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Fig 2-Flood hydrograph as an output of HEC-RAS Model on 18 March 2019.
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Tablel -Results of model calibration and vlidation for water depth in Kiakola Station.

Row Process Variable Event Nash-Sutcliffe Co.

1 Calibration Water Depth  01/18/2019 0.83

2 Calibration Water Depth  11/03/2019 0.78
Validation ~ Water Depth  03/23/2020 0.76
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Fig 3- Longitudinal water surface level after simulation of 18 March 2019 flood hydrograph in study area.
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Fig 6- Simulation of 18 March 2019 flood hydrograph and the maximum water level under the Borjkheil Bridge.
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Fig 7- A photo of Borjkhel Bridge at Flood Time.
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Extended Abstract

Introduction and Goal

Heavy rainfall events in short terms makes a plenty of precipitation volume that commonly causes
severe problems in human community, flora and fauna. The Simorgh city was damaged financially
by the floods on March 18, 2019. Hydraulic simulation from upstream to downstream of the Kiakola
town causes to find the inundation factors and prevent to repeat of such events. Purpose of this research
is a simulation of 18 March 2019 floods in the Telar River in Kiakola town of HEC-RAS model and
determining effective factor’s role in this flood event to present some countermeasures for preventing
of happening such inundation in this region.

Materials and Methods

In this research, 10 km of the Telar River in the west of Simorgh city was studied. In this area, there
were bridges, Najjarkola, Mollakola and Borjkheil, all of their geometric dimensions of bridges with
geographic coordinates, see level elevations and distances of 26 cross sections which surveyed by
theodolite and GPS multi frequency device. The hydrograph of the Telar River was simulated by the
HEC-RAS Model in 18 March 2019. To obtain the return period of 18 March 2019 flood, 65 years’
time series of the Telar River discharge in the Kiakola Hydrometric station was analyzed by EasyFit.
The river bed was determined by 25 years return period flood and river limits was determined by
DLSRS method which mentioned in determination of quantitative limits of river instruction.
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Results and Discussion

Frequency distribution analysis was done by EasyFit software on historical discharge of the Kiakola
hydrometric station showed that return period of peak discharge on 18 March 2019 hydrograph was equal
to 24 years. Simulation of 18 March 2019 hydrograph on study reach indicated that all cross sections of
the river and all three bridges had enough capacity to pass the flow and no damage was done to the river
bed in the studied path, but a large part of the 20 m privacy strip of two the side of the river was damaged
by planting fruitful trees, which, of course, had no effect on the occurrence of flooding caused by the flood
of 18 March 2019 in Simorgh city.

Conclusion and Suggestions

The flooding of the city of Kiakola and the surrounding villages was not due to the inappropriate
geometric dimensions of the bridge, but because the opening of the bridge was blocked with the trunks
and branches of trees transported from the upstream of the watershed to the bridge site, which, like a
significant number of natural disasters, confirms neglect It is related to watershed operations in
watersheds of natural resources. Preventing the change of use of forest and rangeland in mountain
watersheds and building crossing structures to collect floating and submerged bodies in upstream
watersheds are measures that minimize the possibility of repeating such consequences.

Keywords: Flood discharge, flood simulation, HEC-RAS, inundation
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Figure 1- Location of the study area in the Semnan Province and Iran.
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Figure 2- Types of desert pavement and map of sampling points in the study area.
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Table 1- list of gang groups used (Qaid and Basavarajappa 2008; Sarmasti et al. 2013).

No Band group Band Group

1 Visible Visible

2 Visible spectrum, near infrared, mid infrared VNIR+SWIR

3 Visible bands, near infrared, thermal infrared VNIR+TIR

4 Mid infrared, thermal infrared, near infrared SWIR+TIR

5 Visible, near infrared, mid infrared, thermal infrared VNIR+SWIR+TIR
6 Near infrared, mid infrared, panchromatic SWIR+Panchromatic
7 Visible spectrum, near infrared, mid infrared, panchromatic VNIR+SWIR+Pan
8 Visible spectrum, near infrared, panchromatic VNIR+Pan

9 Near infrared, mid infrared, thermal infrared, panchromatic SWIR+TIR+Pan
10 Visible spectrum, near infrared, thermal infrared, panchromatic VNIR+TIR+Pan
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Table 2- The best optimal RGB band combinations.

NO. Band False band The optimal index is
group composition desirable
1 3 3-4-6 71.45
2 3 1-3-6 70.37
3 3 1-4-6 74.37
4 10 3-6-8 69.78
5 10 4-6-8 69.29
6 3 2-4-6 68.94
7 10 168 68.62
8 3 2-3-6 68.41
9 5 1-5-6 67.53
10 10 2-6-8 66.07
11 3 1-2-6 65.71
12 9 5-6-8 65.38
13 9 6-7-8 64.13
14 4 5-6-7 56.81
15 2 1-4-5 51.18
16 2 3-4-5 49.80
17 2 1-3-4 49.20
18 2 1-4-7 48.40
19 7 3-4-8 48.36
20 6 5-7-8 48.31
21 2 2-4-5 48.15
22 2 3-4-7 47.86
23 7 1-4-8 46.61
24 7 1-5-8 45.71
25 7 2-4-8 45.60
26 7 1-3-8 43.65
27 8 1-2-8 42.68
28 7 2-3-8 42.47
29 1 1-2-3 42.23
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Table 3- Accuracy coefficients of producer, user, kappa, overall accuracy and area of each class
in Support Vector Machine (SVM) method.

Classes The authenticity User validity Kappa  Overall Area Area
of the manufacturer accuracy (percentage) (hectares)
rocky outcrop 92.73 96.23 82.84 88.55 1.18 564.1
20-40 94.44 100 80.49 86.98 4.86 19449.2
40-70 75.86 88 95.28 96.85 41.57 19789.4
70-90 92.86 75.36 95.99 97.33 16.37 7795.4
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Figure 3- Distribution map of desert paving types based on Support Vector Machine (SVM) method.
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Figure 4- Distribution map of desert pavement types based on Neural Network method.
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Table 4- The accuracy coefficients of producer, user, kappa, overal accuracy and
area of each class in the neural network method.

Classes The authenticity User validity Kappa Overall Area Area
of the manufacturer accuracy (hectares) (percentage)
rocky outcrop 100 79.71 38.50 60.38 1244.9 2.61
20-40 100 72.97 46.48 63.08 25221.8 52.98
40-70 62.07 46.75 82.96 90.32 20908.4 43.92
70-90 5.36 100 80.32 86.82 222.8 0.46
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Table 5- The accuracy coefficients of the producer, user, kappa, overall accuracy and
area of each class in the Spectral Angle Map (SAM) method.

Classes The authenticity of the ~ User = Kappa Overall Area Area
manufacturer validity accuracy (hectares) (percentage)
rocky outcrop 61.82 7727  56.14 70.88 3069.7 6.44
20-40 92.59 9091  37.66 58.53 29947.5 62.91
40-70 62.07 46.75  82.74 88.70 11085.3 23.28
70-90 46.43 5532 7341 82.19 3495.7 7.34
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Figure 5- Distribution map of desert pavement types based on the Spectral Angle Map (SAM) method.
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Table 6- The accuracy coefficients of producer, user, kappa, overall accuracy
and area of each class in the Spectral Information Divergence method.

Classes The authenticity of the User Kappa Overall Area Area
manufacturer validity accuracy (hectares) (percentage)
rocky outcrop 56.36 62.00 30.65 54.36 3450.5 7.24
20-40 51.85 75.68 20.60 52.50 25380.8 53.32
40-70 58.62 38.20 55.93 70.90 15597.4 32.76
70-90 33.93 40.43 51.38 66.90 3169.5 6.65
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Figure 6- Spatial zoning map of desert pavement types based on the Spectral Information Divergence (SID) method.
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Table 7- The accuracy coefficients of producer, user, kappa, overall accuracy
and area of each class in Fuzzy Artmap method.

Classes The authenticity User validity Kappa  Overall Area Area

of the manufacturer accuracy (hectares)  (percentage)
rocky outcrop 92.72 85 81.68 84.16 878.9 1.84
20-40 81.39 97.22 82.63 88.93 23729.5 49.64
40-70 94.44 91.89 95.34 97.46 12595.5 26.46
70-90 83.0 81.48 94.67 96.45 10494.1 22.04

720000 724000 728000 732000 7356000 740000 744000 748000

3928000 3932000 3936000 3940000 3944000 3948000

3920000 3924000

3916000

----- y—ay ———g ey

Hg
| 8

| 8

|

L8

rs

|

18

3N
:é Legend
§ =3

1 21

b3 Density (% or Percent)
i3

| | Rocky outcorp -
1 2

L2 20-40
143 2 40-70
| | .

| 8 '@ 70-00 1
L2 .

' 3

| 11em=375m
'g' Km
tglo12s25 5 75 10
FE

| L . ———— S
| e

L3

re

I a8

| 3

|

| BE=]

F8

/ 8

r————g——

720000 724000 728000 732000 7356000 740000 744000 748000

(53 oyl gy (bl 1 (il (s il Sl gy i -V JSo
Figure 7- Spatial zoning map of desert pavement types based on fuzzy Art amp method.
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Extended Abstract

Introduction and Goal

The process of identifying landforms is a subject that has been studied by many
researchers. All geomorphological definitions are based on the study and identification of landforms.
Understandinglandformsandtheirdistributionisafundamentalneed ofappliedgeomorphologyandother
environmental sciences. In this regard, remote sensing technology, due to the production of
satellite images with high spatial and spectral resolution, can be a valuable tool for identifying and
classifying landforms. Desert pavement is one of the most important landforms in arid and desert
regions. Mapping pavements and their types provides a basis for evaluating the region in terms
of its structural and geomorphological characteristics, which is useful in many environmental
management and planning issues and can be used as a model for similar regions. In this research,
using ETM" sensor data and based on the considered criteria, the characteristics of desert pavements
in Semnan township were identified and classified.
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Materials and Methods

The study area, with an area of 47645.98 hectares, is located in Semnan township. The geographical
coordinates of the region are 28°53' to 43°53' east longitude and 20°35' to 40°35' north latitude. The
aim of this study was to investigate, separate, and identify desert pavement classes as a type of desert
landform using remote sensing and Landsat ETM™ satellite images in southern Semnan. Therefore, by
conducting field surveys and sampling of the study area, the percentage of desert pavement cover density was
measured and the location of each sample was recorded with GPS. Support vector machines, neural
networks, spectral angle maps, spectral information divergence, and fuzzy artmaps were used to
classify desert pavements in Envi 4.5 and IDRISI Selva software environments. Then, the accuracy of each
classification of each method was compared with the training samples using the coefficients of complete
accuracy, kappa, user accuracy, and producer accuracy. Finally, the spatial zoning map of each method was
drawn in the Arc GIS 10.2 software environment.

Results and discussion

In this study, the best band combination for detecting and separating desert pavements in southern
Semnan was the 6-4-3 band combination with an optimal index factor of 45.71 (OIF), which was in
the mid-infrared and visible bands (VNIR + TIR). Based on the kappa coefficient, the support vector
machine (85.05), fuzzy artmap (81.44), neural network (55.17), spectral angle map (53.89), and spectral
information divergence (50.22) methods had the highest ability in spectral separation of different classes
of desert pavements in southern Semnan, respectively. The support vector machine and fuzzy artmap
classification methods obtained the highest kappa coefficients for the classes, respectively, and the lowest
kappa coefficients and complete accuracy were obtained in the neural network, spectral angle map, and
spectral information divergence methods, respectively. Since the classes, bands, and other conditions used
were the same for all methods, the difference in accuracy depended only on the calculation instructions of
the methods.

Conclusions and suggestions

Remote sensing technology, due to the production of satellite images with high spatial and spectral
resolution, can be a valuable tool for identifying and classifying landforms. Preparing a map of desert
pavements and their types is a basis for evaluating the region in terms of structural and geomorphological
characteristics, which can be useful in many environmental management and planning issues. Therefore,
it is suggested that other classification methods based on shear orientation, combined methods, frequency
coverage, images from sensors with better spatial and spectral resolution, and considering characteristics
such as particle diameter be used to be effective in preparing maps of desert pavement layers.

