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Abstract:

Erosion and sedimentation significantly alter watershed morphology and river dynamics. While natural, excessive bed
erosion can destabilize banks and increase soil loss, harming aquatic ecosystems and infrastructure. This study models
and optimizes erosion control strategies in the Fomanat region (Talesh-Anzali Wetland basin) using vegetative filter
strips (VFS) for sediment reduction. The SWAT model simulated the watershed, with runoff and sediment variables
calibrated/validated via SUFI2 in SWAT-CUP. The Differential Evolution (DE) algorithm was then linked to SWAT
for optimization, focusing on maximizing economic benefits from sediment reduction. Twenty-six decision variables
including HRU-to-VFS area ratio and VFS permeability (90% flow passage) were analyzed. Results showed that VFS
implementation significantly reduced sediment load while generating 82,673 million Tomans in economic benefits.
Land-use changes also influenced total sediment load. Sediment removal costs (based on 2020 watershed pricing)
highlighted the need for precise management, considering both financial and ecological impacts on the Anzali
Wetland. Climate change effects were also integrated into the model.
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Figure 1. Study area
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Table 1. Percentage of land use in the study area

Percentage of basin area Land use
0.01 Residential areas
47.51 Rice
4.19 Wheat
5.98 Plain
31.6 Coniferous forests
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Table 2. Slope of the area

Slope (percentage) Row
0-5 1
5-10 2
10-20 3
20-100 4
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Table 3. Soil characteristics of the study area

Be69-3¢-3021 Ge34-3a-3064 I-Rc-X-c-3119 Soil Name
loam Clay-loam Clay-loam Texture Type
D C C Hydrological Group
Saturated Hydraulic
4.83 13.38 38.36 Conductivity (mm/hr)
0.7 1.5 1.6 Organic Carbon (wt%)

24 39 39 Clay (wt%)



36 32 32 Silt (wt%)
40 29 29 Sand (wt%)
0.3 0.27 0.27 Erodibility
28.57 18.11 53.31 Percentage of Basin Area
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Figure 2. (a) Precipitation status, (b) Land use, (c)slope and (d) Soil characteristics of the region
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Table 4. Sediment production rate according to land use in the study area

SDR USLEt/ha SYLDt/ha Area Type Abbreviation name
55.78 57.22 31.92 4833.24 Cropland CRGR

52.68 194.88 102.66 16444.35 Broadleaved Fores FODB

50.39 151.20 76.18 1322391 Mixed or Evergreen Forest FOMI

56.23 228.41 128.44 20004.35 Orchard ORCD

54.85 205.77 112.86 16371.87 Rice RICE

45.48 38.93 17.71 3220.44 Savanna SAVA

57.34 72.57 41.61 5418.87 Winter wheat WWHT

Table 5. Sediment reduction rate with land use change

SDR USLEt/ha SYLDt/ha Area Type Abbreviation name
52.863129 121.947 64.465 57187.25 Evergreen Forest FRSE
59.356308 55.337 32.846 3962.163 Mixed Forest FRST
48.381718 23.389 11.316 1995.75 Wetland WETN
54.846501 205.77 112.86 16371.87 Rice RICE
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Table 6. Parameters affecting the flow rate of the study areca

Upper Lower

Calibrated Value Description Parameters
Bound Bound
-0.1852 0.4 -0.4 Curve number for moisture condition II CN2.mgt
0.0435 1 0 Baseflow alpha factor ALPHA BF.gw
24.05 30 10 Groundwater delay time GW_DELAY.gw
1.601 5 0 Threshold depth of water in Z}éiﬂ(r)w aquifer for return flow to :GWQMN.gw
3.09 10 -10 Temperature lapse rate TLAPS.sub

278.5 500 -500 Precipitation lapse rate PLAPS.sub



0.8545 1 0 Soil evaporation compensation factor ESCO.bsn

0 0 0 Plant uptake compensation factor EPCO.bsn
0.197 04 -0.4 Moist bulk density of the soil SOL_BD(..).sol
-0.3924 04 -0.4 Available water capacity of the soil(mm/mm) SOL_AWC(..).sol
0.476 0.4 0.4 Average slope length(m) SLSUBBSN.hru
-0.3892 0.4 -0.4 Average slope steepness(m) HRU_SLP.hru

1.25 0.2 0.1 Manning’s n value for overland flow OV_N.hru
-0.2356 0.4 -0.4 Lateral flow travel time LAT_TTIME.hru
0.9425 1 0 Soil evaporation compensation factor ESCO.hru
0.6915 1 0 Plant uptake compensation factor EPCO.hru
0.0895 0.2 0.02 Groundwater revap coefticient GW_REVAP.gw

Threshold depth of shallow aquifer
41.35 100 0 Threshold depth of shallow aquifer REVAPMN.gw
for revap to occur

0.3195 0.5 -0.5 Snowfall temperature SFTMP.bsn

-0.78 20 -20 Snow melt base temperature SMTMP.bsn

10.61 20 0 Maximum melt rate for snow SMFMX.bsn

4.19 20 0 Minimum melt rate for snow SMFMN.bsn
0.2425 0.5 -0.5 Snowpack temperature lag factor TIMP.bsn
23.1497 24 0.05 Surface runoff lag time SURLAG.bsn

