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lkj lkj lkj lkj & bl ‘’kks/k Ik= esa lewps Hkkjr ds 129 ekSle dsanzksa ds fy, 1910 ls 2000 rd dh le;kof/k ds 
nSfud o"kkZ ds fjdkM+ksaZ dks ,df=r fd;k x;k gS A blds ckn fofHkUu ekSle foKkfud mi[kaM+ksa ds fy, ek/; 
okf"kZd o"kkZ ds ekuksa ds vuqlkj bu dsanzksa dks ukS fHkUu&fHkUu {ks=ksa esa ck¡Vk x;k gS A izR;sd {ks= ds fy, gj 
ik¡p izfr’kr ds varjky ij dqy o"kkZ vkSj o"kkZ dh ckjackjrk dk foLrr̀ fo’ys"k.k fd;k gS A bu ifj.kkeksa ls 
lkekU;r% Hkkjr ds yxHkx lHkh Hkkxksa esa o"kkZ dh deh dk irk pyk gS tcfd dsoy mRrj if’peh Hkkxksa esa 
o"kkZ esa o`f) ns[kh xbZ gS A o"kkZ ds izfr lSadM+k oxZ varjkyksa ds vuqlkj fd, x, gekjs fo’ys"k.k ls ;g irk 
pyrk gS fd fo’ks"k :Ik ls ns’k ds vk/ks Hkkx if’peh {ks= esa vfro`f"V dh ?kVuk,¡ ckj&ckj gksrh gSa A Hkkjrh; 
o"kkZ ds LFkkfud vk;keksa ij izdk’k Mkyus okys gkmxVu bR;kfn (2001) ds vkbZ- ih- lh- lh- ds oSKkfud 
ewY;kadu vkSj vU; v/;;uksa ds lkFk gekjs ifj.kke O;kid :Ik ls esy [kkrs gSa A  

 
ABSTRACT. We assembled daily precipitation records for 129 weather stations spread all over India for the time 

period 1910 to 2000. Next we classified these stations into nine different regions according to the mean annual 
precipitation values for the different India meteorological sub-divisions. We conducted detailed analysis of total 
precipitation and the frequency of precipitation for each five-percentile interval for every region.  In general, our results 
show a decrease in precipitation throughout much of India with only the northwest showing an increase. Our analyses by 
precipitation percentile class intervals show that the most extreme events have become more frequent, particularly in the 
western half of the country. Our results are broadly consistent with the IPCC Scientific Assessment by Houghton et al. 
(2001) and other studies focusing on the spatial dimensions of Indian precipitation over time. 
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1. Introduction 
 

The amount and timing of precipitation taking place 
in different parts of the Indian subcontinent have been the 
focus of research in many studies. The regional variations 
in the precipitation patterns in India are a result of a 
combination of factors both at the local and global level 
with the Himalayas in the north playing a major role in the 
spatial variability of the precipitation in the northern 
plains. The Indian subcontinent, even though a very small 
portion of the Earth’s surface, has contrasting climates 
consisting of heavy precipitation in the far east to the 
desert type of climate in the northwest and in the interior 
of the continents. The efficient forecasting of the timing 
and quantity of precipitation occurring in the different 
parts of the subcontinent is of utmost importance in view 
of the heavy dependence of the Indian economy on the 
agricultural sector that in turn is predominantly decided by 
the performance of the monsoons.  
 

The variability of the intensity and the frequency of 
precipitation occurring in India is a well-researched topic. 
Parthasarathy and Dhar (1976) analyzed the seasonal and 

annual precipitation of India from 1901 to 1960 found a 
significant increase of 5% in thirty year mean in the 
southwest monsoon and the annual precipitation. The 
observed increase in the winter monsoon was not 
statistically significant. Rupa Kumar et al. (1992) 
examined the trends in the total precipitation during 1871-
1984, taking place in different parts of the Indian 
subcontinent, and found increasing trends in the 
precipitation all along the west coast and northwest India. 
Their study suggests a decreasing trend in the overall 
precipitation in eastern Madhya Pradesh and adjoining 
northeast. Kothyari and Singh (1996) in their study of the 
long-term trends over the Gangetic basin suggest that the 
precipitation variables had a decreasing trend starting in 
the 1960s.  The results of their study showed that the 
rainfall variables had a decreasing trend and the 
temperature had an increasing trend. The decreasing 
trends in the precipitation variables were observed to have 
begun around the second half of the 1960s, and have 
implications for the Indian economy. Chhabra et al. 
(1997) studied the differences in the averages of rainfall 
during the periods 1931 to 1960 and 1961 to 1990 for a set 
of  stations located throughout India. Their results indicate  
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Fig. 1. Location of weather stations in India 
 

