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APPLIED RESEARCH

Abstract
”Necessity is the mother of Invention”. Here necessity 
is to incorporate the rain gauge stations with different 
administrative boundaries like State, Met-subdivision 
(36), District (738), Blocks (5961) and river basin and sub-
basins (162) in the Hydro-meteorological services. India 
Meteorological Department (IMD) has 6372 rain gauge 
stations throughout India. IMD has to prepare the rainfall 
statistics, maps, charts etc. in different spatial mentioned 
above and temporal (Daily, Weekly, Monthly, Seasonal 
and annual) domains and disseminate to different 
Ministries, Prime Minister Office, Cabinet Secretariat, 
NITI Ayog and different insurance companies. Many 
Academic, Insurance and Banking institutions are also 
downloading these statistics and maps from the IMD 
website. 

The purpose of this paper is to present how to overcome 
the problems of overshoots and undershoots of Districts 
and Blocks by using ArcGIS platform and get a good 
solution for the preparation of station level data by 
incorporating all the Block, Districts, Met-Sub-Divisions, 
States, Homogeneous Region, River Basins and sub-
basins data. It will be very useful for GIS Analysts for 
preparing different spatial and temporal scale analysis.
 

Introduction
India Meteorological Department (IMD) is the nodal 
agency for preparing the rainfall statistics, maps, charts 
etc. in different spatial (District, Met-subdivision, State, 
Homogeneous Region and country) and temporal 
(Daily, Weekly, Monthly, Seasonal and Annual) domains 
and disseminate to the different ministries, Cabinet 
Secretariat, Neeti Ayog and different insurance 

companies. Many Academic, Insurance and Banking 
institutions are also using these data on a day to day 
basis. Different methods like Arithmetic Mean, Thiessen 
Polygon, Isohyetal and Isopercental are there for 
calculating the point rainfall to average areal rainfall. 
IMD is using the Arithmetic mean for calculating the 
rainfall statistics and maps by using ArcGIS. IMD is 
preparing the rainfall statistics for the 738 districts, 36 
Met sub-divisions, 36 states & Union territories (UTs), 
four homogeneous regions and the country as whole by 
using these 6372 station level rainfall data.

For spatial analysis over river sub-basins and district 
level during heavy rainfall events over India, Isohyetal 
technique is used. For the Design Storm Analysis, over 
any catchment for construction of dams, reservoir, 
barrage, station level rainfall data is the main input. 
For getting better results, station level correct Latitude 
and Longitude is required. In the station level data, 
information for the Blocks, Districts, Sub-basins, States, 
Met-subdivisions are to be incorporated. To complete 
this job, Geographical Information System (ArcGIS) is 
used for easy and quick solution.

Why ArcGIS in hydrometeorological 
services? For easy and quick solution



33ArcIndia News | Vol. 23 | esri.in

Data and Methodology
Hydromet Division, IMD has 6372 rain gauge station 
network. Rainfall data of these stations are collected 
from different Meteorological Centers (MCs) through 
emails. IMD has 22 Met Centres (MC) under 6 Regional 
Meteorological Centers (RMCs) namely Delhi, Mumbai, 
Kolkata, Chennai, Guwahati, and Nagpur. For the 
preparation of district level rainfall statistics, Hydromet 
division is using Shape files of 738 districts.  IMD has 
collected the State, District and Block level Shape files 
from Survey of India (SoI). River sub-basins Shape files 
have been collected from Central Water Commission 
which are used to give Quantitative Precipitation 
Forecast (QPF) and Hydromet bulletin for 162 River sub-
basins with 7 days lead time. IMD has corrected the 
Latitude, Longitude of the rainfall stations by plotting 
the data using ArcGIS platform. 

District level shape files have the information of the 
States, Met-subdivisions and Homogeneous Regions 
like East-North-East Region, North-West Region, Central 
Region and Southern Peninsular Region (Table-2). Only 
single information ‘Name of the Blocks’ (Table-1 Only for 
one district is shown) is available in the Block Shape files. 
There were undershoots and overshoots of block Shape 
files with the district Shape files file (Figure-1). There was 
no problem if there were no undershoots and overshoots 
of the block level Shape files with district Shape files. 
The aim of this work is to integrate information about 
the Block name, District name and sub-basin names with 
the station rain gauge data. It is the Necessity.

