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Extended abstract

Introduction

Climate change is one of the most important challenges that affects natural ecosystems and different aspects
of human life. The effects of global warming on the hydrology and water cycle in nature are very serious,
and knowing these effects quantitatively creates more preparation to deal with its consequences. It is
necessary to evaluate these changes in order to reduce their effects on the basin and formulate a suitable
strategy to minimize their adverse effects. This study uses a combined model of SDSM and SWAT to
investigate the effects of climate change on the amount of runoff and sediment in Karganrood watershed in
Gilan province in Iran. The water measuring station (Mashin Khaneh) is located inside this basin and has a
long statistical history. Also, the least amount of land use changes has taken place in this basin, which can
better show the results of revealing climate changes on the amount of runoff and sediment.

materials and methods

In order to investigate the consequences of climate change on runoff and sediment, SWAT hydrological
model was used. The SWAT model was calibrated and validated by the SUFI-2 algorithm by improving
the simulation results of discharge flow and basin sediment. After the implementation of SWAT model,
109 hydrological response units (HRU) were extracted in five sub-basins. After 500 steps of simulation,
finally 22 parameters in runoff production and 6 parameters in sediment production of Karganrood
watershed were identified as effective parameters. Then, according to the values obtained from NS, R2 and
RMSE evaluation criteria, it was found that CanESM5 climate model has better accuracy and efficiency
than MPI-ESM1.2-HR and NorESM2-MM climate models. By introducing the time series of daily average
precipitation and temperature resulting from the output of the CanESMS5 climate model and using the
SDSM downscaling model, the runoff and sedimentation of the Karganrood basin on a monthly basis at the
Mashin Khaneh hydrometric station in the periods of 2026-2050, 2075-2051 and 2100- 2076 for two
scenarios SSP2-4.5 and SSP5-8.5. Simulated.

Results and discussion

According to the values obtained from NS, Rz and RMSE evaluation criteria, it was found that CanESM5
climate model has better accuracy and efficiency than MPI-ESM1.2-HR and NorESM2-MM climate
models. The results of the CanESM5 model indicate that precipitation, maximum and minimum
temperature will decrease in all future periods based on SSP2-4.5. Also, the examination of CanESM5
model results in connection with SSP5-8.5 shows that precipitation will decrease in all future periods and
the maximum temperature will increase in the period of 2051-2075 and 2076-2100. Also, the results of

" Corresponding author: hrpeyrowan@gmail.com


10.22092/ijwmse.2024.365664.2062

551/ Watershed Engineering and Management Volume 16, Issue 4, 2025
DOI: 10.22092/ijwmse.2024.365664.2062

climate data in all three climate models and in both scenarios SSP2-4.5 and SSP5-8.5 showed that the period
of 2076-2100 will be drier and warmer than other periods. In order to investigate the consequences of
climate change on runoff and sediment using the SWAT hydrological model and by introducing the time
series of average daily precipitation and temperature from the output of the CanESM5 climate model and
using the SDSM downscaling model, the runoff and sediment of the Karganrood basin on a monthly basis
at the station Car house hydrometry in the periods 2050-2026, 2051-2075 and 2076-2100 for two scenarios
SSP2-4.5 and SSP5-8.5. Simulated. The results of the SWAT model showed that the runoff changes for the
SSP2-4.5 and SSP5-8.5 scenarios will decrease and the sediment changes will increase in all future periods.

