may be due to increase (decrease) number of
intensified mesoscale convections which are caused by
western disturbance and westward waves on the esaterlies
(Dash et al., 2009).

4. Conclusions

The cumulative rainfall during 1971-2010 shows an
overall decreasing trend in monsoon season as well as in
all the months June, July, August and September. The
seasonal rainfall is seen to be below normal (218.4 mm)
for consecutive 7 years since 2004. The year 1971 is
found to be the wettest year (1438.7 mm) and 2004 driest
year (511.3 mm).

In general, the observed rainfall events in all
categories have a decreasing trend in all the months and
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monsoon season over the entire period of study
(Dash et al., 2009; Guhathakurta, 2014), whereas, in
some cases the percentage contribution to total rainfall
amount has shown increasing trend. The frequency of
heavy rainfall events (Category-II) and their contribution
to total rainfall is consistently found to be decreasing. In
July the decrease in the frequency of rainfall event in
Category-I is associated with an increase in its percentage
contribution to total rainfall amount, which could be
interpreted as increase in the intensity of rainfall events in
Category-I. The percentage contribution of very heavy
and exceptionally heavy rainfall events has increased in
the months of August and September, however, in
September the intensity of events has also increased.
Study during the monsoon season clearly shows that in the
recent period larger contribution is made from smaller
number of events in Category-I and Category-III,
therefore it may be concluded that intensity of rainfall
events has increased in recent times in these rainfall
categories.

A decrease in frequency of rainfall events in
almost every category is observed in recent decade, the
exception found only in the month of July (Category-I
and Category-II) and August (Category-III).
However, the percentage contribution to total rainfall
amount is found increased mainly in Category-I and
hence an increase in intensities in this category in
June, September and season is  interpreted.
Overall, August shows quite peculiar behaviour, as
cumulative rainfall is decreasing whereas very heavy
and exceptionally heavy rainfall events and their
contribution have increased in recent decade as well as
over total period. The limitation of the study is that the
number are too less in Category-III to draw any
conclusion. However, to see the changes in the extreme
events (extremely heavy rainfall events) the Category-III
is considered.

Climate change impact and evidences are not same
over the entire globe. Increasing or decreasing trends in
seasonal, monthly and decadal rainfall are indicated by
many research findings, but such trends vary spatially and
temporally. Therefore, it is important to monitor closely,
the rainfall trends and variations on regional and local
scale.
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