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1. Introduction

India Meteorological Department (IMD) after its establishment in 1875, took
initiative to install more and more rain-gauges around the country to capture the
complex variation of rainfall across the country. India Meteorological Department
collects rainfall data of all the raingauge stations from all over the country, and then
scrutinizes, processes and finally archives at National Data Centre, Pune. IMD also
prepares different rainfall data products. Blanford (1886) the first head of the India
Meteorological Department took personal effort to collect rainfall data from all the
provinces and had brought out the detailed analysis of rainfall pattern over India. His
work is well referred and is recognized as the most valuable information on rainfall
distribution over India. Due to these efforts of IMD, a long time series of rainfall data
from a fairly uniform network of stations is available for research work. These rainfall
data is available for 36 meteorological subdivisions and all India starting from 1875
onwards. Many researchers used these precious data for examining the spatial and

temporal variation of rainfall across the country.

1.1 Status of existing rainfall series of India Meteorological Department

Rainfall data of around 9000 raingauge stations of variable period are available
at the National Data Center of India Meteorological Department. These data are being
received at Hydrology division of India Meteorological Department, Pune from
departmental observatories as well as different state Rainfall Registration Authorities. At
present rainfall data of around 7500 raingauge stations are being received. The monthly
rainfall series (1875-1991) of meteorological subdivisions are available at India
Meteorological Department is based on the simple arithmetic mean of monthly rainfall

values of the concerned raingauge stations within the each sub-division.

In order to accommodate larger demands from the state authorities, India
Meteorological Department has started District Rainfall Monitoring Scheme(DRMS)
initially from 1989 for only the southwest monsoon season and later from 1992 round
the year. Monthly rainfall series for each Subdivision and also all India is available from
1992 onwards using the DRMS stations data which are varying around 2000 to 2500
stations. However different methodologies are used for this data series. Simple
arithmetic mean was used to compute districts rainfall. For subdivision rainfall arithmetic
mean of districts rainfall was used up to the year 2004. From 2004, for getting
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subdivision rainfall, area weighted method of district rainfall is being used till date. The
series from 1992 to 2010 is prepared on near real time and is based on the DRMS data

of lesser number of stations than the prior values.

Thus the subdivision rainfall series 1875-2010 is not based on the uniform
methodology and also not on uniform number of stations. However it is difficult to have
a long series of data of uniform number of station to represent more than 600 districts of

the country but it is possible to have rainfall series based on uniform methodology.

An effort was made to construct homogeneous rainfall series using uniform
number of stations by Guhathakurta and Rajeevan (2006). This data series is based on
1476 stations and is from 1901-2003 and used 458 districts. This data series is not
updated further.

1.2 Need for the new series

There is a large demand from different users for long term data series for every
district and the country. Variable number of stations as well as variable methods of
computations were used for the present data series for subdivisions and all India
(1875-2010). For the analysis of variability of rainfall in districts or subdivision scale it is
extremely necessary to have good data series. It is also necessary for developing
empirical based rainfall forecast models for sub-divisions, homogeneous regions and

country as a whole.

2, Data and methodology

Monthly rainfall data of 6926 stations for the period 1901 to latest are taken
from the archival of National Data Center of India Meteorological Department. The data

available for all the stations are of variable periods.

India Meteorological Department has recently updated the rainfall normal
(1951-2000) and rainfall monitoring are now done for 641 districts. All the raingauge
stations are therefore reallocated to represent all these new districts. Monthly rainfalls of
all the districts are then computed by arithmetic mean of the available stations in the
concern district of individual year. The availability of data for the first half of the 20"

century is very poor for Arunachal Pradesh. Data series could be prepared for most of
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the districts of this state from the year 1965-66 with only exception for Changlang
district and East Siang district. Year-wise number of stations for which data were used
to compute the district values is also made (not shown).

From the district rainfall series so constructed, subdivision rainfall series for all
the months, seasons and annual are constructed using the district area weighted
method. Finally all India rainfall for all the months, seasons and annual are computed

using the area weighted method from the subdivision values.
3. Result and Analysis
3.1 Details about the new rainfall series

Table 1 shows the information regarding the district rainfall series that has been
computed for the different years starting from 1901. Availability of the district data and
also missing years for each state in the final rainfall series is shown. The availability of
data for the first half of the 20™ century is very poor for Arunachal Pradesh. Data series
could be prepared for most of the districts of this state from the year 1965-66 with only
exception for Changlang district and East Siang district. Andhra Pradesh is categorized
as the best state where district series can be prepared for all the years from 1901 to
2005-06 except 3 years missing for the district Adilabad, 4 years missing for the district
Karimnagar, 2 year missing for the district Vizaynagaram and 1 year missing for the
district Medak. Year-wise number of stations for which data were used to compute the
district values are also made (not shown). District series can be prepared up to the year
2009 for the two states viz. Uttar Pradesh and Kerala. Other states having good data

availability are Goa, Tamilnadu and Rajasthan.

