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Figure 1- The area studied in the research.
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Table 1- The area of flood potential classes based on the results of the models.

Model Flood potential class Area (ha) Area (%)
Very low 352527.12 78.59
Low 44577.36 9.93
ANFIS-ICA Moderate 23570 5.25
High 9820.8 2.18
Very high 18025.56 4
Very low 314936.82 70.21
Low 728291.2 16.24
ANFIS-PSO Moderate 35423.2 7.9
High 11694.6 2.6
Very high 13639.2 3
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Figure 2- Map of the factors used in the research.
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Table 2- Prediction accuracy of models based on performance evaluation criteria in the validation.

Model AUC TSS
ANFIS-ICA 0.94 0.84
ANFIS-PSO 0.98 0.89
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Extended Abstract

Introduction and Goal

Among natural disasters, flood is undoubtedly the most catastrophic hazard in the world. One of
the basic strategies for reducing the damage caused by floods is to prepare a flood sensitivity map.
Spatial prediction of the flooding probability using models created from spatial and historical data,
which ultimately leads to the preparation of flood sensitivity maps is an appropriate solution for
land management planners in different areas to prevent the occurrence of this phenomenon. In this
research, in order to determine flood-prone areas, the hybrid model of adaptive neural and fuzzy
inference and the metaexploratory optimization algorithm of imperial competition (ANFIS-ICA)
and the hybrid model of adaptive neural and fuzzy inference and the metaexploratory optimization
algorithm of particle swarm (ANFIS-PSO) are used.

Materials and Methods

The Zarine River watershed has an area of 4485 km?2 and is located in the northwest of Kurdis-
tan province between the longitude of 45°48'30"and 46°48'20" east and the latitude of 35°42"20"
and 36°23'15" north. The climate of the region is humid and the average annual rainfall is 480
mm. Locations of flood events were randomly divided into two groups: training (70%) and
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validation (30%). Various environmental factors (height, direction, slope, surface curvature, land use,
lithology, rainfall, flow power index, distance from river and topographic wetness index) were selected as
independent variables in the modeling and their digital layers were prepared. The ANFIS-ICA and
ANFIS-PSO models were used in this research and their prediction results were evaluated based on the
criterion (AUC) and the true skill statistic (TSS).

Results and Discussion

On the basis of these findings, in the validation stage, the model (ANFIS-PSO) with an AUC of 0.98 and
a true skill statistic (TSS) of 0.89 had the highest accuracy. The results also showed that the factor of
distance from the stream was identified as the most important environmental factor. In addition, ground
slope and TWI were ranked second and third in importance, respectively.

Conclusion and Suggestions

Based on the results, the hybridization approach, which combines machine learning models and
meta-exploratory optimization algorithms, improves the learning power as well as the predictive power
of the model. The results of this research showed that the distance from the stream and the slope of
the land are the most important factors affecting flooding. Based on the results and analysis, it can be
concluded that machine learning models have a high capability for predicting flood potential. The flood
potential maps prepared in this research can be very useful for managers and experts and can be used in
planning flood prevention measures. Directing flood control facilities and measures in situations with a
high flood potential will improve flood management from an economic and technical point of view.

Keywords: Flood, land management, modeling, natural hazards, risk
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Figure 1- Malayer city location in Hamedan province and Iran country.
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Table 1- Hydrologic unit attributes for Malayer city.

Sub Catchment ID  Area (km?)  Unit Width (m) Impervious Area (%) Slope (%) Output Node
1 2.23 500 70 1.16 J5
2 1.72 500 60 8.13 b}
3 2.68 500 65 4.76 3
4 0.995 500 70 3.23 J3
5 0.924 500 60 5.74 J4
6 2.075 500 70 1.05 J6
7 2.983 500 70 6.70 17
8 2.803 500 70 1.55 J11
9 0.731 500 70 1.02 18
10 2.265 500 70 5.99 J1
11 0.59 500 70 1.08 J9

o (5w (go09u0 o Jlail slre )§ wlasico -Y Jous
Table 2- Nodes attributes in Malayer city.

Node No. Base Height (m) Maximum Depth (m)
J1 1749 1
2 1773 1
I3 1735 1
J4 1737 1
J5 1750 1
J6 1729 1
7 1746 1
J8 1727 1
J9 1734 1
J10 1722 1
J11 1730 1
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Table 3- Junction attributes.

Conduit Link  Input Node Output Node Length (m) Slope (%) Roughness Coefficient
1 I5 J1 670 0.15 0.015
2 J1 J6 1820 1.1 0.015
3 J6 J8 1580 0.13 0.015
4 2 J4 980 3.67 0.015
5 17 J4 740 1.22 0.015
6 J8 I3 960 0.21 0.015
7 3 J10 2420 0.54 0.015
8 J1 J6 1000 0.1 0.015
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Figure 2- Intensity—Duration-Frequency curves in logarithmic axis for case study.
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Table 4- Initial values, range of changes and optimal values of the calibration variables of the model.

Parameters Initial Value Range of Variation  Optimized Value
Impervious Area (%) 60 -10 57.7
Impervious depression store 1.277 (mm) +30 (%) 1.655(mm)
Impervious roughness coefficient 0.01 +50(%) 0.02
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Table 5- Model results in calibration period.

Sub Area (km®) Runoff Time of Time to Observed Peak Simulated Peak
Height Concentration Peak Discharge (m3/s) Discharge (m3/s)
Catchment ID . .
(mm) (min) (min)
1 2.231 9.3 39.42 27.59 0.15 0.31
2 1.728 8.11 19.89 13.92 0.2 0.26
3 2.68 8.72 3545 24.81 0.19 0.39
4 0.995 9.47 24.67 17.27 0.1 0.17
5 0.924 8.14 18.51 12.95 0.12 0.14
6 2.075 9.28 53.63 37.54 0.1 0.28
7 2.983 9.4 26.82 18.77 0.31 0.48
8 2.803 7.96 43.74 30.61 0.15 0.33
9 0.731 8.1 75.36 25.72 0.04 0.11
10 2.265 8.08 29.86 20.89 0.18 0.33
11 0.59 8.12 35.02 24.51 0.04 0.09
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Table 6- Average depth and depth of maximum current at the location of the nodes.

Node No.  Average Depth (m) Maximum Depth (m)
J1 0.15 0.27
2 0.04 0.09
13 0.25 0.56
J4 0.24 0.56
J5 0.15 0.27
J6 0.42 0.8
17 0.09 0.18
J8 0.94 1
J9 0 0
J10 0.92 1
J11 0.18 0.33
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Figure 3- Flood production potential maps for Malayer city.
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Introduction and Goal

Due to the large volume of human and commercial activities, one of the most important goals of
infrastructure is to collect and transfer urban runoff, control floods and prevent flooding in cities. To
correctly estimate the runoff and characteristics of hydrological units and channels, it is important
to use appropriate hydrological and water models. Considering the importance of this topic, this
research was conducted with the aim of estimating the urban runoff of the Malayer to determine the
potential flooding points using a storm water management model (SWMM).

Material and Methods

On the basis of available technical reports, the area of the sub-watersheds, nodes and main
channels of the city were first determined. Flow direction and slope of the area was determined using a
digital elevation model and 11 sub-watersheds were identified. In addition, 11 nodes were
determined, regardless of the initial water depth and water level. Using the daily rainfall data of the
Malayer synoptic station during the 1992-2020 statistical period, a nine-hour rainfall with a return
period of 2 years was calculated and entered into the model. The geometrical shape of the channels
was an open rectangle and the flow trend in the channels was determined using the kinetic wave
method. The size of the maximum flow of water through the channels was calculated using the
relationship between the cross-section of the flow and the speed of the flow a 9-hour the rainfall with
a return period of 2 years. To calibrate the model, the variables of percentage of impervious areas,
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pond storage and roughness coefficient of impervious areas were used in the change range of the
allowed modification range. In order to evaluate the model, Nash-Sutcliffe efficiency coefficient and
the root mean square error were used.

