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Fig 1- Geographical location of the study area.
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Fig 3- Schematic view of the placement of sub-catchments
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Table 1- Specifications of the sub-catchment in the SWMM model.

Number of links

Number of nodes The number of sub-areas

The eastern sub- areas 32 28 46
The central sub- areas 28 28 36
The western sub- areas 21 24 31
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Table 2- Sampling times of surface runoff in Gorgan city.

Row

Sampling times

1

AN W AW

1396.10.13
1396.10.26
1396.11.25
1396.12.27
1397.01.27
1397.02.04
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Table 3- Specifications of scenarios used in the study area.

Scenario number Explanation

1 Simulation without using LID

~N N bW

Simulation considering the biological retention system
Simulation considering the green roof

Simulation considering the penetration trench
Simulation considering permeable coatings
Simulation considering the rain barrel

Simulation considering the atmosphere of the garden
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Table 4- Values of model performance indices in calibration phase of SWMM model.

Output number The event The level NSE R’ RMSE
Outputl 1396.10.13 calibration 0.75 0.83 0.0071
1396.10.26 calibration 0.85 0.92 0.0016
1396.11.25 calibration 0.81 0.90 0.0059
1396.12.27 calibration 0.73 0.80 0.0047
Output2 1396.10.13 calibration 0.70 0.79 0.0045
1396.10.26 calibration 0.79 0.83 0.0093
1396.11.25 calibration 0.76 0.82 0.0088
1396.12.27 calibration 0.69 0.76 0.0055
Output3 1396.10.13 calibration 0.83 0.78 0.0032
1396.10.26 calibration 0.79 0.85 0.0096
1396.11.25 calibration 0.77 0.84 0.0076
1396.12.27 calibration 0.70 0.76 0.0039
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Table 5- Values of model performance indices in the validation phase of SWMM model.
Output

The event The level NSE R? RMSE
number
Output] 1397.01.27 validation 0.72 0.85 0.0011
1397.02.04 validation 0.76 0.89 0.0065
Output2 1397.01.27 validation 0.68 0.83 0.0056
1397.02.04 validation 064 0.80 0.0096
Output3 1397.01.27 validation 0.78 0.90 0.0042
1397.02.04 validation 0.75 0.88 0.0083
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Table 6 — Results of SWMM model sensitivity analysis.

Row Parameter The amount of changes in the output peak flow rate  Range of changes

1 Slope No significant changes were observed. 5% increase

2 CN 6 %decrease 5% reduction

3 Coefficient of roughness 10% reduction 10% increase

4 Coefficient of roughness 12 %increase 10% reduction

5 Impenetrability 16% increase 10% increase

6 Impenetrability 15% reduction 10% reduction
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Table 7- Descriptive statistical indices of nitrate contamination in runoff the Gorgan City.

Data Exit points Elongation Crookedness Standard deviation Middle Average
Average concentration of events 1 0.97 1.07 1.88 6.96 7.82

2 1.32 1.15 2.27 7.88 8.76

3 1.03 1.1 1.92 7.64 8.38
The series of instantaneous concentrations 1 1.45 1.21 2.04 7.51 8.13

2 0.87 1.01 1.72 8.23 9.04

3 1.57 1.25 2.94 8.01 8.89
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Table 8- Descriptive statistical indices of phosphate pollution in runoff the Gorgan City.

Data Exit points  Elongation  Crookedness  Standard deviation Middle Average
Average concentration of events 1 1.34 1.1 2.83 8.83 9/59
2 1.4 1.15 3.12 9.55 10.48
3 1.53 1.23 1.95 9.21 10.1
The series of instantaneous concentrations 1 0.98 1.07 2.71 8.87 9.93
2 1.57 1.67 2.45 9.63 10.78
3 1.66 1.83 2.96 9.31 10.39
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Table 9- Descriptive statistical indices of BOD concentration in runoff the Gorgan City.

Data Exit points Elongation Crookedness  Standard deviation Middle Average

Average concentration of events 1 1.3 1.02 2.11 22.19 23.27
2 0.79 0.15 3.03 21.21 22.85
3 1.63 1.17 2.34 22.51 23.10

The series of instantaneous concentrations 1 1.17 1.24 1.84 2247 2334
2 0.98 0.74 2.98 21.56 23.02
3 1.22 0.85 2.68 22.18 23.26
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Table 10- Unused LID Status for Different Outputs in 2, 5 and 10-years return periods.

Return period BOD Nitrate Phosphate
Output number concentration concentration concentration
(mg/1) (mg/l) (mg/l)
2 years old 1 24.53 9.62 11.55
2 24.11 10.56 12.44
3 24.37 10.18 12.06
5 years old 1 239 8.87 10.8
2 23.48 9.81 11.69
3 23.74 9.43 11.31
1 23.9 8.87 10.8
10 years old 2 23.48 9.81 11.69
3 23.74 9.43 11.31
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Table 11- Effects of the biological retention system for different outputs in 2, 5 and 10-years return periods.

Return period BOD Nitrate Phosphate

Output number concentration concentration concentration

(mg/1) (mg/1) (mg/1)
2 years old 1 23.35 8.85 10.76
2 22.83 9.85 11.88
3 23.18 9.5 11.45
5 years old 1 22.72 8.1 10.01
2 222 9.1 11.13
3 22.55 8.75 10.7
1 22.33 7.46 9.37
10 years old 2 21.81 8.46 10.49
3 22.16 8.11 10.06

O & b cuiSik g0y90 0 juw pb Slasuin Jlesl
Olyl mls b pll saddalllas godgizee j> dlw Vv g

e ol Sl tpgm (S92 )L
Sllgy CudS p s pb Py Ban gl ol

2y b ooy Glllae gadhie gaw Bk 1 Jeb
o o ol (SwY pess g sl @y 4
o e Olly CutS Cunsy g (2 ()0

&

03> LS VY Jgdo 55 (xdaw Cllsy a8 5 (oS Cunsg

Cw] 005



Vfe¥ ,g“g AL ‘!lg, ‘_gb)loa:) &Y db)w Argd 50,y9°

v &
U’/'%l(ﬂw;
Lo ?

Y| PV AP\ T RSO 51 60399 yo bz d‘lb‘gs)é &l o pb Cly (599 3L Ol 511V Jgus

Table 12- The effects of the green roof scenario for different outputs in 2, 5 and 10-years return periods.

Return period BOD Nitrate Phosphate
Output number concentration concentration concentration
(mg/) (mg/1) (mg/)
2 years old 1 23.21 8.91 10.84
2 22.74 9.75 11.8
3 23.02 9.52 11.37
5 years old 1 22.58 8.16 10.09
2 22.11 9 11.05
3 22.39 8.77 10.62
1 22.19 7.52 9.45
10 years old 2 21.72 8.36 10.41
3 8.13 9.98
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Table 13- The effects of the infiltration trench scenario for different outputs in 2, 5 and 10-years return periods.

Return period BOD Nitrate Phosphate
Output number concentration concentration concentration
(mg/l) (mg/l) (mg/l)
2 years old 1 23.12 8.53 10.62
2 22.67 9.65 11.69
3 23.41 9.67 11.63
5 years old 1 22.49 7.78 9.87
2 22.04 8.9 10.94
3 22.78 8.92 10.88
1 22.1 7.14 9.23
10 years old 2 21.65 8.27 10.3
3 22.39 8.28 10.24
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Table 14- Scenario effects of permeable covers for different outputs in 2, 5 and 10-years return periods.

Return period BOD Nitrate Phosphate
Output number concentration concentration concentration
(mg/l) (mg/l) (mg/)
2 years old 1 23.66 8.72 10.73
2 22.42 9.95 11.55
3 23.11 9.74 11.29
S years old 1 23.03 7.97 9.98
2 21.79 9.2 10.8
3 22.48 8.99 10.54
1 22.64 7.33 9.34
10 years old 2 214 8.56 10.16
3 22.09 8.35 9.9
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Table 15- The effects of the rain barrel scenario for different outputs in 2, 5 and 10-years return periods.

Return period BOD Nitrate Phosphate
Output number concentration concentration concentration
(mg/1) (mg/1) (mg/1)
2 years old 1 23.08 8.59 10.6
2 2291 9.68 11.68
3 23.53 9.61 11.55
5 years old 1 22.45 7.84 9.85
2 22.28 8.93 10.93
3 229 8.86 10.8
1 22.06 7.2 9.21
10 years old 2 21.89 8.29 10.29
3 22.51 8.22 10.16
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Table 16- The effects of the garden climate scenario for different outputs in 2, 5 and 10-years return periods.

Return period BOD Nitrate Phosphate
Output number concentration concentration concentration
(mg/l) (mg/l) (mg/l)
2 years old 1 23.42 8.95 10.81
2 22.96 9.79 11.52
3 23.32 9.56 114
S years old 1 22.79 8.2 10.06
2 2233 9.04 10.77
3 22.69 8.81 10.65
1 224 7.56 9.42
10 years old 2 21.94 8.4 10.13
3 22.3 8.17 10.01
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Table 17- Extracted weights for evaluation criteria using the AHP method.

I Runoff Nitrate Phosphate Maximum Standard
Criteria BOD . . .
volume concentration concentration flow rate weight
Runoff volume 1 1 2 2 2 0.225
BOD 1 1 1 2 2 0.212
Nitrate concentration 0.5 1 1 1 2 0.203
Phosphate concentration 0.5 0.5 1 1 1 0.193
Maximum flow rate 0.5 0.5 0.5 1 1 0.167
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Table 18- The results of prioritizing LID scenarios for the outputs of the study area in the 2-years return period.

Output . SAW SAW TOPSIS  TOPSIS
Scenario . L
number score priority score priority
Simulation without using LID 0.000 7 0.000 7
Simulation considering the biological retention system 0.764 5 0.637 6
Simulation considering the green roof 0.771 4 0.779 4
number 1 Simulation considering the penetration trench 0.840 3 0.848 3
Simulation considering permeable coatings 0.855 2 0.863 2
Simulation considering the rain barrel 0.947 1 0.955 1
Simulation considering the atmosphere of the garden 0.629 6 0.772 5
Simulation without using LID 0.000 7 0.000 7
Simulation considering the biological retention system 0.771 5 0.780 4
Simulation considering the green roof 0.880 1 0.887 1
number 2 Simulation considering the penetration trench 0.757 6 0.764 6
Simulation considering permeable coatings 0.773 4 0.778 5
Simulation considering the rain barrel 0.825 2 0.832 2
Simulation considering the atmosphere of the garden 0.786 3 0.793 3
Simulation without using LID 0.000 7 0.000 7
Simulation considering the biological retention system 0.804 4 0.771 5
Simulation considering the green roof 0.898 1 0.905 1
number 3 Simulation considering the penetration trench 0.569 6 0.576 6
Simulation considering permeable coatings 0.850 2 0.857 2
Simulation considering the rain barrel 0.824 3 0.831 3
Simulation considering the atmosphere of the garden 0.764 5 0.811 4
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Table 19- The results of prioritizing LID scenarios for the studied outputs in the S-years return period.

Output . SAW SAW TOPSIS  TOPSIS
Scenario . L
number score priority score priority
Simulation without using LID 0.000 7 0.000 7
Simulation considering the biological retention system 0.767 5 0.662 6
Simulation considering the green roof 0.823 4 0.773 o
number 1  Simulation considering the penetration trench 0.843 3 0.849 3
Simulation considering permeable coatings 0.855 2 0.861 2
Simulation considering the rain barrel 0.966 1 0.972 1
Simulation considering the atmosphere of the garden 0.656 6 0.829 4
Simulation without using LID 0.000 7 0.000 7
Simulation considering the biological retention system 0.763 5 0.759 6
Simulation considering the green roof 0.880 1 0.888 1
number 2 Simulation considering the penetration trench 0.751 6 0.771 5
Simulation considering permeable coatings 0.773 4 0.781 4
Simulation considering the rain barrel 0.820 2 0.828 2
Simulation considering the atmosphere of the garden 0.777 3 0.785 3
Simulation without using LID 0.000 7 0.000 7
Simulation considering the biological retention system 0.843 3 0.850 3
Simulation considering the green roof 0.937 1 0.944 1
number 3  Simulation considering the penetration trench 0.604 6 0.611 6
Simulation considering permeable coatings 0.852 2 0.859 2
Simulation considering the rain barrel 0.824 4 0.768 5
Simulation considering the atmosphere of the garden 0.761 5 0.831 4
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Table 20- The results of prioritizing LID scenarios for outlet number 1 in the 10-year return period.

