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Figure 1- Geographical location of the Kashkan Watershed in the large Karkheh basin and Pol
Dokhtar Station.
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Table 1- Characteristics of the Pol Dokhtar Watershed and station.

Geographical

Area slope location

Q(m?3/s) P(mm)

(km?)  (degree)

longitude latitude

min mean max min mean max

202.38 23.1

47-43-03 33-09-42 0.011 478 1546 O 1.06 115
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Figure 2- Determining effective input parameters using ACF, PACF and Pearson coefficient
methods.
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Table 2-combination of effective inputs to models.
Model number  Effective input structure  Output

1 Q-1 Q

2 Q-1,Q-2 Q

3 Q_11 Q-21 Q_3 Q

4 Q-1,P-1 Q

S Q_11 Q-21 P-1 Q

6 Q_11 Q-21 Q_31 P_l Q
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Table 3- Results of ANFIS model in predicting daily flow.

Number and RMSE R? NE
models Inputs type of
combination membership Training Validation Training Validation Training Validation
function
4, trimf 0.0250 0.0208 0.839 0.882 0.687 0.750
1 Q(t1) 4, trapmf 0.0251 0.0208 0.840 0.879 0.682 0.754
3, gaussmf 0.0250 0.0218 0.838 0.872 0.684 0.730
4, trimf 0.0251 0.0207 0.834 0.880 0.680 0.756
2 Q (t-1), Q (t-2) 2, trapmf 0.0251 0.0219 0.837 0.866 0.683 0.727
3, gaussmf 0.0253 0.0218 0.834 0.870 0.677 0.728
Q (t-1), Q (t-2) 3, trimf 0.0254 0.0216 0.828 0.866 0.675 0.735
3 Q (t-3)’ ' 4, trapmf 0.0270 0.0228 0.803 0.848 0.632 0.705
2, gaussmf 0.0254 0.0218 0.833 0.864 0.673 0.730
3, trimf 0.0252 0.0203 0.836 0.885 0.678 0.768
4 Q (t-1), R(t-1) 3, trapmf 0.0260 0.0211 0.825 0.883 0.658 0.747
3, gaussmf 0.0250 0.0212 0.839 0.880 0.684 0.744
Q (1), Q (t-2) 3, trimf 0.0256 0.0207 0.826 0.880 0.670 0.756
5 R(t-1) ' ' 3, trapmf 0.0277 0.0233 0.808 0.868 0.613 0.717
4, gaussmf 0.0252 0.0206 0.831 0.881 0.679 0.758
Q(t1), Q (t-2) 3, trimf 0.0264 0.0220 0.810 0.857 0.648 0.725
6 Q (t_3)’ R(t-1) ' 3, trapmf 0.0280 0.0240 0.790 0.834 0.605 0.673
' 5, gaussmf 0.0250 0.0203 0.835 0.882 0.682 0.761
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Table 4 -The results of the SVM model in predicting the daily flow rate.

mod Inputs combination ey RMSE R2 NE
el parameters  Training Validation Training Validation Training Validation
1 Q1) 5,0.001,0.5 0.0240 0.0203 0.844 0.874 0.706 0.765
2 Q(t1),Q(t-2) 15,0.001,0.8  0.0239 0.0200 0.846 0.878 0.711 0.771
3 Q(t1),Q(t-2),Q (t-3) 15,0.001,0.8  0.0238 0.0195 0.848 0.885 0.714 0.782
4 Q(t1), R(t-1) 1,0.001,0.6 0.0233 0.0202 0.854 0.876 0.725 0.766
5 Q(t1), Q (t-2), R(t-1) 3,0.001,04 0.0223 0.0194 0.867 0.887 0.750 0.786
6  Q(t1), Q (t-2), Q (t-3), R(t-1) 4,0.001,1 0.0223 0.0187 0.865 0.895 0.737 0.801




VEoF s VB9 oyl 8lacs o 5,leis FA 590

Jlesl g amulze boas cul Lol » e
dbs &b pbalS el p 0js slagle o)
> S oo oeas S5 ssbar |, ANN slas
A Glas (orae D oo 4 barye bt Ghoagh
$ o liw ANFIS 5 SVM slo Jos asilen
cds (R?=+/+149 g NE=-/vay RMSE=:/AAA)
ls (69g,5 BluS 5 Ko b awlie jo (65 i
Wlgioo slwaings Josdlygiws G Folin Lol
Ok 9 e et Ko £ S5 4 ke
G (nl )3 358 (Lyian srac SlaASLD S8
Silwtinge o Josdlygiws 5,Slas cw)p jslaiea,
Joadl s 55 LM Joally g0 b aliie ;5 0,55 UsS
el 52000 90 oyl o 48,8 L5 10 PSO 5 WOA
)l s adgl Comes Sl oS 3g) Comex 5 (e
by mlsad ad)d da o). ST olaws g A
s liio .ol 00.500,51 0 Jgaz 40 S 5 Jow g ,0
Joalljgiws g0 cpl 5l eolatwl a5 sly plis s
2 e 8 Jao s il Sl (silasinge
ANN- Joe a5 glasgSay ol 59, (o0l o i
i> e, R%=:/A¢ 3 RMSE=-/-\A$ WOA
ot 3 1y b Slul o ieS ((riems

Lls o9, ool

‘j/’f..r‘ﬂ‘},‘:;

Gilwdiate b Joadl jgiws 9 (mas Al gL Joo s
Oles sl olasd ( egias onac 4D Jow o
o jle s @b gg g Y e 50 S92 00 slacys,es
ol sl OBl b iyl o ol)lS 50 e
shl g c8s 0 g JB oge lg o ez
sl g, 31 (o 0,5 obml pmas AL o s
aiile Al glaazin by (ol 5o el > g (o
Aot (28 JSha 5 S0 L bl g gy
Ol 9,8kes 5355 50 0315 (Bj50] Joo g 3530
O g @lg.)’)\ G?L;M)L?l.ﬁ‘ sleools (g9,
ail,8 o,bgs 4 Sgd oo pelais asiv (s L]
Ol oS 5 Joe 3 s oe 1SS b3l g USeel
& 5lotings b o] g 3l osliial b Ygone a3
LU oS o SaS omas dS0D 4 oS wad o plodl
5wl Guls u_.i‘))’yT slools 4 (55 o cds
foadljgiws 1y yiBg o jlall alils (g g o Slas
}‘WJ?L;‘)%MM‘S&}L»%&“
SyleS e S byl Jadllygiws S o oolawl
ANN Joo sl 5 gl ol o a5 sl (LM)
Golwainge Joddlygiws ol sl cabazs 3 lai o

B9y ailjey P Sy 38 ANN-WOA 3 ANN-PSO ANN Juw gubi -8 Jgus
Table 5 -The results of the SVM model in predicting the daily flow rate.

RMSE

R2

NE

models Inputs combination Training Validation Training Validation Training Validation
Q (t-1) 0.0244 0.022 0.837 0.855 0.700 0.720
Q (t-1), Q (t-2) 0.0239 0.0200 0.843 0.879 0.711 0.771
ANN Q (t-1), Q (t-2), Q (t-3) 0.0234 0.0210 0.850 0.867 0.723 0.749
Q (t-1), R(t-1) 0.0221 0.0253 0.868 0.827 0.754 0.637
Q (t-1), Q (t-2), R(t-1) 0.0235 0.0204 0.850 0.876 0.722 0.764
Q (t-1), Q (t-2), Q (t-3), R(t-1)  0.0228 0.0199 0.895 0.888 0.730 0.793
Q (t-1) 0.0239 0.0204 0.844 0.874 0.713 0.762
Q (t-1), Q (t-2) 0.0237 0.0207 0.846 0.870 0.716 0.755
ANN-  Q (t-1), Q (t-2), Q (t-3) 0.0235 0.0201 0.849 0.878 0.721 0.77
PSO Q(t-1), R(t-1) 0.0228 0.0197 0.858 0.883 0.737 0.778
Q (t-1), Q (t-2), R(t-1) 0.0229 0.0201 0.857 0.879 0.735 0.769
Q (t-1), Q (t-2), Q (t-3), R(t-1)  0.0222 0.0191 0.867 0.892 0.734 0.791
Q (t-1) 0.0238 0.0205 0.844 0.873 0.713 0.760
Q (t-1), Q (t-2) 0.0240 0.0215 0.842 0.860 0.709 0.737
ANN-  Q (t-1), Q (t-2), Q (t-3) 0.0237 0.0205 0.846 0.873 0.717 0.759
WOA  Q (t-1), R(t-1) 0.0225 0.0203 0.862 0.877 0.744 0.765
Q (t-1), Q (t-2), R(t-1) 0.0220 0.0258 0.869 0.823 0.755 0.622
Q (t-1), Q (t-2), Q (t-3), R(t-1)  0.0222 0.0186 0.868 0.896 0.755 0.803
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Extended Abstract

Introduction and Goal

The simulation of river discharge at hydrometric stations to predict future flow discharge over
specific time periods is an important issue typically addressed using hydrological time series
associated with the respective station. To predict river discharge with the hights accuracy, three
major groups of methods are commonly utilized: empirical and statistical methods, conceptual
methods, and process-based approaches. Among data-driven methods, those based on artificial
intelligence-based are prominent. The aim of this study was evaluating the performance of
machine learning models, including SVM, ANFIS, and ANN, and assessing the performance of
a neural network model trained with Whale Optimization Algorithm (WOA) and Particle Swarm
Optimization (PSO) to predict flow discharge. In addition to evaluating the intelligent models,
the impact of using optimization algorithms on the accuracy of river discharge predictions was
also examined. Since input data have a significant impact on the performance of data-driven
models, the criteria influencing the river discharge were identified, and the best combination of
input variables for each model was determined.

