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Abstract

Herat-Marvast plain is one of the most important agricultural regions in Yazd
province and water exploitation from this aquifer is done for agricultural
purposes. In recent years, declining groundwater level in the Herat-Marvast
aquifer has led to increase in groundwater salinity and groundwater quality
decrease. Therefore, the purpose of this study is to map groundwater potential in
Herat-Marvast plain during 1996-2017 using effective factors in feeding
groundwater aquifers, using Fuzzy-AHP method and GIS. To this end, layers
including altitude, slope, geology, land use, average annual rainfall and
temperature, drainage density and groundwater level were used to evaluate
groundwater resources. These maps were weighted based on pairwise comparison
using analytic hierarchy process. By applying the calculated weight of each
criterion, the map of factors was prepared according to its importance on finding
groundwater potential and then based on overlapping layers, the final map of
groundwater potential was prepared by Fuzzy-AHP method. The results obtained
from investigating the groundwater resources potential showed that 7.6, 17.74,
25.1, 18.85 and 30.61% of the area were located in very low, low, medium, high
and very high potential zones, respectively. In general, according to the results,
in the study area, alluvial plains and areas with low altitude and slope had the
highest potential for groundwater formation and regions with hard rock
formations and with high altitude and slope had the lowest potential for
groundwater extraction.
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1. Introduction

Herat-Marvast plain is one of the most important agricultural regions in Yazd province and water
exploitation from this aquifer is done for agricultural purposes. In recent years, declining groundwater
level in the Herat-Marvast aquifer has led to increase in groundwater salinity and groundwater quality
decrease. One of the strategies of water resources management is to identify water areas with different
potentials and exploit them according to their capacity. There are the different methods for site selection
and prioritizing the suitable sites for groundwater exploitation. The use of Geographic Information
System (GIS) technique alongside decision-making methods provides a powerful spatial decision-
making tool to evaluate groundwater potential. Therefore, the purpose of this study is to evaluate
groundwater potential in Herat-Marvast plain based on effective factors on feeding groundwater
aquifers, using Fuzzy-AHP method and GIS.

2. Materials and Methods

This study evaluates groundwater potential in Herat-Marvast plain using a combined method of analytic
hierarchy process and fuzzy logic. In this regard, factors including geomorphology (altitude and slope),
geology, land use, climate (average annual rainfall and temperature) and hydrology (drainage density
and groundwater level) were used to evaluate groundwater potential. The relative magnitudes of factors
and their weights was estimated through pair-wise comparisons and individual experts’ experiences.
Also, these information layers were classified and fuzzified in the GIS environment. Then, the overlap
of the layers was done by multiplying the weight obtained using the AHP method by the fuzzy layers
in ArcGIS 7. Finally, the groundwater potential map was prepared and classified into five class
including the regions with very low potential, low, moderate potential, high potential, very high
potential based natural break method.

3. Results

The evaluation of criteria for site selection of groundwater resources, according to expert opinions and
hierarchical analysis, showed that the highest and lowest weight was allocated to the groundwater level
and temperature, respectively. After weighting and fuzzification of maps, these layers were overlaid in
GIS. The results obtained from investigating the groundwater resources potential in Herat- Marvast
plain showed that 7.6, 17.74, 25.1, 18.85 and 30.61% of the area were located in very low, low, medium,
high and very high potential zones, respectively. The regions with high potential are the most suitable
areas for exploiting groundwater resources. In general, according to the results, in the study area,
alluvial plains and areas with low altitude and slope had the highest potential for groundwater formation
and regions with hard rock formations and with high altitude and slope had the lowest potential for
groundwater extraction.

4.  Discussion and Conclusion

The study of effective factors on site selection of groundwater showed that old alluvial sediments and
salt marshes have the highest weight and these areas can have a high potential for groundwater storage.
In the map of elevation and slope, due to the more infiltration of water into the earth layers, more weight
is given to the regions with lower elevation and slope because groundwater tends to accumulate in areas
with the lowest topographic slope which is consistent with the results of Vaezihir et al. (2016) and Soori
etal. (2017). The study of groundwater level in the study area showed that the eastern parts of the region
had more groundwater potential due to lower depth to the groundwater table. Therefore, the
groundwater level is closer to the ground surface and the possibility of groundwater extraction in these
regions is higher. In the land use map, due to the provision of favorable conditions for water infiltration
to greater depths, the most weight was given to agricultural lands and the least weight was given to
residential lands. Regions with agricultural land use are mainly found in lowlands and alluvial plains,
which indicate adequate groundwater reservoirs. The study of river networks in the study area showed
that all surface rivers in this area lead to alluvial regions located in the eastern part of the area, which
has the lowest height and slope. Therefore, it can be expected that the existence of areas with higher
drainage density is a factor to feed the sedimentary structures in these areas and subsequently increase
their water supply, which is consistent with the results of Soori et al. (2017) in the Romeshgan plain.
Rainfall is higher in areas with higher altitudes (in the western parts of the region) and also the
temperature is lower in these areas. It is expected that if other conditions are favorable, there will be
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more groundwater resources in rainy and low temperature areas due to greater water infiltration and
lower evaporation. However, in the study area, due to the fact that these areas have a high slope and
high altitude and also, the drainage density in these areas is lower. Therefore, these regions are not
appropriate for groundwater extraction. According to the results, 49.45 % of the area were located in
high and very high potential zones. These regions have been located in alluvial plains and areas with
low altitude and slope in the eastern parts of the study area. The results indicated the positive effect of
the combined method of hierarchical analysis and fuzzy on the identification of areas with high
groundwater potential.

5.

6.

1)

2)
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Evaluating Groundwater Resources Potential in Herat-Marvast Plain Using
a Combined Method of Analytic Hierarchy Process and Fuzzy Logic

Ali Azareh”

Abstract

Herat-Marvast plain is one of the most important agricultural regions in Yazd province and water
exploitation from this aquifer is done for agricultural purposes. In recent years, declining groundwater
level in the Herat-Marvast aquifer has led to increase in groundwater salinity and groundwater quality
decrease. Therefore, the purpose of this study is to map groundwater potential in Herat-Marvast plain
during 1996-2017 using effective factors in feeding groundwater aquifers, using Fuzzy-AHP method
and GIS. To this end, layers including altitude, slope, geology, land use, average annual rainfall and
temperature, drainage density and groundwater level were used to evaluate groundwater resources.
These maps were weighted based on pairwise comparison using analytic hierarchy process. By
applying the calculated weight of each criterion, the map of factors was prepared according to its
importance on finding groundwater potential and then based on overlapping layers, the final map of
groundwater potential was prepared by Fuzzy-AHP method. The results obtained from investigating
the groundwater resources potential showed that 7.6, 17.74, 25.1, 18.85 and 30.61% of the area were
located in very low, low, medium, high and very high potential zones, respectively. In general,
according to the results, in the study area, alluvial plains and areas with low altitude and slope had the
highest potential for groundwater formation and regions with hard rock formations and with high
altitude and slope had the lowest potential for groundwater extraction.

Keywords: Aquifer; Geographic Information System; Remote Sensing; Site Selection; eighting.

! Associate Professor, Department of Geography, University of Jiroft, Kerman, Iran (Corresponding author).
aliazareh@ujiroft.ac.ir.