Conclusion

Using the output data of the CanESM5 climate model related to the sixth report and under the SSP2-4.5
and SSP5-8.5 scenarios and using the SWAT model, the amount of runoff and sediment in three time
periods of the near future (2026-2050), medium (2051- 2075) and period (2076-2100) was carried out. The
amount of sediment at the exit point of the Mashin Khaneh water measuring station showed an increasing
trend. Also, the results showed that the observed stream flow limit does not match with the SSP2-4.5 and
SSP5-8.5 scenarios in the future periods, but the observed sedimentation is compatible with the future
periods. The data of the SSP2-4.5 scenario showed that discharge will decrease in all periods and sediment
will increase in all future periods. The largest changes in discharge are related to the future period of 2076-
2100 and amount to -56.7 percent, and the lowest number of changes in discharge are related to the future
period of 2026-2050 and amount to -48.5 percent. The highest sediment changes are related to the future
period of 2051-2075 and amount to 54.3% and the lowest amount of sediment changes are related to the
future period of 2026-2050 and amount to 5.12%. Also, the results of the SWAT model based on the data
of the SSP5-8.5 scenario showed that discharge will decrease in all periods and sediment will increase in
all future periods. The largest changes in the flow rate are related to the future period of 2076-2100 and
amount to -56% and the lowest number of changes in the flow rate are related to the future period of 2026-
2050 and amount to -52.8%. The highest sediment changes are related to the future period of 2076-2100
and amount to 113.27% and the lowest amount of sediment changes are related to the future period of 2026-
2050 and amount to 29%. It seems that the decrease in rainfall in the coming periods will cause a decrease
in vegetation, especially in late summer and early autumn and with the melting of the remaining snow in
the highlands due to the increase in temperature; The amount of produced runoff increases, which will
increase the sediment produced in the basin.
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Table 1. Parameters used to calibrate runoff in SWAT

i Parameter Parameter Parameter
Parameter Parameter Description - - -

Minimum Maximum Optimum

R__CN2.mgt Curve number for moisture condition -0.16399 0.325549 0.094685
V__ALPHA_BNK.rte Base flow alpha factor for bank storage 0.000068 0.00016 0.000154
V__CH_N2.rte Manning's "n" value for the main channel 0.320509 0.325493 0.320934
V__CH_K2.rte Main channel conductivity 151.0576 152.6567 151.4846
V__CH_S2.rte Average slope of main channel -0.06899 0.160873 0.104714
V__CH_BNK_BD.rte Bulk density of channel bank 182.708 193.3905 193.087
V__CH_BED_BD.rte Bulk density of channel bed sediment 0.007557 0.013603 0.008622
R__TLAPS.sub Temperature lapse rate 0.625146 0.62725 0.62609
V__PLAPS.sub Precipitation lapse rate 20.24999 20.77142 20.56699

Linear parameter for calculating the maximum amount of
V__SPCON.bsn sediment that can be re entrained during channel sediment 0.227192 0.22923 0.227273
routing
V. SPEXP.bsn Exponent parar_neter for calcu_lating sedi_ment re entrained 21.81382 2273532 21.96566
— in channel sediment routing

R__OV_N.hru Manning's "n" value for overland flow -6.83146 -4.33686 -4.77625
R__SURLAG.bsn Surface runoff lag time 0.446333 0.501293 0.480995
V__SMTMP.bsn Snow melts base temperature 1.012212 1.020532 1.019161
R__SFTMP.bsn Snowfall temperature 0.010331 0.010423 0.010406
V__EPCO.bsn Plant uptake compensation factor 4404728 50.91389 49.31428
R__ESCO.bsn Soil evaporation compensation factor 0.282823 0.550409 0.329955
R__USLE_K:.sol USLE equation soil edibility (K) factor 1.272404 1.320081 1.279718
R__RAIN_YRS.wgn The number of years of mag;itr:um monthly 0.5 h rainfall 1.685901 1.702639 1.685996
R__SLSOIL.hru Slope length for lateral subsurface flow 74.80408 78.55081 75.63432
R__LAT TTIME.hru Sediment concentration ir}llglxral flow and groundwater 50.36504 5401003 5278813
R__LAT SED.hru Lateral flow travel time 3077.733 3147.831 3137.874
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Table 2. Parameters used to calibrate sediment yield in SWAT

Parameter Parameter Description Parameter Parameter  Parameter

Minimum Maximum Optimum

V__CH_N2.rte Manning's "n" value for the main channel -0.076611 0.035671 -0.071933