Results and Discussion

The results showed that after optimizing the sizes of the variables, the Nash-Sutcliffe efficiency
coefficient and the root mean square error were 0.73 and 0.02, respectively. Of the total rainfall of
14.54 mm, 5.53 mm was related to infiltration losses, 7.55 mm was related to surface runoff, and
1.45 mm was related to pond storage. The results showed that the sub-watersheds that were in the
north of the city and overlooking the heights and leading to node number 10 had more volume and
drainage and it is necessary to revise the design and expansion of the channels in this area. In addition,
the sub-watersheds of the western part of the city (sub-watersheds no. 4) and the southwestern part
(sub-watersheds no. 8) had the highest and lowest flood potential of 0.651 and 0.547, respectively.
Conclusion and Suggestion

In this research, the results showed that almost half of the city would be affected by flood risks in
the event of rains. Therefore, the current drainage network does not have the necessary efficiency to
discharge urban runoff in the northern part of the city, and it is necessary to determine the optimal
dimensions of the channels. Because the eastern elevations of the studied area are snow-covered
and considering the geology of the area, in future research, models capable of calculating the runoff
caused by snow melting should be used.

Keywords: Calibration, Malayer city, modeling, SWMM, urban runoff
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Figure 1- Location map of the studied area and the location of the sampling points.
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Figure 2- Method of storing and transferring water samples to the laboratory.
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Table 1- Maximum allowed and desirable non-toxic mineral chemicals in drinking water (mg/1).

Water quality parameter

Optimal maximum

Maximum allowed

Arsenic - 0.01
Nitrat - 50
Total Dissolved Solids 1000 1500
Manganese 0.1 0.4
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Table 2- Abstract of statistical analysis of data related to arsenic, manganese nitrate and total dissolved solids (TDS).

Parameter Mean Star}da}rd Variance ~ Minimum Maximum Skewness Elongation Coefﬁc1§nt of
eviation Variation
Arsenic (mg/1) 0.05 0.02 0.0004 0.005 0.117 1.45 2.58 8
Nitrat (mg/1) 2.08 1.99 3.99 0.001 6.87 0.84 -0.32 0.96
Mn (mg/1) 0.0186 0.0049 0 0.007 0.03 -0.36 0.77 0.26
TDS (mg/l) 906.83 731.45 535022.38 300 3240 1.88 2.74 0.08
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Table 3- Characteristics of the best fitted model on the values of the experimental semivariance in the
kriging method.

Experimental Best model Co C+Co Ay (m) Cysill R2
semivariance

Arsenic (mg/l) Spherical 0.00025 0.00065 36700 0.384 0.75
Nitrat (mg/I) Spherical 0.30 6.049 28500 0.049 0.85
Mn (mg/1) Spherical 0.00001 0.00004 25510 0.250 0.75
TDS (mg/l) Spherical 98000 474600 8600 0.206 0.71
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Figure 3- Theoretical semivariables fitted to: A- Arsenic, spherical model, B- Nitrate, spherical model,
C- Manganese, spherical model, D- TDS, spherical model.
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Table 4- Comparison of geostatistical methods in estimating quality parameters based on different criteria

Parameter Evaluation IDW Ordinary Simple
(mg/1) criteria a=1 a=2 a=3 kriging kriging
Arsenic MBE 0.02 0.0014 0.0009 0.00059 0.00051 0.0013
RMSE 0.0226 0.0235 0.0245 0.0224 0.0207 0.0227
Nitrat MBE -0.1585  -0.1549  -0.1497 -0.0514 -0.0444 -0.0306
RMSE 1.8019 1.7007 1.7213 1.8208 1.6718 1.6472
M MBE -0.00039 -0.00073  -0.0010 -0.00012 -0.00014 -0.0003
n RMSE 0.0049 0.0048 0.0049 0.0045 0.0046 0.0045
DS MBE 6.480 -37.198  -63.895 -31.534 10.422 13.446
RMSE 645.769  669.943  699.989 642.638 624.311 658.310
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Figure 4- Zoning map of metrics using the best model A: Arsenic (Simple kriging), B: Nitrate (RBF),
C: Mn (RBF) and D: TDS (Simple kriging)
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Extended Abstract

Introduction and Goal

Awareness of spatial variations in groundwater quality parameters is an important tool for identifying
the capacity of the region and land management. Jiroft is located on an arsenic belt in the country and
considering the effect that arsenic has on underground water and the carcinogenic nature of this element,
analysis of this element is very important. Moreover, most rural regions of Jiroft use the well water for
drinking. Therefore, the analysis of groundwater in this region appears to be very important for drinking
purpose.

Materials and Methods

Using geostatistical methods, the present study attempted to analyze the spatial variation of nitrate, arsenic,
manganese, and all dissolved solid parameters in the groundwater of the Jiroft watershed during 2019.
For this purpose, water from 36 agricultural wells and wells used for drinking in villages, as well as urban
drinking water samples, were sampled in three replicates. The geostatistical methods used for zoning the
above parameters include ordinary kriging (OK), simple kriging (SK), radial basis function (RBF), and
inverse distance weighting (IDW) with different powers. Geostatistical methods were evaluated using the
mutual evaluation technique applying the root mean square error (RMSE) and mean bias error (MBE)
criteria between the actual and estimated data.

Results and Discussion

In this research, the spatial changes of nitrate, arsenic, manganese and total solids dissolved in ground-
water in the Jiroft watershed were analyzed using the evaluation criteria ranking results showed that the
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estimation of arsenic and TDS with the spherical model of the simple kriging method had the least error
and the estimation of nitrate and manganese with the radial basis function (RBF) method had the lowest
error. The study showed that the spatial correlation of the quality metric of the Jiroft watershed is very
high. Therefore, the error of the semivariable model of the measured data of arsenic with a partial effect
0f 0.00025 and a range of influence of 36.7 km was 38.4%, whereas the error of the semivariable model
of nitrate with a partial effect of 0.3 and a range of influence of 28.5% was 4.9%. In the Jiroft watershed,
the concentration of arsenic in the water of other areas was much higher than the permissible amount for
drinking based on standard 1051 of the Iranian Institute of Standards and Industrial Research except for
urban water. In addition, the concentration of nitrate in all the samples was lower than the permissible
amount for drinking water, so there is no obstacle to its use.
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Figure 1- General view, of locality and corresponding townships of Kermanshah Province, Iran.
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Table 1- Characteristics of meteorological stations in the study area.

Geographical attributes Average precipitation

No Station type Station location Elevation (m) (mm)
Longitude  Latitude (average of 20 years)

1 Airport synoptic Kermanshah 47.15 34.35 1311 510
2 Eslamabad-e gharb 46.47 34.12 1344 468.50
3 Main synoptic Sarpol Zahab 45.87 34.45 565 350
4 Ravansar 46.65 34.72 1346 526.41
5 Qasr-e Shirin 45.6 34.53 356 350.41
6 Additional synoptic Gilan-e Gharb 45.93 31.13 826 426.92
7 Javanrud 46.5 34.76 1375 560.41
8 Mahidasht 46.48 3428 1370 440
9 Automatically Paveh 46.33 355 1700 620
10 Sahneh 47.66 34.48 1380 483.77
11 Agricultural Meteorological Research Sararud 47.29 3433 1373 451.66
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Table 2- Elevation values of Kermanshah Province.

No DEM(m) Average Max Min
1 30 1431.76 3368 114
2 90 1431.82 3353 117
3 1000 1432.49 3186 127
4 1000 1430.51 2434 95.96

3 - Google earth engine
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Table 3- The list of statistical evaluation indices to evaluate quantitative rain estimates.
Metrics Equation
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Note: n denotes the number of observations in the sample. Xi and Yi represent the observational and forecast precipitation data.
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Figure 2- Precipitation map of Kermanshah Province based on interpolation method.
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Table 4- Mean error values obtained from the fitted model for the Kermanshah meteorological station.

No  DEM(m) RMSE NS R?
1 30 4731 0.75 0.75
2 90 46.99 0.75 0.76
3 1000 46.25 0.76 0.76
4 10000 48.12 0.74 0.81
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Table 5- Values of correlation coefficients and significant level of Kermanshah meteorological station

Kendall's tau_b Spearman's rho

No  DEM(m)

R(XY) P-value R(XY) P-value
1 30 0.491%* 0.036 0.636* 0.035
2 90 0.564* 0.016 0.691* 0.019
3 1000 0.661%* 0.005 0.8117%* 0.002
4 10000 0.636%* 0.006 0.764%%* 0.006
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Figure 5- Column chart of mean precipitation changes based on digital elevation models of Kermanshah Province.
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Extended Abstract

Introduction and Goal

Users prepare accurate data of the amount of rainfall by using rain gauge stations. However, an
interpolation of rainfall data is difficult due to temporal and spatial variability. Therefore, rain gauge
stations are not well distributed in many areas, especially in mountainous areas. In a mountainous area,
understanding the interaction between the resolution of the Digital Elevation Model (DEM) and climate
variables is necessary for accurate spatial interpolation of average rainfall in many areas, and on the other
hand, the need for accurate information in hydrological modeling and many environmental studies and it
is climatic. One of the problems that exists in many hydrological studies is that rainfall maps are always
prepared using interpolation or available DEM, regardless of rainfall, which have an estimated rainfall
erTor.

