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Figure 1- Location of the study area in the Mazandaran Province and Iran.

Monitoring of the Chaserka Landslide, Babol County

Phase 1: Preliminary Studies and Zonation

Documentary and Field Preparation of Base Interpretation of
Studies Maps Temporal Changes
Phase 2: Fiel; Monitoring
D?sign and Periadic GPS Surveys Data Processing in Calculation of Horizontal
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Monitoring Network

and Their Errors

\ 4

Phase 3: Data Analysis and Integration

. ) Integration of Identification of
Statl.s Henl a1 of Monitoring Results with Movement Patterns and
Point Movements : -
Spatial Data Layers Aggravating Factors

¢

Understanding the Landslide Mechanism and Proposing Mitigation Measures

B pulz (580w Jalos 9 sl Ghgly (sleinig, Y IS8
Figure 2- Research Flowchart for Monitoring and Analysis of the Chaserka Landslide.
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Figure 3 — Land cover image using Google Earth (a) topography map of the Chaserka Region (b).
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Figure 4 - Vertical view of the surface ground displacement behavior measurement network in the
Chaserka Village landslide.
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Figure 5 - A view of the destructive effects of landslides in various areas with different types of vegetation
cover in the Chasarka Village.
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Figure 6 - Forest use status based on slope direction and slope angle (degree) in the region.
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Table 1 - Forest use changes in the Chaserka Region.

Land-cove before slipping

Land-cove during slipping

Land-cove after slipping
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Forest Forest, Road
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Forest Forest, Road
Forest Agricultural
Forest Forest
Forest Agricultural
Forest Forest, Road
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Forest Forest, Road
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Forest
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Figure 7 - Changes in the Chaserka Region in the five years: 2010 (a), 2013 (b), 2016 (c), 2020 (d) and 2025 (e).
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Table 2 - The distributed coordinates of the base point network, along with the dimensions of the error ellipse and the
elevation error of the points on the surface and the 95% confidence interval (first observational stage).

Base X Y Elevation Slope B PHI Std.Hgt

points (m) (m) (m) angle (m) (m) (deg) (m)
R1 646863.6 4018830.3 361.79 0.0031 0.002 -27 0.0062
R2 646731.9 40180816.6 378.33 0.0014 0.001 -14 0.0035
R3 647286.6 4016927.6 543.2 0.0062 0.0043 20 0.0093
R4 647722.2 4017945.9 350.6 0.0000 0.0000 90 0.0000

180 Hlaobl alold g mhaws j0 blas gualy (gllas g Uas oo olal ol o 4y cslins Doli5 aSCuls 000l S0l pus Silaisee - Jgur
(slodalin pgs al> 0)

Table 3 - The distributed coordinates of the base point network, along with the dimensions of the error ellipse and the
elevation error of the points on the surface and the 95% confidence interval (second observational stage).

Base X Y Elevation Z'%ﬁg B PHI  Std.Hgt

points (m) (m) (m) (m) (m) (deg) (m)
RI 646863.6 40188303 36179 00006 0.0005 ” 0.0010
R2 6467319 40180816.6 37833 00005  0.0004 3 0.0008
R3 647286.6 4016927.6 5432 00007  0.0006 4 0.0011
R4 6477222 4017945.9 3506 00005  0.0004 3 0.0008
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Table 4 - The distributed coordinates of the base point network, along with the dimensions of the error ellipse and the
elevation error of the points on the surface and the 95% confidence interval (third observational stage).

Base X Y Elevation 2:?‘;5 B PHI  StdHgt

points  (m) (m) m  Tmy ™ e ()
RL  646863.6725 4018830.3060 361.7858 0.0009 0.0008 -32  0.0016
R2  646731.9330 4018081.6031 378.3438 0.0009 0.0009 -47  0.0017
R3  647286.6762 4016927.6251 543.1991 0.0006 0.0006 -20  0.0012
R4 647722.2240 40179459785 350.6432 0.0008 0.0007 -8 0.0015
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Table 5 - The distributed coordinates of the base point network, along with the dimensions of the error ellipse and the
elevation error of the points on the surface and the 95% confidence interval (fourth observational stage).

Bz_ise X Y Elevation (m) Slope angle B PHI Std.Hgt

points (m) (m) (m) (m) (deg) (m)
R1 646863.6 4018830.3 361.79 0.0019 0.0012 -27 0.0034
R2 646731.9 40180816.6 378.33 0.0018 0.0013 -23 0.0033
R3 647286.6 4016927.6 543.2 0.0015 0.0010 -24 0.0027
R4 647722.2 4017945.9 350.6 0.0019 0.0012 -27 0.0034
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Table 6 - The distributed coordinates of the base point network, along with the dimensions of the error ellipse and the
elevation error of the points on the surface and the 95% confidence interval (fifth observational stage).

Base X Y Elevation (m) Slope angle B PHI Std.Hgt

points (m) (m) (m) (m) (deg) (m)
R1 646863.6  4018830.3 361.79 0.0014 0.0007 -2 0.0016
R2 646731.9  40180816.6 378.33 0.0010 0.0005 -2 0.0012
R3 647286.6  4016927.6 543.2 0.0020 0.0010 -2 0.0023
R4 647722.2 4017945.9 350.6 0.0010 0.0005 -2 0.0012
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Figure 9- Diagram of the reference points and the displacement vector (direction and magnitude) between
the first three stages of observations on the aerial image.
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Figure 10 - Diagram of the reference points and the displacement vector (direction and magnitude) of the
boundary between the fourth and fifth stages of observations on the aerial image.
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Table 7 - The values of planar and elevational displacements along with the ellipse dimensions, relative

displacement error and elevational displacement determination error of the network of witness points of
the landslide area at the surface and the 95% confidence interval in the 106-day period.

Base  AX Ay D AZ a b Horizontal Az  Sd.Az  Vertical

points (mm) (mm) (mm)  (deg) (mm)  (mm) Status (mm) (mm) Status
R1 1 -2 2 149 3 1 N -8 10 N
R2 4 3 5 52 2 1 Y 17 4 Y
R3 -5 0 5 275 9 7 N -6 14 N
R4 0 2 2 193 2 1 N -3 3 N

.wlah&dylo_\;zmaom:N-::’: .wlﬁwyzmoom:Y%

*Y = Point analyzed as moving. * N = Point analyzed as non-moving.
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Table 8 - The values of planar and elevational displacements along with the ellipse dimensions,
relative displacement error and elevational displacement determination error of the network of

witness points of the landslide area at the surface and the 95% confidence interval in the 111-day
period of the fourth and fifth observation stages.