Key Words: Desert pavement, Fuzzy Art map, Semnan, Sensor ETM+, Support Vector Machine
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Figure 1-Location of synoptic stations in different climates of Iran and their monthly average precipitation.
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Table 1- Introduction of extreme precipitation indices.

Unit Description of the Index Symbols

Day The number of days in a month with precipitation greater than 10 mm. R10mm

Day  The number of days in a month with precipitation greater than 20 mm. R20mm

Day  The number of days in a month with precipitation greater than 25 mm. R25mm

mm Maximum daily precipitation. RX1day
Days with annual total precipitation exceeding the 95th percentile.

mm R95P
Days with annual total precipitation exceeding the 99th percentile.

mm R99P

mm Annual precipitation amount on wet days. PRCPTOT
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Figure 2- Heat map between observed and simulated extreme precipitation indices.
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Table 2- Relative bias (%) and mean differences between simulation-based and observation-based extreme indices during.

the baseline period.

Station R99P(mm) R95P(mm) RX1day(mm) ) R ) R ) PRCPTOT (mm)
MDs RB MDs RB MDs RB MDs RB MDs RB MDs RB MDs RB
Abadan -2.46 0.24 0.00 -0.75 -20.68 -0.46 20.47 0.00 0.46 0.27 0.49 0.12 20.08 -0.14
Ahvaz -2.85 0.14 0.00 0.19 -30.90 0.86 -10.05 0.00 -1.15 0.43 3.4 0.49 -68.78 035
Anzali -69.62 036 -0.05 0.04 -1.02 -0.91 -19.69 1.00 -0.55 0.02 0.75 -0.02 45.42 -0.03
Arak -19.72 0.24 -24.99 0.00 -6.69 0.17 -2.63 0.87 2,66 097 2.87 032 1131 0.04
Ardebil 21070 022 314 -0.50 -4.96 0.17 0.03 0.18 -0.53 0.44 -0.61 0.09 2428 0.09
Babolsar 4253 -0.02 0.00 036 0.70 0.01 7733 0.00 0.1 0.01 0.1 0.01 024 0.02
Bam -0.99 0.00 0.00 0.06 -4.09 -0.22 0.03 -0.50 0.18 117 -0.37 0.26 -12.45 0.24
Bandarabas 314 0.00 0.00 -0.45 2.81 0.06 21.93 0.00 0.13 0.05 0.47 0.09 -8.95 0.06
Bandarlenghe -19.46 0.00 0.03 -1.00 -4.96 0.12 39.83 -1.00 -0.08 0.04 0.03 -0.01 -4.34 0.04
Birjand 1.86 -0.72 455 -0.07 0.15 -0.01 0.00 0.00 -0.08 0.10 0.26 -0.06 2.86 -0.02
Bojnord -31.54 0.60 -6.21 1.03 277 -0.11 037 -0.93 -0.21 0.19 0.13 -0.02 -4.64 0.02
Boshehr -17.16 0.22 -10.51 0.25 235 -0.05 -2.63 0.00 239 -0.09 -2.55 -0.02 0.68 -0.04
Esfehan 29.42 0.29 -12.83 0.26 -12.68 0.23 0.00 0.00 0.16 -0.03 -0.05 0.00 -5.36 0.01
Gorgan 8.60 0.85 -12.58 -0.15 0.81 0.03 0.03 -0.50 0.42 -0.19 1.63 -0.19 50.91 -0.17
Hamedan -1.48 0.34 26.14 -0.01 -16.83 0.23 0.00 0.00 0.03 0.00 0.94 0.05 6.89 0.01
Tlam 0.73 0.00 0.00 -0.02 -1.97 -0.07 0.00 0.00 0.08 -0.06 -0.32 0.10 -8.27 0.08
Iranshahr 052 0.77 -9.95 -0.11 2,97 -0.14 -2.66 -1.00 2.26 0.44 2.02 -0.20 7.65 -0.11
Jask 30.41 0.00 0.00 -0.50 -6.15 0.14 0.00 0.00 -0.26 0.16 -0.55 0.16 -11.81 0.11
Karaj -56.36 0.04 46.83 -0.15 -15.85 0.56 1.39 0.00 5.61 0.07 0.42 -0.06 -7.01 0.03
Kashan 1.65 -0.35 151 -0.07 -0.06 0.00 0.00 0.00 0.08 -0.14 -0.18 0.05 3.43 0.03
Kerman -1.94 -0.30 2.93 0.08 -0/30 -0.01 0.03 -0.50 -0.08 0.12 -0.03 0.01 2,58 0.02
Kermanshah -20.05 1.29 -33.88 021 -1/90 -0.04 0.00 0.00 0.08 -0.02 -0.11 0.01 -12.23 0.03
Koramabad 5.69 -0.11 -3.69 0.06 -6.42 -0.13 0.00 0.00 0.24 0.04 -0.46 -0.03 142 0.00
Khoy 6.23 115 -15.26 -0.11 2,06 -0.07 0.00 0.00 0.00 0.00 116 0.16 10.11 -0.04
Kish 20.77 0.00 -7.49 0.58 2.70 -0.06 0.00 0.00 0.61 0.25 0.58 0.13 11.11 -0.08
Mashhad 2411 0.00 -7.66 0.67 12.80 0.44 0.00 0.00 034 0.14 2,95 0.64  -100.71 0.68
Gazvin 2127 -0.37 5.41 -0.30 118 0.04 0.00 0.00 0.03 -0.01 0.89 -0.09 751 -0.02
Gom -11.10 115 -7.87 0.50 2,08 -0.10 0.00 0.00 -0.19 0.33 0.05 -0.02 -5.45 0.04
Ramsar -86.61 093 -109.10 0.19 -11.77 -0.07 0.00 0.00 -0.05 0.00 1.26 004 3277 0.03
Rasht 28.91 0.26 25.81 -0.09 3.20 0.04 0.00 0.00 113 -0.05 239 -0.06 60.66 -0.05
Sabzevar -1.73 -0.49 6.83 0.05 -4.97 -0.18 0.00 0.00 -0.32 031 -0.13 0.02 -12.75 0.07
Saghez 43.69 -0.84 31.24 -0.40 1.03 0.03 -0.03 1.00 0.76 0.17 0.71 -0.05 28.02 -0.06
Sanandaj 8.70 0.16 3.28 -0.09 -0.81 -0.02 0.00 0.00 0.26 -0.07 1.03 -0.08 18.66 -0.05
Semnan 536 0.50 -0.98 -0.20 -1.48 -0.07 0.00 0.00 -0.18 035 0.05 -0.01 177 0.01
Shahrekord 2118 -0.22 3.90 033 -1.31 -0.03 0.00 0.00 024 -0.07 0.66 -0.06 9.32 -0.03
Shhrod 10.00 -0.57 7.44 -0.31 142 -0.06 0.00 0.00 -0.08 0.09 -0.08 0.02 2,93 0.02
Shiraz 2826 0.17 248 0.75 142 -0.09 -0.03 -1.00 -0.35 -0.07 -0.62 0.06  -18.68 -0.06
Tabas 212 -0.67 428 0.11 -1.61 -0.10 0.08 -0.75 -0.08 0.30 021 -0.10 -3.50 0.05
Tabriz -4.86 031 2.92 -0.12 -1.00 -0.04 0.00 0.00 0.1 0.12 -0.16 -0.02 -0.83 0.00
Tehran 6.19 0.55 10.07 0.14 0.44 0.09 0.03 033 0.13 0.08 -0.11 -0.02 4.69 0.02
Torbatheydariye -7.30 -0.30 6.78 0.16 0.25 -0.10 0.03 -0.50 -0.61 0.29 -1.16 0.15 -34.55 0.15
Urmia 20.12 -0.60 15.14 -0.23 -2.60 -0.07 0.03 -0.50 -0.29 0.11 0.21 -0.02 -0.89 0.00
Yasoj 26.09 -0.53 1735 -0.24 -1.06 -0.20 0.00 0.00 -0.26 0.02 -0.47 0.02 -56.05 0.07
Yazd 3.79 -0.09 335 0.07 0.00 0.00 0.01 0.00 -0.02 0.11 0.12 -0.01 0.62 0.02
Zabool -1.37 0.00 0.00 027 -0.15 -0.09 0.00 0.00 -0.08 0.33 0.03 -0.02 1.06 -0.02
Zahedan 11.45 0.00 0.00 -0.49 0.25 -0.01 0.00 0.00 -0.03 0.08 0.18 -0.09 6.68 -0.10
Zanjan 1880 025 2.72 -0.30 -0.69 -0.20 0.03 0.00 0.00 0.00 0.03 0.00 1552 0.06
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Table 3- Mean annual values of extreme precipitation indices and the corresponding averaged slope of trend at each station

during the historical period of 1987-2022 in Iran.

RX1day(mm) Rnnmm(day) R99p(mm) R20mm(day) R10mm(day) PRCPTOT (mm)
Station Slope Mean Slope Mean Slope Mean Slope Mean Slope Mean Slope Mean
Abadan -1.97 34.78 0.00 0.03 -2.61 10.56 -0.12 1.71 -0.09 4.15 -5.52 144.19
Ahvaz 3.78 17.45 0.00 0.03 -1.27 19.92 0.00 2.68 0.00 6.59 -0.27 197.03
Anzali 4.56 10.74 2.70 -49.92 2.70 51.49 332 -35.29 3.89 -25.74 455 825.89
Arak 0.03 35.72 0.00 6.42 1.52 66.37 0.03 2.78 0.03 9.05 -0.19 294.64
Ardebil 021 24.23 0.00 17.54 1.31 48.36 0.05 1.18 0.05 6.53 1.75 255.74
Babolsar 0.14 85.14 0.00 0.03 0.00 65.22 -0.16 14.16 0.11 28.32 -0.92 892.40
Bam -0.30 14.58 0.00 0.00 -0.62 16.32 -0.03 0.16 -0.03 1.39 -0.38 51.33
Bandarabas 1.11 48.55 0.00 0.03 0.00 0.00 0.08 2.53 0.11 5.00 4.96 162.02
Bandarlenghe 1.70 35.45 0.00 0.03 0.00 0.00 0.05 179 0.08 4.13 329 119.16
Birjand 0.08 21.19 0.00 6.33 0.00 26.81 0.00 0.76 0.03 4.58 0.28 145.45
Bojnord 0.07 23.29 0.00 10.28 0.00 30.74 0.00 111 0.05 6.16 1.01 235.33
Boshehr 0.16 48.84 0.00 23.00 0.16 40.74 0.08 1.37 0.05 4.79 1.71 240.37
Esfehan 1.44 43.39 222 44.03 1.81 113.37 -0.05 542 -0.05 15.63 0.76 490.21
Gorgan -0.63 31.67 0.00 14.88 -0.95 56.09 -0.03 224 -0.16 8.55 -2.55 295.68
Hamedan 0.68 27.69 3.81 120.27 2.78 -2.67 3.03 14.89 10.96 528.37 0.27 72.57
Tlam 0.27 26.71 0.00 0.00 2.05 36.11 0.08 1.24 0.11 332 272 100.20
Iranshahr 0.05 18.50 0.00 6.87 0.00 25.46 0.00 -1.79 0.03 0.66 0.73 114.68
Jask 0.26 37.03 0.00 0.00 0.00 60.72 0.05 1.63 0.14 337 255 112.48
Karaj -0.22 12.57 -1.78 66.36 0.00 0.03 -0.08 7.13 -0.08 7.13 -2.41 242.01
Kashan -0.34 19.43 0.00 4.36 -0.46 24.30 0.00 0.58 -0.03 3.39 -0.88 120.93
Kerman -0.35 21.00 -0.78 9.80 -0.78 24.32 -0.03 0.68 0.05 3.37 -0.37 120.04
Kermanshah -0.19 43.55 0.00 26.31 -1.05 94.74 -0.05 4.71 -0.19 13.34 -4.95 407.32
Koramabad 3.48 44.59 2.70 30.69 2.70 96.03 2.78 3.95 297 12.92 10.84 459.60
Khoy -0.56 25.89 -1.05 1331 -1.29 58.62 -0.05 1.29 -0.05 7.45 -2.18 254.33
Kish 0.27 42.18 0.00 0.00 0.00 35.78 0.03 2.39 0.08 4.63 2.26 147.03
Mashhad 0.27 42.18 0.00 0.00 0.00 35.78 0.03 239 0.08 4.63 2.26 147.03
Gazvin -0.12 29.09 0.00 14.77 -0.66 71.40 -0.03 2.26 -0.11 9.50 -2.54 301.23
Gom 3.19 13.73 2.70 1.24 3.19 15.89 2.70 -4.71 2.75 -2.05 5.10 122.23
Ramsar -2.11 151.48 -4.81 117.25 -8.00 464.94 -0.16 16.13 -0.30 31.00 -8.51 1229.64
Rasht -2.84 92.93 -8.67 98.80 -10.32 317.87 0.03 20.97 -0.05 40.50 -10.05 1300.42
Sabzevar -0.20 10.04 0.00 34.08 0.00 0.03 0.00 597 -0.51 175.63 0.01 27.51
Saghez -0.30 40.21 -1.05 37.20 -1.36 110.43 -0.05 4.58 -0.08 14.92 -3.65 446.74
Sanandaj 0.32 38.08 0.00 20.84 0.41 95.38 -0.03 3.82 -0.43 12.84 -5.50 377.61
Semnan -0.16 20.98 0.00 1.98 0.00 26.68 0.00 0.53 -0.05 3.63 -1.38 128.71
Shahrekord -0.19 38.47 0.00 17.55 -0.30 64.70 0.05 3.50 0.22 11.00 2.19 308.87
Shhrod -0.19 21.81 0.00 13.09 -0.46 3221 0.00 0.84 -0.03 3.74 0.01 143.17
Shiraz 3.62 41.19 2.70 11.33 2.70 33.89 2.84 1.95 2.94 7.37 9.44 300.30
Tabas 0.06 14.32 0.00 6.41 0.39 18.54 0.00 0.26 0.00 2.03 -0.29 75.91
Tabriz 0.15 2251 0.00 9.35 0.00 39.96 0.00 0.89 0.00 6.53 -2.17 242.87
Tehran -0.12 26.30 0.00 18.46 -0.57 45.59 -0.03 1.58 -0.08 6.74 -2.21 226.71
Torbatheydariye -0.14 29.54 0.00 22.84 -0.70 44.84 -0.03 2.05 -0.05 7.95 -2.17 236.18
Urmia -0.05 33.77 0.00 25.38 -0.58 86.40 -0.03 2.58 -0.03 9.37 -1.08 301.91
Yasoj 427 62.46 2.70 21.37 2.70 89.82 297 4.40 335 13.43 20.69 712.99
Yazd 1.08 13.82 0.00 0.00 1.30 12,97 0.03 0.16 0.03 1.13 131 49.57
Zabool 0.36 13.46 0.00 0.00 0.00 5.08 0.00 0.24 0.03 1.24 0.98 48.08
Zahedan 0.05 17.93 0.00 0.00 -0.81 2322 0.00 0.34 -0.08 2.08 -1.27 70.27
Zanjan 324 -38.56 2.70 -9.52 373 3351 2.73 -17.27 281 -12.64 7.94 188.66
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Table 4- Observed and simulated annual precipitation under SSP1-2.6 and SSP5-8.5 scenarios.

