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The construction of watershed structures is an important method for flood
and sediment control. The cost of constructing these structures at the
watershed scale is high, and reducing it requires the use of precise site
selection methods. Machine learning models are among the precise site
selection methods, and this research uses the Maxent (maximum entropy)
model because it does not require absence data. This study was conducted
in three watersheds: Aghevlar Talesh, Masouleh Fuman, and Tutkabon
Rudbar, in Guilan province, using 21 effective factors in the site selection
of watershed structures. The results obtained from the variance inflation
factor (VIF) in R software showed that there is collinearity among the
variables, and factors with a VIF less than 10 were entered into the
modeling process. To evaluate, the data were divided into two parts of
70% and 30% for training and validation of the model, and the ROC-
AUC index results showed that the model performance in the training and
validation stages in all three watersheds was more than 90%, placing it at
an excellent level. Based on the results of the jackknife test, distance to
borrow pits, distance to rivers, runoff depth, precipitation, and slope were
identified as the most influential variables for siting gabion structures,
while distance to rivers, distance to borrow pits, peak flood discharge,
runoff depth, and distance to roads were the most important variables for
siting masonry walls in all three watersheds. The findings showed that
more than 70% of gabion structures and more than 80% of Masonry wall
structures in the studied watersheds are located in areas with medium and
higher potential for the construction of watershed structures. Out of a total
of 923 km of stream networks across the three study watersheds, 63 km
and 39 km were identified as the most suitable locations for the
construction of gabion and masonry structures, respectively.
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EXTENDED ABSTRACT

Introduction: Flood is one of the most common natural hazards that occurs every year as a result of human and
environmental factors and causes loss of life and economic damage in many countries. As long as effective
preventive measures are not adopted, the number of people exposed to devastating floods will continue to increase.
Although it is impossible to prevent all floods, their impacts can be predicted and largely controlled through the
use of scientific methods. One of the most important approaches to flood and sediment control is the construction
of watershed management structures. Sediment retention dams, when built in suitable locations, not only help
control floods but can also generate significant benefits. However, the construction of watershed management
structures across entire catchment areas can be highly costly; therefore, minimizing these expenses requires
precise and efficient methods for selecting appropriate construction sites. Among the reliable and high-
performance techniques for identifying suitable locations for watershed management structures are modeling
methods. Machine learning models, considered the new generation of artificial intelligence methods, can create
optimal models based on learning and experience. Several machine learning models have been developed to
determine the most suitable locations for flood and sediment control structures in watershed management. Among
them, the Maximum Entropy (MaxEnt) model based on statistical probabilistic techniques stands out as one of
the most well-known models in this field.

Methodology: This study was conducted in the watersheds of Aghevlar (Talesh), Masouleh (Fouman), and
Tutkabon (Roudbar) in Guilan province. Data from the General Department of Natural Resources and Watershed
Management archive and field surveys showed the following number of gabion and masonry wall structures:
Aghevlar (213 gabions, 46 masonry wall), Tutkabon (203 gabions, 25 masonry wall), and Masouleh (161 gabions
only). These structures were entered into ArcGIS. To identify suitable locations for watershed structures, 21
influential factors were selected based on resource reviews and expert opinions. After selecting the factors
affecting the siting of watershed structures, the Variance Inflation Factor (VIF) and Tolerance (TOL) index were
calculated in R software to examine multicollinearity among variables. Based on VIF > 10 and TOL < 0.1,
variables with high collinearity were removed from the modeling process. Finally, factors with VIF values less
than 10 and TOL greater than 0.1 were entered into the modeling process as final variables. Important variables
were then identified using the Jackknife method. Model performance was evaluated using the ROC index and
Area Under the Curve (AUC). Data were split into 70% for training and 30% for validation. Model performance
was categorized based on AUC: 0-0.2 (no potential), 0.2-0.4 (low potential), 0.4-0.6 (medium potential), 0.6—
0.8 (high potential), and 0.8-1 (very high potential). A final map was created, incorporating a 10-meter buffer
around streams, and areas outside this buffer were classified as unsuitable for structure development.