Materials and Methods

In this study, to predict the daily discharge at the Poldokhtar hydrometric station located on the
Kashkan River, discharge and precipitation data from 1971 to 2018 were collected, and Intelligent
models, including Adaptive Neuro-Fuzzy Inference System (ANFIS), Support Vector Machine
(SVM), Artificial Neural Network (ANN), and the hybrid model of Artificial Neural Network
with Particle Swarm Optimization (ANN-PSO) and the hybrid model of Artificial Neural
Network with Whale Optimization Algorithm (ANN-WOA) were employed. In the two hybrid
models, efforts were made to adjust the criterias of the artificial neural network using
metaheuristic algorithms, and their impact on the performance of the ANN model was examined.
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Additionally, this study investigated the impact of river discharge and precipitation data, along
with their time lags (data from previous days), and combinations of these metrics as input
variables for the models. To determine the best combination of input variables, statistical methods
such as the Autocorrelation Function (ACF), Partial Autocorrelation Function (PACF), and
Pearson Correlation Coefficient (PCC) were employed. After applying the effective inputs and
training the mentioned intelligent models, their performance in predicting river discharge was
evaluated by comparing RMSE, R?, and NE metrics.

Results and Discussion

The evaluation of all models in this study showed that the river discharge of one day (Q-1), two
days (Q-2), and three days (Q-3) ago, along with the precipitation of one day ago (P-1), exhibited
the highest correlation with the river’s daily discharge. Overall, all models demonstrated
acceptable accuracy in modeling the river discharge in the Kashkan watershed. According to the
results, the highest accuracy in predicting daily discharge was achieved by the ANN-WOA model,
with the highest coefficient of determination (R2 = 0.896), Nash-Sutcliffe efficiency (NE = 0.803),
and the lowest error (RMSE = 0.0186).

Subsequently, the SVM model, using a radial basis kernel function with parameters C=4, y=1,
and €=0.001 demonstrated superior performance, with a coefficient of determination (Rz=0.895),
Nash-Sutcliffe efficiency (NE = 0.801), and an error (RMSE = 0.0187). Then, the ANN-PSO and
ANN models ranked third and fourth, respectively. The results indicated that using metaheuristic
optimization algorithms significantly improved the accuracy of the ANN model, making it a
suitable tool for neural network training. The evaluation of different ANFIS structures revealed
that triangular and Gaussian functions performed better for modeling river discharge in the study
area. On the other hand, the error of this model, with values of RMSE=0.023 and NE=0.76 was
higher compared to the other models.

Conclusion and Suggestions

This study demonstrated that machine learning models, such as SVM, ANFIS, and ANN,
exhibited acceptable accuracy in predicting river discharge. Adjusting neural network parameters
using optimization algorithms like WOA and PSO significantly enhanced the performance of the
ANN model. Finally, it can be concluded that these models can serve as suitable alternatives to
conceptual and hydrological models for addressing hydrological and discharge-related issues. It
is recommended to train the SVM and ANFIS models using the PSO and WOA algorithms and
then compare the results with the findings of this study.

Keywords: Kashkan Watershed, Rainfall-Runoff, Particle Swarm Optimization, Whale
Optimization Algorithm, Artificial Intelligence

Avrticle Type: Research Article
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Table 1- Description of selected stations.
Row Stationname Long Lat elevation
1 Chamanjir 24829 3704599 1140
2 Gol-e-Zard 719097 3674072 680
3 Kuhdasht 704641 3695947 940
4 Kashkan 753340 3673051 650
5 Daretang 247350 3758130 1730
6 Nurabad 776923 3664441 1820
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Figure 3- Comparison of annual Precipitation and the annual moisture status of Kohdasht Plain
based on SPI and GRI indices.
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Figure 4- Heat map of the correlation coefficients between the monthly SPI index with the average
water table and the Kohdasht GRI index during the statistical period of 1987-20109.
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Figure 5- Heat map of correlation coefficients of SPI index in 18 and 24 months scale with the

average water table and GRI index of Kohdasht plain by applying delay time during the statistical
period of 1987-2019.
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Table 2- The results of linear regression between the average water table and SP1_48 Kohdasht
during the statistical period of 1987-2019.

Coefficients P Value R (adj)

dependent variable Independent variable

Constant 1167
SPI_18 4.73

0.0 33 33.1
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Table 3- The general water balance of Kohdasht study area (Sangab Zagros Consulting Engineers 2012).
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Table 4- The groundwater balance of Kohdasht study area (Sangab Zagros Consulting Engineers 2012).
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Figure 6- The annual volume of agricultural water usedused in the study area of Kohdasht.
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Table 5- The results of linear regression between the average water level and water used of
Kohdasht Aquifer during the statistical period.

Coefficients P.Value R (adj)

dependent variable Independent variable

Constant 1148.2
Wi 0.0001 0.05 58.4
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Table 6- The average amount of water used in different groups of irrigated (1000m?3).

E D C B A
Average Average Average annual Average Average
percentage . annual . Groups Row/column
area requirement per cultivated
of water water
percentage hectare area
used used
0.21 0.26 9.6 3.92 47 Legumes 1
6.78 7.27 6.6 127.98 1683.4 Oilseeds 2
6.78 11.13 11 127.98 787425 UMM 3
crops
6.51 10.22 13 122.91 2930.71 Fodder 4
79.73 71.11 10 1505.77 29368 cereal 5

41903.36  1888.56 Total
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Table 7- Water balance of Kohdasht study area using agricultural water used statistics.

Output Flows

| Input flows
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Extended Abstract

Introduction and Goal

In Lorestan Province, due to the severe decline in the groundwater level of the Kohdasht
Agquifer it falls under the category of prohibited water extraction areas. The aim of this research
was explaining and describing the causes of the decline in the groundwater level of the
Kohdasht Aquifer. Also, the contribution of natural factors and the relationship between the
occurrence and time delay of meteorological and geohydrological droughts were investigated.
Materials and Methods

In order to determine the annual moisture situation of the region standardized precipitation
indices (SPI) and groundwater index (GRI) were calculated. The correlation coefficients
between the SPI at annual, seasonal 3, 6, 9, 12, 18, 24 and 48-month time scales with the mean
height of the groundwater level and the GRI in the corresponding month were calculated. Then,
the groundwater balance was examined, and the types of agricultural products in the region
were determined. Finally, the correlation relationship between the amount of water consumption
and the mean height of the groundwater level was determined and the effect of the amount of
water drop for each product on the quantitative changes in groundwater resources was
examined. On the other hand, the correlation relationship between the amount of water drop for
the drinking and industrial sectors and the quantitative changes in groundwater resources was
determined and the effect of meteorological drought and human factors on the decline in the
groundwater level of the aquifer was determined and examined by drawing heat maps.

Results and discussion

The result showed that 31.02% of the reservoir deficit is related to droughts and 68.98% was
related to human factors (agriculture« drinking and industry).

The volume of water entering the aquifer is 22.46 million m® and the volume of water used in
agriculture, drinking and industry is 61.09 million m3.
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Therefore, the amount of water deficit and over-extraction from the aquifer was 38.36 million
m3, of which 11.86 million m3was related to drought and 26.47 million m®was related to human
factors.

Conclusion and suggestions

Base on the finding of this study, the main cause contributing to the drop on groundwater levels
was type of management and exploitation of groundwater resources, particularly in the
agricultural sector. Due to the delay time between the occurrences of meteorological and
groundwater droughts, there is a good opportunity to manage and prevent the drop of the
groundwater level. Therefore, changes in groundwater consumption management by changing
the cultivation pattern, in addition to reducing the negative effects of drought, led to the long-
term elimination of the water deficit in the reservoir and ultimately an increase in the
groundwater balance. It is suggested that the water consumption pattern, especially in the
agricultural sector, be improved through short-term, medium-term, and long-term planning, and
that planning and action be taken for various uses in proportion to the amount of annual
renewable water.

Keywords: GRI Index, Groundwater budget, Kohdasht Aquifer, management, overdraft, SPI
Index
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Table 1- Required data and their specifications for SWAT model implementation.