Base AX Ay D AZ a b Horizontal A7  Sd.Az  Vertical

points MM (mm) (mm) (deg) (mm) (mm) Status (mm) (mm) Status
R1 3 -4 5 147 2 1 Y 6 6 N
R2 -2 2 3 317 3 1 N 3 5 N
R3 0 4 4 0 4 2 N -13 5 Y
R4 -1 2 2 192 2 1 N 3 6 N

Al o aals oS > pas 4 Judow ey N s ol e alais o5 > oy Judow djeas Yo
*Y = Point analyzed as moving. * N = Point analyzed as non-moving.
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Figure 11 - Enlarged view of the direction and magnitude of the planar displacement vector of the
control grid points in sectiona) Displacement of the first and second stage boundary; b)
Displacement of the second and third stage boundary; c) Displacement of the third and fourth stage
boundary; d) Displacement of the fourth and fifth stage boundary.
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Extended Abstract

Introduction and Goal

Landslides, as one of the most destructive geomorphological phenomena, cause huge loss of life
and property every year in different regions of Iran. Landslides are a type of slope movement is
mostly influenced by natural factors such as earthquakes, heavy rainfall, and erosion, but is
exacerbated by human interventions such as substandard construction, road construction, and
changes in runoff patterns. The mountainous regions and steep slopes of the country, especially
the northern regions, are the main focus of this phenomenon due to sensitive lithological and
geological conditions. The consequences of landslides are not limited to the destruction of homes
and vital arteries, but also lead to the blockage of transportation routes, damage to agricultural
lands, and human casualties. By combining remote sensing methods and field studies, it is
possible to provide more accurate monitoring and assessment of landslides. Geotechnical and
geomorphological analyses play a significant role in identifying susceptible areas and managing
the risk of this natural hazard. Therefore, studying and identifying unstable zones and analyzing
the factors that inhibit this phenomenon is a fundamental step in risk reduction and crisis
management. For this reason, this study aimed to assess the spatio-temporal behavior of the
landslide mass in Chaserka, Babol.

Materials and Methods

In the first stage, to examine the history and identify the Chaserka landslide mass, historical
images from Google Earth were used between 1981 and 2004, and five years, 2010, 2013, 2016,
2020, and 2025, were selected as samples.
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In this study, landslide behavior measurement networks with four reference points and 22
displacement monitoring points were designed and created. In addition, orthorectified aerial
photographs were examined in different periods and their change trends were compared. For data
processing and landslide monitoring geodetic network calculations, Leica Geo Office version 7
commercial software was used, and the model accuracy and overall accuracy were evaluated.
Results and Discussion

The results of this study indicate the combined role of natural factors and human interventions in
the occurrence of landslides in the Chaserka region. The analyses indicate that natural factors
such as slope, direction of the slope, and geological features (marl, shale, and Neogene clays)
were the factors that caused the occurrence of landslides, but human interventions, especially the
destruction of forest cover, non-engineering constructions, and land cover changes in previous
decades, were the main factors in the instability of slope and the intensification of the risk of
landslide. The highest incidence of landslides was observed in the northeast, east, and northwest
directions on slopes of 25 to 45 percent and in areas with soil depths less than 50 cm. Changes in
land cover in the last 40 years from virgin forests to roads and agricultural lands, in addition to
reducing vegetation cover, have disrupted the hydrogeochemical balance of slopes and increased
the risk of landslides. Therefore, the results of geodetic monitoring indicate gradual and
continuous changes in the movement of the landslide masses. The changes recorded in five
observational stages indicate that landslides in Chaserka are gradual and dynamic processes that
ultimately lead to sudden failure. The analyses showed that significant displacements at some
points (such as R2 and R3) were highly consistent with the dominant direction of landslides in
the region, and this finding indicates the occurrence of gradual changes in the soil shear strength
that ultimately cause slope failure. Overall, the results of this study emphasize the importance of
comprehensive analysis of climatic, geomorphological, and human changes in landslide risk
management. Based on the results of this research, to prevent landslides, appropriate planning
should be carried out to control land cover changes and preserve vegetation in sensitive areas.
Conclusion and Suggestions

The findings of the monitoring and behavior analysis of the Chaserka landslide mass indicate that
gradual deformations before sudden rupture are the main factor in the instability of this mass.
Therefore, based on the results of this study, it is recommended to establish a permanent
monitoring system based on remote sensing data and accurate measurement of displacements to
develop a landslide early warning system. In addition, considering the role and importance of
vegetation in modulating the hydrological and structural conditions of the slope, targeted
vegetation restoration using native species is suggested as a complementary solution in managing
landslide stability. Also, considering the characteristics of extreme precipitation (type and
intensity) due to climate change in northern Iran, continued long-term monitoring is
recommended to analyze landslide mass behavior in response to hydro-climatic stimuli in other
similar watersheds in the country.

Keywords: Landslide, monitoring, slope failure, slope stability, spatio-temporal analysis
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Figure 1- Geographical location of the Qarasu Watershed.
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Figure 3- Evidence of flooding in the study area (a) and (b) Qarasu River (c) and (d) Gorgan City.
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Table 1- Basic maps used for the study area.

. . Information
Map Year Scale/pixel size Extracted Source
. . Geology and
Geological map of 2002 1:100,000 Different classes of o o1 Exploration
Golestan province geology M
Organization of Iran
. Iranian Surveying
Topography Map 1:50,000 Organization
!_andsat 8 satellite 2021 50%50 (m) NDVI Umt«::-d States
images Geological Survey
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Land use map of 2017 1:100,000 land use classes 7 gricultural and
Golestan province Natural Resources
Research Center
Annual Rainfall - ) Meteorological
Rainfall contour map 2000-2021 50*50 (m) Intensity of Daily orolog
) Organization
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Aerial photos 1:40,000
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Figure 8- Flood hazard zonation maps by implementing TCN, GRU and LSTM models.

Table 2- Area of hazard classifications and flood occurrence, FR and SCALI.

Flood Flood Flood Pixel of Pixel of Frequency Seed
Model hazard point point s0nes zones ratio (FR) (%) SCAI
Zones (%) (%)
Very low 2 3.39 59811 34.66 0.03 3.39 10.23
Low 1 1.69 5185 3.00 0.02 1.69 1.77
TCN Moderate 2 3.39 10399 6.03 0.03 3.39 1.78
High 5 8.47 19354 11.22 0.08 8.47 1.32
Very high 49 83.05 77799 45.09 0.83 83.05 0.54
Very low 0 0.00 11474 6.65 0.00 0.00 0.00
Low 2 3.39 47759 27.68 0.03 3.39 8.17
GRU Moderate 10 16.95 37988 22.02 0.17 16.95 1.30
High 45 76.27 58944 34.16 0.76 76.27 0.45
Very high 2 3.39 16383 9.49 0.03 3.39 2.80
Very low 3 5.08 64819 37.57 0.05 5.08 7.39
Low 3 5.08 16099 9.33 0.05 5.08 1.83
LSTM Moderate 6 10.17 19795 11.47 0.10 10.17 1.13
High 12 20.34 32493 18.83 0.20 20.34 0.93
Very high 35 59.32 39342 22.80 0.59 59.32 0.38
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Table 3- Land use area of the study area in 2017 and 2020.

Land use Area-2017 (km?) Percent-2017  Area-2020 (km?) Percent-2020
Water 1.84 0.11 3.173 0.19
Forest 566.63 33.93 559.45 33.50
Crops 857.55 51.35 852.869 51.07
Built Area 110.22 6.60 117.067 7.01
Bare Ground 1.17 0.07 0.501 0.03
Rangeland 132.60 7.94 136.94 8.20
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Figure 9- Distribution of different land uses in 2017 and 2020.
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Table 4- Specifications of Flood points (Village boundaries).