Materials and Methods

In this study, four DEMs with spatial resolutions of 30, 90, 1000, and 10000 m, which are the most
common DEMs in studies, were used to introduce the best elevation digital model for extracting the
rainfall gradient map from the data of 11 meteorological stations in Kermanshah province. A rainfall map
for Kermanshah province was prepared using a linear regression model fitted between the height of each
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station and the 20-year average rainfall. The best DEM for rainfall estimation was then determined on the
basis of error evaluation criteria.

Results

The results of this research showed that in estimating rainfall, DEMs with cell sizes of 1000 and 10000 m
(R?=0.76, 0.81) were more accurate than DEMs with spatial accuracy of 30 and 90 m (R? = 0.75). In the
examination of the Nash—Sutcliffe coefficient (NS), compared to other digital height models of accuracy,
DEM with a spatial resolution of 1000 m (one km) with a Nash—Sutcliffe coefficient of 0.76, a significance
level of 0.01, and a correlation coefficient of 0.81 was found to have greater accuracy.

Conclusion and Suggestions

The results of the present study can be used to estimate and generalize rainfall in areas that do not have
stations and to prepare rainfall maps in areas where the number of stations is limited. In addition, it should
be used in univariate interpolation methods that do not have proper accuracy because spatial distances
are not considered. In addition, due to the complex topography of the earth and the non-uniformity of
meteorological stations on the earth’s surface, high-resolution models with higher spatial resolution are
required for the estimation of rainfall, which increases the accuracy of digital models in the evaluation of
rainfall studies by removing topographical levels that cause errors.

Keywords: DEM resolution, Kermanshah province, linear regression, mountainous watershed, rainfall
estimation, rainfall gradient
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Figure 1- The area and the sampled points in the flood spreading and non-flood spreading areas.
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Table 1- Variance analysis of the effect of flood spreading, type of plant species and their interaction on soil

fertility variables.

Organic carbon (%)

Total nitrogen (%)

Soil feml}t}{ Degrees Average F Significant Average of F Significant
characteristics of of Statistic ercentage squares Statistic ercentage
freedom squares P g q p g
Region (A) 1 0.089 39.92 0.001 *x 0.001 55.773 0.001 ok
Plant species(B) 2 0.00007 0.03 0.971 ns 0.0005 1.961 0.183 ns
2 0.00009 0.03 0.961 ns 0.00003 1.368 0.292 ns
(A xB)
Total residual error 12 0.002 0.00002
Available phosphorus(mg/kg dry soil) Available potassium(mg/kg dry soil)
Region (A) 1 22.75 20.068 0.001 *ok 48.35 0.438 0.521 ns
Plant species(B) 2 0.062 0.556 0.582 ns 141.77 1.285 0.312 ns
2 0.062 0.384 0.689 ns 79.17 0.717 0.508 ns
(A xB)
Total residual error 12 0.11 110.35

Dldgae e i NS D mhaw o o gixe 0 o o s g DRk

**: significant at the 1% level, *: significant at the 5% level, ns: not significant.
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Table 2- Variance analysis of the effect of flood spreading, type of plant species and their interaction on the
activity of investigated enzymes.

Acid phosphatase
(ug p-nitrophenol g™ soil h™")

Alkaline phosphatase
(ug p-nitrophenol g™ soil h™")

Biological
characteristics Dei;ees Average of F Significant Average of F Significant
freedom squares Statistic ~ percentage squares Statistic ~ percentage
Region (A) 1 227 2.186 0.152 ns 9793 13.216 0.001 *
Year (B) 1 309 1.487 0.264 ns 11965 16.147 0.001 *
plant species (C) 2 3823 36.761 0.001 ok 29919 40.379 0.001 ok
(B xA) 1 1439 13.835 0.001 ** 1672 2257 0.012 **
(AxC) 2 198 0.002 0.969 ns 1091 1.472 0.023 wox
BxC) 2 612 5.884 0.008 oK 1331 1.797 0.018 *K
(B xAxC) 2 245 2.358 0.116 ns 9752 13.161 0.001 o
Total residual error 24 104 741
Dehydrogenase ( pg TPFg ' soil 24 h') Urease (ug/N g 2h™)

Region (A) 1 50.51 39.777 0.001 * 136471 52.843 0.001 *
Year (B) 1 61.23 48.221 0.001 * 18466 7.15 0.003 o
plant species (C) 2 98.92 77.899 0.001 ok 13502 5.228 0.031 *x
(B xA) 1 14.45 11.382 0.001 ok 22713 8.795 0.001 o
(AxC) 2 9.55 7.521 0.011 * 13248 5.130 0.032 *
BxC) 2 17.7 13.939 0.001 ok 4948 1916 0.169 ns
(B xAxC) 2 72.82 57.344 0.001 ok 37963 14.70 0.001 ok
Total residual error 24 1.27 2583

sk

SIS sime a8 NS D gl 0 s e K o o s e
**: significant at the 1% level, *: significant at the 5% level, ns: not significant.
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Figure 2- Nutrient characteristics of soil of different types in flood spreading and non-flooding lands
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Extended Abstract

Introduction and Goal

The rangeland ecosystems of arid and semi-arid regions play the most important role in the
distribution and density of vegetation in these areas due to the specific environmental conditions
governingthesoil, whichisthebridgebetweenlivingandnon-livingparts ofecosystems. Soilenzymesplay
important biochemical roles in the decomposition of organic matter at all stages in the soil system. These
enzymes play an important role in the stability of the soil structure, the decomposition and formation of
organic matter, the cycle of elements and the activity of soil microorganisms. Environmental stresses,
such as drought, have negative impact on plant growth and soil microorganism’s activity. Therefore,
evaluating the effect of flood spreading on soil quality indicators can be a useful step in improving
knowledge in this field. Therefore, this research was conducted during 2018 and 2019 to investigate
the effect of flood spreading, plant types and characteristics on biological soil in the Kowsar floodplains
located in Gareh-Bygone, Fasa.
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Materials and Methods

Sampling of the soil around the roots of Artemisia sieberi Besser, Dendrostellera lessertii (Wikstr)
Van Tiegh and Heliantemum [lippii (L) Pers, in two situations: with flood spreading and without flood
spreading (control area) in spring and autumn from a depth of 0-20 cm and in three repetitions. After
ensuring the normality and homogeneity of the variance of the data by the Shapiro-Wilk and Levene
tests, the data were analyzed using the two-way variance method and mean comparison were made
using Duncan’s test at the 1% and 5% level and using the R software.

Results and Discussion

The results of soil fertility characteristics showed that there was no significant difference in the amount
of phosphorus and potassium in the three pasture species studied under flood spreading and the
control areas. However, the amount of carbon and nitrogen in all studied species was significantly
higher in the flood spreading area (containing 0.3% organic matter) than the control area (with 0.15%
organic matter). In addition, the results of this research indicated that the highest activity of acid
phosphatase enzyme was observed in the rhizosphere of D. lessertii species and in the spring season, and
on the contrary the lowest activity was observed in the rhizosphere of H. lippii species under the flood
spreading condition.