Output . SAW SAW TOPSIS  TOPSIS
Scenario . L
number score priority score priority
Simulation without using LID 0.000 7 0.000 7
Simulation considering the biological retention system 0.772 5 0.778 5
Simulation considering the green roof 0.850 4 0.714 6
number 1 Simulation considering the penetration trench 0.854 2 0.860 2
Simulation considering permeable coatings 0.853 3 0.859 3
Simulation considering the rain barrel 0.962 1 0.968 1
Simulation considering the atmosphere of the garden 0.708 6 0.856 4
Simulation without using LID 0.000 7 0.000 7
Simulation considering the biological retention system 0.771 4 0.779 4
Simulation considering the green roof 0.882 1 0.890 1
number 2 Simulation considering the penetration trench 0.751 5 0.740 6
Simulation considering permeable coatings 0.814 3 0.822 3
Simulation considering the rain barrel 0.857 2 0.865 2
Simulation considering the atmosphere of the garden 0.732 6 0.759 5
Simulation without using LID 0.000 7 0.000 7
Simulation considering the biological retention system 0.870 3 0.877 3
Simulation considering the green roof 0.921 1 0.928 1
number 3 Simulation considering the penetration trench 0.628 6 0.804 5
Simulation considering permeable coatings 0.875 2 0.882 2
Simulation considering the rain barrel 0.824 4 0.831 4
Simulation considering the atmosphere of the garden 0.797 5 0.635 6
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Extended Abstract

Introduction and Objective

In recent years, due to the rapid growth of the population, the increasing development of
urbanization and the industrialization of societies, as a result, the hydrology of urban watersheds has been
accompanied by many changes. These changes over time have caused floods and inundation of roads
in urban areas, and on the other hand, flooding in these areas due to the density of population and
facilities can cause severe damages and reduce the quality of runoff. New approaches have been
proposed to manage runoff and prevent flooding and water pollution, and in this case, the development
of low-impact LID is one of these approaches. The purpose of using this technique is to simulate the
hydrological conditions of the urban area before development. For this purpose, in this research, the
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evaluation of quality parameters (BOD, TP, TN) was investigated using the best low-impact development
management practices (LID/BMPs) in Gorgan city.

Materials and Methods

In the first stage, information related to intensity-duration-rainfall curves, urban and land use maps, and
urban development maps were collected for Gorgan urban watershed. EPA-SWMM model was used to
create a hydrological model in Gorgan city and investigate the effect of LID on runoff. According to the
urban development of the region, six options of green roof, biological system, garden waterway, rain,
infiltration trench and permeable covers, with a 6-hour rainstorm were considered with a return period of
2, 5 and 10 years for qualitative analysis using parameters Nitrate, phosphate and BOD.

Results and Discussion

The results of the calibration and validation of the model based on the Nash-Sutcliffe criterion more than
0.5 showed that the SWMM model has the required accuracy for simulating the quality of urban runoff.
The results showed that, respectively, the green roof system, rain barrel and permeable covers have the
best performance in improving the quality of surface runoff in the region by reducing surface runoff
pollutants compared to the existing situation. The use of low-impact development methods in the
region depends on various factors, including environmental, economic and efficiency factors. The results
indicate that all the LID scenarios selected in the research were effective in improving the quality of
surface runoff, but each of the scenarios showed different capabilities.

Conclusion and Suggestions

Even though all the LID scenarios examined in this research were effective in controlling surface
runoff and improving its quality, but with the implementation of the green roof, rain barrel and permeable
covers, the amounts of phosphate, nitrate and BOD compared to the existing situation and other
scenarios has decreased further. As a result, the impact of green roof management measures, rain barrel and
permeable cover has been greater. Finally, it is suggested that in order to improve the quantity and quality
of surface runoff, these methods should be considered in the implementation priorities.

Keywords: EPA-SWMM models, Gorgan, low Impact Development, Phosphate, Surface Water
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Figure 1. A view of the location of Khuzestan Province and Iran.
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Table 1- Cross-sectional soil characteristics of the length, width and depth of the representative gully and their
repetition (ChoghaZanbil)

Width (cm)
Gully Sections Depth (cm)
Up Down
Vertex (/) 100 90 225
. 25 530 150 280
Representative
50 700 280 310
75 680 430 260
Vertex (/) 120 80 70
Repeat 1 25 110 30 75
50 520 140 260
75 840 240 300
Vertex (/) 110 90 140
Repeat 2 25 410 250 200
50 330 210 45
75 640 270 30
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Table 2- Results of stability of soil aggregate in distilled water.

Wet Dry
Soil 1 Ti Ti
off satipe Observed mode Spread (%) Class @e Observed Spread (%) Class 1r.ne
min) mode (min)
More th
1 Some were broadcast 01‘86 0 an 3 5 A number More than 90 2 5
2 Some were broadcast 60 3 5 Corrosion - 7 -
3 Some were broadcast 80 3 5 A number More than 90 2 5
. CaCly Jglowo jo B AIoSS g5loul ol -V Jous
Table 3- Results of stability of soil aggregate in CaCl, solution.
s0il sample Wet Dry Class
1 All the of soil agregate were distributed T.h ? cap ‘cracked‘ but did noF r?solve. It was 1
divided into 5 pieces by twisting beaker.
The lumps were not spread and due to the significant
2 amount of lime (TNV) it is placed in class 4. Only a few were broadcast 4
3 Some clumps remained in the form of coarse particles They were completely broadcast 3
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Figure 2- A view of the state of Choghazanbil gullies.
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Table 4- Cross-sectional characteristics of the length, width and depth of the representative gully and their repetition

(Darkhazine).
Width
Gully Sections idth (cm) Depth (cm)
Down
Vertex (/) 53 63
. 25 494 210 250
Representative
50 490 205 260
75 500 420
Vertex (/) 50 110
25 270 516 300
Repeat 1
50 1160 410 300
75 510 610 60
Vertex (/) 60 36
25 660 140 290
Repeat 2
50 1220 310 490
75 1840 610 490
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Table 5- Results of stability of soil aggregate in distilled water.

. Wet Dry
Soil : -
sample  Observed mode  Spread (%) Class (Tl::qe) Ok:j(e)z\;ed Spread (%)  Class Z::f)
They were They were
4 completely 100 3 5 completely 100 1 5
spread spread
They were They were
5 completely 100 3 5 completely 100 1 5
spread spread
They were They were
6 completely 100 3 5 completely 100 1 5
spread spread
CaCly Jglxo jo AlSE 5,0l wls -F Jous
Table 6- Results of stability of soil aggregate in Cacl solution.
Soil Wet Dry Class Wet
sample
Some of the crack was removed and
4 They were completely spread 3 spread, (30%) the rest became swollen. 2
5 They were completely spread 3 They were completely spread 1
6 They were completely spread 3 They were completely spread 1
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Lack of proper management and proper tillage
and gully expansion.
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Accumulation of salt at the end of the
representative pond 2.
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Figure 3- A view of the state of Darkhazine gullies.
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Table 7- Cross-sectional characteristics of the length, width and depth of the representative gully and their repetition

(Sharif village).
Gully Sections Width (cm) Depth (cm)
Up Down
Vertex (/) 131 40 90
Representative 2 390 230 1o
50 760 400 153
75 570 400 150
Vertex (/) 194 160 45
25 490 390 130
Repeat 1
50 670 550 109
75 1155 912 200
Vertex (/) 184 180 100
25 436 320 150
Repeat 2
50 1090 990 170
75 720 590 100
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Table 8- Results of stability of soil agregate in distilled water.

Soil Wet Dry
oi
Ti Ob d Ti
sample Observed mode Spread (%) Class (rrllriI:; HTZI;:: Spread (%)  Class (r::le)
Th
ey Were 90 3 5 A number 90 2 5
completely spread
8 A number More than 30 3 5 A number 100 1 5
9 A number 60 3 5 A number 100 1 5
10 A number 60 3 5 Complete 100 1 5
CaCl, Jglxo jo Lalas g,lub -1 Jous
Table 9- Results of stability of soil aggregate in Cacl solution.
Soil Wet Dry Class Wet
sample
7 They were completely spread 3 They were completely spread 1
8 Some of the lumps spread (60%) 3 Some were broadcast (50 %) 2
9 They were broadcast in 5 min - They were completely spread 1
10 In the wet state, it started to dissolve in 90 s - After 3 min, they were completely spread
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Figure 4- A view of the state of Sharif village gullies.
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Extended Abstract

Introduction and Objective

Today, the destruction of natural resources is one of the most important and serious challenges
facing development programs. Soil erosion is among the processes that directly and indirectly
threaten our country’s soil and water resources. Water erosion appears on the earth in different forms,
one of the advanced forms of which is the gulies. Gully erosion is one of the important processes
of soil destruction, which in different climates causes significant soil losses and the production of
large amounts of sediment. The purpose of the present research is to investigate the morphological
characteristics of the gullies of Khuzestan province and the role of its influencing factors in the
expansion of the gully areas.

Materials and Methods

First, by collecting available data and comparing it to satellite image and other data, the province’s
gullies have been defined. The first field visit focused on verifying the integrity of these areas and
correcting the gullies boundaries. The total area of Khuzestan province approximately is 64000
km?2 in the dry desert climate, and more than 33,862 ha of it is under the influence of gully erosion.
The hot semi-arid climate also covers approximately 12,1% of the province and 16,116 ha have
experienced gullies erosion. After determining the area of gullies and dividing the areas above
and below 500 ha, due to the difference in appearance, topography, and vegetation, 2 and 1
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representative areas were selected from the hot-dry desert and hot-semi-arid climates, respectively,
and 2 replicates were selected from each representative. Longitudinal and cross-sectional profiles of
representative and replicated gullies were drawn and after soil sampling, all morphological features
of the gullies were measured.

Results and Discussion

According to the results, most of the gullies of the province have been created in the plains with
a low slope with deep soil and loamy sand texture, silt or silt loam with pasture, and sometimes
agricultural land and U-shaped cross-section. Darkhazine and Sharif gullies, with 1260 and 912 c¢m,
and Darkhazine gullies with 420 cm value have the maximum width of top, bottom and depth in the
cross-section of 75%. Also, the gullies of Choghazanbil, Darkhazine and Choghazanbil with values
of 30 cm have the lowest depth, top and bottom width in the cross-section area of 75%. The overall
profile is scratched, and in terms of depth class, they are in the category of medium-deep gullies with
a vertical top.

Conclusion and Suggestions

Intrinsic characteristics of soil, formation and geological type, climate, intensity of rainfall as
natural factors, and destruction of vegetation, land use change and the lack of proper management,
unprincipled road and bridge construction operations, construction and installation of oil facilities
and electricity bars as human factors have played a role in the process of gully expansion. However,
the diversity and change of the number and degree of influence of different factors from one point to
another and the difference in their participation in the formation and expansion of the gully are
based on the environmental conditions of the land. These conditions require that more research be
carried out to identify as many factors as possible in the phenomenon of gully erosion and their
participation in the formation and expansion of this phenomenon in different places and with different
environmental conditions.

Keywords: ChoghaZanbil, general profile, land use, morphoclimatic, soil erosion
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Table 1- Frequency distribution of respondents based on age.

Age Abundance
25 years and younger 64
Between 26 and 45 56
Between 46 and 55 59
Between 56 and 66 53

66 years and older 52
sum 284
No answer 1

Percent The cumulative percentage
22.5 22.5
19.6 422
20.7 63
18.6 81.7
18.2 100
99.6 -
4 -
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Table 2- Frequency distribution of respondents based on literacy level.

