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Abstract— Groundwater is one of the most vital natural resources that vary spatially in quality and quantity. Groundwater potential map-

ping and its sustainable development are an important aspect for areas such as Aromatic and Medicinal Plant Research Station (AMPRS), 

Odakkali that faces an inadequacy in water resources for various research activities.  In the present study, the groundwater potential 

zones were delineated by adopting Frequency Ratio (FR) model in GIS platform. Geology, geomorphology, landuse / landcover, elevation, 

soil texture, lineament density and stream density were the thematic factors considered for groundwater potential zone mapping.  Data 

from 55 well were collected in the study area, out of which 45 wells that were categorized as good yielding wells were considered in the 

FR model. The final groundwater potential map was classified into 4 zones as very high, high, moderate and low.The final map also 

matches the ground truth data, which indicates the validity of the model.  The result of this study is therefore highly r eliable and can serve 

as a guideline for planning and future identification of groundwater resources in the study area.  

Index Terms— Frequency ratio, GIS, ground truth, Groundwater potential mapping, Inadequacy, validity. 

——————————      —————————— 

1 INTRODUCTION

Water is the most important natural resource essential for 
the subsistence of life and is a basic human need. The oc-
currence and movement of groundwater is controlled by 
several factors such as geology, geomorphology, landuse/ 
landcover, elevation, soil texture, lineament density, stream 
density etc. These factors independently as well as collec-
tively influence the functioning of the total water system. 
In India, development of groundwater in different parts of 
the country has not been uniform. Highly intensive devel-
opment of groundwater in certain areas in the country has 
resulted in over exploitation leading to decline of ground-
water levels and subsequently the sea water intrusion into 
the coastal aquifers. 
In many arid, semi-arid and drought prone areas of the 
country, groundwater development has exceeded the an-
nual replenishment. So, an assessment for this groundwa-
ter resource is extremely significant for the sustainable 
management of groundwater systems. It has become cru-
cial not only for targeting of groundwater potential zones, 
but also monitoring and conserving this important re-
source. 
GIS and remote sensing tools are widely used for the man-
agement of various natural resources [1, 3, 4 and 7]. Identi-
fying the potential groundwater zones using remote sens-
ing and GIS is an effective tool. In recent years, extensive 
use of satellite data along with conventional maps and rec-
tified ground truth data has made it easier to establish the 
base line information for groundwater potential 
zones.Weightage determination of thematic map can be 
determined by MIF technique [2, 5, 6 and 10] .The number 

of thematic layers created and the method for calculating 
GoundWater Potential Index (GWPI) are different in differ-
ent studies [8 and 9]. Also validation is also not in many 
studies.Here FR method is used for calculating GWPI and 
validation is done with the waterlevels in the open wells in 
the study area. 

2 MATERIALS AND METHODS 

2.1 Study Area 

The Aromatic and Medicinal Plant Research Centre 
(AMPRS), Odakkali in the Ernakulum district of Kerala, 
which is the study area, faces inadequacy of water for its 
research and development activities. Suggestion of an ap-
propriate water management technique by delineating 
groundwater potential zones in watersheds named 
14P143b, 14P140c and 13M38b provides a solution to the 
above-mentioned problem. It also helps in agricultural ex-
tension and transfer of technology. The study area of 
62.0918 sq.km, lies between100 2‟ 32.704‟‟N to 100 9‟ 4.671‟‟ N 
latitude and 760 31‟ 16.772‟‟ E to 760 38‟ 13.525‟‟ E longitude. 
The average temperature of the study area is 280C, humidi-
ty 83%, annual average rainfall of 2900 mm and wind ve-
locity 0.41 m/sec towards South. Fig 1 shows the study 
area. 