Alkaline phosphatase activity in all species was significantly higher in spring than in autumn season.
The highest activity of this enzyme was observed for A. sieberi in the spring season with an average of
186 (ng p-nitrophenol g-1 soil h-1) in the flood spreading area and the lowest level was observed for
H. lippii in the control area with an average of 57 (ug p-nitrophenol g-1 soil h-1) in the autumn season.
In general, the level of phosphatase enzyme activity for the A. sieberi species in the spring season was
approximately 89% higher in the flood spreading area than in the control area. The dehydrogenase
enzyme activity was higher in spring than in autumn. Also, the highest activity of this enzyme was
observed in the spring season for the D. lessertii species with an average of 8.5(ug TPFg-1 soil 24 h-1)
in the control area, and the lowest level was observed in the autumn season for the A. sieberi species in
the flood spreading area with an average amount of triphenol formazan was 1 (ug TPFg-1 soil 24 h-1)
.In other words, the amount of dehydrogenase enzyme activity in the spring season was approximately
66% higher than that in the fall season in both areas (control and flood spreading). The results of this
research showed that the activity of urease enzyme under flood spreading conditions in both seasons
(autumn and spring), with an average of 270 and 300 (ug N/g.dm.2h) is more than the control area with
an average of 173 and 250 (ug N/g.dm.2h). Also, the soil quality indices in all three studied species
in the two (control and flood spreading) areas have a significant difference, so that the flood spreading
operation has upgraded the value of these indices for the H. lippii species and the A. sieberi, while
which has reduced the soil quality index of D. lessertii.

Conclusions and Suggestions

The results of this research showed that the flood spreading system is a desirable method for
improving soil organic carbon, and its efficiency increases with the plant planting. The increase in
moisture and the amount of organic matter in the flood spreading area can be a reason for increasing the
activity of enzymes in the flood spreading area, so that in both autumn and spring, the activity of soil
enzymes is more in the region. Considering the important role of organic matter in improving biological
indicators and soil quality and health, the restoration of floodplains with native species can play an
important role in providing these conditions. In addition, it is recommended that these tests be repeated
with more samples and in different areas and the nitrogen, carbon, sulfur and phosphorus cycles and its
relationship with the activity of other soil enzymes related to this cycle should be investigated.

Keywords: Flood spreading, Gareh-Bygone Fasa, pasture species, soil enzymes, soil organic matter, soil
quality indicators
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Table 1- Information on the factors affecting the flood occurrence in the Sirwan watershed of Kurdistan Province.

Classification of factors Factors Affecting roles (direct and indirect) Scale
Elevation Prevailing rainfall regime in the region and its changes with altitude 1:25000
Topographic Slope percent Flow speed 1:25000
Aspect Vegetation, energy received from the sun, humidity of the domain 1:25000
Plan curvature Controlling flow convergence and divergence 1:25000
Profile curvature Controlling flow speed 1:25000
Morpho-hydrometric
Topographic wetness index ~ Percentage of local participation of cells in the production of runoff 1:25000
Stream power index Expressing the speed and volume of transfer flow 1:25000
Distance from stream IZ{;:)Sff production mechanisms, flood zones, hydrological response 1:25000
Hydrologic and climatic ~ Drainage density The speed of water transfer and drainage to the outlet 1:25000
Mean annual precipitation The main fa&l:tor of runoff production and overall spatial distribution 1:25000
of precipitation
Soil texture Soil hydrological group and water infiltration and runoff production 1:25000
. status
Soil and geology
Lithology The speed of infiltration in formations 1:100000
Environmental Land use Vegetgtlon percentage Amdlcates the amount of infiltration and flow 1:25000
speed in natural, aquatic or man-made areas
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4 - Topographic Wetness Index
5 - Stream Power Index
6 - Data-driven probabilistic model
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7 - Feature

8 - Background points: pseudo absence locations
9- Receiver Operating Characteristic Curve (ROC)
10 - False Positives (FP)

11 - True Positives (TP)

12 - Backward analysis
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Figure 2- Maps of flood-affecting factors.
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Figure 3- Flood susceptibility in the Sirwan watershed using the Maximum Entropy model.
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13 - Near Miss Events
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Figure 5 Relative importance of flood-affecting factors in flooding occurrence.
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Introduction and Goal

Floods cause loss of life and financial losses every year, and their management is one of the
essential elements of watershed management. In this research, an attempt is made to determine the flood
susceptibility of the Sirwan watershed and finally the importance of various environmental factors in
flood susceptibility based on historical flood events.

Materials and Methods

In this research, the maximum entropy model along with 13 topographical, hydrological,
morpho-hydrological, geological, and environmental flood-affecting factors were used to model
the flood susceptibility of the Sirwan watershed and determine the importance and percentage of
participation of various factors in the state of flooding potential. A cellular computing unit (pixel) was
chosen as the criterion for preparing the predictive factors and flood susceptibility maps. A total of
123 historical flood inundation events detected in the last decade were used as target variables in the
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model, of which 70% were considered for learning and the remaining 30% for validating the model
results. To evaluate the performance of the model, the criterion of the area under the receiver operating
characteristic curve was also used.

Results

The results indicate that the accuracy of learning and validation were 98.2% and 97.3%, respectively,
indicating the excellent performance of the model. Based on the visual interpretation of the flood
susceptibility map, streams with a higher order near the watershed outlet, which are the
conduits for the passage of the flow with a larger volume and are located in lower areas, often have a
higher proneness to flood inundation. Based on the results of the relative importance test, the four
factors of distance from the stream, topographic wetness index, drainage density, and land use were
introduced as the most important factors in the modeling flood susceptibility, with of 17, 13, 12 and 10%
participation, respectively. These results show that natural hydrological, morpho-hydrological and
environmental factors (both natural and man-made) have a mutual effect in increasing flooding
susceptibility. Based on the quantitative analysis of modeling, about 0.76% (5600 hectares) of the
studied area is in the high and very high flood susceptibility class, which requires planning and flood
management.

Conclusion and Suggestions

The high classification of flood susceptibility classes in the Sirwan watershed of Kurdistan
province and the determination of the importance of environmental factors in the event of flooding
make it possible for managers to take an effective preventive approach by planning relief facilities and
infrastructure. To reduce the risk of flooding, flood crisis management in the Sirwan watershed should
be defined based on the four main factors identified in this study. Application of the maximum entropy
model in flood susceptibility analysis is suggested for flood management of watersheds.

Keywords: maximum entropy, Sirwan, risk management, crisis management, receiver operating
characteristic curve
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Figure 1- Location of the study area.
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Table 1- Date of radar images used to subsidence estimation.

Row Master image Slave image Row Master image Slave image
1 2014.11.10 2014.12.04 27 2017.07.02 2017.08.07
2 2014.12.04 2015.01.21 28 2017.08.07 2017.09.12
3 2015.01.21 2015.02.14 29 2017.09.12 2017.10.06
4 2015.02.14 2015.03.10 30 2017.10.06 2017.11.11
5 2015.03.10 2015.04.03 31 2017.11.11 2017.12.05
6 2015.04.03 2015.05.21 32 2017.12.05 2018.01.10
7 2015.05.21 2015.06.14 33 2018.01.10 2018.02.03
8 2015.06.14 2015.07.08 34 2018.02.03 2018.03.11
9 2015.07.08 2015.08.01 35 2018.03.11 2018.04.04
10 2015.08.01 2015.09.18 36 2018.04.04 2018.05.10
11 2015.09.18 2015.10.12 37 2018.05.10 2018.06.03
12 2015.10.12 2015.11.29 38 2018.06.03 2018.07.09
13 2015.11.29 2015.12.23 39 2018.07.09 2018.08.02
14 2015.12.23 2016.02.09 40 2018.08.02 2018.09.07
15 2016.02.09 2016.03.04 41 2018.09.07 2018.10.25
16 2016.03.04 2016.04.21 42 2018.10.25 2018.11.06
17 2016.04.21 2016.08.24 43 2018.11.06 2018.12.12
18 2016.08.24 2016.11.16 44 2018.12.12 2019.01.05
19 2016.11.16 2016.12.10 45 2019.01.05 2019.02.10
20 2016.12.10 2017.01.03 46 2019.02.10 2019.03.06
21 2017.01.03 2017.02.08 47 2019.03.06 2019.04.11
22 2017.02.08 2017.03.04 48 2019.04.11 2019.06.22
23 2017.03.04 2017.04.09 49 2019.06.22 2019.07.04
24 2017.04.09 2017.05.27 50 2019.07.04 2019.08.09
25 2017.05.27 2017.06.08 51 2019.08.09 2019.09.14
26 2017.06.08 2017.07.02 52 2019.09.14 2019.10.08
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Table 2- Characteristics of Sentinel-1 radar images used in this research.
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Figure 2- Diagram of research steps .
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Figure 3- An example of the interferograms (a) the degree of coherence (b) between the pair images on 2018.08.02 and

2018.09.07.
44°49'0"E 44°50'0"E 45°q’0"E
 §
£ z
= S
o 4 Lo
N 1]
8 &
w ®
®. —
ST
N
z A z
o o
o Land Subsidence (m) o
3 o -0.039 3
— -0.281
024 8 12 16
N
kilometers

44°400°E 44°50'0"E

AYAY-AF) olodw Cadid Comminig pd gainds —F S
Figure 4- Selmas plain subsidence map (2015).