Village City X Coordinates Y Coordinates Yearsof Event  Number of Flood Events LSTM Class TCN Class GRU Class
Chapaghli Turkaman 240343.4601  4094039.54  1992-2010-2016 3 Low Very High  Moderate
Sejwal Turkaman 2429929336 4086180.688 2005-2010-2010 3 High Very High High
Deraznow Kurdkoy 245089.9309 4062058.652 1991-2010-2012 3 Very Low  Very Low Low
Khajehlor Turkaman  251327.666  4093047.907 2010-2012-2019 3 High Very High High
Kelasingal Gorgan  259997.249 4076636.17  2009-2010-2012 3 Very High  Very High High
Ziarat Gorgan  274752.8091 4065446.493  1992-2009-2016 3 Very Low  Very Low Low
Gharesu Turkaman 236788.7583 4079589.751 1996-2016 2 Very High  Very High High
Zaboli Mahalleh Alia  Turkaman 246624.7537 4084286.727 2001-2015 2 Very High  Very High High
Panjpeikar Turkaman 247020.7155 4092993.221 2010-2019 2 Very High  Very High High
Chahardeh Kurdkoy 248483.9749 4076149.027 2008-2015 2 Very High  Very High High
Gorji Mahalleh Kurdkoy = 252420.2122 4078186.303 1995-2015 2 High Very High High
Miander Kurdkoy 252433.9407 4073938.937 1994-1995 2 High Very High  Moderate
Dangalan Khajeh Kurdkoy 253484.6607 4076200.621 1995-2009 2 Very High  Very High High
Islamabad Kurdkoy 254401.8022 4076780.802 1998-1998 2 Very High  Very High High
Shamushk Sefli Gorgan  256670.8215  4073715.1 1991-2008 2 Very High  Very High High
Shamushk Alia Gorgan  256721.6967 4071417.124 1991-2008 2 Moderate ~ Moderate High
Nodije Gorgan  256837.8233 4080410.933 2009-2010 2 Very High  Very High High
Gamishlinezar Turkaman 257825.4829 4089181.611 2012-2014 2 High Very High High
Kafshgiri Gorgan  258137.6751 4076171.111 2012-2014 2 High Very High High
Nochman Gorgan  259463.2838 4072287.414 2008-2009 2 Very High ~ Moderate High
Qajar Kalajan Gorgan  259513.7298 4079348.402 2009-2012 2 High Very High High
Laddwin Gorgan  260632.8664 4083958.788 2012-2014 2 Very High  Very High High
Versen Gorgan  261439.5657 4080710.643 2012-2014 2 Very High  Very High High
Hashemabad Gorgan  263510.1259 4086210.227 2012-2014 2 Very High  Very High  Moderate
Sistani mahalleh Gorgan  266184.178  4088004.824 2012-2014 2 High Very High  Very High
Ojaben Gorgan  267628.7135 4083503.844 2012-2012 2 Very High  Very High High
Mamaee Gorgan  268078.1848 4086307.586 2012-2014 2 Very High  Very High High
Qurbanabad Gorgan  271874.2084 4090241.602 2012-2014 2 Very High ~ Very High High
Chaharchenar Gorgan  282031.7223 4087738.507 2012-2015 2 Very High ~ Very High High
Tuskastan Gorgan  284428.6017 4073389.346 1999-2015 2 Moderate Low Moderate
Niazabad Turkaman 239860.0426 4082916.471 2014 1 Low Very High  Moderate
Zaboli Mahalleh Sefli  Turkaman 245003.2564 4083338.651 2014 1 Moderate  Very High  Moderate
Ivanabad Turkaman 246223.9609 4086962.233 2016 1 Moderate  Very High High
Ghareghashli Turkaman 248120.2042 4087222.216 2016 1 Very High  Very High High
Zera Mahalleh Kurdkoy 251541.9095 4076670.823 1995 1 Very High  Very High High
Khorramabad Kurdkoy —251899.2717 4073370.745 2014 1 Very High  Very High High
Gharetappeh Turkaman 252299.1659 4086756.372 2014 1 Very High  Very High High
Mofid Abad Kurdkoy 252374.7581 4077491.216 2014 1 Very High  Very High High
Chagar Kurdkoy  253186.597  4072782.776 2008 1 Very High  Very High High
Dangalan Sadat Kurdkoy 253982.8568 4076274.988 1995 1 Very High  Very High High
Namen Kurdkoy 254461.1587 4074132.877 1999 1 Very High  Very High High
Kalajan Sadat Gorgan  258241.1164 4079215.344 2012 1 High Very High High
Esbomahleh Gorgan  258722.052 4076342.22 2012 1 Moderate  Very High High
Takhshi mahalleh Gorgan  259595.0915 4083575.394 2012 1 Very High  Very High High
Seddon Gorgan  261226.8251  4076702.61 2003 1 Low High Moderate
Seyed Miran Gorgan  261820.7543 4075375.732 2008 1 Very Low High Moderate
Touch Gorgan  262387.8743 4080731.359 2012 1 Very High  Very High High
Suleiman Tepe Gorgan  263296.6182 4088887.134 2010 1 Moderate  Very High Moderate
Kalu Gorgan  263415.7744 4077517.002 2002 1 Very High High Very High
Lamlang Gorgan  265463.771  4082722.216 2009 1 Very High  Very High High
Mahmud's Castle Gorgan  265777.2645 4085685.087 2012 1 Very High  Very High High
Saadabad Gorgan  266222.0673 4077996.068 1998 1 High High High
Zangian Gorgan  268113.7446  4082199.885 2014 1 Very High  Very High High
Shourhayat Gorgan  274005.5287 4093402.999 2012 1 High Very High High
Etrachal Gorgan  274723.8306 4087406.148 2016 1 Very High  Very High High
Sultanabad Gorgan  277573.5456  4088809.55 2012 1 High High Moderate
Nodeh Sharif Gorgan  283562.1783 4090871.566 2014 1 Very High  Very High High
Sarkhankelate Gorgan  283562.2087 4085835.689 2012 1 Very High  Very High High
Shamsabad Gorgan  285745.7945 4087952.288 2012 1 Very High  Very High High
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Figure 11 - ROC curve of hazard maps to flood events resulting from TCN, GRU, and LSTM models.
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Extended Abstract

Introduction and Goal
Flooding is one of the most destructive natural disasters with social, economic and
environmental consequences. Therefore, machine learning methods have been developed to
model and predict it. The purpose of this research was to zone and predict flood hazard using
three deep learning models, including Gated Recurrent Unit (GRU), Long Short-Term Memory
(LSTM) and Temporal Convolutional Network (TCN) models, and to introduce the most
suitable ones in the Qarasu watershed of Golestan Province. The most important innovation of
this research was comparing its results with the results of other research related to susceptibility
zonation within the country, using new deep learning models, and considering the most flood
factors to determine the most efficient model and increase the accuracy of flood prediction
maps.

Materials and Methods
The research area of the Qarasu watershed in Gorganwas was selected. Then maps of the
effective factors were collected and prepared. In this study, 16 factors were selected as
independent variables and information received from the Ministry of Energy and field visits
were selected as dependent variable. Then, a flood event distribution map was prepared. To
model and predict flood susceptibility, the flood event distribution map was divided into two
groups of experimental points (30%) and training points (70%). After running the TCN, LSTM
and GRU models, the maps obtained from flood hazard zonation maps were classified into five
classes: very low, low, moderate, high and very high. Finally, the classification accuracy and
validation of the zonation and prediction maps were evaluated the flood susceptibility was
predicted, and the most appropriate model was selected.