Education level Abundance Percent The cumulative percentage
[literate 48 16.8 16.8
Elementary 104 36.5 53.1

Middle school 71 249 78

High school or diploma 33 11.8 89.8

Academic 21 7.4 100

sum 277 97.1 -

No answer 8 2.8 -
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Table 3- Frequency distribution of respondents based on main job.

Main job Abundance Percent The cumulative percentage
Agriculture 159 55.8 55.8
Gardening 37 13 68.8

animal husbandry 52 18.2 85

Other cases 37 13 100

sum 282 98.9 -

No answer 3 1.1 -
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Table 4- Frequency distribution of respondents based on the amount of agricultural land.

Agricultural land (hectares) Abundance Percent The cumulative percentage
Under 4 hectares 214 75 75
4 to 10 hectares 50 17.5 95
11 to 15 hectares 20 7 99
16 to 20 hectares 0.7 99.7
Upper 20 hectares 0.7 100
Without land - - -
No answer 4 1.4 -
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Table 5- Frequency distribution of respondents based on monthly income.

Monthly income (Tomans) Abundance Percent The cumulative percentage
200,000 and less 54 26 27.2

Between 200,000 and 300,000 120 49.1 78.7

Between 301,000 and 400,000 52 11.2 90.5

Between 301,000 and 500,000 44 7.4 98.2

Between 601,000 and 700,000 3 1.1 99.3

Above 700,000 2 0.7 100

Without land 272 95.4 -

No answer 10 4.6 -
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Table 6- The amount of respondents' participation in different levels of participation.

Participation levels Very little Low Average Much TooMuch None No answer
Consciousness 52 40 46 62 60 47 20
Decision 40 49 61 21 15 88 11
Performance 51 36 60 30 18 89 7
persuasion 10 14 52 72 98 21 18
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Table 7- Frequency distribution of users based on their participation in watershed management projects.

Participation rate =~ Abundance Percent The cumulative percentage
None 15 53 54

Very little 24 8.4 14

Low 29 10.2 24.4

Average 122 42.8 68.3

Much 69 24.2 93.1

Too Much 19 6.7 100
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Table 8- Correlation table between the variables affecting participation and the participation rate of users

Variable scale of measurement  The correlation coefficient ~ Sig  The correlation coefficient
The amount of media use sequential Spearman 0.000 0.287%%*

Income sequential Spearman 0.001 0.189**

Age spatial Spearman 0.798 0.0.015

Level of Education sequential Spearman 0.024 0.141*

main job nominal Chi-square 0.464 Chi-2.38

* Significant at the 1% level
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Table 9- Multivariate regression for the dependent variable of users' participation in watershed projects.

Variable B B T Significance level
Use of media 0.79 0131 2.009 0.051
Level of education 0.008 0.044 0.844 0.5

The income of the beneficiaries

0.785 0.059 3.013

0.004
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Introduction and Objective

Lack of awareness of rural people is the main factor in the destruction, erosion, and change of
natural resources. Therefore, rural development programs should be pushed towards participatory
management to preserve and restore natural resources. Modification and change of behavior is done when the
beliefs of the rural community change. Most people believe that preserving natural resources is one of the
duties and powers of governments. But the fact is that sometimes these interventions have been destructive.
Since the development of human resources is one of the basic principles in participatory management, And
participatory management in rural communities is implemented at an optimal and effective level when the
gap between the past generation and the rural youth can be resolved by developing education in the field
of awareness regarding the correct handling of natural resources. the first step is to develop and improve
the awareness and knowledge of human resources through a change in behavior, attitude, and individual
skills. The infrastructural limitations of villages and their limited access to education and communication
facilities make educational and promotion media one of the most important means of transferring
information, knowledge, and skills to rural people.
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Materials and Methods
This research, using the survey and documentation method, try to investigate the participation of
residents of watersheds in West Azerbaijan province (Takab, and Shahindej) in watershed management
projects and identify the most important influencing factors. The samples were selected using stratified
random sampling and the data collection tool was a questionnaire. The face validity of the questionnaire
was confirmed by agricultural extension and education experts and watershed experts, and its reliability
was estimated to be 82% using Cronbach’s alpha.
Results and Discussion

Multivariate regression analysis with the combined method showed that income, education, and the
amount of media use are the most important influencing factors in public participation. Also, there is a
positive and significant relationship between the influence of the media and the active participation of
the village people in watershed projects.

Conclusion and Suggestions

Therefore we conclude that, the use of educated rural youth to produce, publish or use the media can
significantly contribute to increasing the participation of villagers in watershed management projects.

Keywords: Effective factors, Influencing factors, Media, Participation, Watershed projects, West
Azerbaijan
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Figure 1- Marl formations of Semirom region.
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Figure 2- A view of the sampling areas in Semiram (Khafr village).
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Table 1- Characteristics of the selected marl area of Semiram (Khafr village).

Row Selected Location Longitude Latitude
marl area
Khafr village, surface erosion 51°¢317¢50.6” 31°¢02¢5.7"
1 Semirom Khaft village, rill erosion 51°¢317¢50.5" 31°¢02°¢5.6"
Khafr village, gully erosion 51°¢317¢49.8" 31°402°¢5.5"
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Table 2- Erodibility condition of marl lands in Semiram city (Khafr village) in surface, rill and gully

erosion using BLM method.

. Score L. Score
Description Surface erosion Description Control (no vegetation)
Movement of soil particles 11 Movement of soil particles 13
Surface litter 10 Surface litter 12
Surface gravel 9 Surface gravel 11
Pedestal erosion 8 Pedestal erosion 13
Rills 6 Rills 7
Flow effects 7 Flow effects 9
Gullies 3 Gullies 8
Total score 54 Moderate Total score 73 Severe

. Score o Score
Description Rill erosion Description Control (no vegetation)
Movement of soil particles Movement of soil particles 13
Surface litter Surface litter 8
Surface gravel 11 Surface gravel 16
Pedestal erosion 7 Pedestal erosion 11
Rills 9 Rills 17
Flow effects 12 Flow effects 13
Gullies 1 Gullies 2
Total score 55 Moderate Total score 80 Severe

L. Score o Score
Description Gully erosion Description Control (no vegetation)
Movement of soil particles 13 Movement of soil particles 16
Surface litter 9 Surface litter 10
Surface gravel 7 Surface gravel 8
Pedestal erosion 11 Pedestal erosion 12
Rills 7 Rills 9
Flow effects 5 Flow effects 11
Gullies 3 Gullies 4
Total score 59 Moderate Total score 70 Severe
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Table 3- The results of variance analysis of soil physical and chemical parameters in three types of surface, rill and gully erosion.

Mean squares

SOV df pH  ECe(dS'm %N  P(mgkg) K(mgkg) SAR  %OC  CEC  %CaSO; %TNNV %Sand  %Silt % Clay

Repetiton 2 0.006ns  033*F  0.007*  456*  2446%*  0.02% 0.006** srv** 0001 ** 68.05%F 363% 68.10%* 5].25%*

Erosion 2 025*  0.79%%  0.003*F 19.00*% 4051 *t 090** 003* 152% 0001*F 350* 84.00%*F 28.00** 16.00**
Error 4 0.024 0.002  0.0001 0.06 135 0003 0001 0005 00001  0.011 028 0.09 0.053
cv 1.73 10.07 10.13 10.10 1000 1160 1017 1000 1030 1000 1070 1000 10.01

**:Significant at 1 percent probability level
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Table 4- Mean comparison of soil physical and chemical parameters based on LSD test at 1% probability level.

Type of erosion  pH ECe(dS/m) %N (mgkg)P (mgkg)K SAR %OC CEC(Cmolkg) % CaSO; %TN.V %Sand %Silt % Clay
Surface 7.54b 3.20b 0.04c  10.00c 31500a 1.55a 0.35¢ 1371 ¢ 0.02a 46.40b 13.00b 47.00b 44.00b
Rill 7.30b 290¢ 0.05b  12.00b 310.00a 0.83b 0.48b 15.11a 0.01'b 46.06b  500c 51.00a 40.00a
Gully 811a 390a 0.06a 15.00a 249.00b  045c¢ 0.56a 14.62b 0.02a 4840a 15.00a 45.00c 40.00a

sl 2oy S5 grbaes 30 LSD (5051 b lacglis (49505 o cine (goaid sl «ygi S5 )3 ailies glacd ;>

The same letters in a column indicate that the differences are not significant with the LSD test at 1% level.
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Table 5- Pearson's correlation coefficients between some physical and chemical characteristics of marls
with vegetation factor.

Canopy Cover EC SAR CaSO, CaCO; Sand Silt  Clay
Canopy Cover 1
EC 0.63* 1
SAR 0.63* -0.35% 1
CasSO, 0.86™ 0.74™  .0.23™ 1
CaCO; 0.29* 0.38" 0.36" -0.2"™ 1
Sand 0.88" 0.81%* 0.03™ 0.88* 0.08™ 1
Silt -0.15™ 0.04™ 022" 028" 080" 036" 1
Clay -0.18™ 0.17" 0.08™ -0.23™ 0.88* -0.29™ 0.88*

Sl gre Solay 995 : 1S A 5 A0 Jleis] mhas ;o 0 ge o iy kg
* and **: Significant at 95 and 99 percent probability level respectively, ns: no significant.
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Table 6- Plant species of selected marl area in Semirom (Khafr village).

Type of Plant species Plant family
erosion
Cousinia cylindracea Asteraceae
Astragalus cephalanthus Fabaceae
Surface Gundelia tournefortii Asteraceae
Heliotropium europaeum Boraginaceae
Centaurea virgata Asteraceae
Euphorbia sp. Euphorbiaceae
Astragalus cephalanthus Fabaceae
Ephedra sp Ephedraceae
Rill Heliotropium europaeum Boraginaceae
Cousinia cylindracea Asteraceae
stachys lavandulifolia Lamiaceae
phlomis persica Lamiaceae
Gundelia tournefortii Asteraceae
Centaurea virgata Asteraceae
Bothriochloa ischaemum Poaceae
Elymus gentryi Poaceae
Gully Ephedra sp Ephedraceae
Gundelia tourneforti Asteraceace
Cousinia cylindracea Asteraceae
Cousinia bachtiarica Asteraceae
Scabiosa flavida Caprifoliaceae
Poa bulbosa Poaceae
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Table 7- Vegetation characteristics by growth form and type of erosion in Semirom region.

Density composition

Canopy cover composition (%)

Litter Gravel

Mean

Type of (%) Mean Annulas  €anopy
erosion Grass  Forb Shrub density(/mz) Grass  Forb Shrub c‘;‘;/i; (%)
Surface 0 75.50 27.30 0.73 0 3690 34.20 27.00 2.22 2.06 42.80
Rill 0 44.60 34.00 0.47 0 6580 19.10 13.80 1.20 1.65 3.40
Gully 16.80 78.90 0 333  30.0 456 0 16.90 1.95 6.45 26.20
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Figure 3- Dominant plant species in three types of erosion in the selected marl area of Semirom.
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Extended Abstract

Introduction and Objective

Marl lands are very sensitive to erosion in arid and semi-arid regions and are one of the most important
sources of sediment production. Research has shown that there is a relationship between the geological
characteristics of marls and different forms of erosion. In some marl formations, rangeland plant species
have grown and stabilized which causes erosion control and soil stability. In order to better understand
the status of these ecosystems, this study was conducted to identify the established plant species on marl
lands and investigate the relationship between vegetation and physical and chemical properties of marl
soil in three types of surface, rill and gully erosion in Semirom region.

Materials and Methods

Semirom is one of the marl regions that was selected for the current study in the classification and
determination of marl erodibility indices of Isfahan province. In order to evaluate the erosion
condition in three forms of surface, rill and gully erosion, BLM (Bureau of Land Management) form was
completed in the same marl units and areas without vegetation cover. In the next step, three soil samples were
collected from 0-20 cm depth in three repetitions in marl units including three forms of erosion.
Physical and chemical soil properties including texture, EC, N, P, K, SAR, OC, CEC, CaSO,, pH,
T.N.V and CaCO5 were measured. For vegetation studies in the study area, after preparing the floristic
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list of plant species, vegetation characteristics including canopy cover percentage and density per plant
species, as well as the percentage of gravel and litter were measured and recorded. The statistical analysis
of the data was done as a completely random design using SAS software and theaveragesof soil properties
were-comparedaccording to the Least Significant Difference (LSD). Correlation analysis between soil and
vegetation characteristics was also done by R statistical software.

