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ABSTRACT

Today, due to population increase, industrial development, excessive exploitation,
droughts, exploitation of underground water has multiplied. Therefore, identifying
areas with underground water as one of the important sources for providing drinking
water, agriculture, and various industries is considered to be one of the important and
necessary issues in water resources management. The purpose of this research is to
investigate and zonate the areas with underground water in Khorram Abad plain located
in Lorestan province using convolutional neural network method. For this purpose,
maps of nine factors affecting underground water were first prepared in the ArcGist
environment. In the convolution method, the number of samples was determined as the
ratio between the training set and the test set was 70:30, and the convolution neural
network framework was used as 2 convolution layers and 2 integration layers, 2
complete connections. layers and finally the sigmoid layer was used for classification
from the 3-3 convolution kernel, the Relu function as the activation function and the
cross entropy function as the loss function. The obtained maps were classified into 5
classes: very good, good, average, low and very low. Confusion matrix was also used
to validate the results of the model. 30% of the real data was used for evaluation, which
resulted in an overall accuracy of 92%, that is, the model was able to correctly identify
92% of the data as underground water and 93% as the absence of underground water.
The analysis of the groundwater potential map of the convolutional neural network
model shows that about 57% of the area is in low groundwater conditions and 43% of
the area is in good groundwater conditions.
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Extended Abstract

Introduction

Groundwater is the largest source of fresh water on Earth. Since surface water resources are limited in many
regions of the country, the use of underground water has increased due to factors such as high availability,
excellent quality, low development cost, and limited vulnerability. Therefore, the management of water
resources is inevitable in water-scarce countries, including Iran. Iran is a dry and semi-arid land with very
little rainfall so that its average annual rainfall is less than a third of the world's average annual rainfall. This
country, about 65% of which is supplied from underground water, is facing difficult conditions in terms of
water supply. In such a situation, the estimation of groundwater potential in an area will help people to have
a general understanding of local water resources and can guide them when making decisions about site
selection, urban planning, environmental protection, etc.

Methodology

In this research, a new method is presented for the classification of targets in satellite images using
convolutional neural network (CNN) deep learning and remote sensing approaches. Moreover, one of the
latest machine learning methods is used to identify prone areas in the Khorramabad Plain for the first time.

Results and Discussion

In this research, the number of samples was determined as a ratio between the training set and the test set of
70:30, and the CNN framework was used as 2 convolution layers, 2 integration layers, and 2 complete
connection layers. Finally, the sigmoid layer was used for the classification of the 33 convolution kernel, the
Relu function as the activation function, and the cross entropy function as the loss function. After calculating
the accuracy of each step, BATCH_SIZE was set to 100, Epochs to 400, and the learning rate to 0.0001. The
input data were the actual groundwater data in the area and its equivalent data. Groundwater simulation data
matched the groundwater remote sensing assessment results. It was also a process of labeling and creating a
sample dataset, that is, the actual or equivalent groundwater distribution level was used to match the amount
of areas with groundwater potential assessed by remote sensing. So far, data of 1000 wells have been used as
the sample set data of this research area to train the CNN model of underground water distribution. After
calculations, the accuracy of the model was finally found to be 92%; the closer to 1, the better it will be, and
the model loss was reduced to 0.3113 (the closer to 0, the better it is). Thus, it is a better classification model
for assessing groundwater potential water resources obtained in the Khorramabad plain.

Conclusions

The training results of the model classified the region into five levels. After 400 training and testing cycles,
the accuracy of the model was 92%, and the loss of the model was reduced to 0.3113. The analysis of the
underground water potential map of the CNN model shows that about 22.27% and 31.47% of the area are in
very low and low groundwater conditions, respectively. About 27% of the area is in average underground
water conditions, and 19.25% of the area is in good and very good underground water conditions. In this
research, the share of groundwater-prone areas in the CNN is 46.25% of the entire study area, most of which
are in the south, east, and northwest of the region and a small part of the west and center. The evaluation of
the results obtained from the above method using the confusion matrix shows that the overall accuracy of the
neural network method is 92% and its overall accuracy is 93%.
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Figure 4: Slope map of the studied area Figure 3: Elevation map of the studied area
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Figure 6: Soil map of the study area
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Figure 8: Map of the distance from the river in
the study area

Figure 10: Land use map of the study area

10

Caid o) 33 ST Jumniliy U3l

ulh& 9)9-0 nl . R £ > o e :a ls

Figure 5: Slope direction map of the studied area
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Figure 7: Map of the distance from the fault of the
study area
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Figure 9: Precipitation map of the study area
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Figure 11: Geological map of the studied area
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Table 1: Information about the strata of the studied basin formations
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Figure 12: Deep neural network architecture with up and down sampling structure
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Figure 13: Map of water wells in the study area
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Figure 14: Map of the potential of underground water sources in Khorram Abad plain using
Kakavolution network.
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Table 2: Area percentage of areas with different potential in convolutional neural
network method
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Figure 15: Convolution neural network groundwater potential map evaluation with
confusion matrix
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