Results and Discussion
To prepare a flood event zonation map, spatial data of 59 flood occurrence points (dependent
variable) were collected using available information and by analyzing radar images acquired
before and after flood events in Google Earth. Each of these locations experienced 10 recorded
and documented flood events during the 20- year study period (2004—2024).
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Of the total dataset, 70% were randomly selected and divided as training data and 30% as test
data for model implementation and validation, respectively. In the next step, 16 factors in the
form of environmental groups, hydrology, watershed topography along with climatic data (as
independent variables) for zonation and modeling. The classification accuracy of the models
was evaluated using two indices, frequency ratio (FR) and kernel cell area (SCAI). The results
showed that most flood areas were in the high-hazard class (high and very high) and the largest
share of the area of the region was also related to these areas. In addition, based on the area
under the relative operator curves and cost, it was determined that the most efficient,
appropriate, and cost-effective model was the TCN model compared to the LSTM and GRU
models. Among the models studied, the highest and lowest areas under the relative operator and
cost curves of the TCN model were 0.92 and 0.08, respectively. The results of this study showed
that, based on the TCN model, 45% of the area of the region was in the very high susceptibility
class, containing 83% oflood events. Also, based on the LSTM model, 23% of the region
contained 60% of the flood events, and based on the GRU model, 10% of the region contained
4% of the flood events. The flood hazard zonation maps obtained in this study can be the basis
for planning and crisis management caused by flood events, reducing flood hazard, and
managing it. Furthermore, based on the excellent performance of all three TCN, LSTM, and
GRU models, the results of this research are necessary and essential for the development of
future projects of various organizations operating in many developing countries.

Conclusion and Suggestions

After running all three TCN, LSTM, and GRU models, the AUC-ROC index results in both
training and testing step showed excellent performance of the mentioned models. The maps
prepared from flood hazard zonation using all three models indicated high accuracy in zone
classification and appropriate distribution of flood points in high and very high class. The fit of
the TCN model in predicting flood occurrence in the test phase was better compared to the other
two models. The evaluation of classification accuracy and validation of the models showed that
two TCN and LSTM models, having the appropriate thresholds for classification, are the
priority of their application for zonation and predicting the hazard of flooding. Finally, in this
study, the area under the value or cost curve index values for TCN, LSTM, and GRU models
were obtained as 0.08, 0.10, and 0.11, respectively. Based on the importance of morphometric
features in the zoning of flood hazard maps, it is suggested that future research should use these
metrics along with other common metrics in the preparation of zoning maps. Furthermore,
based on the findings of this study, the application of deep learning methods and their
combinations is recommended. It is also suggested that novel hybrid approaches and suitable
optimization algorithms be investigated and evaluated in other watersheds of Golestan Province.
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Figure 2- View of laboratory flume.
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Figure 3- Experimental models of simple and gabion vertical drop

(a), (b) and (c): Control sample of the structure for the cases of 20, 30 and 40 cm, respectively
(d), (e) and (f): Gabion model of the structure for the cases of 20, 30 and 40 cm, respectively.
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Figure 4- View of the overpass flow in the structure: a) Top view, b) Front view.
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Figure 5- Comparing the trend of changes in relative energy consumption of the control sample
with other researchers.
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Figure 6- Trend chart of changes in energy dissipation and relative critical depth for different thicknesses
and grain sizes of gabion drop structures.
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Extended Abstract

Introduction and Goal

The gabion vertical drop structure, as one of the modern hydraulic structures, is widely used in
watershed management projects and structural operations. The structure is a combination of
permeable rock mesh units that dissipate fluid kinetic energy by creating a water level
difference between upstream and downstream. The passage of flow through the porous pores of
the structure reduces the intensity of bed shear stresses and moderates the peak instantaneous
discharges, thereby reducing the rate of channel erosion. Due to the limitations of previous
research in comparing the performance of gabion and rigid structures, this researcch
investigated the flow behavior and energy dissipation amount using a laboratory approach, and
analyzed their functional differences in flood management and local erosion control. The
importance of these structures in unstable riverbeds and wvulnerable supercritical flow
environments is twofold in promoting the hydrological and environmental sustainability of
systems.

Materials and Methods

This research was conducted in the Hydraulic Laboratory of Lorestan University, in 2024-2025,
using a flume with a length of 11 m, a width of 0.6 m, and a height of 0.5 m. To
comprehensively analyze the hydraulic behavior, a total of 60 experiments were designed and
conducted on two types of vertical drop structures: rigid and gabion.
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In these experiments, three structural thicknesses (Xg) of 20, 30, and 40 cm were investigated in
combination with five flow rates of 18, 21, 24, 27, and 30 L.s* for the control sample. For the
gabion samples, three effective porosity levels of 30, 35, and 40 percent were employed, using
three categories of gravel materials—fine, moderate, and coarse—with average diameters (Dso)
of 21, 30.5, and 42 mm, respectively. Also, in all models, the structure height was kept constant
at 32 cm to ensure comparision of conditions.

Results and Discussion

Analysis of the obtained data showed that in all models, the relationship between the flow
energy dissipation parameter and the relative critical depth was inverse; so that with increasing
energy dissipation efficiency, the relative critical depth decreases, and this trend was observed
in all experimental scenarios.The findings showed that the combining of the drop structure with
a gabion bed significantly increased the energy dissipation of the flow, such that the use of
gabions improved energy dissipation efficiency by approximately 60% compared to the rigid
drop. The flow passing through the gabion models was divided into two modes: overpass and
throughpass, 1n the throughpass state, the quasi-non-Darcy and nonlinear flow passed through
the porous moderate, and the main contribution of energy dissipation was related to this state.
Furthermore, increasing the size of the gabion core particles and the effective width of the
structure enhanced the energy dissipation process. Finally, the overpass and throughpass
discharge values were calculated for all scenarios, and these data can be used as a valuable
template for hydraulic modeling and improving the design of similar structures.

Conclusion and Suggestions

In this study, the interaction of water flow and energy dissipation in two types of vertical drop
structures: rigid and gabion, were investigated experimentally. The results showed that by using
a gabions type and creating a porous and permeable environment, the flow energy can be
reduced, thus reducing the need for additional structures such as stilling basins or mesh plates.
Furthermore, the effect of parameters such as aggregate particle size, gabion porosity, and
structure thickness on energy dissipation efficiency and the share of inflow and overflow was
significant. The findings indicate that the use of vertical gabion drops in water transfer projects
in steep and mountainous areas is more efficient and sustainable than the rigid model from a
technical and economic perspective. In addition, the results of this research can be used to
improve the design of vertical gabion drops in watershed management plans.

Keywords: Critical depth, hydraulic resistance, inpass flow, overpass flow, physical model,
turbulent flow
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5- Digital Elevation Model
6- Normalized Difference Vegetation Index
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Figure 4- Flood susceptibility map of Chaharmahal and Bakhtiari Province using the DQL
algorithm.
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Extended Abstract

Introduction and Goal

Understanding flood risk efforts to reduce it are top priorities for researchers and policymakers.
Flood susceptibility mapping is an important tool for risk management in mountainous regions.
Because, it is possible to identify prone areas and provide a platform for spatial planning,
preparedness, and preventive measures. Traditional flood mapping approaches, such as
hydrological modeling and historical data analysis, often face limitations including data
scarcity, computational complexity, and the dynamic of environmental systems. Therefore,
modern artificial intelligence (Al) methods—particularly machine learning (ML) and
reinforcement learning (RL)—have been employed to process diverse datasets and identify
complex patterns. Among Al approaches, reinforcement learning is promising due to its
capacity to interact with the environment and progressively improve decision-making. The Deep
Q-Learning (DQL) model, as an advanced reinforcement learning technique, enables operation
in continuous and high-dimensional state spaces without requiring discretization. This study
aims to apply the DQL model to produce a flood susceptibility map in the Chaharmahal and
Bakhtiari Province, a mountainous and semi-arid region prone to flash floods caused by
snowmelt and intense rainfall. The main objective is to provide a precise framework for flood
hazard assessment and to support policymakers and crisis managers in reducing risk and
enhancing resilience, particularly in vulnerable counties such as Ardal and Lordegan.