 
 
 
a decrease in the precipitation in the hill stations and an 
increase in the precipitation in the urbanized/industrialized 
cities.  Hulme and Viner (1998) found increase of up to 
50% in precipitation in some regions of the Indian 
subcontinent, with a possible reduction in the dry season 
length by several months. Singh and Sontakke (2002) 
studied the fluctuations of important climatic parameters 
like precipitation amounts during 1829-1999 for the Indo 
Gangetic region. The main results of their study indicate a 
significant increasing trend in the summer monsoon 
precipitation in the western region from 1900, a 
significant decreasing trend from 1939 over the central 
part, and a significant decreasing trend over eastern part of 
the country. In an earlier study Sen Roy and Balling 
(2004) analyzed the trends in the patterns of extreme 
precipitation events from 1910 to 2000. Their results show 
an increasing trend over most of western India including 
most of Deccan plateau and a decreasing to a neutral trend 

over the eastern half of the country except the northeastern 
corner. Houghton et al. (2001) also show an increase in 
Indian precipitation, particularly in the western and 
northwestern areas of the country during 1900 to 1999. 
Most of the above studies suggest a decreasing trend in 
the precipitation over the Gangetic basin that is also 
agriculturally most significant region in the subcontinent. 
However there are no specific studies analyzing the trends 
in the spatial patterns of precipitation occurring in the 
different intensities from low to moderate to heavy 
precipitation over the years in the different parts of the 
subcontinent. 
 

The present investigation is based on a study by Karl 
and Knight (1998) analyzing the trends in the occurrence 
of precipitation in various categories from 1910 to 1996 
spread across the contiguous United States. Their study 
reports  about  a  10% increase in precipitation, which was  
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Fig. 2.  Trends (1910-2000) expressed as the Pearson Product  Moment Correlation also expressed as the regression coefficients 

for the total precipitation-taking place in each region classified by five percentile class intervals. Values plotted for each 
percentile interval is exclusive to that category. For instance the trends plotted for the 5th percentile represents the trend in 
precipitation between the lowest to the 5th percentile. The bar chart on the lower right represents the trends at the national 
level. The values on the ordinate axis extend between 0.6 to –0.3 

 
mainly, attributed to the positive trends in the heavy and 
extreme daily precipitation events. In our analyses we 
have broadly adopted the methodology followed by Karl 
and Knight (1998) to study the spatial patterns in the 
precipitation events occurring in the different categories 
from low, moderate, to heavy precipitation events. 
 
2. Data sources and methodology 
 

The United States National Climatic Data Center’s 
Global Daily Climatology Network database (#TD9101) 

has the daily precipitation data from 1910 to 1980 for 
3838 stations in India. However, not all the stations had 
complete records and therefore we finalized a list of 133 
stations which had less than ten percent of its data missing 
from 1910 to 1980.  
 

The data for 1980 onwards till 2000 were procured 
from National Data Center of the India Meteorological 
Department for 130 of the 133 stations located in India.  
Next, the appropriate files were merged from the two 
sources for each station. The precipitation data for each 
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station were analyzed individually for any outliers or 
unusual precipitation values. On detailed examination it 
was found that the precipitation data for Sandbars weather 
station located in the Ganges delta region had an unnatural 
distribution with unusual outliers for certain years. As a 
result, 129 stations spread throughout India were finally 
used for the present analysis (Fig. 1). The data were also 
checked for the proportion of missing data; the years 1965 
and 1970 to 1974 had a major proportion of missing data 
and therefore were dropped from the present analysis. All 
other years had less than 8.4% of missing data. The 
nearest neighbor statistic was derived for the distribution 
of stations as the ratio between the observed mean 
distance among the sites and the expected mean distance 
given a random distribution (Clark and Evans, 1954).  The 
ratio of 1.30 for our network throughout India falls within 
the desirable “random to uniform” category. 
 