Future Period

Base period

Station SSP5-8.5 SSP1-2.6 Simulated Observed
Abadan 174.08 188.39 154 146.84
Ahvaz 169.29 154.83 150.25 146.84
Anzali 1671.97 1770.73 1689.36 1566.1
Arak 283.13 311.26 293.35 300.28
Ardebil 304.72 321.15 270.64 269.36
Babolsar 918.47 970.8 910.55 900.58
Bam 81.2 86.36 57.94 54.04
Bandarabas 213.95 245.25 152.61 163.82
Bandarlenghe 137.91 170.8 131.78 120.13
Birjand 153.48 160.09 144 150.49
Bojnord 227.78 247.75 256.59 246.65
Boshehr 318.4 314.37 261.78 250.19
Esfehan 517.58 570.8 522.25 500.55
Gorgan 236.23 252.59 279.05 231.39
Hamedan 510.13 579.71 540.67 550.62
Tlam 119.04 128.15 114.64 102.47
Iranshahr 108.29 114.73 122.63 119.66
Jask 120.04 130.37 103.51 113.31
Karaj 254.83 276.15 248.35 249.34
Kashan 121.5 136.84 125.49 122.17
Kerman 136.05 140.44 124.65 124.66
Kermanshah 394.88 436.29 428.41 402.4
Koramabad 448.43 500.86 474.26 476.53
Khoy 249.13 257.98 269.53 264.06
Kish 130.86 166.01 155.59 148.09
Mashhad 271.8 291.06 241.68 241.41
Gazvin 323.83 347.16 301.56 309.03
Gom 134.96 151.9 149.8 143.72
Ramsar 1193.21 1250.73 1311.32 1239.95
Rasht 1231.57 1300.01 1329.5 1309.27
Sabzevar 197.52 215.29 176.71 183
Saghez 404.7 453.6 468.15 453.45
Sanandaj 341.76 371.7 379.51 384.22
Semnan 144.68 161.3 131.3 118.75
Shahrekord 280.93 300.46 331.36 291.03
Shhrod 162.24 180.67 156.54 150.37
Shiraz 349.7 347.08 358.48 313.99
Tabas 83.81 86.87 85.19 79.85
Tabriz 274.31 292.18 266.81 253.63
Tehran 235.47 264.23 236.02 2335
Torbatheydariye 298.41 305.56 182.005 242.64
Urmia 283.7 309.31 317.78 309.81
Yasoj 887.95 931.61 753.49 781.87
Yazd 59.32 64.31 50.18 53.82
Zabool 52.5 58.05 53.11 51
Zahedan 68.62 76.91 75.28 73.6
Zanjan 299.92 325.39 308.15 265.77
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Figure 3- Temporal variation of the spatially averaged extreme precipitation indices for Iran during the future period.
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Figure 4- Spatial distribution of precipitation Extremes Indices observed (a), simulated (b), under SSP1-2.6 scenario (c)

and under SSP5-8.5 scenario (d).
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Extended Abstraclt

Introduction and Goal

Climate change leads to changes in extreme climate indices, such as an increased intensity and
frequency of extreme weather events. Heavy precipitation during these events can cause widespread damage
to the economy, the environment and human life. According to the World Economic Forum’s (WEF) Global
Risks Report 2019, extreme climate events (such as heavy precipitation) and climate inadaptability are the
greatest risks in terms of their impact on the environment and people. The purpose of this study was to
examine the impact of climate change on heavy precipitations in the Iran.

Materials and Methods

Precipitation data from 47 stations was utilized in this study. First, the performance of the model was
evaluated. LARS-WG software was employed to predict precipitation data with various scenarios for the
future period. To evaluate the simulation of extreme precipitation using the aforementioned model, in
addition to graphically comparing the observed and generated data of each station in the validation process,
the RB, MD, and WS indices were calculated between the observed and simulated extreme index data.
Finally, the Mann-Kendall test was utilized to examine the pattern of heavy precipitation events.

Article Type: Research Article

*Corresponding Author E-mail: h.behrawan@areeco.ac.ir

Citation: Behrawan, H., Yarahmadi, J., Abbasi, H.R. 2024. Identification and Monitoring of Sources
of Dust and Dunes in the Jolfa, ShushQom and Gildar in the East Azarbaijan Province. Watershed
Management Research. 37(3): 34-53.

DOI: 10.22092/WMRJ.2023.363055.1565

Received: 01 August 2023, Received in revised form: 04 October 2023, Accepted: 21 December 2023
Published online: 22 September 2024

Watershed Management Research, VOL. 37, No.3, Ser. No: 144, Autumn 2024, pp. 34-53.

Publisher: Fars Agricultural and Natural Resources Research and Education Center ©Author(s)




Watershed Management Research VOL. 37, No.4, Ser. No: 145, Winter 2025

Results and Discussion

The simulation results for precipitation in the period 2030-2050 show that the synoptic stations will
experience uneven annual fluctuations. The largest increase in annual precipitation was 59.81% (32.32
mm) at the Bam station and SSP5-8.5 scenario, and the largest decrease in annual precipitation was
11.63% (17.23 mm) at the Kish station and SSP5-8.5 scenario. According to the spatial distribution
of PRCPTOT, the Yasouj station experienced the highest increase in annual precipitation under the
SSP1-2.6 scenario. At this station, the annual precipitation for the future period was estimated to be
933.49 and 889.3 mm with the SSP1-2.6 and SSP5-8.5 scenarios respectively. Also, the magnitude of
this indicator during the base period at this station was predicted to be 832.19 mm.

Furthermore, it was predicted that this indicator will be 832.19 mm during the base period at this station.
The results of the study of changes in precipitation extreme indices in the period 2030-2050 compared
to 1985-2022 showed that the greatest changes were in the northern and western regions of the Iran, and
the severity of these changes was especially greater with the SSP5-8.5 scenario. The largest decrease in
the Rx1day index was related to the Mashhad station with the SSP5-5.5 scenario, which was 37%. The
highest increasing trend was related to the Zanjan station in the RCP8.5 scenario.

Conclusion and Suggestions

Numerous studies around the world have shown that climate change leads to changes in extreme
precipitation. A decrease in precipitation intensity and a change in precipitation patterns are among
these changes. According to the results of this study, the trend of extreme indices was not uniform, and
it was increasing in some synoptic stations and decreasing in others. In general, precipitation intensity
is expected to increase in the future and with climate scenarios in most of the studied stations. The
impact of extreme precipitation events on future planning and policymaking in various sectors should
be carefully examined. Therefore, it is suggested that similar studies be conducted in the country’s main
watersheds on a smaller scale and in a larger number of stations with other trend detection tests, and the
results be compared with the Mann-Kendall statistical test.

Keywords: Atmospheric General Circulation Models, Climate Scenarios, CMIP6, Downscaling, Heavy
Precipitation, Iran
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2- Center of gravity model

3- Precipitation barycenter

4 -Density and uniformity

5 - Indian Meteorological Department
6 - Degree Centrality

7 - Clustering Coefficient

8 - Mutual Information
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Figure 1- A general view of Ardabil Province and the location of the investigated rain gauge stations.
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Table 1- The direction and distance of monthly precipitation migration in the rain gauge stations of Ardabil

Province.

Month Longitude Latitude Movement direction Movement distance (km)
October 48.08 38.52 Northeast 3.35
November 48.12 38.39 Southeast 14.61
December 48.13 38.37 Southeast 2.52
January 48.15 38.37 East 1.58
February 48.15 38.34 Southeast 2.52
March 48.11 38.37 Southwest 4.25
April 48.10 38.40 Northwest 3.50
May 48.09 38.37 Southeast 3.19
June 48.02 38.46 Northwest 11.48
July 48.04 38.41 Southeast 5.65
August 48.04 38.44 Northwest 3.11
September 48.05 38.54 Northwest 11.43
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Figure 3- Migration path of annual precipitation barycenter in Ardabil Province from 1971 to 2016.
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Figure 4- Changes in (a) longitude and (b) latitude of the precipitation barycenter from 1971 to 2016.
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deviation ellipse under stations density variation.
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Extended Abstract

Introduction and Goal

The decreasing trend of precipitation in many regions of the country, including the northwestern
provinces, has made it more necessary to investigate new methodologies to complete the databases
of the country’s watersheds. In this regard, understanding the changes in precipitation barycenters,
as an emerging concept, that indicates the long-term spatial distribution of regional precipitation is
especially important for the administration of watershed management issues such as reducing drought
effect, flood control,and water resource conservation. To thisend, the present study analyzes the precipitation
barycenter and its relationship with the spatial distribution of the rain gauge network in Ardabil Province.
Materials and Methods

To calculate the precipitation amount, the statistics of 49 meteorological stations during the
statistical period of 45 years (1971-2016) were used. Based on the principle of station extraction and
considering the rationality of the lowest density and uniformity, five stations were determined as the
minimum possible number. Then, densities of 10, 20, 30, and 40 stations were extracted randomly to
compare the distribution of precipitation centroids with the density of the station network. The statis-
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tics above were used to implement the gravity center model, calculate the standard deviation ellipse in the
ArcMap 10.8 software environment, and conventional correlation analysis on monthly, seasonal, and
annual time scales using XLSTAT.