Materials and Methods

To conduct this research, a list of flood events including 545 spatial points (346 flood and 199
non-flood locations) from 1983 to 2023 was compiled. In a random and stratified manner, 71%
of the data was used for training (389 points) and 29% for testing (156 points). Initially, 21
environmental variables were extracted from multiple sources, including a Digital Elevation
Model (DEM), climatic time series, Landsat 9 imagery, and the SoilGrid database.
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After multicollinearity analysis, four variables were removed, and 17 final variables (elevation,
flow accumulation, flow direction, stream connectivity, aspect, slope length, plan and profile
curvature, Topographic Wetness Index (TWI), depth to bedrock, maximum 24-hour
precipitation, mean and maximum temperature, snow depth, NDVI, surface sand percentage,
and distance from residential areas) were selected. The Deep Q-Learning model was applied to
process continuous variables and generate a flood susceptibility map. This map was classified
into five categories (very low to very high). The accuracy of the model was evaluated by
indicators such as AUC, Kappa, Recall, Precision, Specificity, and LogLoss metrics.

Results and Discussion

The classification map was prepared using the Deep Q-Learning (DQL) model and based on the
Natural break method. In this map, the area of the study area (1,655,300 hectares) was divided
into five flood susceptibility classes: very low (6%, 97,221 ha), low (20%, 336,190 ha),
moderate (26%, 429,453 ha), high (26%, 435,293 ha), and very high (22%, 357,140 ha).
Accuracy assessment indicated very good model performance. The results of the AUC index
(0.93) indicated excellent discriminative ability, the Kappa coefficient index (0.72) indicating
acceptable agreement between predictions and observations, and the Recall index (0.87)
indicated high identification of flood points. The Precision index and was calculated to be 0.90,
Specificity was 0.85, and LogLoss was 0.65. Analysis of the significance of the variables
showed that the greatest effect was related to snow depth, which has a significant impact on
snowmelt in spring floods. This was followed by flow accumulation (topographic
characteristics), distance from residential areas (human and urban development impacts), NDVI
(vegetation cover and soil permeability), mean temperature (climatic conditions), and slope
length. Areas classified as very high susceptibility were mainly concentrated in low-lying areas,
valleys, and along major rivers such as the Karoon and Zayandeh-Rud Rivers, particularly
within Ardal and Lordegan counties. Comparison the results of this study with similar studies
based on supervised machine learning models showed that using the DQL model, flood risk in
heterogeneous mountainous environments can be predicted more reliably and flood risk can be
managed more accurately.

Conclusion and Suggestions

The results of this study demonstrated that the Deep Q-Learning (DQL) model, as a deep
reinforcement learning approach, has high capability for flood susceptibility mapping,
especially in complex mountainous regions such as Chaharmahal and Bakhtiari Province. By
utilizing this model, processing continuous environmental variables and accurately identifying
nonlinear relationships, valid and practical maps were produced, and based on that, high-risk
areas were accurately identified. The findings of this study confirm that the main flood drivers
in the region include snowmelt, topographic characteristics, human development, and vegetation
degradation. These findings were also consistent with the field realities of the region. The
generated maps can serve as a practical basis for land-use planning, strengthening stormwater
infrastructure, protecting residential areas against flash floods, and restoring vegetation
ecosystems to enhance soil permeability. Overall, the results of this study provided a novel
approach and a detailed framework for sustainable flood risk management in similar regions in
Iran and the world, which policymakers can benefit from in improving the resilience of local
communities. To improve the accuracy of the model in future research, it is recommended that a
broader list of flood events be compiled with more accurate seasonal and temporal data, and that
dynamic variables such as daily temperature changes and snowmelt cycles be examined.
Additionally, it is recommended to conduct more extensive field validation, especially in high
altitudes and urban areas. It is also suggested to combine DQL with other reinforcement
learning methods or hybrid models to increase its efficiency.

Keywords: Flood risk assessment, Iranian highlands, machine learning, reinforcement learning
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Figure 1- Location of the study area.
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Figure 2 - Rainfall simulator and method of collecting runoff and sediment samples.
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Figure 3- Understory of the cypress (Cupressus sempervirens var. horizontalis) plantation, natural
oak forest, and the control area.
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Table 1- Analysis of variance of the effect of different vegetation covers on soil physical properties.

Variable F Df Sig.
BD (g/cm?) 6.753 2 0.029*
Sand (%) 7.532 2 0.023*

Silt (%) 4.418 2 0.066

Clay (%) 9.375 2 0.014*

IO waw o s pae *

*: Significance at 5% level
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Figure 4- Comparison of the mean (+ standard error) of soil physical properties (bulk density, sand,
and clay) under different vegetation covers.

Different letters above the bars indicate significant differences among means based on Duncan’s multiple
range test.
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Table 2- Amount of runoff and sediment in various study areas.

Variable Location Mean
Cupressus sempervirens Oc
Quercus brantii Lindl 1875.3 b
Runoff Control 12432.6 a
Sig. 0.01
Cupressus sempervirens 0b
Sediment Quercus brantii Lindl 0.49b
Control 14.7 a
Sig. 0.03

(P< 0.05) coil o Siles yleo s slacglas oaimsylas alise B>
Different letters indicate significant differences among the means (p< 0.05).
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Table 3- Comparison of average runoff volume based on rainfall duration.

30 min. 15 min. t Significant
Location Parameter  Level (P)
Std. Mean Std. Mean
Deviation Deviation
Quercus brantii Lindl 990.407 2688.67a  227.740 995.33 b -2.886 0.045
Cupressus 0 0 0 0 - -
sempervirens
Control 1846.963 19506 a 1133.492 5363.50b -0.229 0.012

P< 0.05) cosl o1 Silo oo Hls sine slacsgles soimslis alisee g >
Different letters indicate significant differences among the means.
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Table 4- Comparison of average sediment amount based on rainfall duration

30 min. 15 min. t Parameter  Significant
Location Level (P)
Std. Mean Std. Mean
Deviation Deviation
Quercus brantii Lindl 0.3961 1.075 0.6068 0.5444 -1.269 0.323
Cupressus sempervirens 0 0 0 0 - -
Control 1.477 15.604 a 2.964 7.028 b -3.662 0.000

(P<0.05) cul oSl yls o s slacglas oaimsylis calises By >
Different letters indicate significant differences among the means.
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Table 5- Amount of runoff coefficient in various study areas.

Variable Location

15 min. 30 min.

