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Abstract 

The health assessment and management requires precise quantitative assessment based on scientific principle 

and modern techniques. In the present study, Japanese encephalitis (JE) risk zone area are delineated using remote 

sensing, geographical information system (GIS) and decision making techniques includes the analytical hierarchical 

process (AHP) as a special case in Gorakhpur district, Uttar Pradesh. The method makes it possible for one to deal 

systematically, includes AHP as a special case. AHP determine the weights of various themes and their classes for 

identifying the disease risk areas. It has been concluded that about 27.19%, areas are in severe condition in of total 

area and having very poor and poor are about 6.99 and 4.61% of the study area. The area having high and moderate 

risk is about, with 28.29, to 33.08%, respectively. The JE risk zone map finally verified using the JE disease cases of 

year 2009 and the result was found satisfactory. 
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Introduction  

Japanese encephalitis (JE) is a mosquito borne 

disease caused by a neurotropic flavivirus, named 

Japanese encephalitis virus (JEV). The viral JEV was 

reported in July through November 2005 in Gorakhpur. 

It was the longest and most severe epidemic in three 

decades. As reported, 5,737 people were affected in 

seven districts of Eastern Uttar Pradesh and 1,344 

people died (WHO, 2005; Srivastava et al., 2008). It is 

well known that disease prevalence is largely controlled 

by environmental conditions and socioeconomic 

conditions (Patz et al., 2000).  GIS serves as a useful 

tool for the integration of the data gathered through 

analysis and manipulation, in the form of maps for the 

study. In decision support system, just GIS are not 

sufficient (Jankowaski, 1995). The disease risk planning 

and management requires a model for the district to 

assess the disease involving factors. The conceptual 

model is prepared using Analytical Hierarchy Process 

(AHP), which is most suitable for screening high risk-

zone areas, using weighted analysis steps. The main aim 

of this study is to determine the areas that are 

responsible for the JE disease growth. To delineate 

these risk-zone areas, including the above responsible 

factors, a decision needs to be taken. This approach 

should be developed by using decision making process. 

AHP is a MCDM theory proposed by Saaty (1987), 
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which is used in GIS applications due to its ability of 

dealing with multiple factors. MCDM is used to solve 

various site selection problems in multicriteria 

situations (Jun, 2000; Albayark et al., 2003).  

Materials and Methods 

The following are steps to develop a model for JE 

disease using AHP methods are illustrating. Figure 4 

presents the analytical flowchart, step by step. The first 

part represents the selection of a study area, which 

includes health problems related to the JE disease from 

literature review. The next step is data collection and 

integration in the GIS environment.  

Study area 

The site for this study was the Gorakhpur district 

(Fig. 1) Uttar Pradesh, India. It has an area of 3483.8 sq. 

km.  The district lies between the lat. 26°13′N and 

27°29′N; long 83°05′E and 83°56 ′E. Gorakhpur 

occupies the north eastern corner of the state of Uttar 

Pradesh, and is located to north of the river Ghaghra.  

Fig. 1. Location map of study area 

 

The Methodology for Generating JE Disease Risk 

Zone JE disease related database of year 2009 is 

collected from district hospital Gorakhpur (Table 1). 

Landsat TM 5, SRTM data and soil maps are used for  

generating GIS based maps. Database has been created 

in GIS. The analysis has been performed in raster form 

of data set. ArcGIS 10 is used to combine the spatial 

data and is run in the AHP model to generate the disease 

risk map with a suitable index model technique along 

with a validated with JE disease case map. The criteria 

maps are standardized with the relative importance of 

the class of each criterion. The final step involved in 

AHP is the aggregation of the relative weights obtained 

at each level of the hierarchy, to calculate the disease 

risk zone area. The output is developed for identifying 

the risk area of the disease in the entire district. The 

final part deals with the recommendations of the public 

health department.  

