Original Article I

Journal of T &
Aquifer and Qanat &
Spring and Summer 2026, Vol. 7, No. 1, pp 41-64

d 10.22077/jaaq.2026.10880.1138

Vulnerability Assessment of Malekan Alluvial Aquifer Using DRASTIC
Model and Its Validation Using Receiver Operating Characteristic
Curve

Mehdi Asadi'"" | Taghi Mahdavi> ™

1. Assistant Professor, Department of Civil Engineering, Faculty of Technology and Engineering,
Gonabad Branch of Islamic Azad University, Gonabad, Iran.

2. Assistant Professor, Department of Civil Engineering, Faculty of Technology and Engineering,
Maragheh Branch of Islamic Azad University, Maragheh, Iran.

¥Corresponding Author: taghi.mahdavi@iau.ac.ir

Received: Extended abstract
16 January 2026 Introduction

Groundwater vulnerability assessment has received intensive research
Revised: attention through various methods. Several methods have been developed

05 March 2026 for groundwater vulnerability assessment, which can be classified into four

groups: (1) index-based and overlapping methods, (2) process-based

OASC (]:\ip te‘;:o 2 simulation models, (3) statistical methods, and (4) hybrid methods (Taghavi
2y et al., 2022). Among the index-based and overlapping methods, the
Keywords: DRASTIC method (Aller et al., 1986) is an important method that is the

most widely used for groundwater vulnerability assessment.

In this study, nitrate measurement data at 15 points were used to validate the
DRASTIC model, and finally, the model was validated through receiver
operating characteristic (ROC) curves. Previous studies have used the
DRASTIC model, but few have validated it with field data using nitrate
concentration and ROC curves in the Lake Urmia region. The results of this
study can be very useful for environmentalists and planners for the overall
development of groundwater and water resources management.
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Materials and Methods

To conduct this research, the classic DRASTIC model was used, and seven raster maps of groundwater
surface depth (D), net recharge (R), aquifer environment (A), soil environment (S), topography (T),
impact of vadose zone (I), and hydraulic conductivity (C) were produced within the Malekan Plain.

The DRASTIC model is an important and widely used model for analyzing the potential vulnerability of
groundwater pollution based on overlap analysis, which was first introduced by the United States
Environmental Protection Agency (Rundquist et al. 1991). In this model, overlap analysis is based on the
combination of 7 input parameters in the form of a raster map.

The use of the receiver operating characteristic (ROC) curve to determine the presence or absence of a
disease is widely used in the medical field. In this study, the purpose of using the ROC curve is to classify
the vulnerability status of an aquifer as positive or negative based on the results of a nitrate measurement
test. The ROC curve is a graph of changes in sensitivity versus false positives.

Results and Discussion

In order to create the DRASTIC model, the raw data required to generate the input parameters were
collected from different sources, and the input parameters were prepared in the form of a raster map.
Then, the raster map was classified into subclasses according to Table 3 and presented in Fig 3. For each
subclass in each layer, a rate was assigned based on its importance, and a uniform weight was also
assigned to that layer. Finally, using the Editor tool in ARCGIS, columns related to the rate and weight
and the product of the rate and weight (in the form of a total weight according to equation (1) were added
to the classified layers.

Total weight =

Rate value assigned to the subclass of that layer * Weight value assigned to the layer M
And the final map of the DRASTIC model is generated based on equation (2).
Vulnerability Index (DRASTIC) = 2)

DrDw + RrRw + ArAw + SrSw + TrTw + Irlw + CrCw

In equation 2, the parameters D, R, A, S, T, I, and C represent the seven parameters of groundwater
surface depth, net recharge, aquifer environment, soil environment, topography, unsaturated zone effect,
and hydraulic conductivity, respectively. r is the rate value assigned to the subclass, and w is the
associated weight coefficient. For this purpose, the Raster Calculator tool has been used in ArcGIS using
the Lookup function, as shown in Fig 4. Finally, the classified map of the DRASTIC model, as proposed
by Wei et al. (2021) in Table 4, is presented in Fig 5. Based on the final DRASTIC map, 27 percent of the
study area is classified as low vulnerability and 73 percent as medium vulnerability.

