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Abstract 
 
Environment pollution is a major problem in developing countries 
these days. Air pollution in particularis a cause of many diseases.In the 
present study an attempt has been made to map the pollution areas of 
Agra and predict the pollution at unsampled location.For this thirty 
places of Agra are selected for collectingair samples.Geographic 
Information System (GIS) and Kriging (Ordinary Kriging) approach is 
used to show the polluted and unpolluted areas in Agra (Dayalbagh) 
region. GIS tool have become an important component of pollution 
detection methodology. Ordinary Kriging used here is an interpolation 
technique. The semivariogram is plotted to show the relation between 
lag distance and semivariance. The Ordinary Kriging filled the map 
with different colors. Each color corresponds to different value of air 
pollution. Spatial Analysis and Decision Assistance (SADA) GIS 
software is used in the present work for the prediction of the pollution 
level at the location where sample is not taken. 
 
Keywords: Geographic Information System; Kriging; Ordinary 
Kriging; Semi-variogram; Air pollution and SADA. 
 
 

1. Introduction 
In different types of environmental pollutions the air pollution is a major challenge for 
ozone layer Protection. Exposure tohigh outdoor air pollution concentrationscauses 
increased diseases and deaths. India ranks fifth in terms of Global Greenhouse Gas 
Emissions (506.04 MtC, million metric tones’ of carbon equivalent) after United 
States, China, European Union, and Russian Federation. Per capita emission (Tons of 
C per person) in India is only 0.5 compared to 6.6 in USA. Kyoto Protocol signatories 
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including India have agreed to limit and reduce their emissions of greenhouse gases 
between 2008 and 2012 [1].The ambient air quality is extremely poor with reference to 
SPM (Suspended Particulate Matter) in Agra. Prescribed locations are in sensitive 
category, for whichstandard limit of SPM is 100 μg/m3 but in these cases values are 
very much higher i.e. vary from 312 μg/m3 to 969 μg/m3[2].Researchers have applied 
techniques to reduce pollution. Silva and Mendes [3] performed study to attain the 
following objectives: to quantify the atmospheric emissions from the major industrial 
sources located in the city and its vicinity and to evaluate the influence of these 
industrial sources to the air quality of the city. Bozek et al. [4] deals with the 
assessment of risk to the population being exposed to the air contaminated by 
polycyclic aromatic hydrocarbons. 
 
1.1 Kriging 
Kriging is an interpolation technique which is used to estimate variable at an 
unmeasured location from observed values at nearer locations. Kriging weights come 
from a semivariogram that was developed by looking at the spatial structure of the 
data. To create a continuous surface or map of the phenomenon, predictions are made 
for locations in the study area based on the semivariogram and the spatial arrangement 
of measured values that are nearby. Shad et al. [5] used a GA to determine the 
threshold parameters for a fuzzy membership kriging function based on preprocessed 
data from Tehran, Iran. Holdaway’s [6] suggested that the climatic record at forest plot 
locations may be useful in studying how forests will respond to future climatic change. 
Bezzi and vitti [7] evaluated the results of different kriging interpolation approaches.  
 
1.2 Ordinary Kriging 
Kriging approaches are available in various forms but all are based on the concept of a 
basic linear regression algorithm. The estimate at location u can be expressed as 

푍∗(푢) = ∑ 휆  (푢)푍(푢 )  (1) 
 

WhereZ (uα) is the random variable model at location uα. The uα’s are the n data 
locations, the λα (u)’sare the ordinary kriging weights and Z*(u) is the estimated value. 
Here the weights λα (u) are subject to the system [8]. 

 
1.3 Semi-Variogram 
A geostatistical function describes in numerical terms (or represents graphically) the 
predictability relationship between points of data at some distance from each other. 
This predictability constrains the confidence within which the estimation of a value is 
made, and therefore an estimate of the risk is quantified [8].The present work was 
carried out to achieve the following objectives: 

i. To quantify the atmospheric emissions from the major industrial sources 
located in the city and its vicinity. 

ii. To evaluate the influence of these industrial sources to the air quality of the 
city. 
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iii. To study the influence of traffic on roads on the air pollution. 
 