Fig 1: Rain Gauge Network of IMD Fig 2: Undershoots & Overshoots of the Shape Files

Table 1: Attribute in Block Shape Files
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Step 1: We have to insert all the attribute available in the 
district Shape files within the block level Shape files. If 
there are no undershoots and overshoots in the block 
and district Shape files, then it is very easy to collect the 
information available in District Shape files to the Block 
level Shape files. 

In the block level data, there are only Block names, no 
common field is there. So, it is not possible to link the 

block level Shape file with district level information. 
Applying spatial join with block level Shape files to the 
district Shape files using System Toolboxes     Analysis 
Tools    Overlay    Spatial Join (Fig-3) (Match Option: 
completely within).

Table 1: Attribute in Block Shape Files

Table 2: Attribute in District Shape Files



After spatial join, many of the blocks are not joined with 
the correct district as they are not completely within 
the district polygon. Many of the blocks have taken null 

(Highlighted in green) or the district name adjacent 
to that district (Lying less percentage area) which is 
reflected in the logical column of the Table-3.

Fig 3: Spatial Join of Block Shape Files with District
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Block Name Region Subdivision State District RMC_MC

Patrasayer EAST AND NORTH 
EAST INDIA

GANGETIC
WEST BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Sonamukhi EAST AND NORTH 
EAST INDIA

GANGETIC
WEST BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Indpur EAST AND NORTH 
EAST INDIA

GANGETIC
WEST BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Hirbandh

Raipur

Ranibundh EAST AND NORTH 
EAST INDIA

GANGETIC
WEST BENGAL

WEST BENGAL PURULIA RMC KOLKATA

Srenga

Khatra EAST AND NORTH 
EAST INDIA

GANGETIC
WEST BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Indus EAST AND NORTH 
EAST INDIA

GANGETIC
WEST BENGAL

WEST BENGAL PURBA BARDHAMAN RMC KOLKATA

Jaypur EAST AND NORTH 
EAST INDIA

GANGETIC
WEST BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Kotulpur

Saltora EAST AND NORTH 
EAST INDIA

GANGETIC
WEST BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Mejhia EAST AND NORTH 
EAST INDIA

GANGETIC
WEST BENGAL

WEST BENGAL
PASHCHIM

BARDHAMAN
RMC KOLKATA

Barjora

Chhatna EAST AND NORTH 
EAST INDIA

GANGETIC
WEST BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Bankura-I EAST AND NORTH 
EAST INDIA

GANGETIC
WEST BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Bankura-II

Gangajalghati EAST AND NORTH 
EAST INDIA

GANGETIC
WEST BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Simiapal EAST AND NORTH 
EAST INDIA

GANGETIC
WEST BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Taldangra EAST AND NORTH 
EAST INDIA

GANGETIC
WEST BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Onda

Vishnupur EAST AND NORTH 
EAST INDIA

GANGETIC
WEST BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Table 3: Attribute in Block Shape Wrongly Joined with District Shape Files

To rectify the district information in block shape file we 
have to place the centroid by using Feature to Point by 

using System Tool boxes     Data Management tool      
Features      Features to Point in ArcGIS Tool box. 
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After running this function, centroid point of the block 
Shape files placed inside the block area and a new 
feature class (Centroid Block) is created. The attribute 
data available with block Shape file has been transported 

to the centroid points (Shape files). Now, we applied the 
spatial join again with the Centroid point to the District 
Shape files (Fig 5). 

Fig 4: Placing Centroid of the Block Shape Files 

Fig 5: Spatial Join of Block Centroid Shape 

Files with District Shape Files
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Block Name Region Subdivision State District RMC_MC

Patrasayer EAST AND NORTH 
EAST INDIA

GANGETIC WEST 
BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Sonamukhi EAST AND NORTH 
EAST INDIA

GANGETIC WEST 
BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Indpur EAST AND NORTH 
EAST INDIA

GANGETIC WEST 
BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Hirbandh EAST AND NORTH 
EAST INDIA

GANGETIC WEST 
BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Raipur EAST AND NORTH 
EAST INDIA

GANGETIC WEST 
BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Ranibundh EAST AND NORTH 
EAST INDIA

GANGETIC WEST 
BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Srenga EAST AND NORTH 
EAST INDIA

GANGETIC WEST 
BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Khatra EAST AND NORTH 
EAST INDIA

GANGETIC WEST 
BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Indus EAST AND NORTH 
EAST INDIA

GANGETIC WEST 
BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Jaypur EAST AND NORTH 
EAST INDIA