In the present analysis, the meteorological 
subdivisions of India were grouped into nine broad 
regions on the basis of the mean annual precipitation 
received by each meteorological sub-division (Fig. 1). The 
mean annual precipitation values were taken into 
consideration to maintain uniformity and effective 
comparative analysis.  
 

In analyzing the records, any day recording a 
precipitation event greater than 0.1 mm was considered as 
a precipitation event. The precipitation events were 
divided into five percentile interval categories from the 5th 
to the 95th percentile for each year, in terms of the number 
of rainy days and the total precipitation for individual 
percentile categories. The threshold values for each 
percentile category were determined on the basis of all the 
precipitation events over the entire study period. The 
values in each percentile category were exclusive to each 
percentile interval and not a cumulative score for all 
categories below it. These values were then used for 
classifying the precipitation events over the entire time 
period and determining the trends in the each percentile 
category. The Pearson product moment correlation 
coefficients were calculated using year as the independent 
variable and precipitation as the dependent variable, for 
individual five percentile interval categories. These 
coefficients were calculated to quantify the trend in the 
total amount of precipitation and the frequency of 
precipitation events for all 129 stations over the period 
1910 to 2000. Finally, there were three matrices consisting 
of 129 rows representing the weather stations, with 19 
columns consisting of the trend values for each five-
percentile interval, for the total annual precipitation and 
the frequency of precipitation events. The three matrices 
were created for the annual precipitation, for the summer 
monsoon months of July and August, and for the winter 
rainy months of January and February. During the 

southwest summer monsoon season, July and August 
precipitation have been taken into consideration because 
during these two months most of the Indian subcontinent 
is under the grip of the southwest monsoons. Similarly, 
January and February are the months that have been taken 
into consideration during the northeast monsoons season, 
when most of the winter precipitation is received all over 
the country. 
 
3. Analysis and results 
 

The trend in the total precipitation occurring during 
July and August shows a tendency towards a slight 
decreasing trend over most of the subcontinent (Fig. 2). 
The declining trend is more pronounced in case of winter 
rains occurring during January and February. In case of 
both the annual total precipitation and the seasonal total 
precipitation, there is a decreasing trend in the low and 
moderate categories of precipitation in the northern part of 
the east coast extending into the Chota Nagpur plateau and 
parts of Chattisgarh state. However, the northeast region, 
consisting of the rainiest parts of the world and the 
southwestern part of the Indian peninsula show an 
increasing trend in the high intensity precipitation 
categories during the summer season. This trend in the 
summer precipitation is offset by substantial decreasing 
trends during the winter season for the northeast and the 
southwestern part of the peninsula, in the overall trends 
shown by the annual precipitation. In the northwestern 
region of India mainly comprising of the low precipitation 
region of arid desert of India, and all along the west coast 
there is an increasing trend in the high intensity 
precipitation categories in case of both seasonal and 
annual precipitation. Over Rajasthan and part of 
northwestern Himalayas, there is an increasing tendency 
in all categories of precipitation from low intensity to high 
intensity precipitation. The national level trends for the 
total amount of precipitation taking place exhibit similar 
declining trends for most categories of precipitation 
except for slight increasing trends in the high intensity 
categories occurring in the summer season, which is 
reflected in the annual trends at the national level.  
 

