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Abstract
Identification of interesting and unexpected climate change 
patterns from vast spatial and temporal datasets is an intricate task. 
The spatial and temporal variations in the surface air temperature 
of Indian Punjab State was studied using the data of 101 years 
(1901- 2002). Spatial data mining was used for multivariate spatial 
clustering and geovisualization of the data for identifying clusters 
with similar trends of temperature change.  We used this approach, 
for the first time, to predict the changes in temperature over the 
years in Indian Punjab. The least change in surface temperature 
is in central Punjab, but maximum change is in north and north 
eastern regions of Punjab.  
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I. Introduction
Geo-spatial data sets used in research fields (like agriculture, 
meteorology, crime, socio-economic and public health studies 
etc.) have complex structures because this type of dataset has a 
large number of variables besides spatial information. Multivariate 
spatial data sets can be very useful in understanding the complicated 
phenomenon of a region because multivariate analysis takes into 
account many variables analyzed simultaneously to provide 
information about the natural groupings within the data. However, 
multivariate spatial datasets have multiple spaces (like geographic 
or multivariate space) and may take various forms like linear or 
non-linear. Therefore, it is a difficult task to explore huge datasets 
and extract interesting and unexpected patterns from it. For 
example, during the analysis of the agricultural crop productivity 
over time, the analyst is not only interested in the identification 
of temporal trends but also in spatial variations of such trends. 
A comprehensive understanding of such dataset is required to 
extract unexpected and new patterns from it. Spatial data mining 
and exploratory spatial analysis can be useful for such work. 
According to [1], the techniques of spatial data mining and 
exploratory spatial analysis fall into three main groups: statistical, 
computational and visual approaches. The statistical approaches 
use techniques like geographically weighted regression, 
spatial association tests, spatial scan statistics and models etc. 
The computational techniques include algorithms for finding 
patterns like clusters, spatial association rules and outliers 
etc. The visualization techniques include various methods for 
geovisualization, multivariate mapping and analysis.  Use of 
only algorithms or techniques from a single group will not be 
sufficient for getting the comprehensive insights into the dataset 
because each group of spatial data mining and exploratory spatial 
analysis has their own strengths and weaknesses. [2] and [3] and 
[4] combined the techniques and algorithms of computational and 
visual approaches to build an integrated system which can be used 
for multivariate analysis and visualization of data. There are very 
few climate change studies based on these techniques. 
[5] and [6] have done climate change studies in Indian Punjab but 
they are mainly focused on the temporal variations in temperature 
and rainfall at a particular location while ignoring the spatial 

aspect. Very few studies have been done which consider both 
temporal and spatial aspects and also identifies the month wise 
variations for whole Punjab. The world bank website http://
sdwebx.worldbank.org/climateportal contains the maps regarding 
the average temperature for the Punjab area for various periods 
but they have very coarse information.  [7] used the cropping 
system model CropSyst for simulating the climate change impact 
on crop productivity for future periods 2020, 2050, 2080. They 
have used the coarse resolution gridded weather data (1*1 degree) 
from Indian Metrological Department as baseline data.  
[8] introduced the application of a multivariate geovisualization 
approach to explore and understand complex climate change 
patterns including geographic space, time, and multiple variables.  
The multivariate geovisualization approach was used to study the 
spatial and temporal variations in surface air temperature over 101 
years for Indian Punjab. 

A. Spatial Data Mining
The SOMVIS software (developed by Department of Geography, 
University of South Carolina, USA) was used in this study. This 
software provides an integrated environment for spatial data 
mining and visualization of multivariate data.  
There are three interlinked views in this software: (a) SOM (Self 
Organizing Map) (b) Map and, (c) PCP (Parallel Coordinate 
Plot) [9]. The SOM component identifies the various clusters in 
the dataset and also provides information regarding similarities 
between clusters using the U-matrix [9]. 
The Map and PCP helps in understanding these clusters.  The 
map component helps in multivariate mapping while PCP helps 
in the multivariate visualization of clusters and also data items. 
It acts as the legend of the map. All these views are interlinked, 
therefore any item selected in any view results in the selection of 
the corresponding related items in the other two views. 

II. Study Area
The Punjab, a state in India, covers a geographical area of 50,362 
sq. km. Its lies between 29o33’& 32o31’N latitude and 73o53’&76 
o55’E longitude. It shares the international boundary with Pakistan 
on its western side. 
The climate of Punjab is mainly influenced by the Himalayas in 
the north and the Thar Desert in the south and south-west. The 
state experiences three distinct seasons:  hot season from April 
to June, rainy season from July to September and winter season 
from October to March. 

III. Source of Data
The climate data set consists of monthly average surface air 
temperature values for from 1901- 2002 for 17 districts of 
Punjab. This online dataset (http://indiawaterportal.org/met_data/) 
generated by Indian Metrological Department was used in this 
study. 

