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1. Introduction

Groundwater is the major part of the world’s fresh water resources.
Therefore, excessive use of water and pollution due to agricultural,
industrial wastes, etc. exposes it to quantitative and qualitative
decline. Especially in coastal aquifers, where a small declining

of groundwater level can cause a reverse flow from the sea side

ABSTRACT

In recent years, the salinization in coastal aquifers, where agriculture is always developing, requires
the investigation of aquifer vulnerability to water salinity. In the Ajab-Shir aquifer, to investigate the
GALDIT vulnerability framework, which includes six layers such as type of aquifer (G), Aquifer
hydraulic conductivity (A), Groundwater level above the sea level (L), distance from the coastline
(D), quality Impact of saline water intrusion (I) and Aquifer thickness (T) used. Meanwhile, TDS
values used to validate zoned vulnerability map. Also, to ensure the certainty of the available data, as
well as to improve the weight and fix expert’s errors in determining the weight of GALDIT layers,
fuzzy logic (Sugeno), genetic algorithm (GA), random subspace algorithm (RS) and decision tree
algorithm (MS5P) were used. The results showed the correlation coefficient of about 0.5, 0.81, 0.6,
0.8, and 0.8 between GALDIT, GALDIT-F, GALDIT-GA, GALDIT-RS, and GALDIT-MS5P with
TDS, respectively. The south and south-east parts of the plain show the highest salinity potential and
correlation values showed the good performance of GALDIT-F, GALDIT-RS and GALDIT-M5P
methods in this study.

to the aquifer, which also leads to a qualitative deterioration. In
most of the coastal aquifers, because of the hydraulic connection
of the sea water resources with the aquifer and with the reduction
of the groundwater level in the aquifer, the flow from the sea takes

place to the aquifer, which causes the salinity of the aquifer and is
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known as the saline water intrusion from the sea into the aquifer.
Considering that the Ajab-Shir plain is one of the plains of Urmia
Lake basin which so far no salinity potential studies have been
carried out on it. In this article, with the aim of using the GALDIT
framework to investigate the salinity potential of the aquifer, and
considering applying expert opinions to determine the rank and
weight of the GALDIT framework, Fuzzy Logic (Sugeno), Genetic
Algorithm (GA), Decision Tree Algorithm (M5P) and Random
Subspace Algorithm (RS) were used to improve it. Sugeno’s fuzzy
method and genetic algorithm are common methods in optimizing
vulnerability frameworks, but so far the M5P and RS methods have
not been used to improve water infiltration vulnerability assessment
frameworks. In this study TDS values have been used to validate

the used methods.

2. Research methodology

2.1. Study area description

The aquifer of Ajab-Shir Plain has an area of about 73 square
kilometers and is spread over an area equal to 76% of Ajab-Shir
Plain. This plain is located on the edge of Lake Urmia and west
of East Azerbaijan province. The height of the highest and lowest
point of the region is 3345 and 1272 meters, respectively, compared
to the average sea level. Qala-chai River is the main drainage of
Ajab-Shir plain, originates from the western slopes of Sahand
mountain, and flows in an east-west direction. After passing through

Ajab-Shir city, it flows into Urmia Lake, (Figure 1).

2.2. Investigating the potential of qualitative vulnerability using
GALDIT

The aquifer of Ajab-Shir Plain has an area of about 73 square
kilometers and is spread over an area equal to 76% of Ajab-Shir
Plain. This plain is located on the edge of Lake Urmia and west
of East Azerbaijan province. The height of the highest and lowest
point of the region is 3345 and 1272 meters, respectively, compared
to the average sea level. Qala-chai River is the main drainage of
Ajab-Shir plain, originates from the western slopes of Sahand
mountain, and flows in an east-west direction. After passing

through Ajab-Shir city, it flows into Urmia Lake.

VIGALDIT=Gr Gw+Ar Aw+Lr Lw+Dr Dw+Ir Iw+Tr Tw (N

In the aforementioned relationship, VIGALDIT is the vulnerability
potential of aquifer salinity, r is the rank and w is the weight of
each parameter. The range of weight and rank in the zoning of the
GALDIT vulnerability map is 1 to 4 and 2.5 to 10 respectively,
which are considered from low risk to high risk respectively.
Generally, the range of vulnerability index VIGALDIT is also from
45 to 180.

2.3. Optimization of GALDIT method

In this study, to optimize the GALDIT framework to eliminate
the errors caused by the application of expert opinions and reduce
the uncertainty of the effective parameters, among the various
optimization methods and models, from the four methods of fuzzy
logic (Sugeno), genetic algorithm (GA), decision tree algorithm
(M5P) and Random Subspace (RS) algorithm have been used.

2.4. Preparation of input layer map of GALDIT method
(GALDIT)

To evaluate the vulnerability potential of Ajab-Shir aquifer, there
are six parameters, type of aquifer (G), hydraulic conductivity of
the aquifer (A), height of the groundwater level (L), distance from
the coastline (D), the qualitative impact of saltwater advance (I)
and the thickness of the aquifer (T) were prepared and zoned in the
ArcGIS environment according to the ranking and decimal weight

mentioned in table (1), (Figure 6).