Validation of the DRASTIC model:

In this research, the method of comparing the results of vulnerability assessment with the actual
occurrence of contamination was used to validate the DRASTIC model. For this purpose, measuring
nitrate concentration in groundwater has been considered as an indicator of actual pollution. Nitrate
concentration can represent the entry of pollution from the ground surface by passing through the soil
layer and the unsaturated zone due to infiltration and has been used as an indicator of pollution in most
research to validate vulnerability assessment (Wei et al., 2021; Boufekane et al., 2022; Huan et al., 2012).
The level of groundwater contamination in terms of nitrate concentration is considered in Table 5 based
on the recommendation of Jaunat et al. (2019). Fig 6 shows the nitrate concentrations measured for
laboratory samples taken from groundwater at 15 scattered points in the fall of 2021 on the final
vulnerability map. Fig 7 shows the relationship between the DRASTIC vulnerability index and the NO3
concentration in groundwater, and the Pearson correlation coefficient between them is calculated to be
=0.95.

Receiver Operating Characteristic (ROC):

In this study, the non-parametric ROC curve- the empirical method- was used because in this method, the
data group doesn't need to follow a normal distribution. In order to evaluate the vulnerability map
obtained from the DRASTIC model by controlling the chemical index pollutant (nitrate), the values of the
DRASTIC index obtained and the amount of nitrate measured at 15 random points are given and marked
in Table 6. Finally, according to the results of Table 6, the ROC curve is drawn in Fig 8. For this
diagnostic method to be meaningful, the AUC (Area under the Curve-ROC) should be greater than 0.5
and, in general, it should be greater than 0.8 to be considered acceptable. Table 7 presents the
interpretation of the ROC curve based on the area under the curve suggested by Muller et al. (2005).
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Given that the area under the curve in this study is close to 0.8, it can be said that the prepared DRASTIC
model has a good degree of validity.

Conclusion

The fact that the conventional DRASTIC model ignores the effects of local hydrogeological conditions,
such as existing and future land use activities, is an obvious flaw and may not be suitable for accurate
groundwater vulnerability assessment. This limitation suggests that DRASTIC, in its classic form, can be
used with caution when assessing groundwater vulnerability in different regions with specific
hydrological characteristics and land use activities. Therefore, the potential use of hybrid models or
additional validation techniques could be more reliable. Regional-scale assessment of aquifer vulnerability
using GIS and DRASTIC can be used to depict areas that are likely to be contaminated. Vulnerability
index maps are not used as a substitute for detailed local analysis, but as a screening tool. Because
detailed local analyses are costly, these assessments can be used to identify areas of concern and as a tool
for deciding whether detailed assessments are needed in such areas of concern.

The results of this study show that there is a small to medium vulnerable area of 35 km2 in the
northwestern part of the alluvial aquifer, which is under high recharge from the Mardagh Chay River.
There is a relatively large vulnerable area of 95 km?2 at the end of the plain, which is mainly under shallow
groundwater. In this vulnerable area, the groundwater depth is shallower due to the presence of
impermeable rocks close to the ground surface; therefore, groundwater is more susceptible to pollution.
The vulnerable area is the end of the plain, close to the flat area and evaporite floor on the edge of Lake
Urmia, which is covered with very fine-grained, dense sediments and a salt flat. Therefore, to make
groundwater healthier and more sustainable, and to provide clean groundwater to the people, the
government must take special care of these areas. The presence of moderately vulnerable areas near cities
and densely populated rural areas, if necessary measures are not taken, can be a warning sign for
sustainable development in the future.
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Event (+) a

Event (-) c

Test (-)
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sensitivity =a/ (a+ b)
specificity =d / (¢ + d)
false negative=b /(a + b)
accuracy =(a+d)/(a+b+c+d)
false positive=c /(¢ + d)
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Table 3. Rate and weight assigned to subcategories of input raster layers of DRASTIC model