&

&

44°400°E 44°50'0'E 45°00'E
z P4
° o
O O
o N
3 3
=z z
° °
;°_- Land Subsidence (m) -?.
3 3
12 16
Kilometers
44°400°E 44°500"E 45°0'0"E
AIYAF-20) (plodw Colid Caniiigyd gaidi -0 JSo
Figure 5- Selmas plain subsidence map (2016).
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Figure 6- Salmas plain subsidence map (2017).
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Figure 7- Selmas plain subsidence map (2018).
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Figure 8- Selmas plain subsidence map (2019).
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Figure 9- Subsidence map of Salmas plain (2015 — 2019).

ax ol ax I1.00 - JS8) 050 JLo £ 0 e sl
‘SDLO) 60)9é Lv QT)L"TS w‘ ol ‘J?LA.AY’ \Y JLAAJ )|
3925 LS Ty Lol G Kalodr so—aalllas
el el s o T g, Sl 5 cntig b
b o jlad ()l sgeS cleay ;3 sl Jlw o
Oy Sy B gy Lol Jloaall (o5 slo]
ol 8 eloly gl () g a5 el jloaslsl

YRV 3 R

Comiiig b gulis ouiww Ll
Sy 00l 8590 p Cniig B e liel s

D9y g, Az 4l

L g2 ooy olinns | 31 ool b (o2 yLke|

Jlo 5l elebes ceiss jo 3dMido 8 hgy e ol
e ous] YT Jlo jlaS 0 JLOYNY LY. -7
FA ey Sy 8 (g0 5100l ol )L{I sab g s

O



2009 2010 2011

vee it S5 Jodd] ygimwd 31 231! U (polobw Cudd Connidg pd 3591 51

2012

Year

(@3B0 55 s (o) oL (oll y olodaw Casd 53 (o) Comuilig y9 yud =Y+ S
Figure 10- Land subsidence changes in the Salmas plain based on the Qareqeshlaq geodynamic station.
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Figure 11- Changes in the water level of piezometric wells in the region during (2014 — 2019).
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Figure 12- The increasing trend of piezometric well in Ian.
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Figure 13- The decreasing trend of piezometric well in Qezaljeh.
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Figure 14- Groundwater drop in the Salmas Plain from (2015 — 2019).
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Figure 15- Field survey of subsidence in the study area.
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Extended Abstract

Introduction and Goal

In recent years, problems caused by human interference in the Salmas Plain, such as an increase in
the irrational use of surface water resources, an increase in the process of groundwater discharge, and
a change in land use have caused pressure on the groundwater resources of the region; hence, land
subsidence is at least a natural response to the decrease in groundwater level. Therefore, it is important
to study and identify subsidence areas in the region.

Materials and Methods

In this research, groundwater information and Sentinel 1 radar images were used. Groundwater
information was obtained from the regional water company of West Azarbaijan province. In the present
research, the DInSAR algorithm was used to measure the ground surface displacement, and the phase
difference of the SAR signals was determined using the repeated-pass interference methods. Finally,
by using the manual of differential radar interferometry with synthetic aperture and 52 even numbers of
Sentinel 1 image, the subsidence in the Salmas Plain was determined between 2014 and 2015 and 2018
and 2019. Validation of the radar interferometry method using Qareqeshlaq Geodynamic station data,
as well as groundwater level changes, underground water drop and field observations was conducted.
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Results and Discussion

The results of the subsidence study using the DInSAR method showed that the average annual
displacement rate is about 5 cm. Investigation of groundwater changes also indicated a
decreasing trend in most of the wells. The wells located in the eastern and southeastern regions (e.g.,
Kangarlu, Qareqeshlaq, Yushanlu, etc.) have the highest amount of groundwater drop. In the study
period (2014 to 2019), where the wells with an increase in groundwater level were affected by their
proximity to the Zola dam reservoir and the water supply channels. The wells of Qezeljeh, East
Qareqeshlaq, and Maidan Doab have the highest water level reductions, but they do not have
sufficient water supply from the dam. Mahlam, West Tazeshahr, and lan wells, which are in
the western part of the plain and close to the dam lake, respectively, have a suitable increase.
Checking the subsidence maps of the Salmas plain showed that most of the subsidence is
concentrated in the southern areas, especially in the southeast of the plain, in comparison to other
parts of the plain the depth of alluvium is also greater in these areas. This subsidence trend continued
from 2014 to 2019 and this trend is also prevalent in the final map. During this period, the average
water level changes in the Salmas plain aquifer had a downward trend, which was in harmony with land
subsidence. By reviewing the groundwater drop map, it was found that the areas with the highest drop
coincided with the subsidence areas. More drop in underground water indicated more water extraction.
Therefore, the discharge of underground water in the region has caused subsidence.

Conclusion and Suggestions

Before adopting any operational plan and policy for implementation, it is the most important
task to identify the exact location of land subsidence in any area, in particular residential areas.
Sentinell radar images are sufficiently capable of solving this problem at all stages; however, a
longer observation time would be more useful for decision making and implementation. Land
subsidence in the Salmas plain is fully confirmed by the change of the underground water
level and field visits. According to the DInSAR approach, the average displacement rate due to
subsidence in the region was 5 cm, which can be fully verified in terms of observations of changes in the
groundwater level. The piezometric data show a reduction of in the water level in most wells
compared to the past, which depicts the occurrence of excessive extraction of groundwater. In
addition, field surveys have been conducted in different areas of the Salmas Plain and the subsidence
areas have been recorded. The process of subsidence in the studied area is ongoing, and the attention
and care of the relevant authorities is needed to reduce the damage caused by this phenomenon and
adjust the possible damages. It is recommended that people should be aware of the consequences
of excessive harvesting and recommend alternative crops with a low annual demand for water and
early yields.

Keywords: Groundwater drop, radar, Salmas plain, Sentinel 1, subsidence
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Figure 1- Location of study site in Iran, Fars Province and inside the floodwater spreading plan. BZ1 is Bisheh
Zard no. 1 system and EW1 to EW3 are experimental wells.
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Figure 2- Moisture characteristic curves of distinctive layers well no. 1 in Bisheh Zard]1.
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(A, soil surface, Sandy Loam with 7% small gravel; B, Sandy Clay Loam layer with 22% gravel; C, Sandy layer with 54% sand and medium gravel;

D, Loamy Sand layer with 66% sand and course gravel; E, Sandy loam layer with 7% 7 small gravel; F, Sandy layer with 53% small gravel; G,
Sathan 1% gravel).
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Table 1- Fiels saturated hydraulic conductivity of representative layes.

Layer Geometric Mean'? No. of
. Corrected for
code Max. Min. All i di (1) ~ measurements
Data Outlier removed sediment con.
K¢/ cm day™

A 88 66 76 76 25 2
B 265 200 230 230 232 2
C 897 897 897 897 897 1
D 481 481 481 481 481 1
E 858 39 240 140 140 6
F 832 70 244 553 553 14
G 626 17 206 72 72 9
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1- Correction for sediment concentration is made by using the Eq (3)
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Figure 3- Time series of soil-water change of some layers for the depths of above 4m of flooding and rainfall

events (Sepember 2010 to September 2020).
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Table 2- Modelling information of the final H1ID and LEACHW running results.

Depths/ cm
. 10 60

Hydraulic parameters i Opt. Opt. i Ot Opt.

' HID LW ' HID LW
0,/ m’m" 0.061 0.061 0.061  0.001 0.001 0.001
0/ m’ m™ 0.34 0.47 0.41 0.34 0.34 0.38
o/ m" 0.01 0.01 0.01 0.02 0.02 0.02
n 2.34 1.43 2.01 1.58 1.44 1.56
K¢/ cm day” 66 497 143 232 914 335
1 0.50 0.50 0.05 0.50 0.50 0.05
b (Campbell) 10.71 - 13.31 8.91 - 11.56

Depths/ cm
. 180 400

Hydraulic parameters - Opt. Opt. - Ot Opt.