Steps for developing risk zone area of je disease 

For accessing the spatial integration of factors in 

year 2009 which were responsible for spreading the 

disease, a common methodology could be to develop 

the related spatial database regarding environmental 

conditions and socioeconomic conditions. The 

generated spatial parameter like water area, paddy crop, 

number of pig population, land surface temperature, 

number of   hospitals,   soil    map    and   the   affected 

population disease data set have been prepared using a 

suitable spatial analytical technique. The database has 

created and related maps were digitized and rasterized 

accordingly. In this study following steps are used to 

evaluate JE risk zone area. There are following four 

integrated steps to produce risk zone map of JE disease: 

Collection, preparation, and integration of spatial and 

non-spatial database in the GIS environment; AHP 

weight to the parameter involved; Generating risk zone 

JE disease map; Determining the zones. 
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Generation of pair-wise comparison matrices 

 The relative important values are determined with 

Saaty’s 1 to 9 scale, where a score of 1 represents equal 

importance between the two themes, and a score of 9 

indicates an extreme importance of one theme as 

compared to the other (Saaty, 1996). The thematic maps 

are rasterized into a pair-wise matrix at individual level. 

This is shown in table 2. Table 2 captures the idea of 

uncertainty in judgments through the principal Eigen 

value and the consistency index (Saaty, 2004). Saaty 

gave a measure of consistency (using maximum-based 

criteria), called Consistency Index (CI), which is 

represented by the following equation (1): 

             C    eq…..(1) 

Here, λmax is the largest Eigen value of the pair-wise 

comparison matrix and n is the number of classes. 

Consistency Ratio (CR) is the measure of consistency of 

the pair-wise comparison matrix, and is represented by 

the following equation (2): 

                                                     eq….(2) 

Here, RI is the Ratio Index. The value of RI for 

different n values is given in table 3. If the value of Ci 

less than or equal to 0.1, the inconsistency is acceptable. 

If CR is greater than 10 percent, it needs to revise the 

subjective judgment. CR for a pair-wise comparison 

matrix shown in table 2 is 0.09. To obtain the weighted 

matrix for the study area in each block, each column of 

the matrix’s weight is multiplied by the normalized 

value of each factor. To determine the final relative 

priorities, add the all value of factors and obtain a 

higher value of the weight to give the priority by itself. 

The Saaty's scale is used to define the ratio index value 

in n series data for different value of n (Saaty, 2004). 

The generated weight matrix in between all the thematic  

maps from table 2 pair-wise comparison matrix is 

generated. The normalized matrix value index is 

obtained by this matrix and explained in table 3.  

Ranking classes for various parameters 

The study is based on the disease environmental 

factor for 2009, by using remote sensing and GIS 

technique. The normalized matrix value is form in and 

explained in table 3. An impact on JE has been used to 

evaluate risk zone for the disease. Table 3 represents the 

weight of each thematic layer. 

Overlay analysis to find je risk zone area (rza) for je 

The risk zone map is computed by a weighted 

linear combination method (Malczewski, 1999) and is 

given by:                eq….. (3) 

Fig. 2. JE disease risk zone area map 

 

 

 

 

 

 

 

 

 

        

      Fig. 3. Distribution of JE disease risk zone area 
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Fig. 4. The methodology for generating JE disease risk zone area 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Detailed of data collected 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data Collected Proposed Use Source of data 

Topographical 

maps 

Preparation of Base 

map, Thematic 

Layers 

Survey of India (SOI), Dehradun 

 

Satellite images 

LU/LC, NDWI and 

LST  

http://earthexplorer.usgs.gov 

http://glcf.umd.edu/data/landsat/ 

http://glcf.umd.edu/data/srtm/ 

Soil map Extraction of Soil 

type 

NBSSL, Nagpur 

Statistical data Population 

distribution 

Census of India 

Pig population 

data 

Pig population 

statistics and maps 

Animal Husbandry Dept. Vikas 

Bhawan, Gorakhpur district. 

 

Health data 

Disease location 

map, Risk map, 

Disease modeling 

Health Department of Gorakhpur 

district 

 

Total 

Population  

Preparation of Geodatabase 

                Generating Rank 

Weighted linear combination 
to JE risk in each block 

JE risk zone 
area 

Validation 

Disease 
hotspot 

map 

Geodatabase 

SOI Toposheet Landsat 5 data, 

SRTM, Soil Map 
Health and Demographic Data 

Georeferencing 

Landuse/ 

Landcover 

LS

T 

Temperature map 

Georeferencing 

Interpretation 
and 

Classification 

Total population density Map 

Total pig population density map 
Total hospital Map 

JE disease cases Map of Year 2009 

Block 

Boundary 
Map 

Soil 
Map 

Total 

Hospital 
JE 

Disease 
cases 

2009 

NDWI 

Map 

Weights using AHP 

Develop 8 Thematic layers in reference to blocks 

Construct comparison matrix 

 