Results and Discussion: The results showed that multicollinearity existed among variables, such that in the
Aghevlar watershed, elevation and soil hydrologic groups; in the Masouleh watershed, elevation, soil hydrologic
groups, soil erodibility factor, erosion intensity, number of users, and distance to villages and in the Toutkabon
watershed, elevation were removed from the modeling process respectively. Based on the results of the jackknife
test, distance to borrow pits, distance to rivers, runoff depth, precipitation, and slope were identified as the most
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influential variables for siting gabion structures, while distance to rivers, distance to borrow pits, peak flood
discharge, runoff depth, and distance to roads were the most important variables for siting masonry walls in all
three watersheds. Findings revealed that 15.7 km and 4.5 km of streams in the Aghevlar watershed, and 39.5 km
and 20.1 km of streams in the Toutkabon watershed, respectively, have high and very high potential for
constructing gabion and masonry wall structures. Additionally, 7.5 km of streams in the Masouleh watershed have
high and very high potential for gabion structures. The model performance evaluation in both training and
validation stages demonstrated the high accuracy of the maximum entropy model in selecting optimal locations
for constructing gabion and masonry wall flood and sediment control structures in the studied watersheds. The
results indicated that the maximum entropy model has good accuracy in identifying streams with very suitable
classes for constructing flood and sediment control structures in watershed management.

Conclusion: The use of machine learning methods, by reducing costly field visits and increasing accuracy and
analytical capability, provides an efficient alternative to traditional site selection methods for watershed structures.
The results obtained from ROC curve and AUC also indicated that the accuracy of the maximum entropy model
in identifying areas with potential for constructing watershed structures, both in the training and validation stages
across all three studied watersheds, exceeded 90%, placing it at an excellent level. Furthermore, the compatibility
of the generated potential maps with the distribution of existing structures showed that over 70% of gabion
structures and over 80% of masonry wall structures in the three studied watersheds are located in areas with
medium and higher potential for constructing watershed structures. The obtained results indicate the special
applicability of the maximum entropy model as one of the important machine learning models in determining the
best locations for constructing watershed structures. Given the speed and high accuracy of the proposed model
and the existing financial and logistical limitations in the site selection studies for flood control structures in
watersheds, this approach can play an effective role in the sustainable management and reducing flood risk. The
development and application of this model in other watersheds of the country will provide an efficient framework
for identifying suitable areas for the construction of watershed structures and can be used as an effective tool in
planning development projects and strategic management of watersheds in the country and the worldwide.
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Figure 1- Location of the studied watersheds in Gilan Province
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Table 1- General characteristics of the Aghevlar Talesh, Masouleh Fuman, and Tutkabon Rudbar watersheds, Gilan

Province
characteristic Aghevlar Masouleh Toutkabon
Area (Ha) 7000 4660 10660
Longitude 48°34" 43" — 48° 40" 54" 48°54° 26" — 49° 0" 55" 48° 43" 27" - 49°51" 11"
latitude 37°50" 42" —37°57" 20" 36°44° 10" — 36° 50" 41" 36°44° 10" —36° 50" 41"
Minimum Elevation (m) 859 772 916
Average Elevation (m) 2169 1888 1607
Maximum Elevation (m) 3227 2909 2310
Average Slope (%) 37 56 32
Annual Precipitation (mm) 625 620 650
Average Annual Temperature (°C) 4 12 10/9
Climate (Emberger) sub-humid humid semi-arid
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Figure 2— Location of gabion and masonry wall in the Aghevlar (right image), Tutkabon (center image), and
Masouleh (left image) watersheds
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Figure 3— Gabion and masonry wall in the Aghevlar (right image), Tutkabon (center image), and Masouleh (left
image) watersheds
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Table 2— The influencing Factors of site selection of flood and sediment control watershed structures

Effective factors Source
Elevation DEM: ALOS PALSAR, 125 M
Slope DEM: 12.5 M & Slope in ArcGIS
Discharge & Runoff SCS approach

Average annual precipitation data from stations and
geostatistical methods

Flow accumulation & Stream Power index DEM in SAGA GIS 8

Drainage density Line Density in ArcGIS

River distance, Borrow pits distance, Fault distance,
Road distance & Village distance