IV. Preparation of Data
The following steps were used for preparation of data for spatial 
mining:
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A 60 (1900-1960) year monthly average temperature was 1. 
calculated for all the 17 districts. 
The data set for two decades (1961-1970 and 1971-1980) was 2. 
not used but the data from 1981-1990 and 1991-2000 was 
used for calculating monthly average for each district.
These twenty four monthly average attributes (1901-1960 and 3. 
1981-2000) were joined to 17 district headquarters locations in 
the GIS environment.  Spatial interpolation technique Kriging 
was used to interpolate the average temperature values and 24  
kriged rasters were generated for each month in the periods 
1901-1960 and 1980-2000. 
To explore the changes in temperature, an anomaly value 4. 
was calculated to find out any cooling or warming effect. The 
change was calculated by taking the difference of the monthly 
interpolated rasters of first 60 and last 20 year periods. The 
resultant were monthly change rasters.
A vector grid (cell size 2263 x2532 m) was generated across 5. 
the geographical extent of the study area. The centroids of 
the polygons in the grid were extracted in a new layer. The 
centroids were used to extract the values of the changed rasters 
as 12 attributes in a new vector layer. A spatial join was used 
to transfer the point data to a vector grid.  The final vector grid 
layer with 10,000 cells and 12monthly temperature change 
attributes was input to the SOMVIS software.

V. Results
As expected, The SOM view displayed the clusters in the data, 
the Map showed the spatial variability and the PCP displayed 
the temporal change. All the components are shown in Fig.1. 
A positive change represents increase in temperature for the 
particular month during the twenty year period as compared to 
the temperature during the sixty year period for the same location. 
The results showed that winters are getting warmer but summers 
are getting cooler in Indian Punjab. There were eight temperature 
clusters (an area showing similar change trend) identified for the 
state (Fig. 2). The temperature changes for each cluster have been 
described in Table 1.
The largest cluster is Cluster 3, it covers seven districts, northern 
and north eastern parts of the state, Kandi Area and the mountainous 
regions of Punjab. The temperature change is maximum, both 
in the summer and winter seasons of this area.  The Cluster 1 
in the central part of the state experienced minimum change in 
temperature in both the seasons. According to [6] also who had 
done the analysis of climate data of one location in Ludhiana 
district (located in central punjab) for the period 1970-2004, the 
climate has changed slightly over the three decades. The maximum 
temperature has decreased during Kharif (May to October) and 
slight increase trend in witnessed in the Rabi (Nov to April) period, 
as observed in our study also. According to [7] who had studied 
the climate change at a location in Bathinda (1970-2009), the 
trend is similar to that of Cluster 4 which covers part of Bathinda 
i.e.  warmer winters and cooler summers but the trend is not 
matching for the Ballowal Shaunkri area located in the Cluster 
3 which according to them show trend of decrease in  minimum 
temperature and increase of maximum temperature which does 
not match with the results of our study.
Geospatial data mining techniques which aid to study spatial and 
temporal variations, along with remote sensing and GIS can help in 
knowledge discovery from complex spatial and temporal datasets 
involving many variables.  The above methodology can be used 
to discover interesting pattern from climate, soil, agricultural and 
water resources data, correlate them to unravel current problems 

like food security, water table decline, crop diversification etc.  
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Table 1: Details of the Identified Clusters
S.No Cluster Geographic Location Major Temperature change Observations.

1 Cluster 1 Eastern Moga, Western and part of Central 
Ludhiana, Nothern Half of Barnala and 
Northern Sangrur, Some part of Jalandhar

Minimum Change in Temperature is seen in this region.  In 
Feb and April change is higher on the warmer side while in 
July and August the change is higher on the cooler side.

2 Cluster 2 Central Jalandhar, Phagwara, Eastern and 
part of Central Ludhiana,  Northern western 
Fatehgarh Sahib, Parts of Patial and Sangrur

In Feb and April, change is very high in the warmer side, 
in July and October the change is higher on the cooler side. 
March, Jun, Sept and October months are also showing cooler 
trends.

3 Cluster 3
Gurdaspur (except southern part), 
Hoshiarpur, Nawanshehar, Rupnagar, 
Ajitgrah, Parts of Patiala and Fatehgarh 
Sahib

It is the biggest cluster.  The temperature change is highest in 
the warmer side for the months of Feb, March, April, Nov and 
December. The change is also highest in the cooler side for 
the months of July and October 

4 Cluster 4
Faridkot (Except Western side), Western 
Moga, Southern Barnala, Nothern and 
Central Bathinda and parts of Muktsar and 
Barnala 

Change is higher on the warmer side for the months of 
December, April, and May. The change is higher on the cooler 
side for the months of August and September. March, June 
and October are showing cooler trends.

5 Cluster 5 Parts of Firozpur, Faridkot, Muktsar, 
Bathinda and Mansa Districts

The change is the highest in the warmer side for the months 
of Jan and May. It is also highest on the cooler side for 
the months of June and September.  Feb, Mar, April and 
December have become more warmer and July, August and 
October have become much cooler. It has the minimum 
change in the warmer side for April.

6 Cluster 6 Amritsar, Southern Gurdaspur, Northern 
Tarn Taran and Central Kapurthala

April and November are showing highest change in the 
warmer side while July and August are showing lowest 
change in the cooler side. January, February, March, May and 
December have become much warmer while June, September 
and October have become cooler.

7 Cluster 7 Central Taran Taran, Parts of Firozpur and 
Faridkot

Change is higher in June, September and October on the 
Cooler side, while warmer for January and May. July and 
August have become much cooler.

8 Cluster 8 Parts of Mansa and Southern Sangrur

Highest change on the cooler side for August.  January, 
February, March, April, May, November and December have 
become warmer while June, July, September and October 
have become cooler.

Fig 1: Data as Visualized in the SOM, Map and PCP Views of SOMVIS Software
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Fig. 2: Identified Temperature Clusters in Punjab


