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Abstract

Without hydrological models the investigation and management of
watersheds can be time-consuming and costly. This study aims to
explore various hydrological factors including runoff,
sedimentation, evaporation, and transpiration in Pasikhan
watershed located in Guilan province. The study also examines the
impact of these factors on the Anzali Wetland. To achieve this, the
research utilizes the SWAT model. Data on flow discharge,
precipitation, and sedimentation for three hydrometric station in
the Pasikhan watershed from 1999 to 2020 were obtained from the
regional water company of Guilan province. The necessary maps
for model execution were obtained using established methods.
Predictions for various factors, such as flow rate, sedimentation,
surface runoff, evaporation and transpiration, deep aquifer
recharge, curve number, deep infiltration, and watershed runoff,
were made for the years 2040 and 2071. Discharge-sediment from
1999 to 2011 is used for calibration and for validation used the
data from 2012 to 2022 is used. The study also assessed changes
in hydrological components caused by climate change using the
RCP8.5 scenario and land use changes. The findings demonstrate
variations in multiple hydrological elements and precipitation
patterns within the catchment basin. The Nash Sutcliffe criterion
yielded values between 0.60 and 0.80 for both the calibration and
validation phases of the model in terms of flow rate and
sedimentation. This indicated that the implementation of the
SWAT model is satisfactorily accurate. Results showed that the
maximum surface runoff within the basin will reach 485 mm in
2055, coinciding with a rainfall of 1431 mm. Additionally, the
study identified the highest levels of evaporation and transpiration
as 1707 mm within the RCP8.5 scenarios in 1996. Overall, the
research emphasizes the negative impact of sediment generated
within the Pasikhan watershed on the Anzali Wetland,
highlighting the need for effective control measures to mitigate
wetland degradation.
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Table 1- Average discharge and sediment load of major rivers inflowing into Anzali Wetland
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River Area (km?) Sediment Yield  Annual sediment Bedload Suspended load
(ton/year km2) load (tons/year) (tons/year) (tons/year)

Pasikhan 795 236 188349 24567 163781
Shakhezr 443 177 78606 10253 68353
Masuleh roud khan 400 246 87453 11407 76046
Pirbazar 368 207 76591 9990 66601
Chafroud 136 335 45828 5978 39850
Kolsar 257 156 40251 5250 35001
Khalkaie 342 227 77911 10162 67749
Morghak 308 239 73927 9643 64284
Bahmbar 116 125 14627 1908 12719
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Fig. 1- The location of Pasikhan watershed and its hydrometric stations
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Table 2- General characteristics of Pasikhan watershed
OB Bad ey j Oladuin (A -T Joia

_ Area  Circumference Length of Gravlius Ave_rage Watershed Main river
Station (km?) (km) watershed coefficient height average length
(km) (m) slope (m m™) (km)
Nokhaleh 825 163.92 53.75 1.57 475.7 19.62 99.5
Mobarakabad ~ 111.5 455 16.55 1.21 1238.5 37.6 17.93
Alisara 184.2 71 23.75 1.46 1626 41.5 29.98

Table 3- Statistics of suspended sediment load and runoff in three hydrometric stations in Pasikhan

watershed
OB 4S9 (6 g i D] dws )3 (Bl g Blre gy 5 ol =Y Jgua
Minimum of Mean of Maximum of Minimum Meanof Maximum Mean of
. suspended suspended suspended
Station . . . of annual annual of annual annual
sediment sediment sediment .
flowrate flowrate  flow rate rainfall
load load load
Unit thousand tons per year més?! mm
Nokhaleh 74.4 196.9 407.4 14.3 22.2 334 1104.8
Mobarakabad 0.8 66.6 223.1 2.9 4.2 6.19 908.4
Alisara 0.5 31.31 185.0 1.21 3.02 5.06 844.3
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Adjusting weather condition
Set up SWAT model Changes (Arc SWAT 2012 1. Ensemble of 5 AGOCM:s:
1. Digital map La_ud use MIROC-ESM
Digital elevation model (DEM) Clpnate MPI-ESM-MR
Sol layer Climate +Land use HadGEM2-ES
Todee (Years: 1999, 2007, 2020, 2040, EC-EARTH
Slope 2071) GFDL-ESM2M
2. Weather data 2. Model
Daily precipitation ‘ LARS-WG
Daily MAX and MIN temperature LPSL
River discharge GFDL
Agricultural management and water resources Calibration and Validation MPI
Crop yield Using SUFI-2 in SWAT-CUP UKESM
Flow rate 3. Scenarios:
Sediment - RCP8.5
Calibration (1999-2011)
Validation (2012-2022) "
Effects of climate change
Flow rate, Sediment, Surface
Evaluation criteria runoff,  Deep infiltration,
R? Evaporation and transpiration,
Impact on Anzali Wetland ’ - b - Curve number, Runoff from
p-factor watershed, Deep  aquifer
r-factor feeding