Precipitation

Euclidian distance tool in ArcGIS

Lithology Geology Map, Scale: 100,000
Land use Google Earth
NDVI Landsat 8 OLI/TIRS in SAGA GIS 8
Soil Texture, Hydrological group and erodibility Soil science report from csiszlif;i watershed management

Erosion report from detailed watershed management
studies (MPSIAK)

Population Density Population statistics from the Statistical Center of Iran

Erosion Intensity

TVIF) Guilyls 55 Jols it oo 6l (ado (gt sslaions s s slooil il v s Jalys Uit 5| g
0 YU Jedon glls a5 sl e 0.1>TOL 5 10<VIF ulol y .08 dnslee R I3l 5 13 Y(TOL) Joos s jadls 4
11,8 0)lg ol slajwsie Glgicar +/V 5l yiw TOL ¢ Ve 5l a8 VIF polie b Jolge ccoles ,d s Bls (gjlwJae 101,
Camaetal., 2017; Arabameri et al., 2021; ) 15 a5 byl Lololy bojle wlisl caslio sla Ko (Sl aids g 1505 (g5l 2o

W3 o i 1y Baiod plodl olpe (Sbya laged ¥ S (Da Costa et al., 2025

! Normalized Difference Vegetation Index
2 Hydrological Soil Group

3 Variance Inflation Factor

4 Tolerance
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Figure 4— Flowchart of the research methodology
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Table 3- The results of the multicollinearity test among the factors used

Variables Aghevlar Masouleh Toutkabon
VIF Tol VIF Tol VIF Tol
Elevation - - - - - -
Soil Erodibility 6.31 0.16 8.04 0.12 - -
Stream Power Index 1.32 0.75 5.00 0.20 9.49 0.11
River distance 1.09 0.92 1.09 0.92 1.04 0.96
Borrow pits distance 1.45 0.69 1.90 0.53 1.78 0.56
Slope 2.97 0.34 1.55 0.64 1.97 0.51
Flow Accumulation 1.70 0.59 5.02 0.20 9.81 0.10
Runoff 4.14 0.24 4.18 0.24 9.32 0.11
Fault distance 4.61 0.22 1.35 0.74 3.44 0.29
Road distance 1.92 0.52 1.82 0.55 4.76 0.21
Erosion Intensity 4.36 0.23 2.01 0.50 - -
Drainage density 2.97 0.34 1.89 0.53 4.81 0.21
NDVI 2.44 0.41 1.27 0.79 1.40 0.72
Distance to Village 7.61 0.13 2.14 0.47 - -
Peak Flow Discharge 4.67 0.21 1.33 0.75 4.72 0.21
Number of Beneficiary 3.11 0.32 2.99 0.33 - -
Annual Precipitation 6.23 0.16 1.73 0.58 2.65 0.38
Land use 1.70 0.59 7.83 0.13 3.21 0.31
Lithology 4.83 0.21 8.03 0.12 2.79 0.36
Soil Texture 5.31 0.19 7.33 0.14 2.65 0.38
Soil Hydrologic group - - 2.65 0.38 - -

- Removing a variable from the modeling process due to collinearity
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Figure 5—- Results of the Jackknife test for site selection of gabion structures in the Aghevlar (top), Tutkabon (middle),
and Masouleh (bottom) watersheds
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Figure 10— Potential of the Aghevlar watershed channels for the construction of gabion (right) and masonry wall (left)

structures

Masonry Toutkabon

10.3:2% 0.8:2%

13.9:3%

T~

= No Potential

Low Potential 423.1:87%
= Moderate Potential
= High Potential

= Very High Potential

Gabion Toutkabon
24.4:5%

26.7:5% _\\ /
329:7% \‘

= No Potential
Low Potential

= Moderate Potential

= High Potential

= Very High Potential

15.1:3%

388.5:80%

(o Coow) Mo o g (c:w:l) Ceows) Pl ol Olasl Caa (WS y Jud] 5j9> eyl Jawdly -V JSS

Figure 11— Potential of the Tutkabon watershed channels for the construction of gabion (right) and masonry wall
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