Results and Discussion

The results showed that in terms of erodibility, Marl lands with vegetation cover, had a better
condition than without vegetation. The soil in the gully erosion was in better conditions in terms of nitrogen,
phosphorus and organic matter and had better vegetation than the other two types of erosion. The
results of correlation between physical and chemical soil properties and vegetation showed that the canopy
cover factor was 95% and 86% correlated with the percentage of gypsum and the percentage of sand,
respectively. The dominant species which showed the most protection capacity against erosion in surface,
Rill and Gully erosions were Astragallus cephalantus, Cousinia cylindracea and Elymus gentry with 34.2,
33.3 and 22.05 percent of the highest combination of density and canopy cover, respectively. In terms of
growth form, in all three types of erosion, forbs had the highest percentage of density and canopy cover.
Conclusion and Suggestions

The results of current research could be considered as a novel achievement in order to prevent soil erosion
through establish appropriate species in marl lands with similar climatic conditions.

Keywords: BLM method, marl, rangeland plant species, soil conservation



e
gt
%

. ° R pabas
53 /')/'{.TU’ g Jﬁ)/ Q&jﬁ
L/ 9 2.8

Py 4 Y AT VT A
JIGW&JJII!L:GJIT!J—E/V/ G i T il

YAAV-Y YA iU

Wl o 30 Jbst b o 40 (STl 9 G g (Floj O ki
237 8L S 3T Sl iy 40 O 9 gy

Yool cblaae Bgi y * 4l 9,0 s salgdlis & als asyus
Ol 5 cmpte o oKty (b lio (0aSutily (gylaj5ul iz g pole (685 (ol - )
Olxl 498 (pte Cas oy (rbplio (oaSiily gl (pwdige 05,5 il — ¥
Olrl ede)l (el g oKl b lio g (55)9liS” (g0aStily (ol e (g01Sitinghy e g (ambilio 09,8 ot - ¥

Lo (5005

Gud g doddio

2 bohig SB Gl sbao sl 05 sln Ol (Sanlo Gl 5 S Sl (6551 51 —al5T
Gblie i o5 alols Jdoay ;55 sbyo el jo el (6500 e laole yo By i gy (5285 L
5 Somo By Gy (ol glacy po Jleel o ok (Sanled dele 05505 by a8l 5 SbnsS
Jlesl b ol (Sanle b ele Gl 5 (Gloy Dl (o) 2 Baa b (g (nl bl (nl 2 o0)li ) 5Y 2o
S5 hpelin 33 sl el S Sl G 0 B i (Sl 2

o sog) 9 Slgo

(S gip) Ao oS 1 0F sdilale  Si )b slvosls iVl 5 Lad ilals o)L Sassls,d Jole o ol
Al Y-V0 (bl S e 090 L g lol sloasli Sl 5,585 (—slidlgn Glojls 51555 sy 5ol S5
o9y Sleslaial b calizes gloj slaasly jo L (Saulw,d ga¥ a0l S9! ez (VYYD-1YA9)
765 RMSE) oz wlas o 0Sloe sai; b Lo o 5l gt (S8 jite b S 5557 )bl (e
Jyaze jlailale By (idgy Y s o ooliitul i (hg, GBSl g (b)) a2l (o S sene lyiets
i 2ol b Sl sais 3 445 MOD10CM

gy 1o g3

akhaledi@modares.ac.ir : (Syg pSII o LK J gimnn

L ohl Sanlep G 5 Gloy Dlpis NF4Y ) woljsabas cg (lingealls g (> il
VA0 Y (s loseel slopiagh 5 by sl Slnl Gide yo B gy (ol g o Jloel
10.22092/WMRJ.2023.359311.1484 :JUyzud (gamlns

INEAREREA -+ PP URL SRVELTI SRR TP T IS SRTRTAN SO 7 T AL SRR /) QECH FCP TR
AG Ve glaasao AF-Y 0L VF olo go)leds ¥ go,leds YF 50,50 VT Y Jlu s b yul slo gy

OBy © o bl (or @lio 5 55,5LaS (590] 5 Slagion 55 5 3 il




VF+Y ,g‘lg A ua”l.g ‘sb)w &Y ‘5::,1.«.;3 Ard 50,y9°

v &
U’/'V{'(ﬂ(ﬂ’}
. ®

U550 YOFISY byl 135 sl o el il i 5o 4l ol (Sotslod ke 0Siloo (50310l il ol
a Yl b Sanle By (i be ol oo Jleel bas I o wel e sy el LS o Lo
i 50 e 5 3yt o (SRSl iz il lS el JiSe s st oo J5iSe T /O
2 ks Jose VEYIAY g VEAY cos ja) a¥lw ol (Sanle? Jole (S0ka o5l 0 e85 0 it
ol gy Jlael b ailale b Sanlus b el sbooslail oy i ol 1 g3l s |, (el LS
sonlie Cels JiSa 5 2o oo o550 YOIOF YOIAY TVITY b 1l oss s palsi 5 ST e oo 50 LBy i
i 5 oLl Sanled ol Ls b laugie gladils o on anlllas gdilaie corlus 51 VYA b,k 5l
ssbiiedy Sl (slapladl ol gl calisee sblie gaiodyl jo wilgie a5 g 555 sbyo el S5 Jlods
5 08l Ggusy alsi 5 SB Liglad o3l 5 oLl (Sanlo,d Lele 5l ials

ol 9 (5 o5 e

595 31 e 5 cilis sladab 5 Waole ;3 b (Faulss b logi 45 S Gl on ig3 nl gl ulwl
L Billae ool anlllae 3blis 35T )0 Gl (Sl 3 slaojlal o yiion (nlplycul Jlow Job 50 (2L S
SE b2 sl Sl slagle 5 el (DY gazme culls g 2BlS) (65,505 sle cled Lol slag e
a5 ol lad 33 by sl Shn Slnl Gise e ol (Sl b G g (sl g0 Sl
s3I 1 Gohate o b a5 5501 sl ol il (gla i b aSla 51 calises sblis s g0l o Sy
ssbar 5 s Y3 95 Ll Sl 5 sl e Bblis & ol beS 5 St Bblis I codlil Sy
Sy @bl Giegd ool )0 rlple el oas 3l (nl o oLl (Sanle$ el cel iy 3blie 0 By 0%
Sl o (LS s 05155 5 s9a sanpbey ol o B Gidsy (ol ps Jlesl b il (a8
g5 Sl (6l (55,9liS s ) 0354 (e Sialel Gl saeli g Gl e ool (6l (s ol L s
el wlg ddlaie o ol cunlie DY gaxe

el G e oyl (Faialuyd (@asli By by gl ol (o (S 53906 1 gaulS (4551

Ao 0

Ohles 5 (5 050 50) Wb oo Gl Gl 8 s
et ssbaiats b 31 (36 el 85T (7T
S cbla> glapladl s Slos dguge g S ol )8
9 Sl Cgm) A (S 28 pam 53 e o
Wi oo Fyobyoa s bas Sw)b sl oleeasay o
U‘)M 9 C‘) AR u‘)ls_o..h 9 6)‘0)9>)J) ..\_...JlJGA

(&AV-YY
S oboarls LB o Vs eme Ll Sanlow s
9998 Ol sl (SH)L sla Sy » (e
S iolw,d 0,60 5 sl Jas 5l slos 8 gasals
o8y ,00 Sl gadolas soolgils slo Jow o594
oo ol g me a5 i g (USLE) SL=

095 93 4 ol ) Ol (Fanlo B glaasl i

e 3 Tobe laalins 5 (So S ol B o)l
S Olsieds iz 5 Sel 5yl05l 5 (555l 0
2 Gasre Jole S g oolatil s eloial ppe JSCie
OIS g3 45 el G slupgr 0,5 )15 g ool (2L )
w sl o)l Jlisa dlide sloiags bl b
YN0 by g SBolo) s )] il JBlo>
Gl B plpl (Vo VA Ol en g Ldagyosalls
ol s ol (Sl d 5l b SLS
545 7m0 S Sliedr FSanlw b oS ol TS
5SS (oo oo pglie (695 lyed s iyl
Ao 3 e dlyear Sl (ool laale o
D) Sl oo laday S goanyl b Lo ol
Sebas (Yo Ve LIS ad g (6,—ucS V2 V7 o Sen 4
oLt (Sl p s Jlow 5l loyes o azpliz (IS
Wb ol e g S e lagdaw (ol ol

1 - Rainfall Erosivity

2 - Soil Erosion

3 - Universal Soil Loss Equation (USLE)

4 - Revised Universal Soil Loss Equation (RUSLE)

O



U’/’/TU’ f&}?

O 5 (gomms) wad (o0 &) B B (59, 0L
o pSoll ol 55900 L (Sonlep asls
dJaL..A o L;?L._wd).v ‘slgoli._mﬂ o d)_: ‘ru.a)
G o8 Sl Ly s 5 90 5 (GliinsS
3 590 3l i 00,5 5l Cudgasme (5 Sl
oS Sl sy xS ojll sla by, b aslie
PaeS sau g ol Sre o By idy mhaw
052 3 J) Sl Faiesge 0358 bl (285
Go)lsale DY g amo 4y g5 o A Lax QT BECRRA
J5bas 5 5,5 0,2l MOD10CM ¢l L MODIS
9 JLMQ NEAR! U‘)Mj (G0 NEAR! u‘)&w
(VYY) Sen

Jole Slojy 5 (S Sl 55, )bty sl ee
Lsly ol yo el oads ploeil Lss yo o)L Sanlw)s
VA oools sloslai wl L (Yo VY) o) Ken g —Solo
9 ‘;lia g.J‘).u.u “del-ﬁ-ha}‘j—@ uLo)L..u é)l.i)u‘)l.‘ Oli».ua)‘
w5355 sty ol 8 i (Tl b Jole e
sojlasl o iy aS ol lois iegh ol mmls
2 sk J53lSe FIVE § VDY ol (Sanlwb
ekl g JHl ol o i ey Jlo el LS
S 5 o hee Jgsl8e /TN 5 /Y (T S
D90 uL..a...u 9 LSLQoli._m." o w).nb JL...J celw
lrols ;o 1L Sanle 3 gojlasl o iy ass o
M;T ols B UT uJ).A-QSj )...0‘5.' 5)....ol_..u\b cu,u)l.n
S Wg, (Yo VY) —Bolo 5 g9l aboval i
L olel 5o @) olhl oaasl VA o ol (Sala )
s wo,S fdow g ol dlw VY Slej (so,90 L
5 eVl ol (Sanle,d asg, ols lss uagh o)
BYS A ST E - T S TRUIPNW TR .V L S VY | PN
Sl B ele Gl Ot Gz ool L2l
oliu..u‘\/’ Ls‘)" (Y’ \;) Q‘)&Q&jt_??h"o LS‘LL*—“’j‘L’
W) oy J_w Y- Lg)Lo] 60)5¢ )d )9_..5 Ao e
Sk Jole Sleo sy ol lts bl
S e cle e (@ VENY jeis o asYle oL
u).cus,o O O9>g0 6[.&0&......4‘ 9 M] Cowdds Ceelo
&9 (Jrls by @ S) Ho—a8 Jl—b g
Sollwl) ;525 sz 5 655 0 Gble ool
Ao S g e o S (o2 9 el Lo
sl 1y yeas o aVle oL Sanled Lle
Sz ohl (Sanlod (1Y) olylon 5 sl
5&3&; 9)3])_,)5_;’;59\" o oli._m.'\\”?\'() 6‘).: ‘)

