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Abstract

Optimum utilization of groundwater water
resources, in a sustainable manner using Qanats,
has always been of interest in arid and semi-arid
regions. On the other hand, the analysis of spatial
information affecting the presence of groundwater
water needs powerful analytical methods which is
able to interpret non-linear relationships, internal
relationship and hidden information between
affecting layers. In this regard, the current research
is planned with the aim of comparative evaluation
of the spatial changes of groundwater potential
using Frequency Ratio (FR) and Weight of
Evidence (WoE) models in the Esfarayen county,
North Khorasan province. The factors of elevation
above sea level, slope aspect, slope degree, land
use, geology, topographic wetness index (TWI),
plan curvature, profile curvature, distance from the

Amirhosein  Ghorbani', Mohsen  Zabihi>, Raoof
Mostafazadeh®(:4)

1. MSc. Student of Survey Engineering- Geographic
Information Systems, Lamei Gorgani Institute of Higher
Education, Gorgan, Iran

2. Ph.D., Department of Watershed Management Engineering,
Faculty of Natural Resources, Tarbiat Modares University,
Tehran, Iran

3. Associate Professor, Department of Natural Resources,
Faculty of Agriculture and Natural Resources, University of
Mohaghegh Ardabili, Ardabil, Iran

DOI: 10.30495/girs.2022.1974429.2028

e-mail: raoofmostafazadeh@uma.ac.ir

river, drainage density, stream power index (SPI),
distance from faults and fault density were
prepared as effective layers in ArcGIS platform.
Based on FR and WOoOE models, the
relationship of spatial maps and groundwater
potential was determined. Evaluation of
prepared maps was done using relative
operating curve (ROC). Based on the results,
the Frequency Ratio model with Area Unver
the Curve (AUC) value equal to 84.4 percent
showed better performance than WoE model
in the study area. Also, geological factors, land
use, elevation above sea level and distance
from the river were selected as the most
important factors affecting the groundwater
potential based on the results of the employed
models. In addition, 12.5%, 28.45%, 34.75%,
19.3%, and 5% of the study area are located in
the classes with very low, low, medium, high,
and very high potential of groundwater based
on the FR model, respectively. The results of
the present research can be used in decision-
making related to water resources management
and locating areas prone to groundwater
extraction or adopting optimal aquifer
management strategies in Esfarayen county.
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Statement of the Problem: The deficiency of
surface water has led to over exploitation of
water resources, especially in arid and semi-
arid regions. The population growth intensified
water demand and caused the human needs
and groundwater over-exploitation and water
table drop in many contries.Groundwater is
considered as one of the most vital natural
resources due to its stable temperature, low
development cost, wide availability and less
variability due to the ocuurence of drought
events. In this regard, digging the Qanats is
one of the artificial and sustainable methods
for exploiting groundwater, which extracts the
optimal amount of groundwater. Groundwater
is less vulnerable to climate fluctuations than
surface water resources. According to the
mentioned explanations, it is appropriate to
take necessary action for the sustainable
exploitation of groundwater resources, the first
step of which is to determine the areas having
the potential of groundwater. Sustainable use
of resources such as Qanats have several
advantages over digging wells, the most
important of which is the optimal use of
groundwater resources. The analysis of data
and spatial maps affecting the presence of
groundwater requires strong and flexible
analytical methods that can interpret nonlinear
relationships, internal relationship and hidden
information between affecting layers, in
addition, understanding and presenting the
results with these methods should be simple
and can be easily interpreted.

Purpose: In this regard, the current research is
planned with the aim of comparing Frequency
Ratio and Weight of Evidence models in spatial
mapping of changes in groundwater potential and
determining the relationship between effective
factors and groundwater potential in Esfarayen,
North Khorasan province. Evaluating the accuracy
of the employed models by using the relative
performance curve as one of the widely used
accuracy assessment methods in the accuracy of
results and classified spatial data is one of the other
goals of this research.