. . Total
Input raster Assigned Assigned .
layers Sub-classes Rate (R) Weight (W) ?l;e;%:]l)t References
<1.5 10 5 50
1.5-4.6 9 5 45
Depth to 4.6-9.10 7 5 35 .
water level 9.10-15.20 5 5 25 Elnl’ekzn(j‘;i‘ et
(m) 15.20-22.80 3 5 15 al. ( )
22.80-30.40 2 5 10
>30.40 1 5 5
0-50 1 4 4
Net recharge >0-100 3 4 12 Wei et al.
(mm per year) 100-150 6 4 24 (2021)
150-200 8 4 32
> 200 9 4 36
clay 1 3 3
Aquifer media Clay and silt 2 3 6
Clay or silt with some sand 3 3 9
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Sand with a lot of clay or silt
Sand with a small amount of
clay or silt
Gravel and Sand with a lot of
clay or silt
Gravel and Sand with a little
clay or silt
Sand
Gravel and Sand
loam
Sandy Loam
0-2
2-6
6-12
12-18
> 18
clay
Clay and silt
Clay or silt with some sand
Sand with a lot of clay or silt
Sand with a small amount of

Impact of clay or silt
vadose zone  Gravel and Sand with a lot of
clay or silt
Gravel and Sand with a little
clay or silt
Sand
Gravel and Sand
0-5
Hydraulic 5-10
conductivity 10-20
(m/d) 20-30
> 30

Soil media

Topography
(percent slope)

DN BN, —~,WLOZS IR0 2
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NN = O o0
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(=]

3 12
Suggested by
3 15 the authors
3 18
3 21
3 24
3 27
2 8 Boufekane et al.
2 14 (2022)
1 10
} 2 Wei et al.
1 3 (2021)
1 1
5 5
5 10
5 15
5 20
> 2 Suggested by
the authors
> 30 based on
5 35 conclu(.hn.g
several similar
5 40 research studies
5 45
3 3
g 165 Wei et al.
3 11 (2021)
3 30
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Fig 3. DRASTIC model input parameters (a- depth of the groundwater b- Net recharge c- aquifer
media d- soil media e- Slope f- vadose zone, g- Hydraulic conductivity)
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Table 4. Classification of the degree of vulnerability based on Wei et al. (2021)

Subclasses

DRASTIC 49-84 84-109 109-138 138-185

Degree of vulnerability very low low moderate high
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Table 5. Degree of groundwater pollution according to nitrate concentration (Jaunat et al., 2019)

concentrations of NO3-N in the groundwater mg/L

<5

5-15 15-30 30-50 > 50

Pollution degree

low Relatively Low medium Relatively high high
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vulnerability map.
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Fig 7. Correlation relationship between DRASTIC vulnerability index and NO3 concentration
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Table 6. Evaluation of the vulnerability map obtained from the drastic model with the control of chemical
index pollutants (nitrate)

Remark as: Remark as:
. . . . NOs(mg/l)
NO. Latitude Longitude DRASTIC Aihua Wei Jaunatet  Agreement
(2021) al., (2019)
1 598522 4108542 94 Low 14.7 Low agree
2 600538 4109493 96 Low 14.9 Low agree
3 599514 4109627 99 Low 15 Low agree
4 602023 4109725 103 Low 21 Moderate Disagree
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5 595350 4108130 105 Low 22.2 Moderate Disagree
6 600730 4102902 110 Moderate 23.4 Moderate agree
7 600331 4113462 110 Moderate 24.5 Moderate agree
8 595993 4112316 113 Moderate 25.1 Moderate agree
9 590405 4113414 116 Moderate 259 Moderate agree
10 599429 4113279 121 Moderate 26 Moderate agree
11 594852 4107730 126 Moderate 27.5 Moderate agree
12 603279 4116636 127 Moderate 28.5 Moderate agree
13 593039 4114256 131 Moderate 29.7 Moderate agree
14 593054 4110995 133 Moderate 29.8 Moderate agree
15 591321 4112313 136 Moderate 30 Moderate agree
1
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Fig 8. Receiver operating characteristic (ROC) curve for the validation of DRASTIC model
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Table 6. Interpretation of the Area Under the Curve (Muller et al., 2005)

Area under the curve (AUC) Interpretation
AUC>0.9 Excellent
0.8<AUC<0.9 Good
0.7<AUC<0.8 Fair
0.6<AUC<0.7 Poor

0.5<AUC<0.6 Fail
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