Fig. 2- The modeling process of the present study
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Table 4- Classification results of Pasikhan watershed images with maximum likelihood estimation
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Landuse Landuse Land use Land use Land use
1999 2007 2020 2040 2071
Overall accuracy (%) 97 91.61 99.14 93.4 90.7
Kappa coefficient 0.90 0.87 0.96 0.92 0.91
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Table 5- Transition probability matrix of Markov chain
B95 )o 0,009 31 (295 JUI Jlainl uw yilo —0 Jgaa

L § ?—ré’ ) s - = o % m
= % % gz 823 94 o m S 4
Q - = —~ D JL a Q o ,9..
p g g g < g3 c 8 & p o o
g S = 3ig 3% o8 “ > -

3 3 o

Urban 0.0687 0.0000 0.0000 0.0151 0.0004 0.0000 0.0000 0.9153 1
Bare 0.0000 0.0034 0.0007 0.0452 0.6887 0.2311 0.0308 0.0000 1
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Table 6- Sensitivity analysis of the investigated model
D90 Jae Comlua Juls —F J,.\q-

Range .
Row Parameter Max Min Description
1 r__ CN2.mgt 0.8 -0.8 CN
2 V__SMTMP.bsn 5 -5 Snow melting base temperature
3 vV__SMFMN.bsn 10 0.00 December 21 snow melt factor
4 V. REVAPMN.gw 200 0.00 Threshold depth of water in a shgllow aquifer to
penetrate a deep aquifer
5 v__ RCHRG_DP.gw 1 0.00 Aquifer permeability coefficient
6 v__ SLSUBBSN.hru 150 10 Average slope length
7 v__ GW _DELAY.gw 60 0.00 Delay time to feed the aquifer
8 v__ CH_K2.rte 150 0.00 Effective hydraulic steering in the main channel
9 v__ESCO.hru 1 0.01 Evaporation compensation factor from soil
10 r__HRU_SLP.hru 0.6 0.00 Average steepness of the slope
11 v__ALPHA BF.gw 1 0.00 Base flow factor
12 r__SOL_BD().sol 0.4 -0.4 Bulk density of soil
13 r__SOL_AWC().sol 0.5 -0.5 Average usable water
14 r__SOL_K().sol 0.8 -0.8 Hydraulic conductivity of soil saturation
15 v__SFTMP.bsn 5 -5 Snowfall temperature
16 v__ALPHA BNKurte 1 0.00 Base flow coefficient for coastal storage
17 v__LAT TTIME.hru 180 0.00 Lateral flow travel time
18 V__PLAPS.sub 100 0.00 Rainfall gradient
19 v__TLAPS.sub 8 -4 Temperature gradient
20 r_PCPMM().wgn 05 05 Average total monthly preC|_p|tat|on during the
forecast period
21 V__CH_EQN.rte 4 0.00 Sediment trending method
Peak speed adjustment factor for sediment trending
22 V_ADJ_PKR.bsn 2 0.5 in the sub-basin (sub-channels)
23 V__CH_COVLl.rte 0.6 -0.05 Channel erodibility factor
24 V__CH_COV2.rte 1 0.00 Channel coverage factor
25 V__CH_BNK_BD.rte 1.9 1.1 The bulk density of channel bank sediment
26 V__CH_BED BD.rte 1.9 1.1 The bulk density of channel bed sediment
A parameter to calculate re-sediment in channel
27 V__SPEXP.bsn 15 1 sediment trends
28 V__CH_BNK_D50.rte 10000 1 D50 average diameter czl;ncrr;?nnel sediment particles
59 \V CH BED D50.rte 10000 1 D50 average dlamgter of channel bed sediment
— = - particles (meters)
A linear parameter used to calculate the maximum
30 V__SPCON.bsn 0.01 0.0001 amount of sediment that can be contained during
channel sedimentation
31 V__CH_BNK_ TC.rte 400 0.00 Critical shear stress of channel surface
32 V_CH_BED_TC.rte 400 0.00 Critical shear stress of channel bed
33 V_ CH BED_KD.rte 3.7 0.001 Erodibility of channel bed sediment by jet test
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Table 5- Criteria for examining model calibration and validation
P sl g (Biwly (iS4 93 )3 Bl (3 9 Pow) Sl e 51 el Sladule -0 Jgda

Flow rate Sediment
p-factor r-factor R? NS p-factor r-factor R? NS
Calibration 0.63 0.75 0.80 0.80 1 1.1 0.74 0.61
Validation 0.76 0.79 0.61 0.60 0.74 1.01 0.66 0.61
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Fig. 4- Calibration and validation of flow rate of Pasikhan river using SUFI-2 algorithm
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Fig. 5- Calibration and validation of the sediment of the Pasikhan River using the SUFI-2 algorithm
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Fig. 8- Changes in surface runoff with precipitation in different years and the studied scenario
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Fig. 9- Changes of deep infiltration with precipitation in different years and the studied scenario
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Fig. 10- Changes of evaporation and transpiration with precipitation in different years and the studied

scenario
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Fig. 11- Changes in curve number with precipitation in different years and the studied scenario
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Fig. 13- Changes in deep aquifer recharge and precipitation in different years and the studied scenario
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