Methodology: Toward this attempt, the location of
the Qantas in the Esafarayen county was obtained
from the relevant organizations and randomly
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divided into 70% (184 Qanats) for modeling and
30% (79 Qanats) for model verification and
evaluation. In the next step, 13 effective factors
including elevation above sea level, slope aspect,
slope degree, land use, geology, topographic
wetness index (TWI), plan curvature, profile
curvature, distance from the river, drainage
density, stream power index (SPI), the distance
from the fault and the fault density were prepared
in 30-meters cell size as factors affecting the
groundwater potential in the study area in the
Geographic Information System environment.
Determining the relationship between the effective
factors and each of their classes with the potential
of groundwater was done using Frequency Ratio
and Weight of Evidence models. Then, the
accuracy of the employed models was evaluated
using the relative performance curve (ROC) in the
SPSS software environment. Finally, the necessary
analysis were conducted regarding the relationship
between each of the effective factors and the
groundwater potential in Esfarayen county.

Results and discussion: Based on the results, the
Frequency Ratio model with AUC value equal to
84.4 percent showed better performance than WoE
model in the study area. In this regard, the
appropriate performance of the Frequency Ratio
model has been proven in numerous studies in the
field of groundwater potential mapping. It should
be noted that the FR model was determined as a
very robust method based on georeferenced data in
GIS, which has been mentioned in previous studies
that data-oriented spatial methods facilitate the
spatial mapping process. The findings of the
research showed that geology, land use, elevation
above sea level and distance from the river factors
were identified as the most important factors
affecting the groundwater potential in both
Frequency Ratio and Weight of Evidence models.
In previous studies, the land use and slope degree
were identified as important and effective factors
on groundwater potential mapping in Lanjanat area
of Isfahan using weight of evidence model. It
should be noted that according to the Frequency
Ratio method, geology, land use, distance from the
river, slope aspect and elevation are determined as
the important factors in groundwater potential in
the study area. Meanwhile, the drainage density,
slope degree and stream power index (SPI) have
the least effect on the groundwater potential in the
study area according to the FR model. The
interpretation of plan and profile curvature based
on FR model showed that the concave hillslope
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and streams had the highest potential of
groundwater. A similar result has been reported in
the research conducted in Nahavand county, which
found that the concave prfiles had the higher
groundwater potential. Flat terrain and waterway
also showed a minimal correlation with
groundwater potential. Irrigated farming and
orchards land use had the highest WoE among
different land use classes based on the weight of
evidence model. The findings is somehow similar
to the results of the frequency ratio model. It
should be noted that rangeland also had a weight of
evidence of 3.87, which has assigned as the second
rank in terms of importance based on the WoE
model. Alluvial sediments (Qft2) with a frequency
ratio of 5.15 assigned as the first degree of
importance among the lithological categories. The
dark gray shale and sandstone (TRJs), Dolomite,
limestone and shale (Dsb) lithological units are in
the second and third degrees of importance with
the abundance ratio values of 1.69 and 1.49,
respectively. It should be noted that the mentioned
lithological units are also introduced in the WoE
model. The research conducted in Lanjanat area of
Isfahan and Dasht al-Shatar of Lorestan province
has pointed out the high potential of groundwater
in alluvial sediments. Based on the findings of the
research, with the increase in the fault density, the
groundwater potential increases, which s
consistent with the previous research conducted in
the Azna-Aligodar plain which proved the high
groundwater potential in high fault density areas.
The analysis of the results obtained from the
stream poewer index based on the FR model
modeling, Weight of evidence

showed an inverse relationship between the
groundwater potential and the SPI index. The
research conducted in Moghan watershed has
pointed out the high influence of the SPI index on
the underground water potential.

Conclusion: Evaluation of prepared maps was
done using relative operating curve (ROC). Based
on the results, the Frequency Ratio model with
AUC value equal to 84.4 percent showed better
performance than WoE model in the study area.
Also, geology, land use, elevation above sea level
and distance from the river were selected as the
most important factors affecting the groundwater
potential based on the results of the employed
models. In addition, 12.5%, 28.45%, 34.75%,
19.3%, and 5% of the study area are located in the
classes with very low, low, medium, high, and very
high potential of groundwater based on the FR
model, respectively. The over-exploitation in most
groundwater resources lead to several problems for
stakeholders and managers. In this regard, the
results of the current research can be used in
determining the high potential areas in terms of
groundwater resources or adopting optimal aquifer
management strategies. It should be noted that
other layers (such as; precipitation, slope length,
and soil depth and soil characteristics) may be
effective in occurrence of groundwater potential,
which can be incorporated to improve the research
results.
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