Table 2 shows the year wise number of district used for each of the 36
meteorological subdivisions while Table 3 displays the number of stations used for each
year to get the subdivision values. Fig.1 shows the location. Number and name of the
36 subdivisions. For the subdivision Rayalseema, rainfall data series is made available
for all the four districts for all the year from 1901 to 2006 without any missing year.
Similarly for coastal Karnataka, all the three districts data are made available from 1901
to 2003 and for Madhya Maharashtra all the 10 districts data are made available from
1901-2004. The availability of district data is reasonably good for all the meteorological

subdivisions also up to the year 2004-2005.



Figures 2 and 3 represent the number of stations and districts for the country
as a whole for which the data can be made available against the individual year starting
from 1901 to 2009. There is significant decrease in the number of stations and also
number of districts after 2003-04. Number of stations has declined from 4325 in 2003 to
3426 in the year 2004 and it decreased to 2123 in 2005. As a result the number of
districts for which monthly rainfall values has been computed from 535 in 2003 to 515 in

the year 2004 and 440 in 2005. The values are very poor in the subsequent years.

There are many reasons for poor data availability in the recent years. One
reason is the delay in receipt of rainfall data from the state authorities. However as
mentioned earlier rainfall data of around 2500 raingauges stations including state
raingauges are being received separately in near real time and monthly values of
districts and subdivisions are available in the archive. These monthly values for the
districts, sub-divisions and country as a whole can be considered for the recent 5-6
years as a near real time data and can be replaced their after once data from all the

state raingauge stations received in delayed mode.

3.2. Comparison of the new rainfall series with the existing rainfall series of IMD

As mentioned earlier, there is no uniform methodology used for computation of
the existing subdivision and all India monthly rainfall series of IMD. Prior to the year
2002, for computation of monthly rainfall of particular subdivision, simple arithmetic
mean of all stations available at the time of computation was used. Also from 1992 to
2010, computation was made on near real time basis and thus less number of stations
(around 2000-2500) is used. Also there is no long series of district monthly rainfall
series available. Only available district rainfall series in IMD is from 1992 which also

has been computed using near real time data and thus having less number of stations.

Present series gives monthly rainfall series of on an average 544 districts/year
are computed based on an average 3116 number of stations/year of the country. For
computation of subdivision values, district area weighted method is used over the
complete period (1901-2009).

Table 4 presents the comparative descriptive statistics between the new series
and existing series of all India rainfall based on the data period 1901-2005. The reason

for selecting this period is that from 2006 onward the data availability is very poor and it
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will not be practical to compare in this period. This will help in providing the information
on the statistics of the existing rainfall series as well as the new rainfall series and also
how the new series is varying with the existing one. Second and third columns of Table
4 give the mean rainfall for the IMD series and the new series for all the months,
seasons and annual. The differences between the two series are very less. We have
also performed two well known statistical test viz. student’s t test and z test to see if
there is any difference between the means.

The null hypothesis in this case is

HO: The difference between the means is equal to 0.

Against the alternative hypothesis

Ha: The difference between the means is different from 0.
As the computed p-value is greater than the significance level alpha=0.05, one

cannot reject the null hypothesis HO.

This is done separately for all the months, seasons and annual and the result of

the test is same for all.

There is hardly any difference in median values but there exists some
differences in the mode values for some months and seasons. Mode is the value that
occurs most frequently in a data set. The differences are noticed for the month of April-
August, November and December and for the seasons Jan-Feb and Oct-Dec. This is
because of that the new series is based on more number of stations than the existing
series and also there is difference in the methodology of computation. The last four
columns of Table 4 are very important as they show whether the new series has caused
shifting in extreme values and corresponding year of the all India rainfall from the
existing one. Highest and lowest monthly rainfall values during the period 1901-2005
and the corresponding year of occurrence are shown. Except for the month of
December and the winter season (Jan-Feb) there is no change in the year of
occurrences of maximum values. Maximum southwest monsoon rainfall of 1122.8 mm
present in the existing series in the year 1917 has changed to 1084.3mm in 1917 in the
new series. Compare to maximum rainfall there are more changes in the year of
occurrence of minimum rainfall. This change is noticed for the month of January, April,
August and December and for annual. This table brings another important feature.

Though mean monthly rainfall is highest for the month of July and lowest for the month
5



of December, maximum monthly rainfall value is highest in July but lowest in February,
the second lowest is January. The lowest value in minimum monthly rainfall is for

December and highest value in minimum monthly rainfall is August not the July month.

4, Conclusions

For the first time long rainfall series for districts of the country from the year
1901 are made available. There are great demands from the users and particularly state
authorities to have long series of district rainfall data for their regions. Also a better and
uniform methodology is used for the computation of the new rainfall series. The
limitation of the new series is the low number of stations used for the computation of
rainfall for the recent years. The series uses the rainfall data of all the raingauge
stations of the country that received in delayed mode. Thus there is a data gap for 4-5
years in the archive. However the rainfall values used by IMD for districts, subdivisions
and all India based on near real time data under District Rainfall Monitoring Scheme

(DRMS) using around 2500 stations are available on near time basis.
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Andaman & Nicobar Islands
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Assam & Meghalaya
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. Jammu & Kashmir
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. South Interior Karnataka
. Kerala

. Lakshadween

Fig. 1. Name and location of meteorological sub-divisions of India
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Fig. 3. Yearly frequency of number of districts for the country
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Fig. 4. Comparison of the seasonal rainfall between the new rainfall series

and existing rainfall series of IMD.
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