Type data Scale Source Description
Digital Elevation 30-meter Extracted from the -
Map watershed topography

Land Use/Land 1:25000m Country Mapping It was investigated by the
Cover Map Organization with a General Department of Natural
resolution of 30 meters
3- Ardisoil 1- Molisoil
4- Inceptisoil 2- Entisoil
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Resources of Semnan Province
using field studies.
Some physical and chemical
Soil Map 30-meter World soil map properties along with soil groups
in the global soil map used in
the SWAT model

Semnan Regional Minimum and maximum

meteorological climatology 5
data stations and one Meteorological and temperature and daily
hydrometer station, Water Organization precipitation for a period of 30
years (1992-2022)

Semnan Regional Water (2008-2018)
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observational
runoff data,
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Figure 1- Location of the study area in Semnan province and Iran.
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| Preparing Data for SWAT Model Input |
<5
| Construction and Implementation of the SWAT Model |
=7
| Senzitivity Analysis, Calibration, and Validation using the SWAT-CUP Model |
-
Extraction of Climatic Vanables (Temperature, Precipitation, and Evapotranspiration), Surface Flow, and Groundwater
Flow
_~
| Calculation of Drought Indices: SPL, SRL, SGRI, and RDI |
=
| Determining the Relationship Betwesn C]jmaﬁc_iariables and Aquifers Using Pearson Correlation |
=7
Determining the Trend of Climatic Variables with Extreme Phenomena (Drought and Wet Periods) Using the Mann-
Kendall Test and Sen's Slope Estimator (on Seasonal and Monthly Scales)

=~

Determining the Trend Between Climatic Indices and Extreme Phenomena (Drought and Wet Periods) Using the hMann-
KEendall Test and Sen's Slope Estimator (on Seasonal and Monthly Scales)

Trend Analysis of Climatic Variables on Growmdwater Trends Using the Mann-Kendall Test and Sen's Slope Estimator (on
Seasonal and Monthly Scales)

~

Trend Analysis of Drought Indices on Groundwater Trends Using the Mann-Kendall Test and Sen's Slope Estimator (on
Seasonal and Monthly Scales)

o R Jo e sleduig, -V S
Figure 2-Trend Chart of Research Steps
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Figure 3- Digital Elevation Map (C), Slope Map (A), Land use Map (D), Soil Map (B).
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Table 2- Climate classification based on SPI, SRI and SGRI values (McKay et al., 1993).

Classification of drought Index value

Extremely wet (EW) >2
Very wet (VW) 1.99-15
Moderately wet) MW) 1.49-1
Near normal (NN) 99.0 to- 0.99
Moderate drought (MD) -1t0-1.49

Severe drought (SD) -1.51t0-1.99

Extreme drought (ED) -2<
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Table 3- The results of efficiency coefficients in the calibration and validation period.

GHPRAS

Statistical indicators Calibration  validation
Nash-Sutcliffe coefficient 0.69 0.77
Coefficient of explanation 0.74 0.79
PBIAS 9.9 9.2
Average annual precipitation 150 130
Runoff standard deviation 0.21 0.14
Standard deviation of precipitation 12.1 10.72
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SWAT Validation (b)
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Figure 4- Observed and simulated monthly runoff values with concurrent rainfall during the
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Figure 5- Correlation and the values of explanatory coefficients between observed and simulated
runoff values in the SWAT model in the calibration periods(a) and validation periods(b).
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Figure 6- Time pattern of monthly groundwater recharge simulated in the SWAT model in the
calibration and validation periods.
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Table 4- Pearson's correlation coefficient between climate variables and underground water.

climate variable

Pearson's correlation coefficient

Precipitation 10%

Runoff 45%
Temperature 15%
Evaporation 30%
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Table 5- Z values obtained by MK method and SS values for precipitation, runoff and underground

water variables.
season Period Z(MK) SS Period Z(MK) SS Period Z(MK) SS
Winter Precipitation -0.04 -0.157 Run  -0.17 -0.18 Ground  -0.04 -1.74
Spring -0.05 -0.34 off -0.046 -0.275 water -0.03  -5.43

-0.15
-0.02

-0.3
-0.38

Summer
Auntum

-0.05
-0.16

-5.34
-3.83

-0.15
-0.074

-0.21
-0.25
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Extended Abstract

Introduction and Goal

Groundwater is considered one of the most important sources for agriculture and drinking water
supply, and it is significantly affected by environmental and climatic factors. Our limited
understanding of hydrological processes, particularly groundwater resource, makes understanding
the metrics and patterns affecting groundwater recharge essential for the optimize water resource
management. Examining the temporal patterns of groundwater recharge provides a foundation for
sustainable management of groundwater resources to mitigate the effects of drought on water
supplies.

Materials and Methods

This study quantifies groundwater recharge from 2008 to 2018 using the SWAT model in the
Damghanroud watershed located in Semnan Province. Calibration and validation of the model
were performed using SWATCUP and the SUFI2 algorithm. The standardized precipitation index
(SP1), the reconnaissance drought index (RDI), and the standardized runoff index (SRI1) were used
to assess the impacts of drought on aquifer recharge. The trend of aquifer recharge was analyzed
using the Mann-Kendall non-parametric test and Sen's slope estimator method.

Results and Discussion

The analysis of the Nash-Sutcliffe Efficiency (NSE) coefficient during the calibration (0.77) and
validation (0.69) periods in the SWAT model showed that the model's performance in simulation
groundwater was relatively good. The findings revealed that, on a monthly scale, the effects of
drought on aquifer recharge did not show a specific trend; however, in the winter, spring, and
summer seasons, there was an increasing trend in the decline of aquifer recharge. Reduced rainfall
and runoff, coupled with increased temperature and evapotranspiration during rainy seasons,
intensified drought conditions, leading to decreased groundwater recharge.

Conclusion and suggestions

Temporal analysis of aquifers revealed that in arid and semi-arid regions, climatic variable
changes are closely linked with drought phenomena.
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The results of this study show that the temporal pattern of aquifer recharge changed under the
influence of various variable changes in the watershed, and the magnitude of these changes was
based on the correlation of the variables. The trend analysis of droughts on aquifer recharge
showed an increasing trend during wet periods and a decreasing trend during dry periods. These
findings can be used to improve aquifer recharge during wet periods and to mitigate the effects
of droughts on aquifer recharge through optimal management and planning of existing water
resources. It is recommended to implement comprehensive planning and optimal management of
water resources during both wet and dry periods to improve groundwater recharge and mitigate
the effects of drought. Additionally, using climate change prediction models and strengthening
monitoring of groundwater resources in arid and semi-arid areas is essential to prevent unexpected
reductions in aquifer recharge in a timely manner.
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Figure 1- Location of the study area.
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Table 1- Classification of standardized
precipitation evapotranspiration index.

SPEI Values Drought Classes Row
>2.0 Extremely Wet 1
1.0t01.99 Severely Wet 2
1.0t01.49 Moderately Wet 3
-0.99t0 0.99 Near Normal 4
-1.49t0-1.0 Moderately Dry 5
-1.99t0-1.5 Severely Dry 6
<-20 Extremely Dry 7
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Figure 2- Sand dunes mobility determination chart.
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Figure 2- Graph of total annual potential evapotranspiration trend in Mahabad
Meteorological Station.
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Figure 5- A view of the beginning of the sand dune formation on the Lake Shore.
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Table 2- The percentage of monthly frequency of wind speed classes
in Mahabad Meteorological Station (1987-2019).

Month <6 6--10  10--15  15--20 >20 >6% mean
Jan 90.7 8.3 0.8 0 0 9.1 2.09
Feb 88.8 10.6 0.55 0.05 0 112 244
Mar 87.9 10.2 1.9 0 0 121 2.09
Apr 89.9 94 0.7 0 0 101 279
May 955 4.6 0.3 0.24 0 514 235
Jun 98.3 1.7 0 0 0 1.7 212
Jul 99.9 0.1 0 0 0 0.1 1.9
Aug 99.9 0.1 0 0 0 0.1 1.83
Sep 98.5 1.6 0 0 0 16 1.88
Oct 95.7 4.1 0.1 0 0 42 183
Nov 93.25 6.45 0.3 0 0 6.75 175
Dec 92.8 6.75 0.45 0 0 72 1.86
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Figure 6- Wind Rose for Mahabad station for winds with speed greater than 6 meters per second
(1987-2019).
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Figure 7- Chart of annual changes of Lancaster Index at Mahabad meteorological station (1987-
2019).
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Figure 8- Correlation diagram between Lancaster Index and total annual precipitation in Mahabad
station (1987-2019).
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Table 3- Lancaster Index sensitivity to the changes of climatic factors for sand dunes.