Results and Discussion

The results showed that in spring (April to June), the direction of movement of the precipitation
barycenter was significantly different and the movement distance was 18.17 km. In summer (July to
September),theprecipitationbarycentermainlymoved20. 1 8kmtothenorth. Inautumn(Octoberto December), the
precipitation barycenter mainly moves 20.49 km to the south and has the longest movement distance among
the seasons. In winter (December to March), the precipitation barycenter moves in different directions and
has the smallest movement distance (8.35). The annual precipitation barycenter migrated mostly in the
southeast direction. The maximum migration of barycenter for 1979 was towards the northwest with 111.78
km. Besides, the annual precipitation barycenter in Ardabil Province in the three decades of 1971-1981
migrated mostly to the northwest and in the other decades to the southeast. The stational network density was
positively correlated with changes in the precipitation barycenter (CCA = 0.65 at a significance level of 5%).
Conclusion and Suggestion

The highest conventional correlation coefficient of 0.80 was obtained for the density of 40 stations among
different densities of 5, 10, 20, 30, 40, and 50, and the lowest coefficient of 0.04 was obtained for the
minimum density of 5 stations. Based on the results of this study, changes in the movement of precipitation
patterns that can be effective in drought and wet periods were identified. It is suggested that the relationship
between climate change and elevation factors with spatial-temporal changes in the precipitation center of
gravity be investigated.

Keywords: Clustering, Migration direction, Mountainaous watersheds, Spatial pattern, Stational density
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Figure 1- Geographical location of the studied area.
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1 -normalized difference vegetation index~(NDVI)
2 -Digital Elevation Model~(DEM)

3 -General curvature

4 -Plan curvature

5 -Profile curvature

6 -Convergence index

7 -Curvature classification index

8 -Vertical distance to channel network index
9 -catchment area

10 -Stream power Index

11 -Slope-Length
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12 -Topographic wetness Index
13 -Surface texture

14 -Altitude

15 -Slope gradien

16 -Slope aspect

17 - Analytical hillshading

18 -Drainage density

19 -Distance to drainage

20 -Weight of Evidence

21 -Dempster Shaffer
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Table 1- Different gully event capacity states.

Factors causing a gully event

Gully incident attendance Absence
attendance Nyixi Nopixa
Absence Npixs Npixa
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Figure 2- The methodology flowchart.
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Figure 3- Examples of forms of gully erosion in the Illam Watershed.
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Figure 4- Distribution map of gully erosion in Ilam Watershed.
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Table 2 - Collinear analysis of factors affecting the occurrence of gully erosion.

network

Coefficients®
Model Unstandardized Standardized t Sig. Collinearity
Coefficients Coefficients Statistics

B Std. Error Beta Tolerance VIF

Constant -0.309 0.268 -1.157 0.248
hillshad 0.036 0.021 0.058 1.741 0.082 0.862 1.16
Slope aspect 0.016 0.007 0.092 2.312 0.021 0.592 1.69
convergence 0.134 0.051 0.141 2.601 0.01 0.318 3.141
curvature -0.075 0.028 -0.101 -2.659 0.008 0.654 1.528
Curvature classification -0.317 0.009 0 -0.001 0.999 0.38 2.63
Distance to drainage 0.105 0.039 0.121 2.701 0.007 0.466 2.144
Climatology -0.029 0.019 -0.058 -1.488 0.137 0.619 1.615
Drainage density 0.158 0.021 0.315 7.659 0 0.557 1.794
Altitude -0.085 0.041 -0.1 -2.068 0.039 0.399 2.508
Landuse -0.07 0.024 -0.115 -2.878 0.004 0.59 1.694
Litology -0.029 0.014 -0.083 -2.009 0.045 0.547 1.827
Slope-Length -0.033 0.032 -0.059 -1.036 0.301 0.292 3.428
NDVI 0.139 0.031 0.186 4.572 0 0.57 1.755
Plan Cruvature -0.037 0.041 -0.039 -0.892 0.372 0.487 2.053
Profile Cruvature 0.061 0.036 0.068 1.692 0.091 0.586 1.708
Rian 0.046 0.024 0.099 1.924 0.055 0.358 2.795
Slope gradient -0.024 0.034 -0.045 -0.707 0.48 0.229 4.36
Soil type 0.004 0.015 0.01 0.265 0.791 0.636 1.572
Stream power -0.024 0.036 -0.057 -0.677 0.498 0.131 7.606
Surface texture -0.052 0.021 -0.1 -2.509 0.012 0.592 1.689
catchment area 0.02 0.036 0.02 0.553 0.58 0.742 1.348
Topographic wetness 0.057 0.042 0.116 1.371 0.171 0.131 7.644
Vertical distance to channel 0.019 0.023 0.035 0.811 0.418 0.505 1.981

a Dependent Variable: Gully
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22 - Multicollinearity
23 - Tolerance (TOL)
24 - Variance Inflation Factor (VIF)
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26- Flat
27- Convex
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Table 3- rock group of geological formations based on rock characteristics.

group percent areain lithology the type of geological
code ageof hectares formation
formati

1 721 137116 Alternation of marl and sandstone Aghajari

1 10.84 205891 Marl, eniedrite, gypsum, salt and bitumen streaks Gach-saran

2 12.63 240751 Shale, sandstone, marl and thin gray interbedded limestone Gurpi

3 12.02 229065 Alternation of thin-layered limestone and marl Tlam

1 1.18 22360  Thick layered conglomerate with interlayer of sandstone and marl ~ Bakhtiari Conglomerate

4 18.41 350767 Green to blue shale and marl Pabde

1 2.46 46880 Bulk lime with thin lime interlayers Lehbri

1 13.25 247112 River deposits and new alluviums Quaternary

5 22.00 419292 Limestone masses Asmari
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Table 4- The results of the relationship between each factor affecting the occurrence of gully erosion and the Wight of
Evidence model and the Dempster-Schiffer model.

Parameter Class Class area Gully FreqR  W=C/S Belief Belief uncertainty
in pixel erosion ©) factor function
area m
pixel
Hillshad 0.005-0.65 252043 14 0.46 3118 0458  0.139 0.584
0.65-0.82 806210 133 136  4.626 1361 0414 0.398
0.82-1 623944 69 0.91 0929 0912 0278 0.456
1-1.91 223585 15 0.55 2431 0.553  0.168 0.561
Slope aspect Flat 599189 20 0.28 6739 0275  0.025 0.829
North 135471 5 0.3 2745 0304 0.027 0.857
Northeast 184001 6 0.27 3356 0269  0.024 0.857
East 122902 37 2.48 5.674 2484 0221 0.68
Southeast 125029 35 231 5.088 231 0.206 0.694
South 182534 54 2.44 6.806 2441 0218 0.689
Southwest 278469 44 1.3 1.901 1304 0.116 0.779
West 167726 16 0.79 -1.003  0.787  0.07 0.817
Northwest 110461 14 1.05 0.172 1.046  0.093 0.797
Climoatology SemiArid 944038 35 0.28 9288 0306  0.131 0314
Mediterian 818558 195 1.83 10879 1966  0.844 0.066
SemiHumid 143186 1 0.05 3288 0.058  0.025 0.62
Convergence <-17.23 85342 15 1.45 1.472 1.45 0.389 0.367
-17.23 t0 -0.20 710248 98 1.14 1.618 1138 0306 0.466
177 1031636 116 0.93 21193 0928 0.249 0.481
Convergence >17.5 78556 2 0.21 2244 021 0.056 0.686
concave(-18.24 to -0.1) 424926.1 47 0.91 0712 0913 0356 0.286
Curvature flat(-0.1-0.1) 1178027 166 1.16 3.117 1.163 0453 0.289
Convex(0.1-20.64) 302829.1 18 0.49 3278 0.49 0.191 0.425
Curvature 1 594568 88 1.22 2.254 1221 0.152 0.735
classification 162462 16 081  -0.868 0812  0.101 0.772
3 144082 16 0.92 0364 0916  0.114 0.76
4 80724 13 1.33 1.047 1329 0.165 0.711
5 110171 16 12 0.745 1.198  0.149 0.727
6 225073 21 0.77 -1276  0.77 0.096 0.775
7 143161 17 0.98 -0.088  0.98 0.122 0.753
8 445541 44 0.81 -1.551 0.815  0.101 0.766
Distance to  0-100 684723 138 1.66 7.254 1.663 0523 0.348
drainage 100-150 569668 70 1.01 0.137 1.014 0319 0.478
150-250 379298 23 0.5 3685 0.5 0.157 0.613
250-500 207625 0 0 217530 0 0.771
>500 64468 0 0 0523 0 0 0.789
Drainage density ~ 0-1.2 382219 1 0.02 4047  0.022  0.005 0.688
1.2-1.7 583825 12 0.17 7039 0.17 0.038 0.625
1.7-27 569841 74 1.07 0.708 1.071 0239 0.521
2.7-334 369897 144 3.21 14198 3213 0718 0.167
Altitude <1000 956067 122 1.05 0.804 1.053  0.466 0.342
1000-1500 746702 109 1.2 2.482 1204 0.534 0.29
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Table 4- The results of the relationship between each factor affecting the occurrence of gully erosion and the Wight of

Evidence model and the Dempster-Schiffer model.

Parameter Class Class area Gully FreqRk  W=C/S Belief Belief uncertainty
in pixel erosion factor function
area
pixel
1500-2000 175577 0 0 -1.469 0 0 0.777
2000-2500 27323 0 0 -0.22 0 0 0.794
2500-2612 113 0 0 -0.001 0 0 0.797
Landuse Orchard 1913 0 0 -0.015 0 0 0.84
Forest 804167 60 0.62 -4.883 0.616 0.101 0.694
Agriculture 286101 147 4.24 16.77 4.241 0.697 0.235
PoorRange 766343 21 0.23 -8.328 0.226 0.037 0.719
Rock 24682 3 1 0.005 1.003 0.165 0.675
DensForest 22576 0 0 -0.181 0 0 0.838
Litology Groupl 665907 29 0.36 -6.645 0.359 0.055 0.682
Group2 240751 124 425 15.777 4.251 0.652 0.244
Group3 229065 11 0.4 -1.176 0.396 0.061 0.727
Group4 350767 50 1.18 1.269 1.176 0.18 0.631
Group5 419292 17 0.33 -5.029 0.334 0.051 0.716
Slope-Length 0-2.5 829901 132 1.31 4.117 1.312 0.409 0.436
2.5-5 476742 76 1.32 2.75 1.315 0.41 0.407
5-8.5 368528 20 0.45 -3.966 0.448 0.14 0.629
8.5-13 189692 3 0.13 -3.663 0.13 0.041 0.736
13-56.7 40919 0 0 -0.33 0 0 0.792
NDVI <0.15 472136 14 0.24 -5.912 0.245 0.063 0.539
0.15-0.25 1144150 120 0.87 -2.499 0.865 0.223 0.393
>0.25 289496 97 2.76 10.478 2.765 0.714 0.068
Plan Cruvature concavepl(-9.74 to -0.1) 206173 17 0.68 -1.68 0.68 0.266 0.368
flatpl(-0.1-0.1) 1181404 171 1.19 3.72 1.194 0.467 0.293
convexpl(0.1-10.23) 518205 43 0.68 -2.901 0.685 0.268 0.339
Profile convexprf(-19.30 to -0.1) 92573 1 0.09 -2.458 0.089 0.041 0.605
Cruvature flatprf(-0.1-0.1) 944431 126 1.1 1.514 1.101  0.506 0.19
concaveprf(0.1-11.86) 868778 104 0.99 -0.172 0.988 0.454 0.205
Rian <400 359678 14 0.32 -4.652 0.321 0.08 0.632
400-500 585724 37 0.52 -4.707 0.521 0.13 0.568
500-550 521374 68 1.08 0.709 1.076 0.267 0.49
>550 439006 112 2.1 8.704 2.105 0.523 0.31
Slope gradient <5 635711 95 1.23 2.493 1.233 0.357 0.464
5-12 558519 107 1.58 5.557 1.581 0.457 0.389
12-25 384693 27 0.58 -3.162 0.579 0.167 0.608
25-40 254915 2 0.06 -4.045 0.065 0.019 0.749
>40 71943 0 0 -0.585 0 0 0.789
Soil type Rock-Inceptisol 521186 101 1.6 5.464 1.599 0.34 0.505
XBL BadLands 468052 5 0.09 -5.947 0.088 0.019 0.72
Rock-Entisol 640686 96 1.24 2.543 1.236 0.263 0.56
Inceptisol-Vertisol 100699 12 0.98 -0.061 0.983 0.209 0.59
Inceptisol 175159 17 0.8 -0.292 0.801 0.17 0.625
Stream power -13.5_-10 170192 16 0.78 -1.065 0.776 0.163 0.631
-10_-5.5 273052 31 0.94 -0.394 0.937 0.197 0.6
-5.5_-0.8 461288 61 1.09 0.781 1.091 0.23 0.575
-0.8 3.5 634992 87 1.13 1.398 1.13 0.238 0.574
3.5_7.69 366259 36 0.81 -0.615 0.811 0.171 0.619
Surface texture <12.25 461783 91 1.63 5.268 1.626 0.417 0.384
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Table 4- The results of the relationship between each factor affecting the occurrence of gully erosion and the Wight of
Evidence model and the Dempster-Schiffer model.