3. Discussion and results

In this study, the GALDIT method was used to evaluate the salinity
potential of the Ajab-Shir Plain aquifer, and the vulnerability index
(112-64) was obtained, which was divided into four ranges: low
(76-64), medium (83-76), high (83-101) and too many (101-112)
were divided. The highest vulnerability index was observed in the
south and southeast sides of the plain aquifer, and according to the
statistics provided by the regional water company, the pumping
rate is high in this area. Therefore, excessive and indiscriminate
extraction of underground water in these areas causes a drop in the
underground water level, and as a result, an increase in the reverse
flow of saline underground water reaches the top and causes a
decrease in the quality and increase in the salinity of the underground
water in these areas. Because the salinity of underground water is
usually measured with TDS values, TDS values were also used
to verify the vulnerability index of GALDIT, and a correlation
coefficient of 0.5 was obtained. According to the map resulting
from TDS interpolation, the south and southwest sides of the Ajab-
Shir plain aquifer have the highest TDS values (Figure 8). Also, to
determine the parameters that play a greater role in the vulnerability
of the area, the correlation coefficient between the parameters and
TDS was obtained, which parameters of hydraulic conductivity and
the qualitative effect of salt water advance (CI/HCo,+Co,* ratio)
were respectively 66. 0 and 0.64 showed the highest correlation,
which indicated the sensitivity of these parameters in increasing
and decreasing the vulnerability potential of the studied area. In
addition, to solve the expert opinions in determining the weight of the
GALDIT framework and reduce the uncertainty in the data required
for the zoning of the GALDIT framework, genetic algorithm (GA),

Sugeno fuzzy logic (F) and subspace learning machine algorithms
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were used. Randomization (M5P) and decision tree (RS) were used.
The vulnerability index obtained for GALDIT-GA was in the range
of (44-81) and its correlation with TDS was 0.6. Also, among the
parameters, the parameters of the height of the underground water
level (L) and the effect of the presence of infiltrating salt water
(I) were assigned the most weight from the optimization with the
genetic algorithm (Relation 6). The correlation coefficient of the
GALDIT-F map with TDS was also 0.81. Also, the correlation
coefficient of GALDIT-RS and GALDIT-M5P was 0.8 (Figure 9).
According to the comparison of the obtained correlation coefficients
of the used methods, GALDIT-F, GALDIT-RS, and GALDIT-M5P
methods have the highest correlation with TDS, among which
the fuzzy logic method has a very small difference. It showed the
best performance in evaluating the potential and improving the
GALDIT method.

4. Conclusion
To investigate the salinity potential of the Ajab-Shir plain

87

aquifer, the GALDIT framework was used, and TDS values were
used to validate it. To improve the disadvantages and ensure
the relative certainty of the mentioned method, the genetic
algorithm, Sugeno fuzzy logic, selective subspace algorithm,
and decision tree algorithm were applied. With the zoning of the
GALDIT map, the southern and southeastern sides of the region
showed the highest vulnerability potential. The map obtained
from the optimization of the genetic algorithm also presented
the result of dispersion close to the GALDIT method but with
an improvement of 0.1 in the correlation coefficient with TDS.
GALDIT optimized with fuzzy logic (Sugeno), stochastic
subspace algorithm and decision tree algorithm showed the
greatest potential in the south, south-west, and south-east
sides of the lake. The correlation coefficient for GALDIT-
GA, GALDIT-F, GALDIT-RS, and GALDIT-M5P with TDS
was obtained as 0.6, 0.81, 0.8, and 0.8 respectively. Therefore,
the correlation values confirm the good performance of the
GALDIT-F, GALDIT-RS, and GALDIT-MS5P methods.
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Figure 1. Geographical location of Ajab-Shir Plain
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Figure 2. Geological map of the study area (Adapted from the 1:100,000 map of the
Geological Survey (Soltani Sisi et al., 2005)).
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Figure 3. Contour and direction of groundwater flow of the study area.
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Figure 4. Water resources map of the study area.

cadllas 5 go dilaie J@um;-mg.:

Graghe) pbiame s 5 Slelsyl ¥l Sk Lo o -\ ool

Table 1. Average annual precipitation of Ajab-Shir highlands and

plains (mm).

Station mean annual precipitation eoeapiicalEoOIding e

name (mm) Y UTM UTM X
Yengije 375.27 4156360 597753
Ajabshir 252.6 4147414 579568
Shishvan 256.06 4147073 578086
Khaniyan 237 4149005 582478
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Figure 5. Long term average water levels of the Ajab-Shir Plain.
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Table 2. Rate and weight of each parameter of the GALDIT method (Chachadi, 2005).

Groundwater Aquifer hydraulic | G.WL.above | Distance from the | opactofexisting | o,  ness of the
e q status of SWI q
occurrence Conductivity(m/d) the sea level (m) shoreline(m) Status aquifer (m)
rate Range rate Range Rate Range Rate Range Rate Range Rate Range
10 Confined 10 >40 10 <1 10 <500 10 >2 10 >10
aquifer 7.5 10-40
7.5 Unconfined 5 5-10 7.5 1-1.5 7.5 750-500 7.5 2-1.5 7.5 7.5-10
aquifer 2.5 <5
5 Leaky confined 5 1.5-2 5 1000-750 5 1.5-1 5 5-7.5
aquifer
Bounded 2.5 >2 2.5 >1000 2.5 <l 2.5 <5
aquifer
2.5
1 3 4 4 4 2
Weights assigned to parameters
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Figure 6- a) Groundwater occurrence, b) Aquifer hydraulic Conductivity, ¢) Groundwater Level above mean the sea level (m),

d) Distance from the shoreline, e) Impact of existing status of SWI status, f) Thickness of the aquifer.
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Figure 7-a) GALDIT vulnerability potential index map; b) Scatter map of TDS values in Ajab-Shir Plain aquifer.
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Table 3. The results of evaluating the performance of optimization

with fuzzy logic (Sugeno).

Evaluation criteria | RMSE | R | R?
Train 0.093 0.78 0.61
Test 0.106 0.812 0.65
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Figure 9. Distribution map of water discharge from pumping

wells.
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