Table 7. Effective Parameters on Sediment Discharge in the Study Area

Upper Lower
Bound Bound

0.0452 Bulk density of channel sediment R_CH_BNK BD.rte
Exponent for calculating sediment

Calibrated Value Description Parameters

-0.054 . . . . R_SPEXP.bsn
re-entrainment in the channel routing equation -

01004 Linegr paramet.er for calculating R SPCON bsn

the maximum sediment concentration -

0.0846 02 02 Erosion factor R _CH COVl.rte

0.0676 ’ ’ River vegetation factor R _CH_COV2.rte

-0.1028 USLE support practice factor R_USLE P.mgt

-0.018 USLE soil erodibility factor R_USLE K(..).sol

-0.1836 Sediment concentration in urban runoff R_SED CON.hru

0.1236 Slope length for lateral subsurface flow R_SLSOLL.hru

-0.0900 Sediment concentration in lateral and groundwater flow R LAT SED.hru
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Table 8. Flow calibration evaluation results

River P-Factor r-Factor R2 NS
pirsara 0.77 2.06 0.74 0.66
Ghaleh-Rudkhan 0.75 1.6 0.79 0.74
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***In this graph, the horizontal axis is the month and the vertical axis is the average monthly flow rate in cubic meters per second.

Figure 3. Discharge Calibration Graph for(a) Pirsara (b) Ghaleh-Rudkhan Station (Output from SWAT-CUP)

)‘J.é\rj; D_)\j TJJD:A Jero U V444 6LAJL« L;‘j’ (s AJ.ATC,.«JJA{ LSLAJ';"\JLi (s Qﬁmbﬁ:ﬂf GL".; T R
el s 3 Jsder 0 s (23 5 0Lz (o 2 e e bl (b o s o 51 ey .5 SWAT_CUP

R? ol jlade . Lds Ol pule 2l Olgoas gy sl Smlil Vo e sl bl Yo Come sla byl o )



P osSEosT L, ySb sl 3 dsder o3 el s w0 M50 V0 s i 5w Obsgpanls 5 | ool o3 gl o NS

.4 J_}J?)C_M.u‘ e ldesls OLES
Table 9. Calibration Validation Results for Discharge

River P-Factor r-Factor R2 NS
pirsara 0.88 2.08 0.71 0.75
Ghaleh-Rudkhan 0.73 1.9 0.75 0.69
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***In this graph, the horizontal axis is the month and the vertical axis is the average monthly flow rate in cubic meters per second.

Figure 4. Discharge Validation Graph for(a)Pirsara(b) Ghaleh-Rudkhan Station (Output from SWAT-CUP)
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Table 10. Sediment Calibration Results

River P-Factor r-Factor R2 NS
pirsara 0.25 0.34 0.59 0.51
Ghaleh-Rudkhan 0.17 0.41 0.61 0.62
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#%# In this graph, the horizontal axis is the month and the vertical axis is the monthly sediment in tons per month
Figure 5. Sediment Calibration Graph for(a) Pirsara (b) Ghaleh-Rudkhan Station (Output from SWAT-CUP)
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Table 11. Sediment verification results

River P-Factor r-Factor R2 NS
pirsara 0.23 0.54 0.69 0.55
Ghaleh-Rudkhan 0.19 0.31 0.68 0.71
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*%%* In this chart, the horizontal axis is the month and the vertical axis is the monthly sediment in tons per month

Figure 6. Sediment calibration accuracy chart of (a) Pirsara (b) Ghaleh-Rudkhan Station (SWATCUP software
output).
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Figure 7. Net Profit Chart for Subbasins of the Study Area with Sediment Reduction via Optimal Planting of
Vegetative Filter.

Figure 8. Subbasin Numbers of the Study Area
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Table 12. Amount of Sediment Reduced by Vegetative Filter Planting Solution

Percentage of Sedimel_lt Amount {After Sediment Amount in. the Subbasin
Sediment Reduction Planting Vegetative Absence of Vegetative Area (m2) Number
Buffer(ton/year) Filter(ton/year)
12.5 692.37 791.28 10990000 1
9.58 679.404 751.462 10294000 2
343 267474.3 276997.8 54420000 3
10.12 215973.68 240315.864 36116000 4
7.62 90392.1 97856.88 11010000 5
6.32 65044.86 69434.34 8220000 6
8 204006.66 221769.405 27885000 7
40 11.61 19.35 1290000 8
22.55 143875.6 185769.903 18931000 9



7.45 2383355 2575410.8 49550000 10

19.54 1747646 2171626.94 50510000 11
12.52 230666 263684.53 11890000 12
6 238272 253601.92 10880000 13
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Figure 9. Comparative Chart of Sediment Reduction Before and After Planting Vegetative Filter
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Table 13. Profit from Sediment Reduction through Vegetative Filter Planting Solution
Sediment Amount After

Profit Amount Planting Vegetative Buffer \?e Ogs:tgfitla;itlit:% Are}‘(i)lievrfrgnezt; tive f\llll?:l?)se::
(ton/year)
-2,094,240,329 692.37 2109626329 42192.52658 1
-1,761,488,220 679.404 1772697242 35453.94485 2
-7,620,436,862 267474.3 9101870196 182037.4039 3
-2,718,765,527 215973.68 6505327483 130106.5497 4
-1,033,118,671 90392.1 2194306671 43886.13342 5
-978,596,736 65044.86 1661404736 33228.09473 6
-2,310,630,953 204006.66 5073724620 101474.4924 7
-247,147,879 11.61 248351879 4967.03758 8
2,820,747,137 143875.6 3696144441 7392288881 9
20,800,731,965 2383355 9074614701 181492.294 10
55,884,059,020 1747646 10068531646 201370.6329 11
3,018,368,059 230666 2117847719 42356.95438 12
149,111,061 238272 2235543161 44710.86322 13
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