Parameter Class Class area Gully FreqR ~ W=C/S Belief Belief uncertainty
in pixel erosion © factor function
area in
pixel
12.25-17.7 569929 89 1.29 2.845 1.288 0.33 0.451
17.7-23.5 594460 33 0.46 -5.322 0.458 0.117 0.571
>23.5 279610 18 0.53 -2.894 0.531 0.136 0.594
Catchment area <0.1 1750392 192 0.9 -1.384 0.905 0.071 0.513
0.1-5 137417 28 1.68 0 1.681 0.131 0.679
5-10 4733 3 5.23 0.16 5.232 0.409 0.393
>10 13240 8 4.98 0.422 4.987 0.389 0.415
Topographic 1.83 551715 52 0.78 2148 0875  0.199 0.543
wetness 3.3 485 682319 84 1.02 0.178 0.778  0.177 0.552
4.85_14.14 228672 48 1.73 4.035 1.016 0.231 0.523
Vertical distance <0 667954 94 1.16 1.064 1.732 0.394 0.382
to channel 4 , 471315 7 126 1128 1161 0335 0.435
network
2-10 582839 61 0.86 -1.375 1.26 0.364 0.406
>10 183674 4 0.18 -3.57 0.863 0.249 0.484
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Figure 6- Map of zoning classes of gully erosion susceptibility using weight of witness model (WOE).
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Table 5- Values of the abundance ratio index in each floor of the zoning map of susceptibility to gully erosion in the
Wight of Evidence Model.

Number Class  Gully erosion pixel Gully% Class pixel Class pixel% FR SCAI
1 Low very 2 0.61 269265 14.13 0.04 23.25
2 Low 10 3.04 536408 28.15 0.11 9.26
3 Modreat 9 2.74 150439 7.9 0.35 2.89
4 Highe 21 6.38 417556 21.92 0.29 3.43
5 Highe very 287 87.23 531587 27.9 3.13 0.32

sleaid o oSOl Liolw ) olas ) s o uiomen
et s o5 o 5 o e eal ol okt ol
olo wael cavsas </ G YT A/FY YVIYA SO0
O o259, b 9 ok kS Coulis ladi b Ko
Qb 9o plpizmen 5 ceS |y ol ma W LYY )
solas ) 51 ZAZ 51 i O g 0k (L) Sl

SE8,S 3, S il

45°E00E

48500 E

4551 0'0E

S (0 Sl guivadnb gbalds guli

i gnd Joo 35 (55SGT (b 3 4
ole g e Cowles Gunaigy gbaib L is mls
P Jguz 50 s i s Joe jleslaiwl b (g S0l
Camlus rdid Colun duo o .awl o ooloylis

S sk 5 o8 chste ol ol s Sl (el b
A dsle VOIAR 5 Yo YEIYE OAFA QIYF o5 ey

452 0°0"E 45°30°0"E

i

300N

Legend

& Gully Point
& Vvilage

4 MW cCiy

e Fload

I::,__:E;' W5 tersha=d
Pk =ry Highs
2% Highe
I:::E;. Modreat
1 m Lo
“. Wery Low

o244 8 12

330400

J137300"N

16
Km

33400

337300

45°500°E 45700

45°100E

48°20°0°E 48°30°0°E

i pansod Joko 31 o0liiwl b guiST i b 8 Comlbuns soiuding slaainb did -V JSub

Figure 7- Map of zoning classes of gully erosion susceptibility using the Dempster-Shafer Model
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Table 6- Index values of abundance ratio and nucleus cell area in each floor of the zoning map of gully erosion
susceptibility in the Dempster-Shafer Model.

Number Class Gully erosion pixel Gully (%) Class pixel ~ Class pixel (%) FR  SCAI
1  Low very 1 0.3 302829 15.89 0.02 5229
2  Low 11 3.34 571507 30 0.11 8.97
3 Modreat 31 9.42 500385 26.26 0.36 2.79
4 Highe 70 21.28 352149 18.48 1.15 0.87
5 Highe very 216 65.65 178385 9.36 7.01 0.14
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Figure 8- Comparison of the index diagram of frequency ratio of gully erosion susceptibility classes in two models.
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Figure 9- Comparison of the graph of the core cell surface index of gully erosion susceptibility classes in two models.
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Figure 10- Combination of training and test data with model output.
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Table 7- The results of ROC analysis in the model calibration stage based on 70% of the distribution data of gully
erosion events.

Test Result Area Std. Asymptotic  Asymptotic 95% Confidence Interval
Variable(s) Errora Sig.b
Lower Bound Upper Bound
DempsterShafer 0.908 0.013 0 0.881 0.934
Wight of Evidence 0.905 0.014 0 0.879 0.932
ROC Curve
e L Source of the
Curve
:E. 0.6 T e
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Figure 11- The characteristic curve diagram of Wight of Evidence and Dempster-Shafer performance in the calibration
phase using 70% distribution of the occurrence of gully.
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Table 8- The results of the analysis of the level under the ROC curve in the prediction stage based on 30% of the
distribution data of the gully erosion event.

Test Result Area Std. Asymptotic Asymptotic 95% Confidence Interval
Variable(s) Errora Sig.b
Lower Bound Upper Bound
DempsterShafer 0.908 0.013 0 0.881 0.934
Wight of Evidence 0.905 0.014 0 0.879 0.932
ROC Curve
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Figure 12 - Dempster-Shafer performance curve diagram and witness weight in the prediction stage using 30%
distribution of the occurrence of gullyes.
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Introduction and Goal

In general, the modeling process for any phenomenon or dependent variable using effective
environmental factors as independent variables can be generalized to the future in addition to
determining the status of current conditions. Therefore, the basic assumption in all environmental
modeling is based on the principle of uniformity or uniformitarianism, which can be generalized for
the subject of this research, and topographic metrics are one of the main factors in the creation and
expansion of gully erosion. This research was conducted with the aim of determining the
accuracy of water erosion susceptibility maps based on Wight of Evidence and Dempster-Schiffer weight
models using relative operator or receiver characteristic curve (AUC and ROC). Also, the thresholds of
effective factors (including low-elevation indices and considered environmental factors) on the
occurrence of gully erosion in Ilam watershed were determined.

Materials and Methods

The Ilam watershed is in Ilam province in the southwest of Iran. In this research, Dempster-Shiffer
and maximum weight models were used to determine the thresholds and zoning of gully erosion
sensitivity. This research was done in seven main steps. In the first step, the research area was selected
and the flood event distribution map (dependent variable) was prepared, and the data were randomly
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divided into two training or calibration groups (70%) and experimental or prediction groups (30%).
In the second step, maps of 22 effective factors (independent variables) were prepared. In the third
step, the effective factors were selected using the alignment test between the effective factors and the
occurrence of floods. In the fourth step, Wight of Evidence and Dempster-Schiffer weight models were
implemented and zoning maps were prepared. In the fifth step of validation, evaluation, comparison of
zoning maps and prediction of sensitivity obtained from the mentioned models were done in two stages
of recalibration and prediction. In the sixth step, thresholds and importance of effective factors were
determined based on the best model. In the seventh step, the zoning map and prediction of sensitivity
to the erosion event of gully was prepared.
Results and Discussion

In this research, after field surveys, interpretation of aerial photographs and processing of
satellite images, 331 gullyes were identified and investigated. The distribution map of gully erosion has
been prepared and digitized for 331 gullyes, of which 70% of the gullyes were used to train Wight of
Evidence and Dempstershafer models, which includes 232 gullyes. The remaining 30%, which
includes 99 gullyes, was used to validate the models from the characteristic curve of the ROC system
and the surface area under the AUC diagram. First, the data obtained from the gully erosion zoning
maps were fitted separately to the points of 99 gullyes and 232 gullyes using both Wight of Evidence
and Dempster Shaffer models, and after transferring the data to the data excel file were analyzed in
SPSS software. According to obtained from calibration points (30%), both models had an acceptable
percentage of the area under the curve, which indicates the high performance of both models in the
region.
Conclusion and Suggestions
Accurate field identification of gully erosion points using GPS device was one of the results
obtained from this research. As a result, the erosion distribution map of 331 gulles was prepared and
it was checked and recorded for the first time in the researched watershed. One of the advantages and
innovations of this research was the use of Alus satellite images and GIS and Saga GIS software. The
results showed that the most effective independent variables were extracted on the dependent variable
of watershed erosion in the watershed system and 22 grid layers were prepared. Finally, the results
of the statistical analysis provide a ranking table of the most important indicators in creating gully
erosion in the region, which is the land use index of 37.1%, waterway density with 17.7%,
lithology with 13.2%, climate with 9.4%, precipitation 3 5.5% and NDVI with 3.5% and other indicators
respectively affect the erosion, respectively of the gully. The results of this research can be promoted
and taught, and executive bodies can use the results of this research to take necessary measures to
control the gully erosion.

Key Words: Ilam watershed, Gully erosion threshold, Dempster Shaffer model, Wight of Evidence model
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Fig 1- Geographical characteristics of the study area.
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Table 1- Characteristics of the studied forest stands and plantations.

Stand Characrestics Land Use Row
Coppice stand, understory vegetation including
annual and perennial grasses and forbs, average
DBH of trees 10-15 cm, litter depth 2-3 cm, Natural forest: Oak (Quercus brantii) 1
canopy cover 20-30%.
The litter depth 1-1.5 cm, the canopy cover is Plantation: Cupressus sempervirens L. 2

60-70%, average DBH 35-40 cm.
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Fig 2- Rainfall simulation steps in unburned treatment.
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Figure 3- Rainfall simulation steps in burned treatment.
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Table 2- The result of analysis variance for the effect of vegetation types on soil properties in unburnt treatment.

Sig.value f df Variable
0.014 3 9.53 2 pH
0.122 3.05 2 EC
0.179 2.31 2 0C %
0.103 3.39 2 CaCo3 %
0.23 7.53 2 Sand %
0.066 4.41 2 Silt %
0.014: 9.37 2 Clay %
0.152 2.62 2 K ppm)
0.344 1.28 2 P (ppm)

*Significance of differences at 5%
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Table 3- The mean comparison of soil properties in the three treatments.

Control Cupressus sempervirens L. Quercus brantii Lindl ~ Characrestics
7.46+0.74° 7.07+0.74° 7.31+0.74* pH
17.33£0.74° 20.66+0.74™ 24.00+£0.74° Clay %
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Table 2- The result of analysis variance for the effect of vegetation types on runoff, runoff coefficient and sediment in
unburnt treatment.

Sig.value f df Variable
0.000x 568.22 5 Runoff
0.000 = 263.20 5 Sediment
0.000 692.82 5 CN
Significance of differences at 1% TN o 5o lasgles (g )lo smett
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Figure 4-The mean comparison of runoff, runoff coefficient and sediment between different vegetation types in unburnt
treatment (Cup=Cupressus sempervirens, Que=Quercus brantii Lindl, Con=Control).
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Table 5- The result of analysis variance for the effect of vegetation types on runoff, runoff coefficient and sediment in
prescribed fire treatment.