' HID LW ' HID LW
0/ m’m" 0.003 0.003 0.003  0.008 0.008 0.008
0/ m’ m™ 0.26 0.42 0.33 0.40 0.39 0.39
o/ m’ 0.31 0.03 0.025 0.05 0.03 0.04
n 1.18 1.50 1.21 1.58 1.34 1.53
K¢/ cm day” 897 377 755 72 248 65
1 0.50 0.50 0.05 0.50 0.50 0.05
b (Campbell) 4.71 - 5.65 1.83 - 231

=250 RETC ojlasl sarly p ool caws 4l g 0 s puSo3lasl sarly p K g 05 O; slo Jule o g adgl (g5l s 54y 0pt. o Ini.
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The Ini. and opt. were initial and optimized values of the parameters. Initial values for 6, 6, and Kg were based on
measurements and for a and n are generated by RETC parameter fitting on the measured retention data. 8, and 05 were residual
and saturated soil-water content, K¢ was field saturated hydraulic conductivity; o, n and 1 were hydraulic models parameters.

The optimal hydraulic model was determined to be the modified van Genuchten (MVG) model. The layer depths of 10, 60,
180 and 400 cm were equal to the representative layers A, B, C and G. Hld was Hydrus one dimensional and LW LEACHW

model.
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Figure 4- Sensitivity of simulated flux by Hydrus 1D (A and B) and LEACHW (C) models to the deviations in
hydraulic parameters of modified van Genuchten model 0,, K¢ and 1 (A) and 0, a and n (B).
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*Parameters are presented in two graphs because of different magnitudes. S;is sensitivity. The initial value for the n parameter was 1.0 and as the n
value should not be smaller than 1.0, the deviation of 0.5 and 0.75 was resulted in the model failure in convergence.
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Figure 5- Simulated flux in vertical profile (0 -4 meters).
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(A and B) and the cumulative recharge (C and D) for Hydrus 1D and LEACHW, respectively for the period between 16 January to 23 July 2011
period. Dashed line in figures C and D shows the amount of total recharge in the entire period.
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Table 6- Recharge calculations based on soil-water balance and Hydrus model different flooding occurrences

(2010 - 2020).
4 3

o 8 7 6 5 2 1 Row
29 T og0723 960504 950501 941103 920516 91.09.16 __ 90.09.03 89.10.26 Start day
98.09.06  97.0131 __ 96.01.18 95.0220  92.06.10  92.03.04 __ 91.03.06 __ 90.05.08 End day®
43 268 316 107 115 170 123 195 Day number
80.2 00.7 94.50 50.4 05.10 13.16 45.16 80.16 Rain (cm)
. 2
40.64 83.45 32.127 2035 60.43 202 30.6 0035 Flood height (cm)
5156 03.17 91.137 3225 90.24 -85.1 13.6 60.29 SWB
5 3)
25.54 65.14 46.154 99.18 91.22 312 97.7 80.28 HID  Cumulative flow (om)
12.66 78.20 87.166 18.34 16.22 422 4.78 2030 LW
09.84 2332 36.77 78.63 4246 39.9 93.26 14.57 SWB
“@
73.80 7227 65.86 84.47 7142 7411 0135 35.50 HID  Recharge rate (%)
39.98 3339 61.93 10.86 3141 30.12 0121 80.52 LW
3.47 SWB
9.44 HID All events
Average
552 LW of
recharge
1.75 SWB rate (%)
High
7.71 wip e
7.92 Lw

Slaz, gloy ;o) sojles (ctalojl bz sl 50 a5 aws T gl =Y ¢ s 5 (3,6 0z 5l i adgl se3lail @ &y slaasY S T gojlail et F il les-)
o3l ay adlidgd ol o3Il o S =F et Ve 5, 2 b i il it Slael g by 5, sz b 98 il St slael =Y ol oa glaile s

el LW) i ! Jae «(H1d) gans S ogpnle Jaw (SWB) S T Dl « s
1-The time of soil-water returning back to the amount before starting the flooding. 2-The height of inundated floodwater
around the experimental well. 3-Positive figures stands for downward flow as infiltration and negatives for upward flow as
ET. 4-Proportional ratio between total height of infiltrated flow to total height of inundated water. SWB is soil water balance,
H1d hydrus one dimensional and LW LEACHW model.
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Table 8- The simulated recharge by the HI1D as compared with the soil-water budget method for different flood

and rainfall events.

Cumulative flow’

Row

LW HID  Observed
30.20 28.80 35.00 1
4.78 7.97 6.13 2
-2.42 -2.31 -1.85 3
22.16 2291 24.90 4
34.18 18.99 25.32 5
166.87  154.46 137.91 6
20.78 14.65 17.03 7

12.66 5425 56.51
42.83 37.46 36.94 Average
54.21 50.10 4434  Standard Deviation
11.37 6.45 RMSE
0.993 0.994 R?
0.925 0.976 NS
28.80 35.00 RMSE/average

A3 NS gy o R el (55 5od) YL & 5, 0l yz ,Sikr i Cendle 5 (o) ol & 5y o Sl St Casdle
e 5o ) Jow LW 5 gy 5 o yuls HId cidSil — i

Positive figures stands for downward flow as infiltration and negatives for upward flow as ET. R? recognition Pearson
coefficient, NS Nash Satklif coefficient, Hld Hydrus one dimensional and LW LEACHW model.

1 -Root Mean Square Error (RMSE)
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Table 6- Comparison of Hydrus and LEACHW models results vs. observed flow.

(** meaningful at 99% percent)

clsles 1o b ol 5 ynuls Jow o, O 40
srdele pgs 09,5 09— gbogd Joo slp JoeS
shwgie Sl Ll posd 4 jluand mbs o5
09 0 g Ky Jols o Jole ol (£S1=) - -0+ ) casls
Ll s & 3l @l a5 alabole poms 05,5
09,5 ax S1.(/V-<S1) cals Suil cowlu
S s g 09 bl Gloj Hl5 51 S Ol (slaesls
D 58 Gogame i Ll g Jaw 5 51 Slas, )“"L’
5 aSa) e o oanlie 2o ¥ (b5 b Laié S5
Okt (Sl jis S O ojlasl el 4 )5 0l
et (2l Calse (le pSatar Sl lgise | ol
ails jeas By5 cpl o oS il ol Y 9o
Gl 4 g3sis Ol (iS5 > obwl o &S
Ol ERgn S0 ad S dge JSS &5 >
clole SO il as > a5 wisls lis
4 3g—Bion 9,5 Sloj Y Y S )3 g3g0e
g (b o <) Vb Y ol colas ple co s
Gegi onl o Bl Ve ) a Gy S8L) Sl
SABY o idy g3g0e jslome Y 50 (2l Colom
Joee B3 ol )0 b 9, Gl g 09 pl 39, VY
slroslo b anslin (o plaed 9 wyaule (goad il
ol ol cdobla Jow plas ols lis slovaliv
(0l 32 09l 0 S 05T |y e Slaz 5 ey ]
oyl Jos gl ¢ omtaions slao ol Lelul
S Cagho, csloools 5,5 3105 5Sy05 Cundly &
S o I L YV c 838 L cd )T axl olgs o0
Slge Comy o) (5 pided hals (DD i3y
D58 Cowd il o (S 38l ol iy 5 (e

(7. 88 mhaw 50 1o Fxo %)

Ol ) S o ol o8 o g5l o Joe
Ll lbay ol gl Shs glosls sl | Laad
Gl p3¥ aSLy w591 ooy Ll 5l ably ol g0,
S Gl gojlal asle 0 dy jss sl jusito 51 SO
Sl 3 i 3355 5503l il (25e L ey
Ol el bass o 0,8 omlg |y Jow bl
S ol slodsle sbg g 2By sojlasl omuly
&l b dolee slacs yo 5 (gLl ol colos wils)
5 Sol wnlss Cussay (2395 0y Jse 8 o M asile)
St olgiise ol Sy |, ST T ol
58 b pamio aegazme o g% il 53 3,5
S (5‘ LgL.an.aLc Lgod_.&dﬁfcjx\ LEL“";}U
Sy Yo 50 Sl Ol laosls glojeg )5 Lo
i3 At s DDl i | b sy 3
S asbe bpl S o les g sl eslaul
Sl a5 0l lis (lud L 5) ja050 (sailaie
by o515 5 S 2l 4 aSST 5 i (5,505l
bl gl S (135> ez (g 4 a2l
(s ol P I—a > 5B ‘_;o)’L.\_S‘ )‘ U"—‘*’“)
E"L" &3&6‘).3 GO @))odqul NP Ja,..:).o
i—ly gdolre 0,5l Cwody (bl Coenl
Dy a0 S lp K _ws S aSlgs ol
ool glaJae b eadgiluand (b ,> Cowslus
2l sl ele loojlasl poss 4 cuui gbiozd 4
ols Hlas oyl Jow co—wlus mls ab plxl
55 St 055 A 3 Slyion |y ool oS
il e & (St ol o ol Jole g 03,
ol o Jale ol (0 <S1) cesls g0l ol