Percentage

Percentage

Percentage

W M Changes PET M Changes P M Changes Range
7.37 13.98 0.30 982.8 13.98 0.23 43850 827 0.23 0.3
7.09 1344 0.27 945.0 13.44 0.20 458.44 8.60 0.20 0.25
6.80 12.90 0.24 907.2 12.90 0.17 478.37 8.96 0.17 0.2
6.52 1237 0.21 869.4 12.37 0.13 49830 9.35 0.13 0.15
6.24 11.83 0.17 831.6 11.83 0.09 51823 9.78 0.09 0.1
0.00 0.00 0.0 0.00 0
510 9.68 -0.01 680.4  9.68 -0.11  358.78 11.95 -0.11 -0.1
482 914 -0.07 6426 9.14 -0.18  338.84 12.65 -0.18  -0.15
454  8.60 -0.14 604.8  8.60 -0.25 31891 13.44 -0.25 -0.2
425 8.06 -0.21 567.0  8.06 -0.33  298.98 14.34 -0.33  -0.25
397 753 -0.30 529.2 753 -0.43  279.05 15.36 -0.43 -0.3
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Figure 9- Sensitivity diagram of Lancaster Index to the changes of climatic variables for Mahabad
sand dunes.
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Table 4- Desertification risk status of meteorological stations of the province and Mahabad station
based on UNEP Index.

Station P PET P/PET  Dry Index (Al) Desertification
Urmia 311.94 1181.3 0.46 Semi Dry Severe
Piranshahr 673.17 1236.1 0.87 Wet --
Tekab 323.18 1168.1 0.50 Semi Dry Severe
Khoy 266.88 1097.9 0.36 Semi Dry Severe
Sardasht 831.18 1336.2 1.07 Wet -
Makou 304.08 1157.6 0.46 Semi Dry Severe
Mahabad 397.03 1051 0.53 Semi-wet Moderate Risk
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Extended Abstract

Introduction and Goal

Sand dunes with their unique system can be mobile or stable, and the main factor influencing their
stability is the presence of vegetation cover. The unique characteristics of sand dunes and their
high hydraulic conductivity increase the rate of rainwater infiltration. With the drying of sand
particles and the loss of cohesion between grains, weak vegetation and wind erosion will occur.

Considering the new climatic conditions prevailing in the areas surrounding Urmia Lake, the aim
of this research is to identify and examine the new sand dunes and their movement trends in these
regions. Therefore, due to the absence and their formation at the provincial level, only the
Mahabad meteorological station was examined regarding wind conditions and the Lancaster
index.

Research materials and Methods

In this research, to examine the effect of climate changes (wind and precipitation) on sand activity
and to predict the likelihood of mobility of sand dunes and sand fields, as well as the dust
generated from them, the global Lancaster method was used. Based on the Lancaster index, the
relationship between sand mobility and climatic variables was modeled. Then, sand and dust
particles move following winds with speeds exceeding the erosion threshold, which has an inverse
relationship with effective precipitation. Therefore, the necessary data including precipitation
statistics, temperature, wind, and relative humidity of the Mahabad station were obtained from
the Provincial Meteorological Organization. Also, in order to determine dry and wet years and
their effects on the increase or decrease of dust days, the SPEI index was used. Potential
evapotranspiration, frequency, and continuity of meteorological droughts can be calculated using
the SPEI index. To determine the climatic status and the risk of desertification, the aridity index
(Al) was used. Considering the precipitation and potential evapotranspiration measurements, the
aridity index was calculated using the Torrent-White method, and the desertification status of the
region was determined according to the UNEP classification. This index is an effective tool for
determining the climatic status and desertification risk of various regions.
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Results and Discussion

In this research, using the SPEI index, data on potential evapotranspiration, frequency, and
duration of meteorological drought events were collected. The results showed that the total
potential evapotranspiration at the Mahabad station was 755.98 mm per year, with an increasing
trend. About 84% of the winds recorded in this station have a speed of less than 6 m per second.
Meanwhile, the concentration of the strongest observed winds is in the months of (Mar), (Feb)
and (Apr) with 12.1, 11.2 and 10.1 percent, respectively. Additionally, 27% of the prevailing
winds had speeds between 6 to 10 meters per second, while less than 1% of the prevailing winds
had speeds between 10 to 12 meters per second. According to the Lancaster index, the mobility
of the existing sand dunes in the area over a 33-year period was less than 50, indicating that their
status was inactive. The relationship between the Lancaster index and the percentage of winds
exceeding the erosion threshold was direct, while it was inverse with the amount of precipitation.
In the Mahabad region, the rate of changes in the Lancaster index in relation to the increase or
decrease in the percentage of winds exceeding the erosion threshold was equal. The mobility of
the sand dunes is a function of changes in potential evapotranspiration in the area and has a direct
relationship with it. Therefore, with an increase in potential evapotranspiration, mobility also
increases. The aridity index obtained, according to the classification provided by UNEP, showed
that all meteorological stations in the province are in a semi-arid to humid status. Consequently,
the Mahabad region faces a medium risk of desertification, which threatens its semi-humid status.
Conclusion and Suggestions

Based on the studies conducted in West Azerbaijan Province, areas with significant sand dunes
or those currently forming have not been reported so far. However, during visits to the shores of
Lake Urmia and within the boundaries of Mahabad County, small signs of sand dune formation
were observed, which disappeared a year later due to being within the range of annual water level
fluctuations of the lake and the flow of water from the surrounding shore. In this study, while
recognizing the trend of changes in climatic elements and the correlation between these factors
as independent variables, the possible effects of climate change on the dust phenomenon and the
mobility of existing sand dunes have been investigated. In all statistical years, the mobility of
existing sand dunes in the region was less than 50 and the Lancaster index obtained for the
Mahabad synoptic station showed an inactive state. Also, based on the sensitivity analysis of the
Lancaster index, the decrease in the mobility of sand dunes with a decrease in the potential
evapotranspiration was greater than the rate of increase in mobility under conditions of increased
potential evapotranspiration. Based on the UNEP index classification, the Mahabad region has a
semi-humid aridity index with the lowest level of evapotranspiration, facing a medium risk of
desertification. Therefore, considering the prevailing climatic conditions, it is recommended to
be extremely careful and sensitive in land use and to use optimal irrigation methods in agriculture
and drinking.

Keywords: Climate change, Lancaster index, Sand Dunes, Standard index of precipitation-
evapotranspiration potential
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Figure 1- Location of the study area in Mazandaran Province and the country.
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Table 1- Meteorological Stations Used in This Study.

Elevation Latitude Longitude Available Type of Station name
(m) statistical station
period

14.7 36.45 52.77 30 Synoptic Qharakhil

529 36.17 52.53 30 Rain Shirgah
gauge

610 36.06 53.03 15 Rain Pol Sefid
gauge

1337 36.04 53.14 30 Rain Sang Deh
gauge

1805 36.07 58.84 11 Synoptic Alasht
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7-Climate Model data for Hydrologic modeling
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6-Intergovernmental Panel on Climate Change (IPCC)
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Figure 2- Process of Creating the Rainfall Erosivity Layer for the Near Future (2046).
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Table 2- CMIP6 Models with Available Precipitation Data after Screening Common Data for Three
SSP Scenarios and Historical Period.
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Table 3- Specific Statistical Downscaling Methods for Precipitation and Temperature in the
CMHYD Software (Rathjens et al 2016).

Temperature Precipitation Downscaling method
N4 Linear Scaling (multiplicative) (LS)
v Linear Scaling (additive) (LS)
v Delta-Change correction (multiplicative) (DC)
v Delta-Change correction (additive) (DC)
v Precipitation Local Intensity scaling (LI)
v Power Transformation of precipitation (PT)
v Variance Scaling of temperature (VS)
v v Distribution Mapping of precipitation and temperature (DM)
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Table 4- Evaluation of Downscaling Methods for Station Precipitation.

R? R RMSE NSE Method Station

1 1 0.0029 0.99 LS

1 1 0.0021 1 PT

1 1 0.0005 1 LI Qharakhil

1 0.99 0.90 0.99 DM

1 1 0.15 0.93 LS

1 0.99 0.15 0.93 PT

1 1 0.15 0.93 LI Sang Deh
0.99 0.96 0.9 0.82 DM

1 1 0.002 1 LS

1 1 0.002 1 PT

1 1 0.0006 1 LI Shirgah
0.99 0.99 0.59 0.99 DM
0.004 0.69 02 0.25 LS

1 1 0.001 1 PT .

1 1 0.009 1 LI Pol Sefid
0.99 0.99 0.32 0.99 DM

1 1 0.002 1 LS

1 1 0.001 1 PT

1 1 0/002 1 LI Alasht
0.97 0.98 0.63 0.97 DM
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e MIROCS
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Figure 3- Taylor Diagram for Qarakhil Station.
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Figure 4- Future Changes in Near-Median and Far Rainfall for Optimistic, Pessimistic, and
Intermediate Scenarios at Stations in the Talar Watershed.

DY sl ol (YoFF) oudsl g 1AAD-Y+1¥F) Wl 3,90 (Sleo o)k slrojlail -0 Jous
Table 5- Average Precipitation Values for the Base Period (1985-2014) and Future (2046) at
Stations in the Talar Watershed.