Obtain the weight of themes using 

AHP 
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Table 2. Pair-wise comparison matrix comprises related maps of various thematic layers and their corresponding 

classes  

Theme Classes Weight CR/Weight 

 

Pig population 

< 690 61.96  

 

0.09/18.39 
690 - 1400 22.43 

>1400 15.60 

 

Block wise Total Population 

 >1400 61.94  

 

0.03/12.04 
1401 - 700 9.64 

<700 28.42 

 

Total Hospital 

0-3 26.90  

0.09/10.05 
3-5 39.95 

>5 8.14 

 

 

 

 

Land use classes 

Paddy crop 21.09  

 

 

 

0.04/24.03 

Other crop 7.33 

Settlement 13.46 

Water 13.72 

Forest  16.91 

Barren land  24.93 

Pond 2.56 

 

 

Land surface Temperature 

>28 22.87  

 

 

0.08/7.4 

28-27 11.53 

27-26 13.98 

26-25 24.54 

<25 14.59 

NDWI Map Water 1 0.0016.13 

Non-water 2 

 

 

 

Soil Map 

Fine loamy 35.40  

 

 

0.007/11.95 

Coarse loamy 13.05 

Sandy 32.60 

Calcareous 12.27 

Sodic soil 6.67 

 

Table 3. Normalized matrix value index 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Pig 

population 

Map 

Total 

Population 

Map 

Total 

Hospital 

Map 

LU/L

C Map 

LST 

Map 

NDWI 

Map 

Soil 

Map 

Pig 

population 

Map 

0.1077 0.3586 0.1925 0.3218 0.2254 0.3243 0.0112 

Total 

Populatio

n Map 

0.0359 0.1195 0.1925 0.2682 0.1127 0.1946 0.0260 

Total 

Hospital 

Map 

0.0359 0.0398 0.0642 0.0134 0.0141 0.2595 0.2342 

LU/LC 

Map 

0.0359 0.0239 0.2567 0.0536 0.3944 0.0108 0.3123 

LST Map 0.0180 0.0598 0.2567 0.0077 0.0563 0.1297 0.0260 

NDWI 

Map 

0.0215 0.0398 0.0160 0.3218 0.0282 0.0649 0.3123 

Soil Map 0.7540 0.3586 0.0214 0.0134 0.1690 0.0162 0.0781 
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Table 4. Comparative table from the predicted area and ground truth data 

 

 

 

 

 

 

 

 

 

 

 
 

Validation of disease risk zone map 

Validation of disease risk zone area with collected 

field JE disease case data of year 2009 and generated 

hotspot map using Getis-OrdGi⃰ (d) technique from 

figure 5. (Verma and Gupta, 2014). The areas in this 

risk zone map for severe, high, moderate, poor and very 

poor conditions are shown in table 4.  Table 4 represents 

the comparative area with a predicted model and ground 

truth data of JE disease case of year 2009.  

Fig. 5. Validation Map of Disease Risk Zone Area 

 

 

 

 

 

 

 

 

 

The model is compared on the basis of different 

criteria, which include very poor, poor, moderate, high, 

and severe (with the range of number of JE disease 

cases). Less than 3 number of disease cases are 

predicted in 12.16% range, while in ground truth it is 

24.10 percent. About 4 to 6 number of cases lie in the 

12.25% range of the predicted model, while at ground  

level it is 11.21 percent. Moderate number of, between 6 

to 10, lie in the very high and severe conditions of the 

disease are categorized in range of 10 to 13 and above 

13, which is covers about 26.50 and 24.07% of area 

model, although at ground level it is 12.87 and 17.79%. 

This gives a realistic disease risk zone area map of the 

study area, which is used for health planning and 

development. Based on this result of study, concerned 

decision makers can formulate the model to justify that 

moderate to high and high to moderate risk zone area 

occupy. 

Conclusion 

Remote sensing, GIS and multicriteria decision 

making techniques have been successfully used and 

demonstrated for evaluation of disease risk zone area. A 

3 step methodology was used including development of 

thematic layers, deriving weights using AHP to find risk 

block/zone. Remotely sensed satellite image data and 

digitization of existing maps using GIS were used for 

preparation of thematic layers. AHP were used to 

provide utility weights for alternatives. Five categories 

of groundwater potential zone have been delineated 

based on remote sensing, GIS and AHP techniques. 
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