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Introduction

Groundwater plays an important role in the sustainable development of human societies. The rapid
growth of population, low level effectiveness, and performance of irrigation in agriculture sector have
led to increase in demand for water resources in Iran. Therefore, the regional management of water
extraction and the optimal usage of available water resources are highly important. Considering the
urgent and intense need for groundwater resources, we used Shannon’s entropy and frequency ratio
models to identify the groundwater resources of Sero Plain for agricultural and drinking purposes as
well as to detect the factors that affect occurrence of groundwater and zoning.

Material and Methods
Distribution map of groundwater wells

To obtain a groundwater potential map of the exploitation wells with yield of greater than 11 m3
per hour, 53 wells (70%) were used for modelling the groundwater and 22 (30%) wells were used for
validation process (Nampak, Pradhan and Manap, 2014).

Preparation of map for effective factors on groundwater occurrence

In the next step of this research, the effective factors were converted into a grid of 20 * 20 using
ArcGIS10. 1 Software. The classification of the effective factors on normal failure was accomplished
based on the available literature (Manap et al., 2014). In the present study, the effective factors on the
occurrence of groundwater including, geology, altitude classes, gradient, direction, curvature of the
earth, distance from river, distance from fault, soil, precipitation and land use were considered based
on the literature review.

Frequency ratio model
The importance of each sub-metric based on frequency ratio of each class can be obtained using
the following equation:
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In which, A refers to the wells count located in each metric class, B is a set of training wells of the
study region, C is the number of pixels in each metric class, and D is the total number of the pixels of
the study region. Also, E is the occurrence percentage of wells in metric class, F is the relative
percentage of class area of the entire region, and FR is the class frequency ratio from metrics.

Shannon’s entropy model

The entropy can be briefly defined as a quantity of irregularities between the reasons and results or
decisions related to various subjects. Equations (2), (3), (4), (5) and (6) were used for calculating the
information coefficient, in which V; represents the amount of parameter value from total and can be
computed based on equation (2):

Eij = =1 (2

In which, FR is the frequency ratio and E;; represents the probability density.

Hy==37 Ejlog2.Ey ] =123,..n ©)
Hjmax =108 2. M;_number of class (&)
I = (%) JI=(01),j =123, .. (5)
V, = I,.FR (6)

Here, Hjand Hjmax are the values associated with entropy, I; represents the information coefficient
(IC) and Mjis the class count. Moreover, V;j is the resultant weight of total parameter. The variation
domain is variable between 0 and 1. The values close to 1 showed higher inconsistency and imbalance.

Validation and comparison between results

In this study, validation was performed using the Receiver Operating Characteristic (ROC) curve
index in SPSS software. According to this method, the sub-area of the ROC is between 0. 5 and 1 and
it is used to assess the accuracy of the model (Khosravi et al. , 2016) in a way that the closer the area
to 1, the higher the accuracy of the model.

Results and discussion
Map of regions with groundwater potential

The map of regions with groundwater potential was prepared using frequency ratio (Figure 1) and
Shannon’s entropy (Figure 2) models. The map was divided into five different classes, namely, very
low potential, low potential, moderate potential, high potential, and very high potential. It is obvious
that the southeastern region showed very high potential, the central regions showed moderate potential,
and the marginal regions of the plain showed very low potential.

According to the Shannon’s entropy method, the weight of land use during the occurrence of
groundwater was equal to 0. 48. For soil factor, this weight was equal to 0. 35. For factors including
geology, altitude classes, earth curvature, distance from fault, gradient, distance from river, direction
of the gradient, and precipitation, the weight was equal to 0. 24, 0. 23, 0. 17, 0. 16, 0. 09 and 0. 01,
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respectively. Here, the most important effective factors on the groundwater resources of Sero Plain are
land use, soil, geology and altitude classes, while factors such as precipitation and distance from the
river have the lowest impact on the occurrence of groundwater in the study region.
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Fig. 1- Map of regions with groundwater resources potential using FR Model
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Fig. 2- Map of regions with groundwater resources potential using SE Model

Results validation and comparison

The obtained results for the adopted models on the basis of the validation data (30%) indicated that
the frequency ratio model possesses area under curve of 0. 841 and Shannon’s entropy model has an
area under curve of 0. 814. As a result, the performance of maps prepared by these two models is
desirable. However, the accuracy of the frequency ratio was higher than the accuracy of Shannon’s
entropy model.