Sig.value f df Variable
0.000+ 284.20 5 Runoff
0.000 113.585 5 Sediment
0.000+ 221809.65 5 CN

Significance of differences at 1% TN e o lacsglis (g )ls et
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Figure 5- The mean comparison of runoff, runoff coefficient and sediment between different vegetation types in prescribed

fire treatment (Cup=Cupressus sempervirens, Que=Quercus brantii Lindl, Con=Control).

sl ol (ANOVA) 4 bs, oS & 5o s
9959 b €55 56297 i T b jles 0 a8
;)Ua) @L..o.o_w uLuos..a? P A.GJO Y" 9 \a LS’LQ) S)la
SloyS' 2 9 oo el QIS (erndS (59 Al
9 2o g abawl p Jg g o e

(F J992) 990 o Jixe 0 e

“5";\?‘..‘

Olpogas p —dulojl (556sS SLb)losi I
9% 9 39— AT b slad )3 Sl (alos—ds

aiBo Yo 910 (Gloj 85l 50 (5igum ]
Sl y3) Gl 95 I STy A e s
T 5 bl (b (Ao 8055 () 9 6,5 S
ashis ;o Olly, olboei Sloogas p (Li—iemzU
el 0dls eolopylid £ Jedz 40 (690 (gie—w i L

&



Vfey uuw.n} SYO UJLJ ‘sb)w ¥ db)w AR 50,y9°

v &
U’/'%l(ﬂw;}
Lo ?

(52975 Sigmi T jlad 10 Sy (plronds Sluogas sy £33 H1 STy & 525 -7 Jgu
Table 6- The result of analysis variance for the effect of vegetation types on chemical characteristics of
runoff in prescribed fire treatment.

Sig.value f df Variable
0.209 1.70 5 pH
0.002 7.55 5 EC
0.023 3.97 5 Ca
0.000 19.57 5 Cl
0.002 7.66 5 K
0.052 4.43 5 Mg
0.019 4.19 5 Na
0.000 17.73 5 Bicarbonate
0.251 1.53 5 SAR
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Underlined values indicate significant differences at 1 and 5%.
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Table 7- The mean comparison of chemical characteristics of runoff between different vegetation types in prescribed fire

treatment.
Control Control Cupressus Cupressus Quercus Quercus
(30 min.) (15 min.) sempervjrens sempervjrens branFii branFii Characrestics
(30 min.) (15 min.) (30 min.) (15 min.)

6.17£0.278° 5.83£0.075™  5.74£0.014°  5.71+0.043° 5.74+0.74%  6+0.147% pH
0.476+0.017° 0.549+0.034%  0.622+0.004™  0.659+0.004*  0.547+0.020™  0.647+0.041° EC
0.533+0.088° 1.13+0.176" 0.550+0.028° 1.40£0.288°  0.950£0.202*°  2.55+0.086" Cl
2.13+0.317% 1.30+0.152° 1.60£0.173%  2.25+0.086"  1.75+0.144™°  1.80°* Ca
1.50+0.360° 1.66£0.417°  2.70° 2.05£0.259®  1.40+0.173°  1.55+0.259" Mg
0.435+0.024° 0.492+0.037°  0.520£0.024®  0.584+0.036" 0.475+£0.012°  0.475+0.012° Na
0.322+0.014° 0.407+0.024*  0.356+0.023*  0.409+0.033* 0.370+0.028"  0.356+0.023" SAR
0.260° 0.312+0.015°  0/675£0.119®  0.818+0.142° 0.403+0.022°  0.481+0.037° K
1.76+0.088° 2.16£0.218%  2.20* 2.45£0.028°  1.90+0.057°  0.295° Bicarbonate
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Table 8- The result of analysis variance for the effect of vegetation types on chemical characteristics of runoff in unburnt

treatment.
Sig.value f df Variable

0.08 415.15 5 pH
0.2 27.39 5 EC
0.2 3.71 5 Ca

0.000s 24.55 5 Cl

0.000s 151.38 5 K
0.16 4.43 5 Mg
0.2 30.07 5 Na
0.06 25.78 5 Bicarbonate

0.000 113.71 5 SAR

Significance of differences at 1%

Sloj 35L 50 gl 8595 10 maaw 83lu3l (s s .ol
39y (id jo Ci¥lg ST o +/OFAE/VE) a_d.35 V0
Yo ey 55k o el jlas yo ol a3l o iaS
D9 (id o cVlg ST Jo < /FYOE/- V) a8
Sloy 83k 5o wald Jles 50 Sl S o 83ll o iy
999 (id 5o co¥lg ST oo YVFEIYIA) ad30 VO
aiBo Yo Sley a5k 0 bl sogs yo ol 851l o xS
Dal Cwods (id jo eVl ST Lo V/YOE-/-YA)
V0 (Slej 5L jo wald jlas ) el 311 (i
5 w0 (G yo c¥lg STidhe </MVYEND) aa8s
sloosl o be L sogs jo oyl 85luil oy aS a4 J>
50 Yl ST oo < NAYE/ND) 4z 8o ¥e 910 o
Lsl 8395 55 e 831 F A ez 09 (5
ciV¥lg STsbeo YIA-EVNO) aado ¥ Sy 850 40
O 85105l 1 yieS A S Il 50wl cwsas (1 o
VOt /¥Fe) aado ¥ Sloj sl yo vl i jles ;o
S 8300 g 5 e 09 (G o oVl ST e
4835 10 Sy 85L 0 el i jled )0 o (2>
dali jles jo ol 8510l o yieS g 090 (+/F+ YE-/YF)
Sl Sy (IYYYENE) aido Ve Sloj 5L 0

(A Jgo=)

1Y v jo gl )l Smot

2 Slilg;y (bl Cluogas (1Sile A lio

797 Sigm T g sland
2 Dbl oleb Sliogas (50l dylie mls
bl g5 oS 5 Jold o) sloylos
Vo100 Gley il g0 0 itz gyl g 90—
ols ylid (ggm st gy o _daslllas ddlaio ,o ai o
85b ,0 el jlos & by e pH 8310l 1 5t 45
55051 58 5 o (1N V- IYYA) aisdo Yo ila;
OIVEE- YY) aisdo Yo Sloj 536 50 bk 8355 0 o]
53lasl s e ‘ké_ﬁ;",.;.l.oﬂ sl les Hle ol Canoa
10 Slej 851 y0 bl sogi 4 by 0 5,65 LEC
5993 (e yy Lo j o—wd [OVAE/-AY) 4530
Yo Sl a3l yoaald jles o ol s5lail o 5eS
Cddy (o (i j g +[FVEE[VY) 4B
V0 Slej 85L y0 bgly sogs o S 85lusl 1 i iy el
5351 (il 3o E Wy ST Lo IOV PY) 4k 5o
48010 loj 550 50 el jles jo ol 85lal oy xS
i o9 (il o ¥l ST Lea VYYE-/VVS)
4880 V0 ey 3L 10 bolidog 5 o el 85l
I 5 o (i o eVl ST Lea YAYEV/A)
VO Sley 5L 50 aali e jo T35l 1 iS4 S
oty (i) o ¥l ST oo V¥ e\ BY) aids

O



2 5 - &
VoY i) N FO by (50,lowd F (50,lowd IV (50,9 R AN Y
- ?

(ST g sland 0 (BLS Gindigy (195UsS gl s Slilg) (o2 Lol Sleo guas: (5aSilin Ay o -4 Jgur
Table 9- The mean comparison of chemical characteristics of runoff between different vegetation types in unburnt

treatment.
Control Control Quercus Quercus
(30 min.) (15 min.) brantii brantii Characrestics
(30 min.) (15 min.)
6.17+£0.278" 5.83£0.75% 5.74+0.22" 5.940+0.4" pH
0.476+0.017" 0.549+0.034" 0.529+0.077° 0.533+0.33" EC
0.533+0.088" 1.13£0.176" 0.400+0.57°  0.533+0.33 Cl
2.13+0.317° 1.30+0.152" 2.3040.05" 3.93+1.80° Ca
1.50+0.360" 1.66+0.417" 2.80+1.15* 1.83+0.14* Mg
0.435+0.024" 0.492+0.037° 0.534+0.78" 0.548+0.74" Na
0.332+0.14° 0.407+0.24° 0.336+0.12°  0.334+0.28" SAR
0.260° 0.312+0.15° 0.183+0.15°¢ 0.183+0.15°¢ K
1.76+0.088" 2.16+0.218* 2.13+0.433" 1.75+0.028" Bicarbonate
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Extended Abstract

Introduction and Goal

Soil is one of the most important components of the earth and has a number of functions and
ecosystem services that are essential for sustainable life on the planet. Soil loss due to erosion occurs
almostall overthe worldandreduces the productivity ofnatural ecosystems such as forests, rangelands, and
agricultural lands. The present study investigated the role of rainfall duration on runoff and soil
nutrients under different plant species in the Chogha Sabz Park, [lam Province.

Materials and Methods

In this study the amount of runoff was determined in afforested stands (Cupressus sempervirens L.),
natural Quercus brantii Lindl. forest, and control treatment based on the representative stand principle
in burned and unburned conditions. The rainfall simulator was installed in a 2 m2 plot during 15 and
30 min of rainfall with a constant intensity of 80 mm/h. This study investigated the effect of species
type on the amount of runoff, sediment, and nutrients. The basic characteristics, including soil texture,
litter depth, and pH, were also measured and the results were analyzed using one-way variance test and
comparison of means was performed using Duncan’s multiple range test.

Results and Discussion

The results of the runoff study in the experimental plots of the prescribed fire treatment and the
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comparison of the studied species in the time intervals showed that in different intervals, fire caused
an increase in the amount of runoff, so that in a 30-min interval in the control plot, a runoff of 17 |
was produced, which was a significant increase compared to the two stands of Cupressus sempervirens
L. and Quercus brantii Lindl. Also, the highest amount of total sediment in the 30-min interval in the
control plot was 108.15 g, and its lowest amount was 52.64 g in the 15-min interval in the coniferous
species of Cupressus sempervirens L. On the other hand, in the unburned condition, it was determined
that the highest amount of runoff in the studied area was in the 15- and 30-min intervals in the control
plot, with amounts of 5 and 17 1, respectively. Simultaneous examination of runoff and sediment in the
experimental plots showed that the trends in both were similar and that as runoff increased, sediment
also increased.

Conclusion and Suggestions

According to the results of this study, it was determined that changes in the natural areas of the Zagros,
such as fires, can increase the process of runoff production, causing the loss of nutrients in the soil
and changing the chemical properties of the soil. It is suggested that the effect of adding organic soil
amendments or cover on soil, runoff and sediment properties after fire be investigated and simulated.

Keywords: Curve Number, Fire, Rainfall Simulator, Soil Loss, Soil Nutrients
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Table 1- Physical and chemical characteristics of the studied soil.

. _ Soil particles (%) Soil Electrical Organic carbon Specific gravity of the soil
Soil texture - tructur conduction pH (%) (g/em’®)
Sand Silt Clay  structure (us/cm) ’ £
S‘ity'day' 14 46 40  granular 217.9 7.65 0.18 1.25
oamy
50°0'0"E 55°0'0"E
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o e Kilometer

40°0'0"N

Caspian sea

50°0'0"E

Olt g olheske lw! jo subarilae il CouzBgo —) JSCo
Figure 1- Location of the study area in Mazandaran Province and Iran
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Figure 2- Separation of synthetic colour-contrast aggregates particles by sieve (a), synthetic colour-contrast aggregates
on the surface of the plot (b) and synthetic colour-contrast aggregates inside the splash container (c)
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Table 2- The results of surface erosion using synthetic colour-contrast aggregates method.