&

el b gl (Saile B (G g Sloj Ol s

Sk Do b i 55l p e slaasls
(ol e 53 bl g sl (S slaasls 4
Ohe 9 V5ol VN7 () San g 800502) 35" e
@Ak Sk Dad 5 IS a4 Jsleg,S o (VT
Silod asls om0 bl g90 o by (—iix
b asls jlaiws pl OMSie 31 (So aigd o ool
SloelSi ] 5 S5, o S Vb Lol 4 5L
Pt 3 st Gz oS el JIS0L 4 e
SaeYsb Sl losgs sl ogata; Lis bl
ool ol (V1D e 5 wsSLL) 5,105 3525
Sl g osls 5 e aS la ezl 5l 6,500 (gatws
oolainl b sl yjay g ol ddlaie ;o (L o yiws o
Wlosds 8 yme g o dmsloms ()1 ailys, Lol
2 VVY hSen 5 (J V10 phoge 5 (5 S)
oL (Sanle b glaarls ol sarmlre sames
labais sloojlil fas 5 (2ol laoliial 5o
10 #l8 sl wosts anlllas gailaio JS 4 o asls o
Sl Olsedr g conl bl 3 )b sloa o gans
SB cblis Sllee Sloilr 5 gt Caslsl 5 bl
Ol 5 Ld (69) 9900 Jlo—day calize Ll sl

Y-YY leio.m 9 O.:.uaou} AEAA
ool e slaghs 5l 08 soolitul (yizeen
Sl Sen sloatss gand sly 08 5 slasss,
S50 ere LS S o3l (9381 A el
Eo19) Sl 0 dz g3 S Wiged (lad CuaBye & diges
Gy aS ol 51T TY ol VY e
SlrsS Gblie ;5 oz lahin,) 5l sote
W5 (Slg ) (GELtol Gl rsls b e
b ) 5 Gl b iy, daglssel sadis o
O T S35 B 3979 e 9 )0 (2l
laoykad 9,55 5 hlis yo (Su5d Jule G lyeas
Jos Ol (Sonle g 008 Gals s S b b o)l
Ol Sy Sl 5 By iy 500 By 5108 o
et aily bl jo (oulbidol (bl sl S35 5|
eole ;o g9, cpl 51(YoV - oK § SI5) .x_;.ﬂsa
59 Sl 00l odligy By (galwgdy (e o A5
D8 5 S 3,55 S s b Wilgs ei oL Jes
ot 4z STk o a5 L (L (Sonle
Ll gl oo SI s pdy il 1als 4 e S p
Loy slaom)p 3> S (Sojen @ o ol o 2
P Bp Gibg plg 09D dz gl s g pdy el B o
oS glvole jo a5 oz o Jloel b (Sunla
37 Y33 5 Vgaro Sl B slodndiyy (e ela
ol 0 Jad sleml o e g Sl B 9 5l pa



VF+Y 5mb I by g0 b F (go5lowd FF (58,90

2 4 S5 Gl oa latagly nl @l (bl
slay, cold s (il Sl ey Sl pss
ol ol Gl ala b g —als ( caolidl o ae
Condse) Sl ol b Shya azgilago)l
Sllal wdlaie jo 50 (b sy bulys g oLdla
Sl SIS ol ass sagd 5 Gloj 5 GKe Dl
Sl Gl ,aly sl daoe Gl jalip 4
O by il S Srl e 59 .0, 5 salgs
oo ) Gl 5 5l slodad o i o)l
aS ol 05294 5 Conl prio (e g (yloj 5o o)l (ol
SlrsS Gble (i (Saw alold (5 yiaS Joay
Jole 091 yoa8 51 ade cnl o (o p &Sl 4
el sloca o Jlosl ga ol (Sonlw 3
L Giogh onl cnlplo ojls ol gl Gy i bg
Sanlwd fle Gl 5 Glojy lyis b5, Sas
2By gy (ol o po Jlasl 5l e 090 (L

B Giaeby )35 slye il Sl i

09y 9 Olgo

ooy dxdllao gl Coxdgo

5 osaS o ylss JolS” Giigy b 35 by el
DM gl izl 4zl s el 4 ol
psde)d soul 4 5y il 5 (o)l els el 5 635
bl 51 bt b plod el ol ol Sgume
(S Ol S ol e o By 5 (28 ol
Ol 5 Gl oo (G105 038 (e
sl el Shi Slnl e 9sd 00 el 1, Jlod
TV 0 4 e ieskS WYEFATAY Cola 55
5ye YOTYAT FD s oy 5SS Lo
el B, Job FF 0070 leilli 5 Il
ol &8 casl 72a 1130 ssul (ol gadd gt
CrrieS 5 e OFYY ga il b igles gali )] a_Lais
4 el o YA gt b 55 b ys Sl ] (salas
052 Jolae ol 10 09390 (gail NS s 5 oyl
NI | S|P CON- S 9 P BGOSR 9 JUCON
Gblio 535 50l (Foyns cleay ;35 by sl
Sliskel el can ar ol ay oot sl slasg, 5 5]
39 y3bon ¢ I VB 2B o)l Jols 5 4 08
S5lg OB S -g—wmo )8 cgmo il m jlyam0g i
J@boj) e (Yo VY L:e‘_g;b.)) Gl 00 PO
(ol g i ol Jold W5 0 555 sbys &
05,0855 (525 VB gy gy bl ol a lie
O FS ) 998w g o)l 45 A (5 g 9o 84S

v &
U’/'V{’(ﬂ(ﬂ’}
. ®

o . . z . o e
GPR g, bl 1) Sl (Sonlow b sasi
(Sl v 5o Gagh ol @l (elaly 508 as
ok Jo3e VIR a¥lo il (Sala 8 2k
)o QT LS")"-\-" u.:).....u...u aS o 0)3])." u.CLM: )L&Qf
Sroosz 5 635 e (Brdsli BT (o9l el
5 S S Slop 5 o sadlane I jsboay g L]
Ohb (Sl o peS 0 Jaiae 64.0.‘0.4.40 ol 3l o=
Ly 31 Lot gl Jlad cdienag) doblS 1o Guee 4¥Lo
5 &)y b °)BT)% S s a8l jo 55 5wl 5l 4
Soanlw,d el & ganag 0 (V4)9) o) Sen
Lt soglail 4 08 5 amni o) ol ok
158 0928l mlBl o 4 3,5 5l oLk (Sanla b
bl gl 5I7Y 30 9 18 (Sanlw,d liwl zhaw |
o G g Sy Ol s ol samlise by Sanle,
Gakwgs 09,05 5 J'*-"-‘T P bl Sanlws Jele
U:"j) )| ool Lu (Y’ \D() u‘)u 9 oél)"ré.bm
sraidl sad 5 2bgy sl Fi9 salols ugSas
g5 (nl s bely ol ) p DL (Sanlad
ol YL ol (Sanld el il ol
Faskes VYT A 59,08, 5 550l o adyed asls
90 0l mry el s LYVIFE g ael cossa
oL 5 55 Oy k;..uL.»; Jole oz ol gaals
30 53 b Faiala,p S 5 il 53 (YY)
) b o) 85 A8 a5 (i o
55 gy i 5l g il el oyt Jled 4 3 pbogix
Ol (Sl Coled ;o 5 (Sb 5 ped o i
ooliul y S ile 3 lej olSe Sl i (V- YY)
OIS Limgs (ol s ,S axlllas |, ol o GY Jo
S s 5 VP10 |, S VL il b (g0l
L ohb (Sanlw,d slaoslail op it 058, 04
ey Jld jo Gy by (ol o Jles!
Sl ools 7 010,53 b 0138 )9,8 slaole ;o ol ;i
3ok r yo olope 5y gloels 1o ()] (s 2e5 5
‘) ‘_)‘)la éMwai 60)‘w‘ UJJ:_M u..s“J.:Lu Oy U‘J‘.’.‘
8L el @perz 9 o (Jled bl )0 (g
a5 a8 S A Wil , (SV0YY) oS 5 2
Sanlop Jole Sl (e b aia g0 52 ad
(el iSa 5 e e Jg3Se FVOIFY) VLo o,k
adls Gl (Sanlad plp 3 1) 6 pdycanl (p teS
sojlal op i b sis 5,0 kel 5 §,—0 &S Jb> 5o
Jli Ty )...AGL.A Js5%e YYIY/FA) 4Vl L;_\...‘L..;Js

Wl bl bl o wles lgeds (Celw

5- Gaussian Process Regression (GPR)

&



U’/'V..{'TU’ f&}?

e ol S ibs 5 Cusl (SlwnsS gy slojiel
el oo ooy Hlas VS j0 ,eaS 0 55 sbye

45°0'E 49°10'E

sl b il (Sl (G g (Sloj Oyt

9 )|).® cbj)dﬁ.é.w ‘U’“")‘ 6[.&:&5) ..\39)6,0 )Lo_wdg Lmui
5 bl sla Shs g ol Cawg Hlai 5l S, ]
Jolis g ol Koo slapesel 5l slite ool pglas

53°20'E ST°30'E

39°10'N

35°0'N

[] Grade 2_Basins
@ Synoptic Station

100 50 0

==
-

100 200 300 400

Caspian Sea

1 Caspian Sea Basin Boundary

Km

39°10N

35°0N

45°0'E 49°10'E

53°20'E

ol 39555 Gbyo 3l Sy obdl i Candge ) IS
Figure 1- Geographical location of the Caspian Sea Basin in Iran.
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Table 1- The characteristics of the studied synoptic stations in the Caspian Sea Basin.

Number Province Station Longitude Latitude Elevation M.e?“ Annual
(m) Precipitation (mm)
1 Meshkinshahr 47.67 38.38 1560.6 385.48
2 Ardebil 48.28 38.25 1335.2 270.44
3 Khalkhal 48.52 37.63 1796 365.75
4 Ardebil foroudgah 48.40 38.33 1317.3 235.29
5 Ardabil Sareyn 48.10 38.17 1658.3 391.56
6 Firouzabad(kosar) 48.22 37.58 1175.7 280.08
7 Parsabad moghan 47.92 39.65 82 268.90
8 Bilesavar 48.32 39.37 101.4 358.30
9 Nir 48.03 38.04 1593 347.69
10 Namin 48.49 38.42 1480.2 276.23
11 Jolfa 45.67 38.75 736 217.63
12 Ahar 47.07 38.43 1391 280.05
13 East Azarbijan Kaleibar 47.02 38.87 1210 389.05
14 Mianeh 47.70 37.45 1110 267.77
15 Marand 45.77 38.47 1550 381.51
16 Boostan abad 46.85 38.43 1750 333.80
17 Makoo 44 .43 39.33 1411.3 311.54
18 West Khoy 44.97 38.55 1103 269.86
19 Azarbijan Chaypareh 45.02 38.90 1170.9 333.75
20 Chaldoran 44,38 39.07 1888 407.01
g Raavi Ghoochan 5850 37.07 1287 315.18
Khorasan
2y North Bojnurd 57.32 37.47 1068 251.80
Khorasan
23 Mah neshan 47.67 36.77 1285 252.62
24 Zanjan Zanjan 48.48 36.68 1659 286.81
25 Abbar 48.97 36.93 625 248.43
26 Ghazvin Moallem kelayeh 50.48 36.45 1629.2 396.67
27 Bijar 47.62 35.88 1883.4 324.98
28 Kurdishan Zarineh obato 46.92 36.07 2142.6 364.82
29 Ghorveh 47.80 35.17 1906 325.49
30 Moravehtappeh 55.95 37.90 450 369.62
31 gf‘f;;f‘abad 5427 36.85 13.3 512.71
3p  Golestan Gonbade kawoos 55.17 37.25 372 442.70
33 Torkaman 54.06 36.91 -20 450.41
34 Aliabad 54.91 36.90 184 697.66
35 Astara 48.87 38.42 21.1 1403.37
36 Bandar anzali 49.47 37.47 -23.6 1783.68
37 Rasht 49.62 37.32 -8.6 1273.62
38 Gilan Manyjil 49.40 36.73 338 214.14
39 Lahijan 50.00 37.18 34.2 1424.79
40 Kiashahr 49.88 37.42 =22 1283.24
41 Roudsar 50.32 37.13 222 1279.92
42 Jirandeh 49.80 36.70 1581.4 297.36
43 Ramsar 50.67 36.90 -20 1253.13
44 Mazandran Noushahr 51.50 36.65 -20.9 1332.59
45 Siahbisheh 51.32 36.22 1855 528.23
46 Gharakhil 52.77 36.45 14.7 709.81
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.The characteristics of the studied synoptic stations in the Caspian Sea Basin - y CountinueTable

Number Province Station Longitude Latitude Elevation Megn Annual
(m) Precipitation (mm)
ghaemshr
47 Sari 53.00 36.55 25.7 738.65
48 Kiasar 53.53 36.23 1294.3 522.22
49 Amol 52.38 36.47 23.7 675.48
50 Polesefid 53.08 36.13 610 583.46
51 Alasht 52.85 36.08 1805 542.29
52 Bandar mirabad 53.37 36.85 -20 656.47
53 Galogah 53.82 36.78 -10 610.17
54 Kojoor 51.73 36.38 1550 335.09
55 Baladeh 51.80 36.20 2120 327.74
56 Babolsar 52.65 36.72 -21 905.18
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6 - Inverse Distance Weighted (IDW)
7 - Ordinary Kriging

8 - Co-Kriging

9- Root Mean Square Error (RMSE)
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10 - Snow Correction Coefficient (SCC)
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Figure 2- Map of the monthly rainfall erosivity factor in the Caspian Sea Basin after applying the snow cover
correction coefficient.
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Table 2- The average monthly rainfall erosivity factor before and after applying the snow cover correction
coefficient in the Caspian Sea Basin.