&



V.Y )'{4 SYY ua”l.g db)lo*:v ) ‘5::,1.«.;3 JY 50,y9°

BYP adss Cod |y Budod o .>)5T;«_wo Oles o
LAY B SY o aolas, S sl 700 (il L/AY
b g Jew S0 S sle Jw 6l YO (Sl
2 S8, ol sl L 51 oo S o e adls
Kz o285 a0 e ilw B0 g el aoye
FB Gt ol e ol Cude ol aidl
45l DDl i3y doje J5 6l g Sl sl
loolyr Jowe sz Jlo (nl b eo)ls Dlidios | eSS
Olgse bl |y aose IS5l (Sl Sl (b

- &
U’/'V{’(ﬂ(ﬂ’}
Lo 2

S as w.x&‘j U"‘ RGO PR u)L.w M ‘5:1)5
5 oo 5 st 355 31 Sl FA Sl g i s
59 Sgd A Sgdeme (B8 Sy, Ay Sy o T gL
s o liel aiS o U | oM yisy
9 oohle goud (rily Joaw 90 b by (gileand
ol plis glodalie ooty b awslae ;o gz
o 2 0l 95515 4 50l ol coddge Ly Jae 50
Candly 4 6 Suoy mll oo 6Lbo)l.&—| plos

et 0 il o e JS 0 O iy ()8

Cewls dg0>

0 95l p L S ke bigsloand 2SSk ol Les
Sgr poynle Gaxly SOl S g gubogd (suxly



U’/';/'.{,Tu’fjﬁj

Aghayari F. 2012. Comparison of MEDIWY
and LEACHW models for simulation of soil
layers moisture in wheat agronomy. Agron-
omy and Crop Breeding Journal of Iran.
8(1):57-69. (In Persian).

Asada K, Eguchi S, Urakawa R, Itahashi S,
Matsumaru T, Nagasawa T, Aoki K, Na-
kamura, K, Katou H. 2013. Modifying the
LEACHM model for process-based predic-
tion of nitrate leaching from cropped Ando-
sols. Plant and Soil. 373(1):609-625.

Berend JE. 1967. An analytical approach to the
clogging effect of suspended matter. Inter-
national Association of Scientific Hydrol-
ogy. Bulletin. 12(2):42-55.

Bouwer H. 1986. Intake rate: Cylinder infil-
trometer, in Klute, A., ed., Methods of Soil
Analysis, Part 1. Physical and Mineralogical
Methods. Madison WI, American Society
of Agronomy and Soil Science Society of
America. pp. 825-844.

Bouwer H, Rice RC. 1984. Hydraulic Proper-
ties of Stony Vadose Zones: Ground Water.
22(6):696-705.

Campbell GS. 1974. A simple method for de-
termining unsaturated conductivity from
moisture retention data. Soil Science.
117(6):311-314.

Calvo C. 2022. Improving results of existing
groundwater numerical models using ma-
chine learning techniques. water, 14(15),
2307.

Celaya S, Fuente I, Rabago D, Quindos L,
Sainz C. 2022. Application of a mathemati-
cal model to an artificial aquifer under dif-
ferent recharge/discharge conditions using
222Rn as a tracer. Groundwater for Sustain-
able Development. 17(2022) 100753.

Dahan O, Tatarsky B, Enzel Y, Kulls C, Seely
M, Benito G. 2008. Dynamics of flood wa-
ter infiltration and ground water recharge in
hyperarid desert. Ground Water. 46(3):450-

welgBel &2 3ol (g jlurdannd )3 oaadged 9 (o (S0 (Seunnlie

2obio Conwyid

461.

Dominguez-Nifio JM, Arbat G, Raij-Hoffman
I, Kisekka I, Girona J, Casadests J. 2020.
Parameterization of soil hydraulic param-
eters for HYDRUS-3D simulation of soil
water dynamics in a drip-irrigated orchard.
Water. 12(7):1858.

Filomena C, Dolores FM, Antonella S, Gi-
useppe S, 2008. Variation of infiltration
rate through karstic surfaces due to land use
changes: A case study in Murgia (SE-Italy).
Engineering Geology. 99(3—4):210-227.

Gee GW, Or D. 2002. Particle-size analysis, in
Dane, J. H., and Topp, G. C., eds., Methods
of Soil Analysis, Part 4, Physical Methods,
Soils Science Society of America, Book Se-
ries No. 5, Madison. pp. 255-293.

Grossman RB, Reinsch TG. 2002. Bulk den-
sity and linear extensibility, in Dane, J. H.,
and Topp, G. C., eds., Methods of soil analy-
sis, part 4. Physical methods: Madison WI,
Soil Science Society Book Series. 5. pp.
201-228.

Hall MJ. 2001. How well does your model fit
the data?: J. of Hydroinformatics. 3(1):49-
55.

Hillel D. 1998, Environmental soil physics.
Fundamentals, applications, and environ-
mental considerations, Waltham, USA, Aca-
demic press.

Hou L, Wang XS, Hu BX, Shang J, Wan L.
2016. Experimental and numerical investi-
gations of soil water balance at the hinterland
of the Badain Jaran Desert for groundwater
recharge estimation. Journal of Hydrology.
540: 386-396.

Hutson JL, Wagenet RJ. 1995. An Overview
of LEACHM: A process based model of wa-
ter and solute movement, transformations,
plant uptake and chemical reactions in the
unsaturated zone. Chemical Equilibrium
and Reaction Models. pp. 409-422.

O



VF oY Jla AFY 2l g0yl o) (go5kowd SV (58,90

Hutson JL, Wagent RJ. 1992. LEACHM.
Leaching estimation and chemistry model:
A process based model of water and slute
movement, transformation, plant uptake
and chemical reactions in unsaturated zone.
Version 3. Dept. of Agronomy, Ithaca. NY,
USA, Cornell University.

Jabro JD, Hutson JL, Jabro AD. 2011. Param-
eterizing LEACHM model for simulating
water drainage fluxes and nitrate leach-
ing losses. Methods of Introducing System
Models into Agricultural Research. pp. 95-
115.

Kharaghani K. 2013. Application of LEACHW
sub model to evapotranspiration estimation.
First National Conference on Agriculture
and Environment Science.

Berend JE. 1967. An analytical approach to the
clogging effect of suspended matter. Inter-
national Association of Scientific Hydrol-
ogy. Bulletin. 12(2):42-55.

Larocque M, Banton O, Gagnon J, Camiré C.
2002. Using models to manage soil inor-
ganic nitrogen in forest tree nurseries. Soil
Science Society of America Journal. 66(2):
602-612.

Ledo TP, Gentry R. 2011. Numerical modeling
of the effect of variation of boundary condi-
tions on vadose zone hydraulic properties.
Sociedade Brasileira de Ciéncia do Solo.
35(1):263-272.

Li Y, Kinzelbach W, Zhou J, Cheng GD, Li
X. 2012. Modelling irrigated maize with a
combination of coupled-model simulation
and uncertainty analysis, in the northwest of
China. Hydrological Earth System. Science.
16:1465-1480.

McCuen RH. 1973. The role of sensitivity
analysis in hydrologic modeling. Journal of
Hydrology. 18(1):37-53.

Moriasi DN, Amold JG, Van Liew MW,
Bingner RL, Harmel RD, Veith TL. 2007.
Model evaluation guidelines for system-
atic quantification of accuracy in watershed

U’/'/TU’ f&}}

simulations. Transactions of the ASABE.
50(3):885-900.

Nash JE, Sutcliffe JV. 1970. River flow fore-
casting through conceptual models part I: A
discussion of principles. Journal of Hydrol-
ogy. 10(3): 282-290.