Pessimistic Moderate Optimistic Average Station Name
SSP5-8.5 SSP2-4.5 SSP1-2.6 precipitation (mm)
730.2 458.4 757.1 591.99 Qharakhil
945.1 474.6 1129.2 863.5 Sang Deh
957.1 668.3 14471 1036.1 Shirgah
401.2 187.1 557.6 600.4 Pol Sefid
458.1 206.6 539.5 532.8 Alasht
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Figure 5- Map of Average Precipitation in the Year 2046 for the Talar Watershed Based on
Optimistic (SSP1-2.6), Moderate (SSP2-4.5), and Pessimistic (SSP5-8.5) Scenarios.
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Figure 6- Map of Rainfall Erosivity in the Year 2046 for the Talar Watershed Based on Optimistic
(SSP1-2.6), Moderate (SSP2-4.5), and Pessimistic (SSP5-8.5) Scenarios.
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Extended Abstract

Introduction and Goal

Climate change is one of the major environmental challenges, with extensive impacts on both
natural and human processes. These changes can affect hydrological cycles, leading to alterations
in rainfall patterns and soil erosion. Rising temperatures and variations in the amount and intensity
of precipitation may have detrimental effects on the stability of water and soil resources. Decrease
in precipitation in some areas and an increase in others will alter the spatial and temporal
distribution of runoff, which can impact the storage capacity of surface and groundwater
resources. Given the importance of natural resource management and the need to predict the
consequences of climate change, This study investigates the effects of climate change on
precipitation and rainfall erosivity in the Talar watershed. The main objective of the present
research is to evaluate the effects of three climate scenarios SSP1-2.6, SSP2-4.5, and SSP5-8.5
on precipitation and rainfall erosivity in the near future year 2046. By forecasting climate change
in the near future 2046, we can prepare for its short-term impacts, such as water scarcity, droughts,
and floods, and to carry out necessary planning in this areas of water and soil resource
management, agriculture, and infrastructure development of appropriate measures for adapting to
climate change. Additionally, the analysis of climatic changes will assist policymakers in making
more effective decisions when designing and implementing long-term sustainable development
programs.
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Materials and Methods

The methodology of this research includes using precipitation data from five stations (Qharakhil,
Sang Deh, Shirgah, Pol Sefid, and Alasht) in the study area for the period 1985-
2014.Subsequently, near-future precipitation was simulated using climate model data from
CMIP6, including MIROC6, ACCESS_CM2, CANS5, and CNRM_CMB6, along with the CMHYD
downscaling software. The selection of the best model for downscaling precipitation was based
on a comparison of the results from various models with observational data. Metrics such as Root
Mean Square Error (RMSE), coefficient of determination (R?), Nash-Sutcliffe efficiency (NSE),
Pearson correlation coefficient (R), and Taylor diagram were used to evaluate and compare the
simulation models. The results indicate that the MIROC6 model with the LI method has the best
performance in simulating precipitation and rainfall erosivity in the Talar watershed. The Rain
Erosivity Index (R) was calculated for both the baseline and future periods, and its variations
under different scenarios were examined. Additionally, Geographic Information Systems (GIS)
were utilized to analyze the spatial and temporal changes in rainfall and rainfall erosivity. These
analyses helped identify vulnerable regions, which were subsequently considered in management
planning.

Results and Discussion

The results indicated that rainfall variations under the influence of climate change differ across
various scenarios. The research findings suggest that in the future, under the optimistic SSP1-2.6
scenario, a 43% increase in precipitation leads to a 16.89% increase in rainfall erosivity. This
increase could have different effects on soil erosion during dry and wet periods. Specifically, in
wet periods, it leads to increased soil erosion, while in dry periods, it alters the runoff pattern. In
the moderate SSP2-4.5 and pessimistic SSP5-8.5 scenarios, precipitation decreases by 38.6% and
1.28%, respectively, resulting in corresponding reductions of 37.9% and 10.8% in rainfall
erosivity. The results of spatial analysis reveals that reduced precipitation and rainfall erosivity in
forested and rangeland areas. Additionally, in residential areas like Pol Sefid, increased
construction and the creation of impervious surfaces lead to reduced vegetation cover and
increased vulnerability to intense rainfall. In areas like Shirgah, increased precipitation and
rainfall erosivity could elevate the risk of landslides and erosion in road trenches. These changes
can have significant impacts on soil erosion and water resource management in the region. In this
regard, the necessity of adopting protective measures and continuously monitoring climate
variations in the area is emphasized.

Conclusion and Suggestions

Overall, the findings highlight that climate change can significantly impact natural resources and
livelihoods in the Talar watershed. Urgent actions, including the sustainable management of water
and soil resources, are necessary for adaptation to these changes. Such actions involve monitoring
livestock grazing in pastures, protecting vegetation cover, and cultivating erosion-resistant plants
and developing watershed management techniques. It is also recommended to mitigate the
damages caused by intense rainfall by employing appropriate vegetation cover in erosion-prone
areas, monitoring vegetation cover changes, and implementing erosion control measures in
watersheds. The outcomes of this research can assist policymakers and natural resource managers
in making informed decisions to mitigate the adverse effects of climate change and improve the
management of water and soil resources. Additionally, projected data on the future erosion by
rainfall can be used for the further research development and strategic planning in watershed
management. Furthermore, it is recommended that future research examine changes in rainfall
intensity and their impact on soil erosion. Additionally, conducting field studies and utilizing
advanced numerical models can enhance the accuracy of predictions and contribute to the
development of effective strategies for climate change management.
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Figure 1- Location of Beheshtabad Watershed in Chaharmahal-va-Bakhtiari Province and Iran.
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Figure 2- Diagram of DPSIR Framework.
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Table 1-Criteria of WSI with approach of DPSIR Framework
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(DPSIR) Driving Force Pressure State Impact Response
variation in the
basin’s per . .
. . Basin per capita Improvement
Population capita water . .
Hydrology Growth Rate in availability in water Losing Water in water-use
(Quantity) the last 5 vears the last 5 )éars availability (m3/ related jobs efficiency
y (m3 /capyita capita year) (Last 5 years)
year)
Increase in Improvement
Hvdrolo agricultural variation in the Basin BOD5 water related in sewage
(()Sualitg)y activity (increase basin BOD5 (yearly average) disease treatment/disp
y orchard and (last 5 years) (mg/1) osal (Last 5
farming area) years)
Increase in Change inplant  Evolution in
Environme industry activity Basin’s EPI Percent of basin ~ biodiversity & basin
nt (increase in (rural and area with natural decrease of conservation
industry units in urban) vegetation natural (Protected
the last 5 years) vegetation area  areas, BMPs)
Average of Variation in the Basin HDI Evolution in
. /erag basin per capita (weighed by Rural to urban .
Life family Income : Lo the basin HDI
. : GDP in the last county migration
(in M. Rials) ; (Last 5 years)
5 years population)
Basin Evolution in
. . Variation in the L Agricultural the basin’s
Socioeconomic . institutional .
. - basin HDI-Ed . water efficiency WRM
Policy Participatory in the last 5 capacity in (WRM exoenditures
Indicator WRM (legal and . >Xp
years L projects) in the Last 5
organizational) years
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Table 2- Description of WSI driving force parameters, levels and scores
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Indicator Driving force Parameters Level Score
Hydrology Population growth rate in the last 5 years >120 0.00
(Quantity) [(Current population — Population of the last 5 years) / 90-120 0.25

Population of the last 5 years] * 100 60-90 0.50
30-60 0.75
0-30 1.00
Hydrology Increase in agricultural activity (increase orchard and A>40% 0.00
(Quality) farming area) 20<A<40% 0.25
0<A<20% 0.50
[(Current area of agriculture and gardens — Area of %-20<A<0% 0.75
agriculture and gardens in the last 5 years) / Area of 1.00
agriculture and gardens in the last 5 years] * 100 A<-20%
Environment  Increase in industry activity (increase in industry units A>30 0.00
in the last 5 years) 20<A<30 0.25
[(Number of current industrial units — Number of 10<A<20 0.50
industrial units in the last 5 years) / Number of industrial 5<A<10 0.75
H 1 *

units in the last 5 years] * 100 0<A<5 1.00
Life Average of family Income (in M. Rials) GDP<5000 0.00
5000<GDP<10000 0.25
GDP = Wage + Rent + Income + Profit 10000<GDP<20000 0.50
30000<GDP<60000 0.75
GDP>60000 1.00
Policy socio economic status (SES) (Modified Kuppuswamy Lower (below5s) 0.00
Scale or Classification) Upper lower (5-10) 0.25
DOI: dx.doi.org/10.12803/SJSEC0.4711915 Lower middle (11-15) 0.50
Upper middle (16-25) 0.75
Upper class (26-29) 1.00