GANGETIC WEST 
BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Kotulpur EAST AND NORTH 
EAST INDIA

GANGETIC WEST 
BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Saltora EAST AND NORTH 
EAST INDIA

GANGETIC WEST 
BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Mejhia EAST AND NORTH 
EAST INDIA

GANGETIC WEST 
BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Barjora EAST AND NORTH 
EAST INDIA

GANGETIC WEST 
BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Chhatna EAST AND NORTH 
EAST INDIA

GANGETIC WEST 
BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Bankura-I EAST AND NORTH 
EAST INDIA

GANGETIC WEST 
BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Bankura-II EAST AND NORTH 
EAST INDIA

GANGETIC WEST 
BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Gangajalghati EAST AND NORTH 
EAST INDIA

GANGETIC WEST 
BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Simiapal EAST AND NORTH 
EAST INDIA

GANGETIC WEST 
BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Taldangra EAST AND NORTH 
EAST INDIA

GANGETIC WEST 
BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Onda EAST AND NORTH 
EAST INDIA

GANGETIC WEST 
BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Vishnupur EAST AND NORTH 
EAST INDIA

GANGETIC WEST 
BENGAL

WEST BENGAL BANKURA RMC KOLKATA

Table 4: Attribute of Block Shape Correctly Joined with District Shape Files Attribute

Now the attribute of the District Shape files is linked/
attached with all the Block centroid files (Here results of 
a district has been shown in Table 4). This attribute table 
is to be exported in the Excel file which is to be linked 
later with the original block Shape files by <Selecting 

the shape file>   ‘Right click’    Joins and Relates    Join 
with the common field ‘Block Name’. Now District, Met 
sub-divisions, States information for all 5972 blocks are 
filled in the attribute table.
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Table 5: Attribute of Block Centroids (Column 2 & 3) are Same as the Block Shape Files 

Now, there are the 6745 point features for the rain gauge 
stations which contain the attribute of Lat/Long, District, 
Met-subdivisions, States, Homogeneous Regions except 
Block level information. We have to link the block level 
information to the station data. Now, we apply again 
the spatial join of the station data with the block Shape 
files (Fig-6). Here few stations lying in actual district may 

come to the other block which is not under that district. 
After applying the spatial join only 143 stations out of 
6745 stations whose districts are not matching (Shown 
in Table 6) with the districts reflected in the Block Shape 
files. Manually we corrected the districts names of these 
stations.