We next analyzed the spatial pattern for the 
frequency of precipitation events (Fig. 3), which to a great 
extent show a similar pattern as that of the total 
precipitation. There is increasing trend in the frequency of 
precipitation all along the west coast mainly for the high 
intensity precipitation events. The northwestern region 
over Rajasthan and parts of northwestern Himalayas show 
increasing trends in case of all categories from low to 
moderate to high intensity precipitation events in a day. In 
the state of Uttaranchal located in the western Himalayas, 
the moderate events reveal an increasing trend during both 
the  summer and winter rainy seasons. During the summer  
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Fig. 3. The trends in the frequency of precipitation events, expressed in the same form as Fig. 2 
 

 
monsoon season, in the northeastern region as well as the 
east coast of India, the number of days receiving very high 
intensity precipitation has increased over the years, more 
pronounced in case of the east coast. The eastern part of 
the country consisting of the Gangetic delta and the Chota 
Nagpur plateau, extending to the east coast, show 
significant decreasing trends in the frequency of all 
categories precipitation events. The decline is more 
pronounced in the case of the low intensity precipitation 
events than in case of the high intensity precipitation. 
There is also an increasing trend in the frequency of 
precipitation for the low intensity categories in the 
southeast over Tamil Nadu, and parts of Andhra Pradesh 
in both the seasons. The overall national trends for the 
frequency of precipitation over the entire subcontinent 
show a predominantly decreasing trend for all categories 
of precipitation except during summer, which shows an 
increase in the frequency of heavy precipitation events. 

4. Discussion and conclusion  
 

The trends in the precipitation occurring in each five-
percentile intervals have been analyzed for the period 
1910-2000 on a regional scale. The spatial trends in       
the frequency and the actual amount of precipitation 
taking place in the various categories may be summarized 
below : 
 
(i) Overall the trends in the precipitation occurring in 
the two main rainy seasons and annually show a 
decreasing tendency. The declining trend is more 
pronounced during the winter season compared to the 
summer monsoon season mainly for the heavy 
precipitation events. 
 
(ii) The northwestern part of the subcontinent, 
comprising of the arid and-semi arid regions of Rajasthan 
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and Gujarat, show a predominance of an increasing trend 
in all categories of precipitation events in both the seasons 
and annually.  
 
(iii) Overall the entire west coast was found to be having 
positive trends especially in the heavy precipitation 
events. The increasing trends in the precipitation events in 
the west coast is indicative of the stronger impact of the 
Arabian Sea branch of monsoons during the south west 
monsoon season of July and August. 
 
(iv) The increasing trend in the heavy precipitation 
events over the western part of the country also indicates 
the stronger influence of the intense low-pressure center 
forming over the northwestern part of the subcontinent 
over the resulting precipitation patterns. 
 
(v) A point of concern however, is the overall neutral to 
decreasing trends in the precipitation events in the region 
extending from the northern part of the subcontinent to the 
interiors comprising of the Chota Nagpur Plateau and the 
foothills of the eastern Himalayas. 
 
(vi) The increasing trend in the total amount and 
frequency of precipitation during summer over 
northeastern India may be attributed to the insignificant 
change in the number of depressions in the Bay of Bengal 
mentioned Lal et al. (1995). 
 
(vii) We also analyzed the trends in total precipitation as a 
whole for the entire subcontinent. However, the 
correlation coefficient between year of record and annual 
precipitation total was very low at r = -0.02 and was not 
statistically significant.  
 

We have analyzed the regional patterns of the trends 
in the precipitation occurring in low to moderate to high 
intensity events. The entire subcontinent was divided into 
nine precipitation regions according to the mean annual 
precipitation measurements calculated by the India 
Meteorological Department for each meteorological 
subdivision. The results show a decreasing tendency in 
most of the regions except for the northwestern part and 
the peninsular part of the country. The spatial patterns 
show a slight increasing trend in the high intensity 
precipitation events in the west coast and the northwest 
indicating the relative strengthening of the Arabian Sea 
branch of the southwest monsoon season compared to the 
Bay of Bengal Branch over the years. The east coast, 
which receives most of its precipitation from the northeast 
monsoon, showed a declining trend in the frequency and 
total amount of precipitation over the years. Our results 

are consistent with several earlier studies that include 
Kothyari and Singh (1996) and Singh and Sontakke 
(2002) indicating a declining trend in the precipitation 
events over the Gangetic plains. Singh and Sontakke 
(2002) also attribute this pattern to a westward shift in the 
precipitation activities and rainstorms attributed to global 
warming and associated changes in the general 
atmospheric circulation. The spatial patterns in 
precipitation revealed in this study are broadly consistent 
with future projections of climate presented in the most 
recent IPCC Scientific Report (Houghton et al., 2001). 
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