Cupressus sempervirens 0 0
Runoff Quercus brantii Lindl 2.5 3.4

Coefficient

Control

13.4 244
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Extended Abstract

Introduction and Goal

Investigating the factors affecting runoff and soil erosion is one of the main measures for proper
soil management in natural areas. Water and soil resources in arid and semi-arid areas are of
particular importance as the foundation of life and sustainability of human societies. On the
other hand, the limitation of these resources in these areas, unsustainable exploitation, and lack
of attention to the scientific principles of their management have caused increasing destruction
and increased the risk of desertification. Soil erosion in these areas, as one of the most important
environmental threats, has created serious challenges for natural resource management;
therefore, identifying the factors affecting soil erosion and developing soil conservation
programs is essential. Given the lack of appropriate statistical data, the difficult physical
working conditions in watersheds, and unpredictable climatic fluctuations such as long-term
droughts, it is difficult to collect information related to the processes affecting soil loss in
natural areas. Accordingly, in many erosion and sediment studies, a rainfall simulator is used.
Given the importance of the subject, in the present study, the effect of afforestation on changes
in runoff and sediment was investigated in comparison with natural oak forests and areas
outside the canopy cover. This study aimed to investigate the volume of runoff and soil erosion
in the understory of natural coppice oak (Quercus brantii Lindl.) and planted cupressus
(Cupressus sempervirens var. horizontalis) forests after rainfall simulation.

Materials and Methods

The study area, Choghasabz Forest Park, is part of the Ilam city watershed in Ilam province.
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The climatic characteristics and diversity of vegetation cover provide unique conditions for
investigating the relationships between vegetation, runoff, and soil erosion in this area. In order
to compare the effects of afforestation of the cypress species and natural oak coppice forest on
runoff and sediment, a portable rainfall simulator was used. In this study, rainfall was simulated
with a specific intensity and duration based on intensity-duration-frequency (IDF) diagrams, and
sampling of sediment and runoff under the trees of these stands was carried out using 2 m? plots
(1x2 m). Rainfall simulation was carried out for two periods of 15 and 30 minutes and with a
rainfall intensity of 80 mm/h. Then, the rainfall simulator was installed in three random
replicates in both the afforested and natural stands and the control plot in a position outside the
canopy and adjacent to the stands, and runoff, sediment, and soil samples were collected in each
stand and control area. Then, statistical analysis of the data was performed using SPSS version
25 software. The differences among treatments were evaluated using one-way, and mean
comparisons were performed using Duncan's test. In addition, the mean values obtained at the
15- and 30-min rainfall durations were compared using the independent samples T-test.

Results and Discussion

The results of scatter analysis showed that the effect of different vegetation covers on some
physical properties of soil was significant. In the cypress afforestation, no runoff and sediment
were observed, which may be due to the dense vegetation cover and high soil permeability. In
the area outside the canopy, the highest amount of runoff and sediment was observed, indicating
the positive effect of vegetation covers on reducing runoff and sediment. For the sediment
variable, the differences in sediment rates in the cypress afforestation area with the other two
areas were not significant, but the differences between the natural oak stand and the area outside
the canopy were statistically significant. According to the results of this study, the runoff
coefficient increased with increasing rainfall duration. However, the rate of increase in the
runoff coefficient from 30 min to 15 min of rainfall was higher in the control area (1.82 times)
than in the oak afforestation area (1.36 times). This finding indicates the importance of
vegetation cover and show that under conditions of continued rainfall, the amount of runoff and
soil loss will in areas without vegetation cover. Based on the results of this study, the presence
of tree canopy, the presence of tree canopy was the reason for the decrease in the rate of litter
decomposition, the increase in the volume and depth of litter on the ground surface, and
significantlydecrease runoff under the canopy of this tree species. On the other hand, poor soil
permeability in areas without canopy cover due to low organic matter and litter content, high
bulk density, and compact soil structure led to increased runoff in these areas. An important
feature of the vegetation canopy, especially trees, is the creation of a suitable substrate on the
ground surface and the development of a root network that helps improve soil gradation,
maintain soil structure, and stabilize soil aggregates. In such conditions, runoff is so-called
filtered and sedimentation is reduced.

Conclusion and Suggestions

The findings of this study indicate that vegetation is of great importance in regulating soil
hydrological characteristics and reducing erosion and sedimentation. Accordingly, it can be
concluded that maintaining and restoring vegetation in forest stands, especially in the Zagros
regions, improves soil physical properties and reducing problems caused by erosion. Therefore,
it is suggested that appropriate management measures such as planting native trees and shrubs in
degraded and sparsely vegetated areas should be taken to cconservation soil and water
resources. Overall, these measures can help reduce runoff and soil erosion in watersheds,
sustainable management of natural resources and reducing environmental problems. It is
suggested that greater attention be paid to the development of afforestation and preservation of
vegetation cover as an effective solution to reduce erosion and preserve natural resources in arid
and semi-arid regions.

Keywords: Canopy cover, Choghasabz, llam, rainfall simulator, runoff, soil erosion
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Figure 3- Water-energy-food nexus developed in the Sarab Sayed Ali Watershed.
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Table 1- Results from the evaluation of model behaviour reproduction using the RMSPE.

Variable Time period RMSPE
Population 2004-2007 0.029
Drinking water demand 2012-2017 0.019
Supply of fishery products 2004-2009 0.032
Electrical energy demand 2011-2017 0.031
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Figure 4- Population changes in the Sarab Sayed Ali Watershed.
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Figure 6- Energy sustainability in the Sarab Said Ali Watershed.
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Figure 7- Sustainability of food sources in the Sarab Said Ali Watershed.
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Figure 8- The effect of the Groundwater share of consumption and irrigation efficiency on the
sustainability of water resources in the Sarab Said Ali Watershed.
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Figure 9- The effect of the fossil energy share and per capita energy consumption in the residential
and commercial sector on the energy sustainability of the Sarab Said Ali Watershed.
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Figure 10- The effect of beet cultivation area and per capita food consumption on the sustainability
of food resources in the Sarab Syed Ali Watershed.
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Table 2- Scenarios applied to the model in the Sarab Said Ali Watershed.

Scenario Scenario Changes
number
1 base scenario Maintaining the status quo
A 30% reduction in the area of sugar beet cultivation, a 15% increase
2 changes in cultivation pattern in the area of irrigated wheat cultivation, and a 15% increase in the
area of rapeseed cultivation
3 |mpr0veme_nt_s In Irrigation Increase irrigation efficiency by up to 66%
efficiency
4 development of urban and An 80% increase in water return rate achieved by constructing a
industrial wastewater systems wastewater collection and treatment network
A Generating 6300 watt-hours of electricity (0.0037 barrels of oil
utilisation of renewable - L
5 ener equivalent) per day for each household and establishing
ay infrastructure for 7000 households in the region.
6 modification of consumption 5% reduction in demand for water, energy, and food, resulting in

patterns

savings for residents
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Figure 11- The effect of six applied scenarios on the sustainability of water resources in the Sarab
Said Ali Watershed.
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Figure 12- The effect of six applied scenarios on the sustainability of energy resources in the Sarab
Said Ali Watershed.
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Figure 13- The effect of six applied scenarios on the sustainability of food sources in the Sarab Said
Ali Watershed.
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Table 3 — Changes in water, food, and energy resources between 1380 and 1425 under different
scenarios, evaluated using the Fuzzy Topsis method.