Rainfall erosivity without Rainfall erosivity with

Rainfall erosivity without Rainfall erosivity with

Month Month

SCcC Scc SCC Scc

January 20.84 13.22 July 9.68 9.59
February 25.38 15.48 August 8.55 8.46
March 28.90 21.98 Sepetember 15.56 15.36
April 30.13 27.27 October 26.44 25.81
May 23.44 22.82 November 30.26 25.56
June 11.30 11.19 December 24.07 13.76
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Figure 3- Maps of the seasonal and annual rainfall erosivity factor in the Caspian Sea Basin after applying
the snow cover correction coefficient.
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Table 3- The average seasonal and annual rainfall erosivity factor before and after applying the snow cover
correction coefficient in the Caspian Sea Basin.

Season Rainfall erosivity without SCC Rainfall erosivity with SCC
Winter 75.13 50.69
Spring 64.88 61.28
Summer 33.80 33.42
Autumn 80.79 65.14
Annual 254.61 210.53
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Table 4- Percentage values of area and different classes of annual rainfall erosivity factor in the Caspian Sea.
Basin.

Class  Range of rainfall erosivity classes  The qualitative state of erosivity Area (km®)  Area (%)
1 0-150 Very low 34575.38 19.60
2 150-300 Low 119224 67.59
3 300-450 Medium 18797.04 10.66
4 450-600 High 3516.292 1.99
5 600-750 Very high 281.1922 0.16
Total 176393.90 100
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Figure 4- Relationship between elevation and annual rainfall erosivity factor in the synoptic stations of the
Caspian Sea Basin.
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Extended Abstract

Introduction and Objective

Awareness of the pattern of spatial and temporal variations of the rainfall erosivity is essential for
improving soil erosion estimates, especially considering snow cover in different months. In the Caspian
Sea Basin, due to the low distance between mountain regions and rainy plain, estimation of rainfall
erosivity factor without considering snow cover correction coefficients is associated with a significant
uncertainty. Accordingly, the current study aims to analyze the spatiotemporal variations of the rainfall
erosivity factor with considering snow cover correction coefficient in the Iranian part of the Caspian
Sea Basin.

Materials and Methods

To prepare monthly, seasonal and annual rainfall erosivity factor, monthly rainfall data of 56 synoptic
stations of the Caspian Sea Basin were obtained from the national meteorological organization and
statistical yearbooks with a common statistical period of 20-25 years (1996-2020). As a result, the rain
erosive layer in different time bases using Co-Kriging geostatistical method with auxiliary variable
of height above sea level with less root mean square error (RMSE) was used as the most common
evaluation index and selection of the optimal method. Then the monthly snow cover layer was prepared
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from MOD10CM product and the rainfall erosivity for each month was modified.

Results and Discussion

Based on the results, the average annual rainfall erosivity factor of the Iranian part of the
Caspian Sea Basin was 254.61 (MJ mm ha-1 hr-1), while by considering the snow cover correction
coefficient, the rainfall erosivity value was redused to 210.53 (MJ mm ha-1 hr-1). Also, Bandar
Anzali and Manjil synoptic stations have the highest and lowest values of the average annual
rainfall erosivity factor equal to 749.30 and 162.87 (MJ mm ha-1 hr-1), respectively. In addition, after
considering the snow cover correction coefficient, the highest monthly rainfall erosivity values
of 27.27, 25.81 and, 25.56 MJ mm ha-1 hr-1 were observed in April, October and, November,
respectively. On the other hand, 12.81% of the studied area is in the medium to very high levels
of rainfall erosivity in the northern part of the Caspian Sea Basin, which can be used to prioritize
different areas in order to carry out conservation measures to reduce the effect of the rainfall
erosivity factor on the amount of soil erosion and sediment yield were used.

Conclusion and Suggestions

Based on the results of the current research, it can be stated that the fluctuation of rainfall
erosivity in different months and seasons is also affected by the rainfall time distribution
throughout the year. Therefore, the maximum amounts of rainfall erosivity in most of the studied areas
correspond to the main times of agricultural activities, i.e. planting and harvesting, which are
critical times for soil erosion. Investigating the spatial pattern of rainfall erosivity in the Iranian
part of the Caspian Sea Basin shows many relative changes between different regions from the
plains to the highlands. Although this pattern is somewhat consistent with the pattern of climate
changes from drier and less rainy areas to wetter and more rainy areas, the type of precipitation and
especially snow in high areas has reduced the rainfall erosivity in these areas. Therefore, the temporal
evaluation of rainfall erosivity resulting from the current research, in which the snow cover
correction coefficient is applied, with the timing of the presence and density of vegetation on the soil
surface, provides more reliable results for land management managers and planners, especially in the
agricultural sector, to choose the right type of crops for each will place the area.

Keywords: Geostatistics, rainfall erosivity index, snow cover area, soil degradation, watershed
management
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2 - Biological integrity
3 - Ecosystem health
4 - United Nations Environment Programme (UNEP)

5- Organization for Economic Cooperation and Development (OECD)

6 - Pressure-state-response (PSR)

7 - Eco-environmental quality

8 - Remote Sensing Ecological index (RSEI)

9 - Projection Pursuit Model (PPM)

10 - Normalized Difference Vegetation Index (NDVI)
11 - Water Use Efficiency (WUE)

12 - Leaf Area Index (LAI)

13- Bowen
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15 - Fractional vegetation coverage (FVC)
16 - Google Earth Engine
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17 - Net primary productivity (NPP)
18 - Moisture index (IM)

19 - Penman-Monteith

20 - Inverse distance weighted (IDW)
21 - Land surface temperature (LST)
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22 - Erosion potential model (EPM)
23 - Number of patches

24 - Patch density

25 - Mean patch size

26 - Largest patch index

27 - Edge density
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28 - Exploratory data analysis
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Table 2- Actual and standardized mean values of the studied variables in the Nir sub-watersheds.

< 5 o % g 5 0 8 — g
F B8EcFECL E_Fi_ 2 £ _EF Iz 3
5 = = = =< e e TS ELE &> BHE 8%
£ 258°&2s 5 327 £ 52 3%: &% @
Z 2 5 3 e = F = Z
1 0.46 0.57 0.70 0.41 33326.46 36.57 873.91 0.46 7.15
2 0.31 0.30 0.29 0.29 34303.77 440.21 1399.78 0.44 0.14
3 0.29 0.26 0.24 0.25 36198.09 4248 5557.07 0.89 9.21
Actual 4 0.29 0.25 0.22 0.22 36824.5 41.88 704.43 0.87 10.75
values 5 0.35 0.35 0.34 0.28 38691.82 40.30 461.15 0.89 12.39
6 0.37 0.39 0.40 0.30 41688.71 38.17 268.74 0.95 14.03
7 0.29 0.26 0.26 0.27 35871.01 43.08 428.34 0.91 8.33
8 0.38 0.40 0.42 0.29 43099.84 38.21 143.84 0.74 0.20
9 0.34 0.34 0.34 0.27 38885.58 39.73 327.98 0.50 11.59
10 0.36 0.38 0.40 0.3 39784.08 40.34 446.50 0.74 10.44
11 0.27 0.23 0.24 0.22 35669.68 41.98 568.96 0.91 6.68
1 1.00 1.00 1.00 1.00 0.43 0.00 0.42 0.46 0.50
2 0.21 0.21 0.15 0.37 0.50 0.56 0.00 0.44 0.00
3 0.11 0.09 0.03 0.16 0.18 0.91 0.67 0.89 0.65
Standardized 4 0.11 0.06 0.00 0.00 0.00 0.82 0.55 0.88 0.76
values 5 0.42 0.35 0.25 0.32 0.44 0.57 0.75 0.89 0.88
6 0.53 0.47 0.37 0.42 1.00 0.25 0.90 0.95 1.00
7 0.11 0.09 0.07 0.26 0.09 1.00 0.77 0.91 0.59
8 0.58 0.50 0.40 0.37 0.96 0.25 1.00 0.74 0.00
9 0.37 0.32 0.24 0.26 0.60 0.49 0.85 0.51 0.82
10 0.47 0.44 0.38 0.42 0.72 0.58 0.76 0.75 0.74
11 0.00 0.00 0.05 0.00 0.33 0.83 0.66 0.92 0.47
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Figure 2- Spatial changes of the investigated indicators in EQI assessment at the Nir sub-watersheds.
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Table 3- The values of metrics used in calculation of the ecological integrity index at the Nir sub-watersheds level.

Sub-watershed NP

(No.) (m per 100 ha)

PD

TE
(m)

COHESION  LPI

(dimensionless) (%) (m per 100 ha)

ED

Ecological integrity index

1 4 6.35 1870 87.19
2 23 6.5 11880 87.9
3 72 1.53 90310 97.96
4 35 1.23 51150 97.31
5 22 1.26 25080 96.5
6 38 1.12 56210 97.79
7 27 1.79 28600 97.12
8 73 1.68 953.70 96.18
9 181 2.26 422110 95.05
10 97 1.09 184470 97.01
11 31 1.44 34430 96.56
Total 486 1.28 835560 97.61

48.07 92.72 0.46
52.73 33.62 0.44
68.2 19.26 0.89
53.62 18.06 0.87
49.44 14.41 0.89
71.95 16.66 0.95
71.63 19.04 0.91
39.11 22.05 0.74
18.85 30.25 0.50
34.55 20.76 0.74
65.33 16.01 0.91
22.33 22.03 0.43
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Figure 3- The weight of the studied variables.
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Table 4- EQI values in the Nir sub-watersheds.

Sub-watershed 1 2 3 4 5

6 7 8 9 10 11

EQI 0.90 022 0.18 0.15 041 0.51 0.19 053 037 048 0.10
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Extended Abstract

Introduction and Objective

Ecological quality is an inclusive measurement unit of the elements, configuration, and performance
of an ecosystem in the temporal and spatial scales. In addition, assessing ecological quality could
provide valuable information for experts and managers in the first step of directed planning and
comprehensive watershed management. Therefore, the current research was conducted to calculate the
ecological quality index (EQI) in one of the upland watersheds of Yamchi Dam, which is not without
the effect of human interference.

Materials and Methods

Nir Watershed as a study area is located in the southwestern part of Ardabil Province. To carry out
the current research, first, the essential variables of ecological quality assessment (normalized differ-
ence vegetation index (NDVI), fractional vegetation coverage (FVC), leaf area index (LAI), net pri-
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mary production (NPP), moisture index (IM), land surface temperature (LST), soil erosion, ecological
integrity index, and runoff retention index) were collected and calculated. The variables were
chosen to represent the three functions of ecosystems maintaining, supporting, and regulating. After
standardization, weighting of the variables was done using the advanced multi-criteria, i.e., Projection
Pursuit Model (PPM). Afterward, the EQI was calculated based on the sum weight of all variables for
11 sub-watersheds of Nir.