Conclusion

The results showed that both methods possess an acceptable accuracy. However, the map prepared
by frequency ratio model has a higher accuracy (84%) than the one obtained by Shannon’s entropy
model (81%). Moreover, the results obtained for Shannon’s entropy model indicate that the most
effective factors on potential detection of the groundwater within the study region are land use and soil

type.
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Table 1- Spatial relation between effective factors and the location of the drilled wells

ol i (Sloly Cuxdso 9 i S HETB Ly SIS Ll -) Jou

Ertion
Elevation stratum Pixel Percent
Count
1491-1548 13164 18.30
1548-1573 24492 34.05
1573-1599 20000 27.80
1599-1633 10080 14.01
1697-1633 4196 5.83
Slope
0.1-3.1 19992 27.79
3.1-5.7 24805 34.48
5.7-A.6 16459 22.88
8.6-12.7 8406 11.69
12.7-26.6 2270 3.16
Curvature
Convex 31125 43.27
Flat 9970 13.86
Concave 30837 42.87
Slope direction
Flat 128 0.18
North 10609 14.75
North east 10931 15.20
East 10408 14.47
South east 8901 12.37

Well  Percent Frequency Ejj H; Vi
ratio

22 4151 2.27 0.52
18 33.96 1.00 0.23
12 22.64 0.81 0.18
0.00 0.00 0.00

VZS) 0.32 0.07

22 41.51 149 0.35
16 30.19 0.88 0.20
11.32 049 0.11

16.98 145 0.34

0.000 0.00 0.00

17 32.08 0.74 0.18
19 35.85 259 0.63
17 32.08 0.75 0.18
0 0.00 0.00 0.00
15 28.30 192 0.24
3.77 0.25 0.03

15.09 1.04 0.13

11.32 091 011




Aa

AAAC MR L CCR VR SPSTUU-3 4 PP GO gwkige 5 pske
South 8577 11.92 6 11.32 095 0.12
South west 7550 10.50 8 15.09 1.44 0.18
West 7166 9.96 4 7.55 0.76 0.09
North west 7662 10.65 4 7.55 0.71 0.09
Precipitation (mm)
400-423 5845 8.13 4 7.55 0.93 0.20
423-446 5977 8.32 4 7.55 091 0.9
446-467 22188 30.87 21 39.62 1.28 0.27
467-487 25923 36.06 18 33.96 094 0.20
487-509 11947 16.62 6 11.32 0.68 0.14
Soil
Protruded stone or Antisols 1083 151 0 0.00 0.00 0.00
Protruded stone or Unripe soil 2116 2.94 0 0.00 0.00 0.00
Unripe soil 68382 95.48 53  100.00 1.05 1.00
Land use
Dry farming 1317 1.83 0 0.00 0.00 0.00
Medium rangeland 2906 4.04 0 0.00 0.00 0.00
Agriculture 67658 94.13 53  100.00 1.06 0.50
Geology
Quaternary 41724 58.05 28 52.83 091 0.27
Eocene 1770 2.46 0 0.00 0.00 0.00
Precambrian 14871 20.69 8 15.09 0.73 0.22
Middle Eocene 117 0.16 0 0.00 0.00 0.00
Permian 13399 18.64 17 32.08 1.72 0.1
Distance from fault (mm)
0-100 4611 6.41 11 20.75 3.24 044
100-200 4493 6.25 4 7.55 1.21 0.16
200-500 12910 17.96 13 24.53 1.37 0.19
500-1000 18262 2541 14 26.42 1.04 0.14
>1000 31605 43.97 11 20.75 0.47 0.06
Distance from river (m)
0-100 7369 10.25 13 24.53 239 041
100-200 6850 9.53 5 9.43 099 0.17
200-500 16216 22.56 14 26.42 1.17 0.20
500-1000 13254 18.44 6 11.32 0.61 0.10

>1000 28192 39.22 15 28.30 0.72 0.12
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Fig. 3- Map of regions with potential for groundwater using FR Model
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Fig. 4- Map of regions with potential for groundwater using SE Model
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