Scenario Sustainability Sustainability Sustainability
number Scenario Water Resources  Energy Resources  Food Resource

(%) (%) (%)

1 base scenario -43 -312 78

2 changes in cultivation pattern -41 -300 116

3 improvements in irrigation 32 240 78

efficiency
_ devel_opment of urban and 13 449 78
industrial wastewater systems
5 utilisation of renewable energy -43 -309 78
6 modification of consumption 37 57 312
patterns
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Table 4- Prioritisation of scenarios by the Fuzzy Topsis method using the criterion of percentage
sustainability of water, energy, and food resources.

Scenario . proximity .
number Scenario coefficient Priority
1 base scenario 0.189 6
2 changes in cultivation pattern 0.245 4
3 improvements in irrigation efficiency 0.301 2
4 development of urban and industrial wastewater systems 0.289 3
5 utilisation of renewable energy 0.192 5
6 modification of consumption patterns 0.755 1
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Extended Abstract

Introduction and Goal

Water, energy, and food are the basis of the sustainable development of societies and they are
inextricably and interrelated, such that changes in each of them cause direct and indirect
consequences on the others. The objective of this study was to present and develop a new
methodological approach that can efficiently support the decision-making and policy-making
process in the supply and demand of a watershed’s resources, and to quantitatively model the
sustainability of water, energy, and food based on the system dynamics approach across
different scenarios. The structure of this framework can be used as an effective tool to improve
policy-making and elevate the level of watershed sustainability, providing more efficient
perspectives in resource management.

Materials and Methods

In this study, a quantitative and integrated framework based on system dynamics (SD) was
developed and modeled, considering the interactions of resource supply and demand with a
Water-Energy-Food nexus approach in the Sarab Sayed Ali watershed. Since accurate and
reliable SD modeling for assessing resource sustainability requires a comprehensive and
transparent database, the necessary data were collected from official and credible national
authorities. For modeling and validation in the study area, historical data recorded between 2001
and 2023 were utilized as inputs for the Vensim software. Furthermore, the simulation time step
was set annually, and the overall modeling horizon was determined from 2001 to 2046
considering technical aspects and the long-term policy orientations of the Iran Water Resources
Management Company to enable the prediction of the system’s future behavior. After
developing the model, its validation was performed using standard SD tests, such as the
boundary adequacy test, dimensional consistency test, and behavior reproduction test.
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The results were analyzed based on feedback loops. By integrating the findings from the
sensitivity analysis with the local characteristics of the region, various scenarios were defined
and applied to the model. Ultimately, the most desirable scenario was ranked and selected using
the Fuzzy TOPSIS Multi-Criteria Decision-Making method.

Results and Discussion

Considering the variables related to the water, energy, food, and social and economic sectors,
the modeling process was carried out from 2001 to 2046. After model validation, the results
showed that in 2001, the population living in the watershed was 56,400. Based on modeling
conducted based on variables such as birth rate, death rate, and migration rate, the population in
2046 was predicted to be 85,770 people. This finding indicates a 52 increase in population.
From 2001 to 2046, the reduction in water resources in the region will be significant. The
decrease in surface water volume in the first period from 2001 to 2005 was about 21 million m?,
and in the second period from 2006 to 2046, 2 million m3 was predicted. During the modeling
period, the volume of groundwater decreased by about 1.77 billion m3. This is while the
decrease in the sustainability of water resources (surface and underground) was estimated at
1.79 billion m3. The trend in energy sustainability (fossil and electrical) from 2001 to 2046, was
an increase of 2.2 million barrels of oil. The energy trend during the period 2022 to 2040, was
decreasing, but it still remained in a positive range, meaning it met the needs of the region.
From 2041 to 2046, negative energy sustainability index values were predicted, and by 2046, it
will reach a range of negative 1.8 million barrels of oil. This finding indicates a sharp decline in
energy sustainability and the emergence of significant challenges in this sector. The trend of
food resource sustainability, considering all four sources (agriculture, livestock and poultry,
fisheries, and livestock and poultry feed of agricultural origin), was predicted to increase from
2001 to 2030, and food supply demand by about 597 thousand tonnes by 2030. From 2031 to
2046, this trend changed, and food reserves decreased to 390 thousand tonnes in 2046. This
finding indicate a reduction in reserves and a weakening of the sustainability of food resources.
The results of the sensitivity analysis showed that, in the water subsystem, the groundwater
share of consumption and irrigation efficiency; in the energy sector, the fossil energy share and
per capita energy consumption in the residential and commercial sector; and in the agricultural
sector, the beet cultivation area and per capita food consumption are considered key variables. In
this study, based on the findings of sensitivity analysis and the identification of effective leverage
points in the model, the consumption pattern modification scenario with a proximity coefficient
of 0.755 is introduced as the best option to improve resource sustainability. On the other hand,
the least impact on improving resource sustainability was related to the base case scenario with
a proximity coefficient of 0.189.

Conclusion and Suggestions

Comprehensive management and planning in watersheds have a complex and multidimensional
nature. Because hydrological, social, economic, and environmental affect each other in an
intertwined manner. Achieving effective management in such a system requires a scientific,
accurate, and in-depth understanding of the challenges and interactions among various
components such as water, energy, and food resources. Despite the effectiveness of the
integrated approach with a systems perspective, its implementation still faces challenges such as
the lack of accurate data, the interdisciplinary nature of the subject, the complexity of economic
and social structures, and existing gaps in policymaking. Based on the results of this study;, it is
suggested that by developing more comprehensive correlation models and taking into account
the lack of certainties and climate change, the field of informed decision-making and sustainable
resource management can be prepared by modifying consumption patterns, diversifying
resources, utilizing new technologies, and strengthening risk management.
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1- Decision Support System
2- Akaike Information Criterion (AlIC)
3- Bayesian Information Criterion (BIC)
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Table 1- Values of annual precipitation variables (mm) at each station from 1991-2020.

Station Maximum Minimum Mean Standard Deviation  Coefficient of Variation (%)
Eishabad 511.50 49.50 293.14 88.35 30.14

Taghon 367.50 70.00 275.34 85.12 30.91

Durood 506.00 128.80 299.15 92.44 30.90
Zarandeh 404.00 62.00 201.70 68.76 34.09
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Table 2- Mean annual precipitation (mm) in different return periods (2, 5, 10, 20, 50, 100, and 200 years) at the

study stations.
Station 2 5 10 20 50 100 200
Eishabad 290.26 357.25 391.87 418.47 447.40 465.97 482.54
Taghon 285.41 351.40 384.93 410.78 439.20 457.29 473.47
Durood 278.91 343.46 375.99 401.16 428.71 446.53 462.12
Zarandeh 245.04 302.52 331.86 354.86 379.71 395.43 409.74
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Table 3- Maximum instantaneous discharge (m3 s-1) in different return periods (2, 5, 10, 20, 50, 100, and 200
years) at the study stations.

Station 2 5 10 20 50 100 200
Eishabad 35.30 72.60 97.30 121.00 15200  175.00  197.00
Taghon 21.20 42.30 56.30 69.80 87.10 100.00  113.00
Durood 15.70 29.9 39.00 48.30 60.00 68.80 77.50
Zarandeh 31.40 58.60 76.60 93.80 11600  133.00  150.00
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Table 4- Mean annual discharge (m3 s-1) in different return periods (2, 5, 10, 20, 50, 100, and 200 years) at the
study stations.