Soil aggregate Replication Sediment Number SCCA Number SCCA SCCA EA EV EM Sediment yield
diameter P mass (gr) (before rainfall) (after rainfall)  reduction ratio (cm?) (cm®) (gr) (gr/m?)
1 11.63 200 184 0.08 800 80 98 96.92
1.77 2 9.223 200 186 0.07 700 70 85.75 76.86
3 13.232 200 181 0.95 950 95 116.38 110.29
Average 11.36 200 183.66 0.081 816.66 81.66 100.04 94.69
S.D. 2.02 0 2.52 0.081 125.83 12.58 15.41 16.83
1 7.806 200 193 0.035 350 35 42.88 65.05
2.89 2 11.048 200 191 0.045 450 45 55.13 92.07
3 11.106 200 188 0.06 600 60 73.50 92.55
Average 9.98 200 190.66 0.046 466.66 46.66 57.17 83.22
S.D. 1.89 0 2.52 0.01 125.83 12.58 15.41 15.74
1 5.855 200 194 0.03 300 30 36.75 48.79
4.05 2 4.094 200 197 0.015 150 15 1838 34.12
3 5.246 200 196 0.02 200 20 24.50 43.72
Average 5.065 200 195.66 0.021 216.66 21.66 26.54 422
S.D. 0.89 0 1.53 0.01 76.38 7.64 9.36 7.45

SCCA: Synthetic colour-contrast aggregates, EA: eroded area, EV: eroded volume and EM: eroded mass
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Table 3- The results of splash erosion using synthetic colour-contrast aggregates method
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SCCA: Synthetic colour-contrast aggregates, EA: eroded area, EV: eroded volume and EM: eroded mass
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Figure 3- Relationship between observed and estimated surface erosion using synthetic colour-contrast aggregates.
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Figure 4- Relationship between observed and estimated net splash using synthetic colour-contrast aggregates.
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Figure 5- Relationship between observed and estimated total splash using synthetic colour-contrast aggregates.
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Figure 6- Boxplots of net and total splash in various synthetic colour-contrast aggregate diameters.
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Extended Abstract

Introduction and Goal

Soil erosion is one of the most important environmental, natural resource and agricultural issues
in the world. Soil splash is the initial stage following the impact of raindrops on the soil surface,
leading to the breakdown of the soil aggregates and the detachment of soil particles, ultimately cousing
splash erosion. This process is followed by a decrease in soil permibeality, an increase in runoff, and
consequently, surface erosion. Therefore, the accurate estimation of splash and surface erosion is
necessary for the success of soil conservation erosion control and reduction of natural hazards. In
this regard, innovative methods have been developed that utilize photography and image processing
techniques to estimate splash and surface erosion. The aim of this research was to validate the splash
and surface erosion estimates using synthetic colour-contrast aggregates.

Materials and Methods

Synthetic colour-contrast aggregates were initially prepared using mineral pumice particles
and yellow concrete colour. Then, soil with a silty-clay-loamy texture was sampled from the
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Marzanabad-Kandalus road bank, and natural and synthetic colour-contrast aggregates with
diameters of 1.77, 2.89 and 4.05 mm were separated. Surface erosion was then measured in 20x40
cm plots. Additionally, splash erosion was measured using the splash cup method under a rainfall
intensity of 60 mm hr"' lasting 10 min in three repetitions.

Results and Discussion

The results showed that the average rates of net splash for different soil aggregate diameters of
1.77,2.89 and 4.05 mm, were 73.72, 38.73 and 20.68 g m”, respectively, and also the average rates
of total splash were 192.61, 73.97, and 44.46 g m”, respectively. These results indicate a decrease in
the average amount of net and total splash with increasing in the soil aggregate diameter. The results
showed that synthetic colour-contrast aggregates demonstrate an acceptable efficiency in measuring
net splash, total splash and surface erosion with coefficients of determination of 82, 70 and §2%,
respectively. The results also showed that the average soil loss for different soil aggregate diameters
of 1.77, 2.89, and 4.05 mm, was 94.69, 83.22, and 42.20 g m”, respectively. in other words, surface
erosion decreased with an increase in the diameter of soil aggregates on the soil surface.
Conclusion and Suggestions

The results of this study indicate that using synthetic colour-contrast aggregates allows for a quicker
and reasonably accurate estimation of splash and surface erosion at the plot scale. As this method
does not require sampling runoff and sediment from the plot, it reduces the cost of erosion and
sediment research. Additionally, the synthetic colour-contrast aggregates do not disturb the soil
surface and are environmentally friendly. Therefore, it is recommended to use this method for
indirect estimation of splash and surface erosion in field and laboratory studies.

Keywords: Rainfall simulator, runoff, sediment, splash cup, surface erosion
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Table 1- Hydrometric station attributes of the study area.

Station River Area Geographic attributes No. of
(Km’) samples
Height Lat. Long.
Afarineh Cholhol 799.46 800 19-33 53-47 361
Afarineh Mid-Kashkan 6931.28 820 20-33 53-46 223
Cham Anjir Khoramabad 1718.5 1140 26-33 48-14 268
Kakareza Har-rud 1204.91 1530 41-33 16-48 205
Sarab seyedali Doab 797.46 1520 47-33 12-48 218
Pol-Kashkan Pol-Kashkan 3763.76 1000 35-33 53-47 204
Bar aftab Madian-rud 111.37 790 19-33 49-47 211
Poldokhtar Lower 9560 650 1923 43.47 277
Kashkan
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Figure 2- Geologic map of the study area (Kazemi et al., 2022 after Stockline (1968)).

Do oo Caako g (65,9liS wo i aliZa gla iy jo

J-*-L"U)gk-n-AA_’..b)‘b (5°l4)) ; U‘"’))‘j - ‘
NN S

OMBIR 995
b ool allyg; el Ll iaghy cal o
lord CoheS glrazin Jlod Lol 5 00,00l 5o
slol sl ‘Lm)LoT O—.'.‘ FUSEWEWE I W 5 OT
Ol ol e Co o &85 508 &)y (]
S Gyglaez olpl ol el aly o pae a >l
S colae bt Of codeS slvamin g
(TDS) Jsla sl slge IS «(pH) cuslls (EC)
(SAR) mow > e (SO lidy—w
A5 dNaY) o (MgY) o jie (Ca”) oouds
s s (HCO,)ole S o slapys wkale (CT)
5 oKaS el i wo] sleelK ! (TH) s
Ol ye el Zlmeal &l IS ey Al Yo 8,90 SO
loolSinl (2o0T (laosls (5 yslaez 5l R253:

CeiS 59y 5099 U 26T slreysd (v ShS,
5 el BT S el ol s slo] ol
d) 0 olbasgame § OSie (yael g9 4 el
315 ool 00 T ol 51 s sF (slaosli
s ool oz 28l 5 938l 2l slae g0
CoeS 5 CopaS 5 5 (D (e 3 9 sl ]
Jeoul (Yoo w55 sad) conl onls Ll )0 09250 0lge
cslo S ol i K , L35 5] o0 ollla s
)3T 61030l 5 5 Caraslys ooy IS ccSnl Ki
39 i el pforir 5 sz 0 Sl
ST P e 3l Sgzy 5 S 5
5 OhleaS wijle aloz 51 B 055 slawislu o]
5 Sl Gl &y ol 45 0 5 (S35 (sl
(Ve Slalaas) o)ls OF CoieS ki (6 350 1
2ol g allisy b Sy sl i ol 0
sools Sboy slapls o pwl Allu YO Slojy 850 0
e ol 51as olxil a4y s ol cuas
6ok sleeslaul oyliwl 5l 7,5 g U3 jo sl ol

©



Vfey UM} SYO UJLJ db)w Ai db)w AR §2)9°

(S0 3l rals a5 (5 5k 0 jls Ol caS
CBL t 5l o s i ol slos

D9 o ! o Okl
Ja.:‘}w ).«.:L S a LS’L: 5 6LbuT L’L“é”f
L ohbp J—ad j0 a5 (g sba i we sl S0
salS aliee Pl cdalé ooy, o] il
ool JRals b Slis fab 0 45 S50 50 il e
(Ve Glihas) wh oo 205 St O Sl
o\.\.,o] Cawddn ‘;.._m.vp.ﬁ wro 3)‘..\4‘ ‘J.Ja”.‘ Q"‘ o
S0 ddf = N-Y) coliTa >0 g 28 Jgax olael b

20 S 09 ol (sslane s 5 1255 000l oy
Ol o 3 sl ol o pixe wolaiel mhaw
P90 423 b g (oot BIL o piitosin (Siipa ||
Job (pyeS (S jeboas (Yo 2 O (s90g0) 0,5 ool
a0l a8 oyl lay (S Y ()bl 890
S5 (Yo o8 ool de) asil Joud LB o)l mla s
s,k Lo K, L e yesl g Lapyesls Il S o
Soges pb 4y (g 0505 10 1) gy 0uls ooloylid 95 LsS
Sloslw (&8 sl ,las g ladzs 2ds) ol asl)l L

(V) azog g 4ol y
lopl 4 o loges sl 51 Jae g0 51 Limgts sl jo
b LB s sl yo S 5 Jo—i
oS slagzul ) pled (o Slol 55,5255
ol s o bahas sy 1o Jod jlogad jo ol eolaiu]
JUIERIP NI U ONWE SR T V' SEIWIP- FYS{R LY
30 g b oolaiwl i o a4 bgyre o il 5log
99 5log il 5o CVls Shes e oS ail 0
ool ol CobeS Gt i) 0l S50 Ol
w29 Jold Al B (o o SG 9 g0
B2 5 oy 18 Ege scnslials ssin  J3:3 5
30 S ehg Hlogas (Yoo F oolide) 090 punnds s
la- iyl ) (55ysltS ) 5l ! (ot o
S (§3908 j97a 9 (ol (wgeg,Se o
By g S0 50 G L aS el ladlats (o
fj YoV o dlgo)lda‘ 09....4‘5@ uaM p_n.\_».u ).'44 )| S
el 0l 5 s 50l cdawgin (oS dasmolid o e
obj ol ol g (G ail CrSy &ihaie o ST 31
oS 95k gamail bl el bwgie o 5 o5

v &
U’/'V{'(ﬂ(ﬂ’}
. ®

ot CoiS laazin Ll (5 )jslae 5 miwc]
W8S el glagesl ) plod (e o]
Yo padls 5y50 o bl slalo Glojen jelatea,
sl o b 5 5l sl (Lol 5 )90 a5 Al
ool ] sloosls a5 ool 5l ot Cliail gy
@loylol CudS b az g b 5 il (Ko Wb (SUsS
Aglite alox 5l e sla by 5l ooliwl b 59250
ool Lo g cilisee sloolKins! Hlojen Hll (5 ks
e ol oLl e oS oS LS b g ol LS
sz b1y laools G mobie o o oylejlus ale b
Jsbo b slmodls &g o9l 05 0 4045 23 b Jow
el olyen (63b 5 Sl b jo)h 5 clio e
B Loools das,lopm aSees slows g ceaS 4 s axg5 b
s 50 5 lie LS L (SKea Y P J
loo,g8 ol 08 1l (5 bl 3,90 Sow g waiog
el o Jlwy g JwSis slas,go (sole
e 9031 4 dinly ol (ol 5 i yo 45
plril 35z 50 sloosls (59, (y903T ol el bty e
SELS Shg) 99 5l Lesls (Sea bl sl 0t
b s g1) (SBLS e o9, 5 (Gelie py2r (Soi)
@l s @leS sloeysd jlns b eolazul (JIs o505
ool 0l 851l g ySojlail (e usul S o
aS) jul mhaw jo s e wol sl jo xbaw
(39— o0 o (2o Blul plgre-—ay alyg) SISt
el 5ol (Vo oA iy
o s 00 1l (glaasi w0551 Cwoas sl
] el Sy Sl b S50 s 45 .08 Al
aliw! o o anlys 5olol o JlesSas o
(i cpl 50 0 il oy, (20l xSl 0 Slg e
sadanllias juiel bl Jlocas Sl sl

A s (095 1y0) ) dlal) sl eslazul b

> g Oygadiaed) Coul

[x, = xm —exs = xm[l—(excv)]| M)

Slyil 8 daools Kl : XM cll_wl mla ity
i Slo (6w Dl s o OV ‘o)lxt;_:,l
ol ige ole = € (mo] b 5l I wSas
i XO=XM il jao e 5T alal, ol 45 .l
355 Ol oelke 5 (SSLSol Jlesas Sl
VoY Loylss g 9b) i pl s
S5 Dl o 55655 Slagpe; 5l Houe
Sleogas 4 Sk (ol 9 99—b o0 o] (olear g
(S el 00 5 s 900 (151 T a8 (bl paoliyan
CobeS y Fi5e bl ol o S a0l