 Fig 1. Study area. 
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2.2 Source of Data 

The various data inputs required and their methods of col-
lection are depicted in the following Table: 1 

Table : 1. Source of data 

2.2 Pre processing Data Using ArcGIS 

The collected data was projected using project (data manage-
ment) tool in ArcGIS 10.2.2 version. SRTM DEM (earthexplor-
er.usgs.gov) has been used as elevation data source. Stream 
density/drainage density and lineament density was prepared 
by using line density tool in the spatial analyst extension of 
ArcGIS. Land use /land cover of year 2019 was prepared and 
demarcated into five categories such as Builtup/Fallow land, 
Waste land, Plantation/ Forest, Paddy Converted/Crop 
land/Paddy and Waterbodies by visual interpretation in 
ArcGIS.  
The geomorphological features were interpreted into 3 classes 
of features such as residual hill, pedi plain and plateau. Simi-
larly lithology and soil type were also interpreted into various 
categories based on the data obtained as shown in Table 2.  
Well inventory survey was conducted on the study area cen-
tering AMPRS, Odakkali. Depth of wells, depth of water table, 
diameter of wells, overburden thickness (the depth up to crys-
talline rocks) and water table of wells were collected. Gra-
minEtrax 20x GPS was used to find latitude and longitude co-
ordinates and elevation of different positions. The GPS has 
shown accuracy up to 3.0 m. 

2.3 Frequency Ratio Method 

Frequency ratio approach is based on the observed relation-
ships between distribution of potential wells and each well-
related factor, revealing the correlation between well locations 
and the causative factors in the study area. The frequency is 
calculated from analysis of the relation between wells and the 
attributing factors. If the value is greater than 1, it means a 
higher correlation, and value lower than 1 means lower corre-
lation (Pradhan, 2010)  
The frequency ratios of each factors class or type were calcu-
lated by dividing the well occurrence ratio by area ratio of 
those classes to produce weighed thematic maps. Using GIS 
software, the grids were overlaid with the geographic cover-
age for the study area. Groundwater prone zone is calculated 
by raster calculator tool in Arc GIS software. The GWPI repre-
sents the relative value of groundwater occurrence. The larger 
the value is, the higher to groundwater proneness. 

Frequency ratio = 

Well Occurrence ratio =  

Area ratio = 

Groundwater Potential Index = EVFR + GMFR + GLFR +SDFR 
+LDFR +LCFR + STFR  

Here EVFR is frequency ratio of elevation; GMFR is frequency 
ratio of geomorphology; GLFR is frequency ratio of Geology; 
SDFR is frequency ratio of stream density; LDFR is frequency 
ratio of lineament density; LCFR is frequency ratio of LU/LC; 
STFR is frequency ratio of soil texture.  

3 RESULTS AND DISCUSSION 

The data for 55 wells were collected out of which 10 wells 
have a lower capacity for recharging and 45 wells had an im-
mense potential for recharging.  
FR values were estimated from each thematic layer as shown 
in Table 2. The groundwater potential zone map of the study 
area prepared by considering the following factors: geology, 
geomorphology, land use/land cover, drainage density, slope, 
lineament density and soil type were classified into low, mod-
erate, high and very high potential zones (Figure 1) and each 
class occupied 3.85%, 39.075%, 48.05% and 9.022% of total 
study area respectively (Table 3). 

Table 2. Frequency ratio value of different thematic attributes 
for groundwater potential mapping. 
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Table : 3. GWP area under classifications. 

3.3 Validation 

The Frequency Ratio Method was used for the 45 good well 
data and resulted in over 90 percent of the good wells consid-
ered falling to high and very high and no wells in low poten-
tial classification. This gives good agreement to the verifica-
tion of the ground truth data and confirms the reliability of the 
method used. (Figure 2) 

Fig 2. Groundwater potential area. 

Fig 2. Validation Map 

4 CONCLUSION 

The groundwater potential map for Aromatic And Medici-
nal Plant Research Station (AMPRS), Odakkali was devel-

oped using the Frequency Ratio method and it is clear from 
the groundwater potential map that a large portion of the 
area falls within the high potential zone. The scarcity of 
water in the area can therefore be overcome by the proper 
extraction of groundwater. The final map also matches the 
ground truth data, which indicates the validity of the mod-
el.  The result of this study is therefore highly reliable and 
can serve as a guideline for planning and future identifica-
tion of resources in the study area. 
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