Results and Discussion

The wide range of variability of the variables used in the entire Nir Watershed area was confirmed. In
general, sub-watershed 1 had the maximum mean of the first to fourth variables (FVC, NDVI, NPP,
and LAI) and the minimum mean LST. While sub-watershed 11 had the opposite situation in terms of
these five variables. All five variables reflect the structure and function of vegetation and therefore the
ecological quality. The status of other indicators except ecological continuity (EC) was also evaluated
in sub-watershed 1 in a medium status. Based on the PPM weighting method, the FVC (0.39) has the
highest importance, and moisture and runoff retention indices with an equal weight of 0.01 have been
assigned the least priority. In addition, the ecological quality results showed that watersheds 11 (0.10)
and 1 (0.90) respectively have the lowest and highest levels of EQI. In general, according to the zoning
resultd, it was found that the northeastern and southeastern parts of the watershed have the lowest EQI
which covered 29% of the area.

Conclusion and Suggestions

The results can be used as one of the main goals of managing watersheds regarding preserving the
ecosystem’s health and integrity. Moreover, the priority of rehabilitation budget allocation can be
assigned according to the resilience degrees of studied sub-watersheds.

Keywords: Ecosystem resilience, index-based assessment, resource management, projection pursuit model
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Table 1- Characteristics of events used in this research.

Test No.

Rainfall duration Rainfall intensity

(mm/hr)

193
169
114
273

278
283
288
286

(s)
1 120
2 120
3 120
4 120
5 180
6 180
7 180
8 180
9 240
10 240
11 240
12 240

203
206
172
110

(o e ) JUIS Jobo : Lo JUIS (5 05 (soll 72,
Ll (o e > ) JUI s (ol 5,
abii o slp el (292 U Ghlen S5 ey ol
A Al ¥ saolane 5l oslainl b sl

t,=t, +t, )

obey s (4l s ) Giolew JS loj soslasl ity
ooy itz (4l e ) bazio 4>l jo Lisles
el (4l ) JUS gamb o ioles

HEC-1 Joo

5 easmie SYLT i)l sl a0 09,5 A wn
Joe yo Laasm s HEC-1 pls 4y 04 5 Cogyme Jos
&l )| Colaeylo; loges sl sldlolee HEC-HMS
N 35 50) Og L:a}::'q—l ST 50 eolaiwl BB as assls
oges (Yoo o oamiie VLI 25,1 VA sl ao]
Cewdds ¥ galolen jloslainl b psel o col s - l;
vy

t

t Y -
A, H.FH‘F(E) fm"tiT )

A ty t
Y — H.FH‘F(H _t_c) fortz=<+
) oS &S L el 5l cise cress Sl s A,
wLw.cA‘tuLo))é uus) J.«.Ij.’).b (@JAJMW
el 55505 oo 1 Be dgm o e o ) 3ol JS
Sgr 35 o3 Sloj s 5k (b, onl 5l esla il (6l
Qﬁd}lm.ue)sTﬁV ol jloola e s
)‘05.04 )I 0..\...7:..' Jbiu‘ U’“"B) l) awLm.A _UL‘Q) )109.0.'

oud eslaswl olilgy — 4o ,b s Juw

GIS yiws 55 (i Too Joo

Joe (ot ) oo eslinul gl s 5l (S
Rl S )8 Sz mae sladlslas sl p (on)9
JUIS g amio ab g0 4 el (Jow ool o .cwl GIS
Lgc\_s'LoL..: )'| oola b comR9 Q.g.‘ o 05_40‘5.4 M
JUS g laaxio ol g0 0 sl (o8l x> oledll
Voo dke Jsb b St 4 pla sl asgeze 4
Obem Oloy eJshe 2 (ln g 9B oS e Lo
loslinl b g o b aulxe Jolw (295 b Ul
&ly sladobs 5| (alemy by gge0) Ly 2Ly,
So Joho Gialen Oley d 29,5 Uy, Gl e 5o
Siabeny oloj et 05 b 3l (25 U L
A dwloee V gddolre 1 oolaiwl b axas gazl (o
OV e85 5 nlldss)

. _( n,L, )*h M
i \i'l"s_ois*ﬁ

‘(4.,4[4 > ﬁ) [EYC 4.3_>U 5o wJLo.u QLQ)‘ ) .
oz ) axan oy Ly deamas 505 gojlailing
(o o yon o ) asman o gojlail i 5y (e
(45l p o ) bazas (59, S5 (o)L Dab g
R

Y aloles jloolawl b (JUS gaml jo yiolew ol
(V) Kgg) oy awlzo

. lv”ﬁ'nc.{.ﬂ(\ +5, )" 9
€ - = L3 v *
v.scsoﬁ.-" ["‘Inai"r.:')ll"lr

(4l e ) Jljlf 4>l o u.«.ul.a.u QLA)’ : tc



U’/’y'.{,ru’ f&}?

n=M

Z PmUn—m+'v (&)
m=1
3 ol o Joges : U wolile (o)L s sle: p
2 Rl e Sy, Kol 1 Q el by i
el g ke LJB
Uls, SOl 5 slile 3yl e ile 59 o psles b
3zl opl ol s ol el (e yile oo lwaig
el ol ools HLaS Y IS o

Rainfall hyetograph

=ulill=

Time

Rainfall depth

U=Deconvolution(Q,P) ey g

Output hydrograph

o [

Time

Discharge

e BBl 5uul )3 (BRSO Gl o e 23!

7o Py, SRl (o)l Jlogel 5 el e
HEC-1 g, (i opl 5o ol Cwods sl
oolitl ozl (S Lao] Gy e Joe S Slsrea

S5 Jollygians (S 55 Joa
9 Sy Joallygis sl ) (oS 5 e Jo—e
slolaz ) sleslaiwl b o Jaw ol jo cwsl coluwe— ;g
JIEH ST W S A
Dgd oo Al Coluse—loj log0d SIS0 a5 ol Cuvoay
ol Joo cpl 5o oals eolainl ol dolas & salolas

Time-Area histogram

[T

Time

Sl sk ol y (whasly el (LT Gl et w153 Y IS
Figure 2- The process of determining the watershed hydrological response based on rainfall-runoff events.

iia 55 el lgsS €OV Si_uin a3l R
Gl ol Qo « Qe Lno B, ol QreaQy 5 Qo
W‘Qr )L:_v.a

dwlre A gdlolao 5l oolawl b Sl b ozl G
OV @SSl 5 i) al

N )
> (o -0.)

!;_\ —
Z:\(Qo[ - Q)
Hég] H QO[ ‘;n.».lxl_u—u,..u ua}LM.a : FHTSE

J“{"L“’ : Q_ (Sla—wloe Gmés_j : ch_ (glosal _in
o Ls‘od..(b[..m ‘Sbéui

NSE=1\—

PS5 ) vae a4 @l i asls gojlail ax »
Sloaslice gloosls aws 5 ro (6 5 (3l Jow il

Y ol ylo
290 S i sl e ey iul 35 a3 (L)
y pa o Olilg, adgi )0 (9,5 4 pSul gakals

L) b asle

Sedae @l e85 (o) p sl ol o 5o
5 b Ser e glbs Ll sl sl
Lo bl ples,s o soliul "S- 25
lrosls) gloanl i slaojlul b Jow s > ,>
oL b 4l (L oas oo Sllg i b
A dwle £ galolas loslatnl b pons (gl

*)
RE=—|Q° Q| X Y-

@,

LS“‘-.‘-“"l’“ 6o)’b3| Q. ‘st%‘] L_S‘OML&.A Lgo)’b.’»‘ 1@,

el 391 (s sllas : RE ( aol]
w5k ).apfks._m; sl ua.’>l_..u Lso)'bi‘ JRECIgT
2 S g Sl i oo 4 0T g0 (SO0
Vo gdolas jloolainl b Sar (azls cl 565

LIRS

)
o, @x,

4 - Relative error

5 - Correlation

6 - Nash-Sutcliffe Efficiency
7- Equilibrium time

O



VF+Y 5mb I by g0 b F (go5lowd FF (58,90

955 LT (s
s 5l s S0 b silowdde Gagi ol 5o
Sllg = ol sboslas ;) sl a o 9o b g oo 3,20
O Jgoz) o plesil (glaie (o)L o g o L)
¥ slaSs o susul (29,5 bl H0T slaloges

v &
U’/'%l(ﬂw;
Lo ?

Sas L) (b Gae STV A solide) e wl ool
Olgise il ozl 35505 a5l 25550 b pln (sl
oolai_wl 35 58 ey sl as Jolw ey oyle
)’\ L;u Y3 Q.ﬂ FERQRRA U_J9:> 3 uL..q;:_:) o)_f
obey ol cpmaad sul cpl jo 0als w0 (sload)ge
a5 Cwl oogy Slilg - b slasy e gl 4 Jolss

Sl gy e sl Ko 10 .l oad ools (a5 O b )l ok wal oslal b o sabally (iagh b
olai b i z g0 GA sl b Sy Jodygiwd s
b oasie OYL! 25, 3 lao! saiws Joo g KW

sl 0 ooly o led HEC-HMS sl

Obseved == = KW «eeeeee HEC-HMS == - GA

Observed = = KW «eeecee HEC-HMS —— - GA

0.009
0.008
0.007

= 0.006

g

< 0.005
=)
g 0.004

G

Z 0.003
0.002
0.001

Discharge (.

0 50 100 150 200 250 300

. 0 50 100 150 200 250 300
Time (s)

Time (s)

Votlesl b bl K50 Y ialesT b bl S0

Observed = = KW «eceeee HEC-HMS —— - GA

Observed == == KW eeoeeee HEC-HMS === « GA

0.005
0.0045
0.004
0.0035
0.003
0.0025
0.002

Discharge (m/s)
Discharge (m?/s)

o
=
3

0.001
0.0005

300 0 50 100 150 200 250 300
Time (s) Time (s)

¥ ool b bl S0 F bl b bl 50T

F U sl halosT slaissbu e b bl oorg 5 Slls sl it ¥ Ui
Figure 3- Output runoff hydrograph corresponding to the modeling of tests 1 to 4.
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Table 2- Comparison of the maximum discharge resulting from calculation and observational methods.

Test No. * Observed *KW *HEC-1 *GA | * KW-RE **HEC-1-RE ** GA-RE

1 7.96 7.97 7.97 7.85 0.1 0.1 1.4
2 6.97 6.98 6.98 6.87 0.1 0.1 1.0
3 4.69 4.71 4.71 4.57 0.4 0.4 2.6
4 11.28 11.28 11.28  11.11 0 0 1.5
5 11.49 11.49 11.49 1135 0 0 1.2
6 11.68 11.70 11.70  11.69 0.2 0.2 0
7 11.91 11.91 11.91 11.92 0 0 0
8 11.79 11.82 11.82  11.69 0.3 0.3 0.8
9 8.39 8.39 8.39 8.25 0 0 1.7
10 8.90 8.93 8.93 9.09 0.3 0.3 2.1
11 7.08 7.11 7.11 6.93 0.4 0.4 2.1
12 4.52 4.55 4.55 4.44 0.7 0.7 1.8

Error average - - - - 0.2 0.2 1.3

*Values are in cubic meters per second (x 1075).

**Values are in percentage.
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Table 3- Comparison of hydrograph peak time value obtained from calculation and observational methods.

Test No. * Observed *KW *HEC-1 *GA | * KW-RE **HEC-1-RE ** GA-RE

1 127 88 88 120 31 31 1
2 129 92 92 120 29 29 1
3 132 105 105 120 20 20 1
4 122 79 79 120 35 35 2
5 186 78 78 135 58 58 27
6 180 78 78 135 57 57 25
7 175 78 78 150 55 55 14
8 175 78 78 135 55 55 23
9 182 87 87 105 52 52 42
10 181 85 85 225 53 53 2
11 202 92 92 150 54 54 26
12 225 110 110 150 51 51 33

Error average - - - - 46 46 16

*Values are in seconds.
**Values are in percentage.

