
I.  INTRODUCTION 

groundwater recharge zones of Allahabad city. Suitable sites 
for artificial recharge can also be determined by AHP [2]. 

II. STUDY AREA

Fig. 1. Study area. 

A. Data Used 
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III. METHODOLOGY

Identification of groundwater recharge zones in a basin is 
essential to suggest suitable recharge techniques for the 
augmentation of groundwater resources. The delineation of 
groundwater recharge zones in the basin has been carried by 
utilizing the application of Analytical Hierarchial Process 
(AHP) on geospatial analysis 

A. Delineation of Groundwater Recharge Zones 

To prepare the drainage density map of the study area, 
initially, the drainage network for the study area was digitized 
from the Survey of India toposheets at 1:50,000 scale. After 
preparing the drainage network map, the entire area was 
divided into sub watersheds. Further drainage map is overlaid 
on subwatershed map to find out the ratio called drainage 
density. The drainage density of the subwatershed is 
calculated as: DD = L/A where, DD = drainage density of 
subwatershed, L = Total length of drainage channel in the 
subwatershed (km), A = area of subwatershed (km2). 

In order to prepare the slope map, elevation contours (10 m 
interval) were generated from the SRTM data. Using surface 
analysis in the spatial analyst tool of ArcGIS software slope 
map was prepared. The aquifer transmissivity map of the area 

B. Deriving Weights Using AHP 

TABLE I. SAATY S 1-9 SCALE OF RELATIVE IMPORTANCE

Importance Scale

Equal importance 1 

Weak 2

Moderate importance 3 

Moderate plus 4 

Strong importance 5 

Strong plus 6 

Very strong importance 7 

Very very strong 8 

Extreme importance 9 

    The different class of thematic maps is assigned a weight 
age depending on its influence/ contribution on ground water 
recharge. Higher the weight, higher will be the effect of that 

AHP is basically a scoring method for the relevance of one 
parameter over the other. Thus a pair wise scaling of 
importance for a given end objective provides a matrix of 
important values which when solved using eigen- vector 
methods yields a solution of optimum weightages for the n 
parameters. The paired comparison matrix was prepared for 

-point scale.
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TABLE II. SAATY S RATIO INDEX FOR DIFFERENT VALUES OF N

n 1 2 3 4 5 6 7 8 9 10 

RI  0  0  0.58  0.89  1.12  1.24  1.32  1.41  1.45  1.49  

IV. RESULTS AND DISCUSSION

A. Geomorphology 

Fig. 2. Geomorphology map. 
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Fig. 3. Geology map. 

Fig. 4. Land use/land cover map. 

Fig. 5. Drainage density map. 

Fig. 6. Slope map. 
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Fig. 7. Soil map. 

Fig. 8. Aquifer transmissivity map. 

TABLE III. WEIGHTS ASSIGNED FOR THEMES 

Themes 
Assigned 

weight 
Normalized 

weight 

Geomorphology 7 0.19 

Geology 6 0.17 

LULC 6 0.17 

Drainage density 5 0.14 

Slope 5 0.14 

Soil 4 0.11 

Aquifer 
Transmissivity 

3 0.08

TABLE IV. PAIRWISE COMPARISON MATRIX FOR THE SEVEN THEMES 

Themes 

Themes 
Geom
etric 
mean 

Normali
zed 

weight G
M 

GG 
LUL

C 
DD Slope Soil AT 

GM 7/7 7/6 7/6 7/5 7/5 7/4 7/3 10.22 0.19 

GG 6/7 6/6 6/6 6/5 6/5 6/4 6/3 8.76 0.17 

LULC 6/7 6/6 6/6 6/5 6/5 6/4 6/3 8.76 0.17 

DD 5/7 5/6 5/6 5/5 5/5 5/4 5/3 7.30 0.14 

Slope 5/7 5/6 5/6 5/5 5/5 5/4 5/3 7.30 0.14 

Soil 4/7 4/6 4/6 4/5 4/5 4/4 4/3 5.84 0.11 

AT 3/7 3/6 3/6 3/5 3/5 3/4 3/3 4.38 0.08 

Total 52.54 1.00 
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TABLE VI. 

Charnockite 2.5 0.10

Khondalite 2.5 0.10

Laterite 5 0.20

Migmatite complex 2 0.08 

Sand and silt 6 0.24 

Sandstone & clay 4 0.16 

TABLE VII. NORMALIZED WEIGHT FOR INDIVIDUAL FEATURE-LAND 
USE/LAND COVER 

Features 
Assigned 

weight 
Normalized 

Weight 

Agriculture 6 0.14

Built-up 3 0.07

Double crop 6 0.14 

Forest deciduous (dense) 4 0.09 

Forest evergreen (dense) 3 0.07 

Forest evergreen (open) 5 0.12 

Forest plantations 4 0.09 

Grass land 4.5 0.11 

Waste land 2 0.05 

Water bodies 5 0.12 

37.34-82.16 2 0.11

TABLE X. NORMALIZED WEIGHT FOR INDIVIDUAL FEATURE-
SOIL 

Soil Type 
Assigned 

weight 
Normalized 

weight 

Clay 2 0.16

Gravelly clay 3 0.24 

Gravelly loam 3.5 0.28 

loam 4 0.32

TABLE XI. NORMALIZED WEIGHT FOR INDIVIDUAL FEATURE-
AQUIFER 

Range 
Assigned 

weight 
Normalized 

weight 

0.90-3.31 3 0.14

3.31-5.22 4 0.19 

5.22-7.34 4.5 0.21 

7.34-10.95 4.5 0.21 

10.95-17.57 5 0.24 
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