Dbl ol gyluly (aslis 1 5lael g 5157 dbazin g pid -Y Jour

Table 3- Description of WSI Impact parameters, levels and scores.
Indicator Impact Parameters Level Score
Hydrology Losing water related jobs <10000 0.00
(Quantity) 10000>w<7500 0.25
7500>w<5000 0.50
5000>w<2500 0.75
>2500 1.00
Hydrology water related disease No>750 0.00
(Quality) 500<No=750 0.25
250<No<500 0.50
100<No0<250 0.75
<100 1.00
Environment Change in plant biodiversity & decrease of A>15% 0.00
natural vegetation area 10%<A<15% 0.25
5<A<10% 0.50
0%<A<5% 0.75
A<0% 1.00
Life Rural to urban migration A<30% 0.00
20%<A<30% 0.25
20<A<+10% 0.50
10%<A<5% 0.75
5<A<0% 1.00
Policy Agricultural water efficiency (WRM projects) Very poor 0.00
Poor 0.25
Medium 0.50
Good 0.75
Excellent 1.00
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Table 4- Results of WSI with approach of DPSIR Framework.

subbasin Criterion Driving Force Pressure State Impact Response Score WSI
Hydro-Qty 0.5 0.25 0.75 1 0.5 0.6
Hydro-Qlt 0.25 0.5 0.75 0.75 0.5 0.55
Farsan Envirqnment 1 0.25 1 1 0.5 0.75 0.61
Life 0.5 0.5 025 0.75 0.75 0.55 '
Policy 0.5 0.75 0.75 0.5 0.50 0.6
Score 0.55 0.45 0.7 0.8 0.55
Hydro-Qty 0.75 0.25 0.25 1 0.5 0.5
Hydro-Qlt 1 1 0.5 1 0.75 0.85
Kiar Environment 0.75 1 1 1 0.75 0.9 0.67
Life 0.5 0.5 025 0.75 0.5 0.5 '
Policy 0.5 0.75 0.75 0.5 0.5 0.6
Score 0.7 0.7 0.6 0.85 0.6
Hydro-Qty 0.75 0.25 0.25 1 0.5 0.5
Hydro-QIt 1 1 0.5 1 0..75 0.85
Environment 0.75 1 1 1 0.75 0.9
Shahrekord 7 ;e 05 05 025 075 05 05 08
Policy 0.5 0.75 0.75 0.5 0.5 0.6
Score 0.7 0.7 0.6 0.85 0.6
Hydro-Qty 1 0.5 0.25 1 0.5 0.65
Hydro-Qlt 0.25 0.75 0.5 1 0.75 0.65
Borujen Envirqnment 1 0.25 1 1 1 0.85 0.65
Life 0.5 0.5 025 0.75 0.5 0.5 '
Policy 0.5 0.75 0.75 0.5 0.5 0.6
Score 0.65 0.55 055 0.85 0.65
Total of Watershed 0.65 0.6 061 084 0.6 0.625
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Figure 3- Values of WSI’s Criteria in each Sub-Watershed.
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Extended Abstract

Introduction and Goal

Healthy watersheds provide many ecosystem services in various fields such as social and
economic welfare. Therefore, the comprehensive assessment of watersheds is one of the
undeniable necessities of watershed resource management. Awareness of the health and
sustainability of watersheds are fundamental components of sustainable watershed management.
Achieving this awareness requires a completely systematic and holistic approach. Various
methods and models have been proposed by researchers in the fields of environmental science
and ecology to evaluate the health of different ecosystems. Environmental agencies have
developed models to examine changes in the environment through the lens of human-environment
interactions, with the simplest being the pressure-state-response model. For a watershed, it is
essential to define and determine indicators that can assess the health or sustainability of the
watershed, or to rank the condition of a watershed using mathematical methods and relationships.
This research aims to present a multidimensional indicator concerning watershed sustainability
that can encompass as many aspects of health and sustainability as possible.

Material and Methods

To accomplish the objectives of this research, the Watershed Sustainability Index (WSI) has been
developed through the selection of criteria categorized into four dimensions: hydrology (both
quantity and quality), environment, life, and policy (HELP). The Driving Force-Pressure-State-
Impact-Response (DPSIR) framework serves as a versatile and supportive system approach that
aids decision-makers across various phases of decision-making. In this study, to identify the most
appropriate and representative sub-criteria from a range of options, comprehensive reviews of
existing scientific literature and consultations with experts were conducted.
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Each sub-criterion was assessed across four sub-basins of the Beheshtabad watershed in
Chaharmahal-va-Bakhtiari province, with normalized scores ranging from 0 to 1 assigned to
each.The overall score for the watershed sustainability index was derived by applying equal
weights to each criterion through the arithmetic mean method.

Results and Discussion

The findings indicate that the overall WSI status of the Beheshtabad Watershed is rated as average
(0.625), with minimal variations among the sub-watersheds. The watershed sustainability index
for the sub-watersheds of Borujen, Farsan, Kiar and Shahrekord is recorded at 0.65, 0.61, 0.65,
and 0.67, respectively. The environmental criterion across the four sub-watersheds of
Beheshtabad has achieved superior score. The policy score remains consistent across all four sub-
watersheds, as the criteria are evaluated at the national level. Also, the Life criteria have garnered
similar scores due to the assessment of sub-criteria measured at the broader levels of the sub-
watershed. Among the evaluated criteria, the Environment criterion received the highest score,
while the Life and Hydrology criteria recorded the lowest. Within DPSIR parameters, the criteria
associated with the Impact received higher scores, whereas those related to Pressure received
lower scores.

Conclusion and Suggestions

The watershed sustainability index of the Beheshtabad can be enhanced by focusing on the
hydrology sub-criterion, fostering greater community involvement in watershed improvement
efforts, educating local populations on water conservation practices, and amplifying the
participation of local communities in forestry initiatives. Furthermore, environmental quality can
be bolstered through increased planting and curbing the pace of urbanization within the
watershed. Given the low scores in the Life and Policy criteria alongside a high rating in the
Environment criterion, it can be inferred that the geographical determinism affecting the
Beheshtabad watershed has contributed to an elevated Watershed Sustainability Index (WSI),
indicating that the existing plans and policies are inadequate. This index serves as a valuable tool
for watershed managers in their decision-making processes. It allows for the identification of
bottlenecks and constraints. Recognizing these limitations presents an opportunity to enhance the
current conditions of the watershed, necessitating effective collaboration among various
institutions. The WSI is a comprehensive index with significant potential for managing
environmental, social, and economic aspects. Based on the results of this research, it is proposed
that regular application of this tool, (such as every five years), can furnish managers and decision-
makers with a clear understanding of the watershed's sustainability trajectory.

Keywords: Beheshtabad watershed, Chaharmahal-va-Bakhtiari Province, hydrology, Watershed
Health
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Figure 1- Geographical location of the studied area and spatial distribution of landslides.

‘5{\51» Sl e s wiile 63Lc)Uol &l 31 eolauwl
bl (ol § (g sloaids g &)l JS5sS slojlgale 9
ol Ay Ll CamBae oo g Sl glaass;l
Jolo o dialine; 1Sl (o098, asm GPS
e o LS VPA- ;a)J 30 ooy a1y
s o (7 US) 0 s oLl i ledlb aibels
slozly Gl 5 Ay i adhie Jlod (S
Bowe oS5 by b a8 il b slaide 1o 5

ORI 9
gl 4o colaiwl 890 SleMbl slaasy ¢ s Lxo
a5 Arc GIS 10.8 1581 o 5 lass 0 45 595 anl ] 5|
Jae p oS Llgy loeolainl b e i
5 oo 2 Fhe sladble o ytege AL s
5 slalls glbw,n &b ESERS
L lalulsS glo gy p yo b agd Slowe slaass;l


https://civilica.com/search/paper/k-%D9%BE%D9%87%D9%86%D9%87%20%D8%A8%D9%86%D8%AF%DB%8C/
https://civilica.com/search/paper/k-%D9%BE%D9%87%D9%86%D9%87%20%D8%A8%D9%86%D8%AF%DB%8C/
https://civilica.com/search/paper/k-%D9%BE%D9%87%D9%86%D9%87%20%D8%A8%D9%86%D8%AF%DB%8C/

VPoF Jlg IFF oyl 8yl ) 5ylouis A 590

Yoo )] )_HM_‘_, P) Yoo o-VYYVee YYeooe-YVoes V.o
slogasls 5l (o ey G5 D oAb
Sl gy 5 Basels (gl oy o (Lol
b oo oty ST BY el 4l Sy o lag)]
Sl sy 5 2S5 sl sy sloats jl ool
S35 oS 5)0laS Jolt dil cdn jo Sl
Gilaie whond miye dhwgle @y wos @0