Pakparvar M. 2021. Comparison of Hydrus
and LeachW models in soil-water move-
ment simulation for the net groundwater re-
charge assessment of floodwater spreading
system in Kowsar station (Gareh Bygone,
Fasa). Final Report of Research Project.
Project code: 4-50-29-001-940078. 242 p.

Pakparvar M. 2015. Evaluation of floodwa-
ter spreading for groundwater recharge in
Gareh Bygone Plain, Southern Iran [Ph.D.
Ghent University]. 252 p.

Pakparvar M, Cornelis W, Pereira LS, Gabriels
D, Hosseinimarandi H, Edraki M, Kowsar
SA. 2014. Remote sensing estimation of
actual evapotranspiration and crop coeffi-
cients for a multiple land use arid landscape
of southern Iran with limited available data.
Journal of Hydroinformatics. 16(6):1441-
1460.

Radcliffe DE, Simunek J. 2010. Soil phys-
ics with Hydrus modeling and application,
Boca Raton, FL, CRC Press, 373 p.

Reynolds WD, Elrick DE, Youngs EG. 2002.
Ring or Cylinder Infiltrometers (Vadose
Zone), in Dane, J. H., and Topp, G. C., eds.,
Methods of soil analysis, part4: Physical
methods: Madison WI, SSSA Book Ser. 5.
Soil Science Society of America. pp. 818-
826.

Ries F, Lange J, Schmidt S, Puhlmann H, Sau-
ter M. 2015. Recharge estimation and soil
moisture dynamics in a Mediterranean,
semi-arid karst region. Hydrological Earth
System. Science. 19(3):1439-1456.

Scanlon BR, Healy RW, Cook PG. 2002.
Choosing appropriate techniques for quanti-
fying groundwater recharge. Hydrogeology
Journal. 10:18-39.

O



d/'/‘lru’fjﬁj

Schoups G, Hopmans JW. 2006. Evaluation of
model complexity and input uncertainty of
field-scale water flow and salt transport. Va-
dose Zone Journal. 5(3): 951-962.

Simtnek J, Sejna M, Saito H, Sakai M, van
Genuchten MT. 2013. The HYDRUS-1D
software package for simulating the one-
dimensional movement of water, heat, and
multiple solutes in variably-saturated media,
version 4.16, Department of Environmental
Sciences, University of California Riverside,
Riverside, USA.

Sophocleous MA. 2005. Groundwater recharge
and sustainability in the High Plains aqui-
fer in Kansas, USA. Hydrogeology Journal.
13(2):351-365.

van der Kwast J, Timmermans W, Gieske A, Su
Z, Olioso A, Jia L, Elbers J, Karssenberg D,
de Jong S. 2009. Evaluation of the Surface
Energy Balance System (SEBS) applied to
ASTER imagery with flux-measurements at
the SPARC 2004 site (Barrax, Spain). Hydro-
logical Earth System Science. 13(7):1337-
1347.

Verbist K, Cornelis W, Gabriels D, Alaerts K,
Soto G. 2009. Using an inverse modelling
approach to evaluate the water retention in a

welgBel &2 3ol (g jlurdannd )3 oaadged 9 (o (S0 (Seunnlie

simple water harvesting technique. Hydro-
logical Earth System Science. 13(10):1979—
1992.

von Freyberg J, Moeck C, and Schirmer
M. 2015. Estimation of groundwater re-
charge and drought severity with varying
model complexity. Journal of Hydrology.
527(2015):844-857.

Webb RMT, Wieczorek ME, Nolan BT, Han-
cock TC, Sandstrom MW, Barbash JE, Bay-
less ER, Healy RW, and JL. 2008. Variations
in pesticide leaching related to land use,
pesticide properties, and unsaturated zone
thickness. Journal of Environment Quality.
37:1145-1157.

West C, Reinecke R, Rosolem R, MacDonald
R, Cuthbert M, Wagener T. 2023. Ground
truthing global-scale model estimates of
groundwater recharge across Africa. Sci-
ence of The Total Environment. 858 (2023):
159765.

Wohling T, Vrugt JA, and Barkle GF. 2008.
Comparison of three multiobjective op-
timization algorithms for inverse model-
ing of vadose zone hydraulic properties.
Soil Science Society of American Journal.
72(2):305-319.



3
Watershed Management Research Q,‘,ﬁi}

Fars Agricultural and Natural Resources Agricultural Research, Education
Research and Education Center ISSN: 2981-2038 and Extension Organization

Assessment of Hydrus and LEACHW Models for Simulation of
Gareh Bygone Aquifer Profile Infiltration

Mojtaba Pakparvar*', Mohammad Hadi Jorenooshz, Ghlamali Nekooeians, Ghlamreza Ghahari4, Alireza Majidi5

land 4- Assistant Professor, Soil Conservation and Watershed Management Department, Fars Agricultural and Natural
Resources Research and Education Center, Agricultural Research, Education, and Extension Organization (AREEO), Shiraz, Iran
2- Research Instructor, Fars Agricultural and Natural Resources Research and Education Center, Agricultural Research, Education,
and Extension Organization (AREEO), Shiraz, Iran
3- M.Sc. Resources Research and Education Center Expert of Kowsar Research, Education and Extension Station, Fars Agricultural
and Natural Resources Research and Education Center, Agricultural Research, Education and Extension
Organization(AREEO), Fasa, Iran
5- Assistant Professor, Soil Conservation and Watershed Management Research Institute, Agricultural Research, Education, and

Extension Organization (AREEO), Tehran, Iran

Extended Abétraclt

Introduction and Goal
The aquifer recharge rate is one of the most difficult items to measure in GW resource evaluation.
The techniques used in quantifying recharge are categorized in three main groups: unsaturated zone,
saturated zone and surface water techniques. The saturated zone method is devided into physical
methods (including Darcy’s law and tracers), numerical modeling (the purpose of this research),
groundwater level fluctuations, and water balance.
Materials and methods

Hydres and LitchW models were used to simulate soil moisture movement to simulate aquifer
recharge in this study. The models were then calibrated by optimizing the water flow factors of the
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aquifer layers in the Gareh Bygon with the inverse solution method. The water characteristics of the
unsaturated soil layer in three wells with an approximate depth of 30 m in one of the floodwater
spreading basins were measured by field and laboratory methods. The soil moisture measuring device,
TDR, was calibrated for the stony soils of the research area The sensors are then placed in holes with
insulated walls from the surface to the depth.walls of oneof the wells Amount of soil-water contents
were continuously measured from Sep. 2010 to Sep. 2020. The height of floodwater inundation and
rainfall were also recorded. Recharge through unsaturated layers was assessed based on the soil water
balance method as the observed data set.

Results and discusion

Validation flow simulation results from the of Hydrus and LEACHW models with observed
measurements. The results showed that the Hydrus and LEACHW model very accurately
estimated the water flow after the flood event (R2 and RMSE equal to 0.994 and 45.3 cm respectively in
Hydrus model and 0.993 and 37.11 cm in LEACHW, respectively). In addition, the results of the
Hydrus model were closer to measurements. The discharge ratio (the amount of infiltration divided by
the amount of flood + precipitation) in the three methods of soil water balance, the Hydrus model and
the LEACHW model were 47, 44 and 52 respectively, with an average of 48 for all flood events and 75,
71 and 92 with an average of 80% for large flood events. In the event of precipitation without flooding,
practically all precipitation was spent on evaporation-transpiration, and for this reason, the size of the
average infiltration ratio decreased in all events.

Conclusion and recommendation

Validation simulated flow results with Hydrus and LEACHW were compared with the observed
measurements, demonstrating that these models accurately estimated the water flow after the flood
event. In addition, , the results of the Hydrus model were closer to measurements. The mean data
of the LEACHW and Hydrus models were overestimated by approximately 5 units less than 1 unit
respectively. In simulations of water movement in soil using models such as Hydrus, a certain amount
of water conductivity for the entire vertical column of the soil profile commonly considered. The
results of this research showed how unrealistic such an assumption is. Therefore, in multi-layer soils,
special attention should be given to the difference between layers and the use of water conductivity
estimation equations. For the researched area, one-dimensional Hydrus model was recalibrated and its
validation results were completely acceptable. This model can be used in three-dimensional mode for
larger areas as a tool for applying different scenarios to manage the floodwater spreading system and
increase their efficiency.

Key words: Artificial recharge, fingering movement , floodwater spreading, Hydrus, LEACHW
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