6oy 58l 5 e 5 ol oy g Jome (Ll i

©



U’/’/TU’ f&}?

oSz asla b ol a i s (TDS s EC) O
Glosine (a3l plowl jliiads s plowl wliilse
k)...l.?v.: 9 laools ul_..o ‘;A—MA—' o~ ‘u‘).u.u &9) d...er»
CotS Cpizmads o oolawl SPSS 13816 5 51 il
oz 5l 055UsS gl o, 3l eolil b 95250 sla Lol
S 5 alises sloolSi sl lojon Lol g,k duglin
b Lol plos CosS oS (ks b 9 3Ly ks slsojlal

b e S5l om0l y5 09y 5 OISAS 05, O Gy
a8l o] oKl 4 yieglS T sgu alols b
5 OBS sesul (e O CoiS plonil s 5 a0
JEER PP SO LW BV WPV E ) S P

PP (5
olKs) (6 5o gS FF 00 alold o pzo b oK

9& ).._‘>0J.' 9 d.u)B‘ Olia.u.u.“ ul.».b alols )o u_..u‘ d.u)B‘
395 obole g Jo—tlz 89; slopb @ oo e AL
FUOWONPPIFTER:| AL W RUWR SOV PRRP LN UL g - TSI
Jelis 00 1ol 3zl 5 @a_w R TR SN SN
YAYZARN (oybe g s IXANSY ‘Gi:a—l LSS T YOI
L Sk S 5 Gloj Olss loe Ll (Gimg3y
5 ok BVl Sk (s Al Jolt jul 20T
Sl @S (i (o 00l WYL (. Sile
o] o Cwoml K iS nsul oo dlale
olo 92 5 5 (20,9,8 &S by lis sy (e wo]
a7V FI il 3 e 0V ¥ Sis b 5
aals 1y (200l 8510l oy 508 g (i 4l o

(Y JSSs)

P (s O gle Gl 1 St O o

303,500 YO+ 5l S EC (Sen 093 L5 sl
ws> ol .aa ChSy dab o 50l e il
ot b slao] LGSy, CrSy, CrSy sl nail o
3CrSy ¢CrSr, CrSy, CrSy sl sail o by
CsSy, CsSy, CeSrslaanls 1o conlinl slacs] as
i C1S¢, CrSy, CrSy, CrSy,

Ail 80 e wail o3kl e aS i bls axgi b
ool Ll 5 i 5 el el o] ot
ollS ol —aSej b0 il b S o dle
05 oolil Ll ol 51 (g 51 Glgioe 5555 & plie
By e 5 gy S 99,90 Jdg—ed (V0 (5394)
S Wl sleda ($5595559,002) (slidimpajn] 5o
Sliske )0 2oys JSday Lol sl ples sl
Sgu o o3lolis (i) s A Jloges g0 50 Yl
650 g Ceol oyl sl (S g sl sl (Ko
o9 oo gy sl Sl

Sdiges slm (paads jlog—ai S 59,93 509
Loyl (goe slosssyl ol o a5 ool O olion b
Sy g g oo o (e 0)ly )b 50 50 Laysil g
Lecnl 2 098l g on ) Sdie 2 (il 5o (bl
Aot 99 ppoinns Al )Gl 59,90 005 31 ool
3,00 0939 ey <! TDS g pH

(ool JlwSas sla Sy Jlod (g cnl )
dolio 5 olonds Sogll s 5llasg, Ol CodeS fes
i plsl EPA g WHO Sl sloajlas b Lyl
e (S 58hg) (650iS ol CoiS o a3 ls
Sy Aeglito 0d (o) 565 (I92) oy Ol o
x> 9 )b i bl o)l g lgil s
Sl o ool ooy, BV 5 L cailale _mo]
e Py a5 dmosls 55 W9, (095 b Wg) (w2
alae bla g0l il 5l aiogr & )le a5 ol oslaul
b 63bls ogesl TS gl o

oS slaalh Slpss Wy, (o) 2 R cnl o

1 - Turning Point test
2 - Kendal test
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Figure 3- Monthly discharge change in Lower Kashkan, Poldokhtar Station.
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Figure 4- Seasonal change of discharge in Lower Kashkan, Poldokhtar Station.
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Table 2- Results of turning point test for annual water chemical quality indices in Kashkan Basin.

Basin Hydrometric Cr SO~ pH TDS
station
Lower Poldokhtar P E Var z P E Var Z P E Var z P E Var z
Kashkan P) P) P) ® @ ® P) ®)
15 18.7 5 -1.68 15 18.7 5 -1.68 15 | 187 5 -1.68 18 18.7 5 0.14
EC SAR SSP TH
20 | 18.7 | 5 | 0.6 | 15 | 18.7 | 5 | -1.68 | 15 ‘ 187 | 5 | -1.68 | 16 ‘ 18.7 | 5 | 12
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Figure 6- Monthly SPI changes through the studied period (October).
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Figure 7- Monthly SPI changes through the studied period (November).
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Figure 8- Monthly SPI changes through the studied period (December).
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Figure 9- Monthly SPI changes through the studied period (January).
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Figure 10- monthly SPI changes through the studied period (February).
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Figure 11- Monthly SPI changes through the studied period (March).
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Figure 12- Monthly SPI changes through the studied period (April).
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Figure 13- Monthly SPI changes through the studied period (May).
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Table 3- Drought threshold in Kashkan Basin.
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drought threshold Xo(m’/s)

Annual

Summer

Spring

Winter

Fall

Hydrometric station

26.8

8.3

44.2

36.8

16.2

Poldokhtar

5 SPSS sla,l33le 5 5l ool b jsul o slac]
S a5 ad ) 555655 slo Juad g leole ,o Excel
el ool oalolis ¥ Jguz (o 5ol Jad s bgs e

99 $3blg 3 (Ko slohg, 5l eolaiwl b nlplo
9 6"“’5‘-}'{’"_‘“‘0 6L®).¢.L~A uL».A u‘f‘j c\.'a.:‘) GOJ_AM
b CoeinS glaazw &l gloiie b

el b 3 Cawd il QIS sl O CokeS 2 0 5 TS ley90 Sl oy p S - F Jgu
Table 4- results of wet and dry spell impacts on water quality in lower Kashkan during Autumn.

=B 2 g E §
= g 8 £ Significance level ) £ 8
QE, £ £ = Equations = é
<= 5 ES =) 5
@] S_ k] 8 o %’
0.01 0.05 0.10 © 3
Sngl -0.59 Sig. Sig. y=-0.1In(x)+3.7 0.35
ca Vet i i i ~0/006 x-+2.7
a spell 0.52 Sig. Sig. Sig. y xt2. 0.27
S];g] 0.6 Sig. Sig. y=426-0.05x 0.36
Mg?* s\;/:fl 0.5 Sig. Sig. Sig. y=52x-028 0.26
Sngl 0.63 Sig. Sig. y=0.11x+0.08 0.4
+ Wet . . . _ 1
Na spell -0.38 Sig. Sig. Sig. y=-032In(x)+23 0.15
Sngl -0.54 Sig. y=5.15¢-0.04x 03
Heo3" s\;]:ﬁ 0.32 Sig. Sig. y=35¢-0009x 0.1
Dry
spell -0.24
o S‘;’;t] -0.88 Sig. Sig. Sig. y=7.8x-0.5 0.78
Dry
wan 002
o2 et i i i —0.007x+09 4
[ spell 0.63 Sig. Sig. Sig. y=0.007x+0. 0.
Sngl 0.54 Sig. y=7.04¢0.008x 0.29
PH S‘;’;ﬁ -0.26 Sig. y=-0.15In(x)+83  0.07
Dry
spell -0.47
Wet
DS o0 0.2
Sl;g] 0.52 Sig. y=7573¢-002x 027
Wet
EC spell 02
S';gﬁ 0.7 Sig. Sig. Sig. y=0.1x-0.16 05
SAR S‘;’eefl 0.35 Sig. Sig. y=02In(x+15 012
Sngl 0.73 Sig. Sig. Sig. y=2.18x-09 0.54
SSP S‘;’;tl 0.28 Sig, y=36In()335 0,08
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Introduction and Goal

Understanding water in terms of quality, quantity and its supply is an essential step towards optimizing
consumption. In recent years, Iran has suffered from prolonged droughts, causing significant damage
to various parts of the country each year. Severe droughts in arid and semi-arid regions caused by
inappropriate human interventions have reduced the quantity and quality of surface water resources
in these regions. Overall, the amount of precipitation, the duration and intensity of droughts, climatic
conditions, and industrial and agricultural activities are among the factors that significantly affect the
quality of surface waters. To this end, researchers have used various indices to monitor drought and
its impact on water quality. Therefore, it is essential to use appropriate methods to study the effects of
phenomena such as drought on the quality of surface waters. This is a tool for water resources in critical
conditions. The main objective of this research was to identify wet and dry periods and the droughts
that occurred using the SPI index. Then, the sensitivity of surface water chemical quality indicators in
the Keshkan watershed during drought periods and their changes over a 35-year period were examined.
Additionally, in this context, the frequency and intensity of hydrological drought events, as well as the
magnitude and range of flow changes affected by droughts in the studied watershed, were determined.
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Materials and Methods

The studied area is part of the Keshkan watershed, covering an area of 9,560 km2, which
accounts for approximately 22% of the larger Karkheh watershed. It is located 950 km southwest of
Tehran in the central Zagros region. In this research, the chemical indicators of surface waters were
measured. Then, the periods of meteorological drought occurrences, as well as the relationships between
these events and the quality of surface waters in Lorestan Province, were determined. To this end, the
chemical quality of rivers over a 35-year period was analyzed using existing quality data from
hydrometric stations, including anions (Cl—, SO+*, HCOs") and cations (Na*, Mg*, Ca*, K*), as
well as other variables such as SAR, pH, TH, TDS, and EC during the common statistical period
(1981-2016). Although there are many challenges in obtaining water quality data today,
fortunately, inthislong-termstudy, thenumberofsamples, datahomogeneity,and the commonperiod were
adequate. Considering that the studied period included normal, dry, and wet periods, the
quality of the research was also appropriate. Additionally, it should be noted that the Water Resources
Development Company, for variousreasonsrelated tovalidation, always publishes dataseveral years later.
Therefore, it was not possible to examine a longer statistical period. On the other hand, the most
extensive droughts in the region occurred during this time frame.

Results and Discussion

Although dolomitic, calcareous, and marly formations play a role in reducing the quality of surface
runoff passing through them, based on the results of this research, the occurrence of extensive and
numerous droughts has also led to an increase in the concentration of salts per unit volume,
specifically, the pH of the water increased from 7.61 to 7.68, and the EC of the water rose from
300 pm/cm in 1981 to 570 pm/cm in 2016, yet it still remained in an acceptable quality class for
irrigation. Using correlation and bivariate regression methods, the relationships and effects between
the independent variables of drought and flooding with the dependent variables related to the chemical
quality indicators of surface waters in the watershed were examined using SPSS and Excel software.
The results of the analysis of anions and cations indicated that their levels during drought and flooding
periods were significant at the 1 and 5% levels. The levels of the SAR, SSP, and TH indices were more
significant under drought conditions. Additionally, the changes in EC levels during drought periods
were significant at all levels.

Conclusion and suggestions

In general, droughts have a close relationship with water crises and the reduction of surface water
resources. Therefore, examining the impact of drought on the quantity and quality of surface waters is
important. Using the results of this research, a better understanding of the factors affecting the quality
of surface waters can be achieved. The results of this research indicated that despite the decrease in
quality, surface waters remain suitable for irrigation in the agricultural sector. It is recommended that
the role of industrial uses and pollutants in surface waters be examined as well. Especially in the case
of stations located downstream of residential and industrial areas, monitoring changes and the type of
pollution is of great importance.

Keywords: Comprehensive watershed management, drought, Kashkan Basin, semi-arid, SPI, surface

water quality
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