FID BLOCK SUB_
DISTRICT Region Sub

divsion

Sub
division 

Code
State State 

code District District 
Code

RMC_
MC Logical

584 Patrasayer Patrasayer EAST AND NORTH 
EAST INDIA

GANGEIC 
WEST BENGAL

204
WEST 

BENGAL
20411 BANKURA 20411001

RMC 
KOLKATA

True

781 Sonamukhi Sonamukhi EAST AND NORTH 
EAST INDIA

GANGEIC 
WEST BENGAL

204
WEST 

BENGAL
20411 BANKURA 20411001

RMC 
KOLKATA

True

782 Indpur Indpur EAST AND NORTH 
EAST INDIA

GANGEIC 
WEST BENGAL

204
WEST 

BENGAL
20411 BANKURA 20411001

RMC 
KOLKATA

True

783 Hirbandh Hirbandh EAST AND NORTH 
EAST INDIA

GANGEIC 
WEST BENGAL

204
WEST 

BENGAL
20411 BANKURA 20411001

RMC 
KOLKATA

True

784 Raipur Raipur EAST AND NORTH 
EAST INDIA

GANGEIC 
WEST BENGAL

204
WEST 

BENGAL
20411 BANKURA 20411001

RMC 
KOLKATA

True

785 Ranibundh Ranibundh EAST AND NORTH 
EAST INDIA

GANGEIC 
WEST BENGAL

204
WEST 

BENGAL
20411 BANKURA 20411001

RMC 
KOLKATA

True

786 Srenga Srenga EAST AND NORTH 
EAST INDIA

GANGEIC 
WEST BENGAL

204
WEST 

BENGAL
20411 BANKURA 20411001

RMC 
KOLKATA

True

787 Khatra Khatra EAST AND NORTH 
EAST INDIA

GANGEIC 
WEST BENGAL

204
WEST 

BENGAL
20411 BANKURA 20411001

RMC 
KOLKATA

True

3148 Indus Indus EAST AND NORTH 
EAST INDIA

GANGEIC 
WEST BENGAL

204
WEST 

BENGAL
20411 BANKURA 20411001

RMC 
KOLKATA

True

3149 Jaypur Jaypur EAST AND NORTH 
EAST INDIA

GANGEIC 
WEST BENGAL

204
WEST 

BENGAL
20411 BANKURA 20411001

RMC 
KOLKATA

True

3150 Kotulpur Kotulpur EAST AND NORTH 
EAST INDIA

GANGEIC 
WEST BENGAL

204
WEST 

BENGAL
20411 BANKURA 20411001

RMC 
KOLKATA

True

4354 Saltora Saltora EAST AND NORTH 
EAST INDIA

GANGEIC 
WEST BENGAL

204
WEST 

BENGAL
20411 BANKURA 20411001

RMC 
KOLKATA

True

4355 Mejhia Mejhia EAST AND NORTH 
EAST INDIA

GANGEIC 
WEST BENGAL

204
WEST 

BENGAL
20411 BANKURA 20411001

RMC 
KOLKATA

True

4356 Barjora Barjora EAST AND NORTH 
EAST INDIA

GANGEIC 
WEST BENGAL

204
WEST 

BENGAL
20411 BANKURA 20411001

RMC 
KOLKATA

True

4357 Chhatna Chhatna EAST AND NORTH 
EAST INDIA

GANGEIC 
WEST BENGAL

204
WEST 

BENGAL
20411 BANKURA 20411001

RMC 
KOLKATA

True

4358 Bankura-I Bankura-I EAST AND NORTH 
EAST INDIA

GANGEIC 
WEST BENGAL

204
WEST 

BENGAL
20411 BANKURA 20411001

RMC 
KOLKATA

True

4365 Bankura-II Bankura-II EAST AND NORTH 
EAST INDIA

GANGEIC 
WEST BENGAL

204
WEST 

BENGAL
20411 BANKURA 20411001

RMC 
KOLKATA

True

4377 Gangajalghati Gangajalghati EAST AND NORTH 
EAST INDIA

GANGEIC 
WEST BENGAL

204
WEST 

BENGAL
20411 BANKURA 20411001

RMC 
KOLKATA

True

4378 Simiapal Simiapal EAST AND NORTH 
EAST INDIA

GANGEIC 
WEST BENGAL

204
WEST 

BENGAL
20411 BANKURA 20411001

RMC 
KOLKATA

True

4379 Taldangra Taldangra EAST AND NORTH 
EAST INDIA

GANGEIC 
WEST BENGAL

204
WEST 

BENGAL
20411 BANKURA 20411001

RMC 
KOLKATA

True

4380 Onda Onda EAST AND NORTH 
EAST INDIA

GANGEIC 
WEST BENGAL

204
WEST 

BENGAL
20411 BANKURA 20411001

RMC 
KOLKATA

True

4381 Vishnupur Vishnupur EAST AND NORTH 
EAST INDIA

GANGEIC 
WEST BENGAL

204
WEST 

BENGAL
20411 BANKURA 20411001

RMC 
KOLKATA

True
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Fig 6: Spatial Join of Station Shape Files with Block Shape Files
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Table 6: District Name of the Stations that are Not Matching with the District of Block Shape File 

(32 out of 143 are shown)

Now we have to update the information of the River 
basin and sub-basins in the point i.e. station rain gauge 
data. Again, we have applied the spatial join to the 

station Shape files with the river sub-basin Shape files. 
In the output files all the stations are updated which are 
lying within the river sub-basins. 
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Table 7: Stations Data with Blocks, District, River Baisns/Sub-basins (30 out of 6372 are shown)
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Conclusion
At the end of the process, we have added the attribute 
(District, Met sub-division, Homogeneous Region, 
RMC/MC etc.) to the block level Shape files. Secondly, 
in station level rain gauge data, we have added correct 
information of the Blocks in which it is lying. Finally, 
the information available in the river Basins/sub-basins 
Shape files is also incorporated in the station level data 
which is a big achievement.

By using ArcGIS, we can easily solve the problems of 
overshoots an undershoots of the block Shape files 
and district Shape files information in the station level 
data. Now, these stations data may be used for the 
preparation of rainfall statistics by using arithmetic 
mean method for the block level and river sub-basin 
level for the daily, weekly, monthly, seasonal and annual 
basis and specified period also.
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