D dgd 39 e g (P95
b3l Sl e Slasle 51 (G o3l 5l alols
VNN Gendl) 9)l0 39 5l alols Jale b (55l90 (2285
rgad 1 mool> puy gl (V210 pade jppelic
Lme o ool 5l alols 4 5 0 eoliul &l 55
Ve enbe aib oz o bl Sl &bl
il g 4 fe Voo 5l i g VooV e e B
aaly s o3y alolae 5l oolitul b b,k did ab
b dgd Sk AVl S0k S5l g suil Gl
i o lilin oMbl Blbs Lo o dlaf ) oyl
Yl 5:Sils 5 0l Jlos! (DEM) glis | o058, Jas
FOeFer Feo¥Oe N> dab omy e b
Bt gy b g yiodes FOe-Be - g FO-F--
filaie gladal,] ESLs waly] )l alol Ak
ey e o Hydrology 0 5l eolatu! b sadsasilas
SV did bz 0 g ad gl sl Arc GIS 10.8 133l
o goudiids e Ve e gl iy g Ve e—Be DY oo
Ak 4 by (poie pj gl el (F 52
Ganadl CaS Wb ol il iy 4 Sl

9 SF g (ot Ol i Wigy 4 az g5 b e e

el 35290 sl gonanl

d/‘:-/'.’.TU‘fJ’,'J}

slaial po 25 g alsg, LS JEsl sla iy
Sype sl ol Fiw ALE 05 osslie id >
obiie b plpg (owlid (a0 85l ooliil b asllla
sladole 51 (So a5 oS Jole il (cag8) Vid oo e e
ol gaiaiyy 5 Lowd (65lbL Geend ) mie
g oo Voo 7 GLen g Jlnd) Sl (3o
ez 599 0585 (B2 A loslitul L (Ve -4 () e
e IS
S et b ganailk GIS ke o e

SRR ICE TN PR PRI DI P

o LS bl o ladale (525,138 13T 5 hagee
g (Y)Y en 5 95 Ve + @ IS 5 Liwy)S)
el (DEM) li) sash, Joa colal 1 ot
Sl dilalw Jaxe jo o Ve S0 L (g)lo paiis
PREEA RIPARES RUAL RPRE AP N SR SURR V| JPES
Cod gz b gumaid g o4y U 5l i
5 05 ol wid e> o8 Dglae JAL, ERCER RN W
Sl el 05U slocazr 55 ik 5 Kis
98 Jowe ookl b oot e das (Y o8
Sy &y g,-iu‘)-"-" SleMb! aloblus .E.sm)o Gcl.b.’:')l
wwrx Grhore Grh Gridled (et
Slpads Ab 4 Jlyen 9 02 Jled w0 (0 b9
sbml jo fhe Jole lyiear wilae o uils
Jole ol (Y00 L) 0ol o Loty 352 cyue
WS oo Jlee 1) (s5Se; oST5 S5l 5 e lly, e
L sk olid aas (VY o) 5en 5 s palec,0)
Sledbl Blole oo jo £lay )| sog8 ) Joo 5l oolatnl
SYeer AVe> Bl 20 4 s o agd oLilie

3l
7.

S g Oligay 30 (9B Gl 33 (proy —F S

Figure 2- Old landslides in conglomerate deposits.
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Figure 4- Affective factors maps on landslides in the studied area
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Table 1- Obtained results from combining landslide points with affective factors map on landslide.

Total Landslide Mtp(Believe MTp(Unbelieve .
Factor Class Pixcels Pixcels fL[J)I’SCtiOH) Ej(nction) Mteta(Uncertainty)
OMIm 47765 0 0.000 0.046 0.954
PI-Q 422959 2547 0.001 0.056 0.942
OMsm 86403 664 0.002 0.047 0.951
Qt1 770099 210 0.002 0.047 .0952
Qal 13573 0 0.000 0.045 0.955
Qt2 530160 2726 0.001 0.060 0.939
Js 82053 13921 0.043 0.043 0.914
Mms 67727 5484 0.019 0.045 0.936
E2-E3dt 6456 1121 0.55 0.045 0.900
E6ig 89909 23420 0.075 0.040 .0855
- E5 291726 18243 0.014 0.047 0.939
Lithology E6st 50635 6338 0.030 0.044 0.925
Edig 24816 1155 0.010 0.045 0.944
E6gt 1066 4 0.001 0.045 0954
E6v 169100 14846 0.020 0.045 0.935
OoMI2 36926 23512 0.373 0.039 0.588
di 8163 650 0.017 0.045 0.938
E5v 66960 20860 0.096 0.040 0.863
E5n 2043 0 0.000 0.045 0.955
Edv 378 46 0.029 0.045 0.925
E6hb 93340 28345 0.093 0.039 0.868
E6th 6350 2271 0.118 0.045 0.837
0-50 431347 13226 0.128 0.306 0.567
Distance to 50 - 100 269668 9696 0.151 0.284 0.565
road(meter) 100 -200 372749 17697 0.201 0.285 0.513
> 200 1100852 125699 0.520 0.125 0.355
0-100 199885 29976 0.339 0.210 0.459
Distance to 100 - 200 172880 26432 0.347 0.204 0.449
fault(meter) 200 -500 396323 39361 0.212 0.209 0.579
> 500 1405528 70549 0.102 0.386 0.512
0-20 531141 25424 0.139 0.281 0.580
Distance from 20 - 50 576381 29642 0.150 0.280 0.570
river(meter) 50 - 100 622821 41514 0.197 0.262 0.541
> 200 444273 69738 0.514 0.177 0.309
North 92480 13772 0.208 0.106 0.686
Northeast 168372 22223 0.181 0.104 0.716
East 234137 13506 0.073 0.115 0.813
Southeast 436364 17743 0.050 0.125 0.824
Aspect South 449946 33523 0.096 0.112 0.793
Southwest 368052 39801 0.144 0.101 0.755
West 174227 16294 0.123 0.109 0.769
Northwest 97487 9260 0.125 0.110 0.766
Flat 153551 197 0.002 0.120 0.879
300 > 803311 2140 0.002 0.312 0.686
Average annual 300 - 350 580351 16346 0.018 0.239 0.743
precipitation(mm) 350 - 400 517161 60634 0.083 0.156 0.761
400 - 450 236422 68200 0.253 0.122 0.625
450 - 500 37371 18989 0.644 0170 0.185
0-5 458589 1269 0.006 0. 255 0.739
5-10 407566 2324 0.012 0.245 0743
Slope(%) 10-20 359518 8287 0.049 0.229 0.722
20-40 528433 43362 0.186 0.193 0.621
> 40 420510 111076 0.747 0.078 0.175
1700 > 803311 2140 0.002 0.312 0.686
1700 - 2000 613228 18509 0.018 0.240 0.742
Elevation 2000 -2300 547718 69238 0.083 0.146 0.771
2300 - 2600 187090 64634 0.304 0.124 0.572
> 2600 23369 11797 0.178 0.178 0.229
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Total Landslide Mtp(Believe MTp(Unbelieve .
Factor Class Pixcels Pixcels function) function) Mteta(Uncertainty)
Poor range 79286 124 0.004 0.149 0.847
Medium 737903 94022 0.395 0.091 0513
range

settlement 31080 105 0.009 0.145 0.846

Irrigation
Landuse farming 262414 7711 0.082 0.156 0.762
Dry 808960 37563 0.132 0.180 0.688

farming
River bed 26145 223 0.023 0.145 0.832
Good range 229508 26570 0.354 0.134 0.512
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Figure 5- Landslides susceptibility zonation map using Dempster-Shafer model in the studied area.
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Table 2- Landslide susceptibility zonation classes area using Dempster-Shafer model.

Landslide (%) Number of pixcels Class (%) Number of pixcels Susceptibility zone
(landslide) (class)
0.75 1251 27.06 588470 Very low
6.20 10319 30.45 662252 low
17.78 29564 20.66 449172 Medium
36.45 60615 14.62 317872 High
38.82 64569 7.21 156850 Very high
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Figure 6- The area under curve of susceptibility zonation map using Dempster-Shafer model in the
studied area.
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Extended Abstract

Introduction and Goal

Middle Mazlaghan Chai watershed located in west of Saveh county. The activity of faults and the
presence of sensitive rocks have created suitable conditions for the occurrence of small and large
landslides. One of the important strategies for reducing losses caused by landslides is avoiding
high-risk and very high-risk areas. For this purpose, it is necessary to prepare a relatively accurate
landslide susceptibility zoning map from among the existing methods. One of the best methods
for landslide zonation is the Dempster-Shafer model. The purpose of this research is
determination of the factors affecting the occurrence of landslide, presentation and evaluation of
the landslide susceptibility zonation map using the Dempster-Shaffer method and area under
curve (AUC), respectively in Middle Mazalaghan Chai.

Materials and Methods

The Middle Mazlaghan Chai watershed, with an area of 21,746 ha, is located in Markazi Province.
Maximum elevation is 2833 m above sea level in the northern heights of the watershed and
minimum elevation is 1399 m at the outlet of the Bivaran River. The average annual temperature
of the study area is 13 °C and the average annual precipitation varies from 246 mm in the south
to 500 mm in the north. The climate of the region is arid and semi-arid. 52% of the soils in the
study area are in the type of entisol and without profile development, and 37% of the vegetation
cover consists of moderate and poor rangeland. Initially, a landslide inventory map was prepared
in environment of geographic information system using fieldworks, aerial photography and
satellite imagery. Then using fieldworks and related research, the most important factors affecting
landslides in the study area, including slope, aspect, elevation, distance to fault, distance to road,
distance from stream, land-use, lithology and precipitation were investigated and determined.
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After preparing the information layers and weighting in the GIS, a landslide susceptibility
zonation map was prepared and classified using Dempster Shafer method. Finally, the efficiency
of the Dempster Shafer method was evaluated using the area under curve (AUC).