O PV REWESSRR T YSIRY )

FOW IRV RS YRV S

8 - Relative Error



U’/’/TU’ f‘j"}j

(¥ Jgoz) 090 50T 74l lej s 0 HEC-1
Slralona S g0 35 (50l o) 5 joliie &
9 (Kot a5l Joe aw ;5 lodal i
¥ Usoz 5 ooy ool gl i oolil Gl i

Sl 00l ools QL.,;

PN U ¥Y Py S [N L veTa) [ SV PRNVES By 5 KPR PR3N

slaz ool b oSy Joall s Joo gl
2 ol gl 4 Gaw; Gloj et 0 SN o
Joe 9 157 (oo sl b (i zge Joo b anlie
Joe a8 ol oLsi JFF s slas L HEC-1
el aS sl atils (6 e o Sae S5 ol g
5 iz Tee sl doe slacasgame Sy adly

.Slowaline g slarwlxo sla g, ;I ool Cawd s ‘5&)@5«,& &by -F Jous

Table 4- Matching of hydrographs obtained from calculation and observational methods.

Index R NSE
Test No. KW HEC-1 GA KwW HEC-1 GA
1 0.906  0.927 0.953 0.915 0.900 0.953
2 0.929 0.950 0.963 0.938 0.901 0.966
3 0.937 0.968  0.993 0.913 0916 0.938
4 0.931 0.961 0.975 0.896 0.942  0.964
5 0.944 0.949 0.997 0.951 0.875 0971
6 0.945 0.948 0.995 0.933 0.828 0.984
7 0.931 0.933  0.996 0.918 0.799 0.987
8 0.935 0.938 1.006 0.923 0.815 0.985
9 0.947 0955 0.984 0.946 0915 0973
10 0.934 0941 0.979 0.920 0.877 0.976
11 0.931 0.937 0.984 0.939 0.880  0.969
12 0914 0.922 0.974 0.914 0.862  0.945
Index average | 0.932 0.944 0.983 0.926 0.876  0.968
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Figure 6- Changes in equilibrium time corresponding to changes in rainfall intensity.
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Extended Abstract

Introduction and Objective

Given the application of hydrological response in a watershed, various methods have been used
to determine this response and the results have shown a high degree of accuracy and accuracy
variability depending on the data used. By reviewing and summarizing the results of research carried out
in the modeling of rainfall-runoff, particularly the time-area method, it was found that in most of these
studies, the concept of watershed time concentration was used, which in most of the formulas used, the
physical properties of the watershed were used and the dependence of time concentration on rainfall
conditions was not studied. Therefore, this study was conducted to evaluate these methods using the
kinematic wave method in the GIS environment, the HEC-1 method, and optimization methods using
genetic algorithms in a V-shaped experimental watershed.

Materials and Methods

Observational data available in the V-shaped experimental watershed of the University of Illinois was
used for rainfall-runoff modeling. The studied watershed had an impermeable aluminum surface and
two uniform side sheets with a one-sided slope towards the channel with a constant value of 1%. In
addition, a central channel with a one-sided slope towards the outlet of the watershed with a constant
value of 1% was present. The roughness coefficient in this watershed was determined based on trial
and error at 0.014.
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Results and Discussion

After preparing the time-area histogram of the watershed using each of the mentioned methods,
the corresponding outflow hydrographs of the watershed were determined. Then, the results were
compared with observational data, and various components of the computational hydrographs were
also examined. The results showed that the performance of the genetic algorithm in determining
the peak time of the hydrograph with a 15% relative error was better than the performance of the
kinematic wave and HEC-1 models. Additionally, the genetic algorithm model had the highest
correlation coefficient with observational hydrographs with an average Nash-Sutcliffe Index
of 0.968 and an average correlation coefficient of 0.983. Furthermore, by fitting the curve to the
modeling results, an equation was obtained to determine the equilibrium time of the watershed
relative to rainfall intensity, with a determination coefficient of 0.999. This equation expresses the
inverse relationship between equilibrium time and rainfall intensity (with a power of 0.33), i.e.,
doubling the rainfall intensity reduces the equilibrium time by 20%. Finally, the coefficient of the
equation determining the equilibrium time for this watershed was found to be 495.2, and for each
rainfall intensity, its corresponding equilibrium time can be calculated with high accuracy.
Conclusion and Suggestions

In this study, under experimental watershed conditions, rainfall-runoff modeling was performed
with three categories of events and three categories of different rainfall durations, each event
category having four different rainfall intensity sizes. Corresponding hydrographs were
obtained for each event by examining the computational hydrographs and comparing them with
observational hydrographs, and it was found that the three models had one to two percent relative
error in determining the maximum runoff, but in determining the time to reach the hydrograph peak,
the kinematic wave and HEC-1 models had an average error of 44%. Finally, using the correlation
and Nash-Sutcliffe coefficients, it was determined that the computational hydrographs produced
by the genetic algorithm method were closer to the observational hydrographs and had a higher
degree of correlation. It is worth mentioning that in this experimental watershed, the dependence of
equilibrium time on rainfall intensity in impermeable conditions was confirmed. It is
recommended that the effect of infiltration or changes in surface roughness and the determination of the
dependence size be investigated.

Keywords: Genetic algorithm, HEC-1 model, hydrological response, kinematic wave, optimization,
V-shaped watershed
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Table 1- Factors influencing on soil erosion by water and wind

Water erosion

Wind erosion

Data source and software

DEM, Elevation, Slope,

Dem, Elevation, Slope,

https://earthexplorer.usgs.gov/

Profile Aspect ArcGIS

Stream power index,

Topographic wetness index, Roughness coefficient SAGA GIS
Roughness coefficient

Clay, il Sand. Buk e

density, Coarse fragment, Y £ ’ https://soilgrids.org/

Organic carbon

Organic carbon, Cation
exchange capacity, Nitrogen

https://cds.climate.copernicus.eu/

Soil moisture Wind speed

NDVI NDVI

Lithology, Land use, .

Distance from river Lithology, land use
Precipitation

and https://earthexplorer.usgs.gov/
Iran Watershed Management and Natural
Resource Organization

https:// worldclim.org/
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6 - Multivariate Adaptive Regression Spline
7 - Spline regression

8 - Stepwise model fitting

9 - Recursive partitioning

10 - Basis functions

11 - Generalized Cross Validation
12 - Residual Sum of Squares

13 - Tolerance

14- Variance inflation factor

15 - Random forest

16 - Support vector machines
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Figure 4 (a)- Features selected for modelling of water and wind erosion.
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Figure 4 (b)- Features selected for modelling of water and wind erosion.
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Table 2- The results of multicollinearity test for water erosion.

Multicollinearity test

Feature TC VIF

TWI 0.371 2.689
Roughness 0.125 8.542
Slope 0.146 8.082
Clay 0.473 2.115
Coarse fragment 0.115 8.684
Aspect 0.983 1.017
Aspect 0.273 3.663
Land use 0.304 3.287
Lithology 0.566 1.767
NDVI 0.67 1.493
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Table 3- The results of multicollinearity test for wind erosion.

Multocollinearity

Feature

TC VIF
Aspect 0.937 1.068
Bulk density 0.546 1.83
CEC 0.416 2.405
DEM 0.182 5.504
Land use 0.626 1.597
Lithology 0.678 1.475
NDVI 0.459 2.177
Slope 0.528 1.895
Clay 0.721 1.388
Nitrogen 0.649 1.541
Wind wpeed 0.226 4.428
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Figure 6: Maps of land susceptibility to water erosion by RF and SVM models.
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Table 4- Area and percent of land susceptibility classes to water erosion.

RF model

Susceptibility class

Area (ha) Area (%)

Low 292354.4 9.3

Moderate 766298 24.6
High 900721.6 28.6
Very high 1186699 37.7

SVM model
Area (ha) Area (%)
180233 5.729
592503.2 18.833
903167.6  28.708

1470192.6  46.731
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Table 5: Area and percent of land susceptibility classes to wind erosion.

S RF model SVM model
Susceptibility class
Area (ha) Area (%) Area(ha) Area (%)
Low 424463.5 13.5 1537995.3 48.9
Moderate 1240209.7 394 703912.4 224
High 571396 18.2 361622 11.5
Very high 910113 28.9 542859 17.25
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Figure 7- ROC for wind and water erosion.
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Table 6: AUC values for models used to map soil erosion.

Confidence level

Model Ave Sp Sig level Low level Upper level
Wind erosion RF model 0.992 0.004 0.000 0.983 1
SVM model 0.874 0.028 0.000 0.818 0.929
Water erosion RF model 0.923 0.037 0.000 0.852 0.995
SVM model 0.961 0.02 0.000 0.922 1
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Figure 8- Integrated map of soil erosion by water and wind.
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Table 7- Area of classes for integrated map of soil erosion.

Water erosion

Wind erosion

Area (ha) Area (%)

low susceptibility

low susceptibility

low susceptibility

low susceptibility
Moderate susceptibility
Moderate susceptibility
Moderate susceptibility
Moderate susceptibility
High susceptibility
High susceptibility
High susceptibility
High susceptibility
Very high susceptibility
Very high susceptibility
Very high susceptibility
Very high susceptibility

Low susceptibility
Moderate susceptibility
High susceptibility
Very high susceptibility
Low susceptibility
Moderate susceptibility
High susceptibility
Very high susceptibility
Low susceptibility
Moderate susceptibility
High susceptibility
Very high susceptibility
Low susceptibility
Moderate susceptibility
High susceptibility
Very high susceptibility

239619.3 7.62
3875253 12.32
343184.5 10.9
566112.3 18
45254 1.44
131702 4.2
272468.1 8.67
254240.1 8.1
7107.5 0.23
125403 4
105578.6 34
123483.6 39
57 0.002
121190.2 3.85
178956.2 5.7
242632.8 7.7
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Extended Abstract

Introduction and objective

Soil erosion by water and wind is one of the biggest environmental threats worldwide which it has
various negative consequences such as soil degradation, mitigation of soil fertility, depletion of
nutrients and micro-elements, degradation of soil structure, dust storms, reservoir siltation, and etc. on
the natural and anthropogenic ecosystems. Therefore, accurate information of land susceptibility to
soil erosion hazard by water and wind, and production of spatial maps of these hazards are necessary
for mitigation of their consequences. Therefore, the goal of this research is application of two machine
learning models for the spatial modelling of water and wind erosion in the Bakhtegan basin, Fars
province.

Materials and methods

In order to generate the spatial maps of soil erosion by water and wind, we have used 20 and 16
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effective factors on water and wind erosion, respectively. Before the modelling stage, the multivariate
adaptive regression spline (MARS) feature selection algorithm and multicollinearity test were used
to identify the most important factors controlling water and wind erosion. In next stage, two random
forest and support vector learning machine techniques were applied to model soil erosion. Area under
curve (AUC) was applied to assess the model performance.

Result and discussion

According to results, land use, slope, lithology, roughness, coarse fragment, clay, vegetation
cover, aspect, soil bulk density and topographic wetness index were identified as the most important
factors controlling water erosion. The most important factors controlling wind erosion are including
elevation, land use, wind speed, slope, vegetation cover, soil nitrogen, cation exchange capacity,
lithology, aspect, clay and bulk density. The AUC value for wind erosion map generated by random
forest model was 99, and for water erosion map produced by support vector machine is 96. Finally, we
integrated two maps and results indicate an area of study area about 18% has very high susceptibility
to wind erosion and low susceptibility to water erosion.

Conclusion and suggestions

Due to study area has several lakes consisting of Bakhtegan, Maharlo and Tashk, and also
several dams, it is so important to supply water for different purposes such as drinking, agricultural,
industry and environment. In case of not paying attention to this challenge especially wind erosion in
the study area, this case study especially dried beds for lakes can play as sources for generating dust
particles. Therefore, the findings of this research can use by managers to mitigate negative effects of this
phenomena.

Key Words: Area under curve (AUC), Bakhtegan basin, multivariate adaptive regression spline (MARS),
random forest (RF), support vector machine (SVM) model
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