 

2. Materials and Methods 
2.1 Data Acquisition 
Air pollution concentrations were sampled and measured in various regions of 
Dayalbagh, Agra. Smaller area or sub-district region are useful and less costly to 
sample, in case of large area it is more costly in terms of time, finance, and manpower 
to sample. Agra is a mid-sized city; the challenge in Agra is to develop an 
environmental program. In this program, somePolycyclic Aromatic Hydrocarbons 
(PAHS) samples are taken at various places (sample points) in Dayalbagh, Agra region. 
The analysisis done with the help of Gas chromatography–mass spectrometry (GC-
MS).  
 
2.2 Creation of Sample Database 
These are the usual sample measurements taken at specific points around Dayalbagh 
site. To input data values in SADA it has to be kept in a tabular format with each row 
representing a single measurement value of a single contaminant (or attribute) and 
each column representing information about the measurement, such as the easting 
coordinate, northing coordinate, depth, name of the contaminant, measured value at 
that location and CSA number. In the present work spreadsheet program Excel is 
used.SADA can import measured values using two different kinds of files. Comma 
Separated Value or csv files are the most commonly used file type [8].The data base of 
sample points are given in Microsoft excel format in Table 1: 
 

Table1: Different sample points taken at Dayalbagh (Agra). 
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The excel sheet above show the data and air pollution values of different sample 
points. 

 
 

3. Data Analysis and Result 
The excel sheet sample points on Dayalbagh (Agra) map are imported to SADA 
software. Once the importing process is completed, the SADA software automatically 
depicts the sample points on the map.  

The map of Dayalbagh, Agra with sample points’ locations isshown in the Fig.1: 
 
 

 
(Direction adjusted to create map) 

Fig. 1: The Air pollution data collected in Dayalbagh (Agra). 
 

Thirty places are selected for sampling process of air pollution measurements. 
These places are marked as point in the figure. At these points the value of air 
pollution is taken. The value of air pollution is in the range of 0 to 50 as shown in the 
figure legend manager. The higher air pollution (50) is shown by red color and no air 
pollution (0) is shown by purple colorin figure and the values between 0 and 50 are 
shown by different colors.Semivariogram is required before applying kriging on the 
graph. In Semivariogram requiredparameters are Lag number, Lag distance, Lag tol, 
Angle, Tol and Bandwidth etc.Gaussian model is selected for the present work.The 
semivariogram is shown below: 
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Fig. 2: Air Pollution in Dayalbagh Semivariogram. 

 
3.1 Characteristics of the Semivariogram 

Sill: The semivariance value at which the variogram comes to saturation. Sill 
represents the amplitude of a certain component of the semivariogram. 

Range: The point at which semivariogram reaches the sill that lag distance is 
called the range. After that range autocorrelation is zero. 

Nugget: Theoreticallyat the origin the semivariogram value should be zero. If it is 
not zero, then value of semivariogramis referred to as the nugget. 

The semivariance is directly proportional to the lag distance. The spherical model 
actually reaches the sill value at the specified range. The exponential and Gaussian 
approach the sill at a range the distance at which the semivariance reaches 95% of the 
sill value. After completing semivariogram one can apply kriging.If Kriging is applied 
on the map, the map will be filled with different colors according to sample values. 
The map after applying kriging is shown below: 

 

 
(Direction adjusted to create map) 

Fig. 3: Air Pollution in Dayalbagh Estimates (Ordinary Kriging) 
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The red color shows the highly polluted area and purple color indicates no 
pollution area. There are different colors between red and purple. Each color 
corresponds to different value of air pollution. 

 
 

4. Conclusion 
This paper demonstrates that ifpollution sample data is given then kriging may be 
applied on them to predict the value at unmeasured location. The map is made to show 
polluted and unpolluted areas. Pollution is the cause of many deceases therefore details 
of polluted area are important for further investigation and alert. 
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