Results and Discussion

Fossiliferous limestone units and tuff and lava alternations showed the highest susceptibility to
landslides. The results of this research showed the most landslides occurred more than 100 m
from streams and at distances greater than 200 m from the roads and faults. Slopes more than 40%
are most susceptible to landslides. The northern aspect, elevation more than 2600 m, and
precipitation more than 450 mm also showed the highest susceptibility to landslides in the studied
area. The zoning results showed that about 22% of the study area is located in high and very high
susceptibility zones and approximately 75% of landslides occurred in high and very high
susceptibility zones. The area under the curve of the landslide susceptibility zonation map was
also obtained 0.849.

Conclusion and Suggestions

Accurate identification of landslide locations using GPS device is one of the results obtained from
this research. As a result, the landslide distribution map of 192 landslides was prepared and it was
checked and recorded for the first time in the study area. Among the lithological units,
fossiliferous limestone units and alternations of tuff and lava showed the highest susceptibility to
landslide, and the landslide susceptibility zones are in complete relation to the geological
structures of the region. It is suggested that this model be compared with other models and the
results of this research will be used as basic information for environmental management and
planning.

Keyword: Dempster-Shafer model, effective factors on landslide, landslide susceptibility zonation,
Middle Mazlaghan Chai
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Table 1- Summary of physiographic characteristics of the Afjeh Watershed.

Area Perimeter Compgc_tness Time of_ Slope S Draingge Basin
(km2) (km) coefficient  concentration (%) Density  Length
(Co) (Tc) (D) (km)
40.6 33 1.45 9.2 0.74 13
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Figure 1- Location of the study area in the country.
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5- Co-Active Neuro-Fuzzy Inference System
(CANFIS)
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1- Multilayer perceptions (MLPs)
2- Generalized feed forward (GFF)
3- Radial basis function (RBF)
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6- The Support Vector Machine (SVM)
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Table 2- Results of sediment rating curve development using different methods
(a: Slope factor, b: Constant equation of sediment rating curve).

R? b a

Sediment Rating
Curve Method

0.72 149 566
0.70 153 6.07
053 046 6.53

084 136 6.34
072 149 6.77

072 149 6.23

0.72 149 856

Qw<1m3/s
Qw>1m3/s

Linear
Bilinear
Midpoint of Class

Intervals
FAQ Correction
Factor

Parametric Correction

Factor

Nonparametric
Correction Factor
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Table 3- Evaluation of each method based on different criteria.

Coefficient of Efficiency Relative Mean . .

Determination (R2) Coefficient (ME) Error (RME) Sediment Rating Curve Method
0.72 0.09 181.49 Linear
0.67 0.61 177.91 Bilinear
0.84 0.82 211.87 Midpoint of Class Intervals
0.71 0.63 1675.44 FAO Correction Factor
0.73 0.14 204.93 Parametric Correction Factor
0.72 0.71 795.43 Nonparametric Correction

Factor
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Table 4- Estimated sediment load of each method relative to the reference method (median class

method).
Nonparametric Parametric FAO
Correction Correction Correction Bilinear Linear
Factor Factor Factor
1.21 0.38 2.59 1.93 0.34
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Figure 2- Sediment rating curve using the median class method at Narun (Afjeh) Station.
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Figure 4- Observed and estimated sediment
load using artificial neural networks (GFF) at

Narun (Afjeh) Station.
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Figure 6- Observed and estimated sediment
load using artificial neural networks (SVM) at

Narun (Afjeh) Station.
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Figure 3- Observed and estimated sediment
load using artificial neural networks (MLPs) at

Narun (Afjeh) Station.
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Figure 5- Observed and estimated sediment
load using artificial neural networks (RBF) at

Narun (Afjeh) Station.
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Figure 8- Observed and estimated sediment
load using artificial neural networks (CANFIS)
at Narun (Afjeh) Station.
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Figure 7- Observed and estimated sediment
load using artificial neural networks (SOFMs)
at Narun (Afjeh) Station
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Table 5- Evaluation results of each method using different criteria.

Acrtificial Neural Network (ANN) Method Learning Rule of

SOFMs CANFIS SVM RBF

GFF MLPs Neural Networks

4357.89 248.72 93.22  379.89

-0.1320 0.8123 0.1798  0.1987

Relative Mean Error
141.09 31838.68 (RME)

Efficiency

0.213 0.649 Coefficient (ME)
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load using ensemble model 2 at Narun (Afjeh)

Station.
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Figure 9- Observed and estimated sediment

load using ensemble model 1 at Narun (Afjeh)

Station.
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Table 5- Evaluation results of each method using different criteria.

Hybrid Model Type

Hybrid Model 2 Hybrid Model 1

Relative Mean Error (RME)
Efficiency Coefficient (ME)

8684.34 59.63
0.5759
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Table 6- Evaluation results of each method using different criteria.

Efficiency Coefficient

Relative Mean Error

(ME) (RME) Method

0.813 211.87 Sediment Rating Curve
0.8123 248.72 CANFIS
0.8761 59.63 Hybrid Model 1
0.5759 8684.34 Hybrid Model 2
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Extended Abstract

Introduction and Goal

The concentration of suspended sediments is one of the most important water quality indicators
in surface water resources and a significant hydrological phenomenon. However, traditional
methods, such as sediment rating curves (SRCs), lack accuracy due to not considering all
effective parameters. In this context, hybrid models that include SRCs and artificial neural
networks (ANNs) have emerged as a promising approach for enhancing SSC prediction
accuracy. These models, with their ability to use complex nonlinear patterns, outperform
traditional methods. This study aims to develop and implement an SRC-ANN hybrid model for
SSC prediction. The proposed model is predicted to significantly improve prediction accuracy
by combining the strengths of both methods, aiding in optimal water resource management and
the proper functioning of hydraulic structures.

Materials and Methods

This research introduces a novel hybrid model that integrates sediment rating curves (SRCs)
and artificial neural networks (ANNSs) was used for a more accuracy prediction of suspended
sediment in the Naroun (Afejeh) hydrometric station. For this purpose, data from 222 sample
of flow discharge and suspended sediment over a 50-years period (1971 to 2021) were used.
Additionally, 14 different were employed, including 6 sediment rating curve methods, 6
artificial neural network methods and 2 hybrid methods, to simulate suspended sediment. The
performance of each method was evaluated using statistical criteria such as coefficient of
determination (R?), efficiency coefficient (ME), and mean relative error percentage (RME).
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Results and discussion

The results showed that among the sediment rating curve methods, the most accurate simulation
of the observed sediment discharge conditions compared to other methods was related to the
midpoint method, with a coefficient of determination (R?) of 0.840, a modeling efficiency (ME)
of 0.820, and a mean relative error (RME) of 0.211%. Also, among the artificial neural network
methods, the most accurate simulation was related to the CANFIS method, with a modeling
efficiency (ME) of 0.8123 and a mean relative error (RME) of 0.248. Finally, to improve the
prediction results, hybrid models 1 and 2 were used. The results showed that he best estimate
of suspended sediment was related to hybrid method 1, with a modeling efficiency (ME) of
0.8761 and a mean relative error (RME) of 0.06359%.

In the mentioned method, both the estimation of peak flow discharge and the estimation of base
flow discharge were very accurate, and it was introduced as the most accurate method for
predicting suspended sediments. These results highlight the potential of using hybrid model 1
to significantly improve prediction accuracy and to better fit the observed data.

Conclusion and Suggestions

Among the sediment rating curve methods, the mean category sediment rating curve method
was identified as the best approach for predicting suspended sediment due to its consideration
of data distribution and flexibility. The performance of artificial neural networks (ANNS) in
simulating sediment for base and normal flows was good, but were weaker in predicting
sediment during flood events. The most accurate method for suspended sediment prediction is
the Hybrid model 1, which use a MSM and ANN methods. Improper selection of a sediment
prediction method can lead to inaccurate results. Also, it is essential to examine the impact of
other variables beyond flow discharge on sediment. The results of this research showed that it
is possible to significantly increase the accuracy of suspended sediment prediction using hybrid
models, and that these models can be utilized as an effective tool for managing and predicting
suspended sediments, as well as improving water resource management. It is recommended to
use advanced sampling facilities and a larger number of samples at hydrometric stations,
especially in high-flow and flood conditions, for the development and optimization of hybrid
methods. Additionally, it is suggested that engineers and water resource managers utilize the
findings of this research to develop optimal strategies for suspended sediment management.
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Component Number of items Calculated Cronbach's alpha
Driving force (D) 5 0.845

Pressure (P) 6 0.720

Response (R) 7 0.913
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