Station 2 5 10 20 50 100 200
Eishabad 12.20 29.10 40.30 51.10 65.00 75.40 85.80
Taghon 5.36 11.90 16.20 20.40 25.80 29.80 33.80
Durood 3.23 6.99 9.49 11.90 15.00 17.30 19.60
Zarandeh 9.33 19.50 26.20 32.70 41.10 47.33 53.60
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Table 5- Runoff volume (Mm3) in different return periods (2, 5, 10, 20, 50, 100, and 200 years) at the study

stations.
Station 2 5 10 20 50 100 200
Eishabad 13.59 66.62 123.66 194.99 311.57 416.12 533.04
Taghon 14.17 56.43 99.96 153.64 239.24 315.36 402.68
Durood 1.60 6.59 11.17 11.25 22.85 32.73 47.90
Zarandeh 8.32 23.10 40.58 62.12 96.58 127.5 162.73

Sk sheess Lol Jolow
loolSiy] e VLo Uil peSile (sloojlal slis
5 o el slasSll oglis samopls sadaslias
e bl g usby wbie jlalolh el guily sy
SV )l eSilie (slmojlal Sglis (Y- Y+ L) o5y
&35 9 ok Sloy gylubl easaolis (AY 51 i)
Jsb > ol ekl

Sy syl oy90

gy 5 Sl (bt Sloaifie Sl Sl Julos s
) i) bl (glao)ail Cond eloo
dion o0l g aVls u.cng oSl (ol oz
3 Jelow @l cwl salal )l VO SS o (lalaxd
Comd gzl gy ols (las canS pr (5SUsS sloo 0
ool ole Jlowy g (Sl CtS p 0y90 IB 4
5 Ok oad Soble o5 aleadlie lp ohgn

aites 25Ls0] glago

5r BT5/T2
aT20/T10
4 | BT100/T50

aTio/Ts
BT50/T20
BT200/T100

Relative ratio of two consecutive
return periods of hydrological components
w

=] -
Precipitation E

Runoft volume

Max discharge

Precipitation
Runoff volume
Max discharge

Mean annual discharge

Eishabad Zarandeh

Mean annual discharge

Precipitation E

Precipitation
Runoff volume

Runoft volume
Max discharge
Max discharge

Mean annual discharge
Mean annual discharge

Dorud

Stations and hydrological components

oadaallhe slaoliuyl 43 (Jlu) ity (4s5UsS (slooygo 10 Slilyy Calisee gladilge 5 ()l CtS )y (sloe y90 Cons -Y S
Figure 2- Ratio of precipitation return periods and different runoff components in different return periods
(year) at study stations.
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Extended Abstract

Introduction and Goal

Investigating the response behavior of hydrological systems to inputs such as precipitation,
particularly runoff analysis under different return periods is one of the primary objectives of
hydrological research. The analysis of the return periods of hydrological components, including
precipitation and runoff, has a long history. However, less attention has been paid to the
comparative and simultaneous assessment of these components and to the analysis of their
asynchronous behavior under different return periods. On the other hand, the complex and
nonlinear relationships between precipitation and runoff, as well as the observed differences
among stations, are attributed to the local conditions governing each sub-watershed. In this
regard, the simultaneous assessment of these components can offer a more accurate
understanding of the watershed's hydrological response, especially during extreme events
conditions. Therefore, in this study, precipitation and runoff magnitudes were simultaneously
investigated under different return periods in the Neyshabur Watershed in Khorasan Razavi,
Iran.

Materials and Methods

Data on annual precipitation and runoff for the period from 1991 to 2021 were collected from
four hydrometric stations, which represented different hydrological conditions within the
watershed. Using statistical methods, precipitation and discharge data were verified in terms of
quality, and missing values or data inconsistent with hydrological trends were corrected or
replaced using linear regression and correlation analysis with neighboring stations. After data
correction, daily precipitation and discharge values were converted into annual precipitation and
discharge values. This process enabled long-term analysis and the assessment of the
asynchronous behavior of the components.
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The corresponding precipitation and runoff magnitudes for return periods of 2, 5, 10, 20, 50,
100, and 200 years were estimated using the Hyfran-Plus software. In this analysis, among
various statistical distributions, the Weibull distributions for precipitation data and the Gumbel
distributions for discharge data were selected as the best-fit distributions for the studied datasets,
based on the recommendation of the decision support system and using Akaike and Bayes
information criteria.

Results and Discussion

The results show that the rainfall magnitudes for return periods of 2, 5, 10, 20, 50, 100, and 200
years were 290.26, 357.25, 391.87, 418.47, 447.40, 465.67, and 482.54 mm, respectively.
Across different sub-watersheds, the return periods of precipitation and runoff were not
consistent, and with increasing precipitation return periods, the instantaneous peak discharge,
mean annual discharge, and runoff volume increased significantly at all stations, but with
different rates of change. In short-term periods of 5 to 2 years, the amounts of precipitation,
maximum instantaneous discharge, mean annual discharge, and runoff volume recorded at
Eishabad station are 1.23, 2.06, 2.39, and 4.91 respectively; at Taghoun station, 1.23, 2.00, 2.22,
and 4.00 respectively; at Dorud station, 1.23, 1.90, 2.16, and 4.13 respectively; and at Zarandeh
station, 1.24, 1.87, 2.09, and 2.78 respectively. While the aforementioned ratio in long-term
periods of 200 to 100 years, the precipitation amounts, maximum instantaneous discharge,
average annual discharge, and runoff volume were obtained at Eishabad station 1.04, 1.13, 1.14,
and 1.28; at Taghoun station 1.04, 1.13, 1.13, and 1.28; at Dorud station 1.03, 1.13, 1.13, and
1.46; and at Zarandeh station 1.04, 1.13, 131, and 1.28 respectively. These differences are likely
due to local watershed characteristics.

Conclusion and Suggestions

The findings of this study confirmed that the use of simultaneous and multivariate approaches in
precipitation and runoff return period analysis is crucial for designing flood and sediment
control structures, predicting hydrological events, and managing water and soil resources
sustainably in semi-arid plains. The results show that the relationship between precipitation and
runoff across different return periods is nonlinear and amplified, emphasizing the importance of
considering these components together in flood risk assessment and water infrastructure
planning. Additionally, the significant spatial differences in the hydrological response of sub-
watersheds indicate the importance of developing management strategies based on the specific
conditions of each watershed. Given the high susceptibility of semi-arid watersheds to climate
change, the uncertainty in predictions can be reduced by combining long-term hydroclimatic
data with advanced statistical models. Finally, expanding such studies to other similar
watersheds, as well as incorporating the sediment component in future analyses, is an effective
step towards comprehensive and resilient management of water and soil resources. Based on the
results of this study, it is suggested that future research focus on developing integrated
hydrological models that dynamically link climate projections with land-use change scenarios.
With such models and analyses, the ability of experts to comprehensively manage water and soil
resources, reduce flood risks, and plan land-use in a manner that is consistent and based on the
conditions of each watershed will increase. Furthermore, it is recommended to promote
collaboration among hydrologists, climatologists, and land-use planners to translate these
scientific insights into appropriate and region-specific engineering policies and standards, in
order to improve ecosystem services and community resilience in vulnerable semi-arid regions.

Keywords: Annual precipitation, annual runoff volume, maximum instantaneous discharge, mean
annual discharge, return period, Runoff
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