V__CH_BNK_BD.rte Bulk density of channel bank sediment 0.00656 0.008146 0.0066

Linear parameter for calculating the maximum amount

V__SPCON.bsn of sediment that can be re entrained during channel 0.626802 0.627696 0.627093

sediment routing
V. SPEXP.bsn Exponent parameter for calcu_lating sedi_ment re 1.374609 1.437176 1.384515
— entrained in channel sediment routing

Peak rate adjustment factor for sediment routing in the

V __ADJ_PKR.bsn sub basin (tributary channels) 0.697247 0.918931 0.809936

V __CH_EQN.rte Sediment routing method 0 2.030475 0.016921

o lisl g mily sloo g0 10 dlale gy g Dbl (gilwarcd )0 SWAT Jow cds b)) &olel polas =¥ Jous

Table 3. Statistical values of SWAT model accuracy assessment in simulating monthly runoff and sediment in calibration and

validation periods

Calibration Validation
P-factor R-factor R? NS P-factor R-factor R? NS
Flow discharge 0.79 1.02 0.87 0.79 0.67 0.58 0.88 0.81
Sediment 0.88 0.52 0.83 0.76 0.89 0.93 0.88 0.81
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Distribution chart of observed and simulated Distribution chart of observed and simulated
sediment values in the time period of calibration discharge values in the calibration time period
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Fig. 2. a) Diagram of the observed and simulated during calibration period, b) Sediment diagram observed and simulated during
calibration period.

Distribution chart of observed and simulated Distribution chart of observed and simulated
sediment values in the validation time period discharge values in the validation time period
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Fig. 3. a) Diagram of the observed and simulated discharge values in the validation period, b) Diagram of the observed and
simulated sedimentation values in the validation period.

Observational and simulated monthly precipitation-flow diagram in Karganrood basin
Calibration in 2000-2011 period
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Fig. 4. Observational and simulated monthly precipitation-flow diagram in Karganrood basin Calibration in 2000-2011 period
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Observational and simulated monthly precipitation-flow diagram in Karganrood basin
Validation in 2012-2014 period
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Fig. 5. Observational and simulated monthly precipitation-flow diagram in Karganrood basin Validation in 2012-2014 period

Observational and simulated monthly precipitation-sediment diagram in Karganrood
basin Calibration in 2000-2011 period
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Fig. 6. Observational and simulated monthly precipitation-sediment diagram in Karganrood basin Calibration in 2000-2011 period

Observational and simulated monthly precipitation-sediment diagram in Karganrood
basin Validation in 2012-2014 period
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Table 6. Details of meteorological stations studied in Gilan province

Type of weather station Station name Starting year End year Statistical period length
. Bandar Anzali 1975 2018 44
Synoptic

Astara 1986 2018 33

Asbehboni 1998 2017 20

Climatology Pasikhan 1983 2015 33

Azberam 1990 2018 29

Gisoom 1999 2019 21

. Khalifabad 2000 2019 20
Rain gauge .

Havighe 1960 2019 60

Talesh 1998 2019 22
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Table 5. Comparison of the performance of climate models in the SSP2-4.5 scenario

Error of meteorological variables between observed and simulated data of SSP2-4.5

Climati del c t scenario
imatic mode omponen 2026-2050 2051-2075 2076-2100
R RMSE NS R RMSE NS R RMSE NS
Precipitation (mm) 086 578 084 084 535 086 089 485 0.89
CanESM5 Max temperature (°C) ~ 0.84 16 081 087 06l 085 087 65 0.85
Min temperature (°C) ~ 0.87 2.9 083 087 19 084 087 16 0.81
Precipitation (mm) 081 585 079 08 543 079 079 50.4 0.76
MPI-ESM1.2-HR Max temperature (°C) 081 25 079 081 35 079 081 42 0.77
Min temperature (°C) 083 2.1 081 083 12 083 083 13 0.83
Precipitation (mm) 08 6.9 079 079 753 073 079 76.1 0.73
Max temperature (°C 083 25 077 083 18 078 03 14 0.81
NorESM2-MM Min temgerature ((C)) 083 35 078 083 3.1 077 083 26 077
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Table 6. Comparison of the performance of climate models in the SSP2-4.5 scenario

Percentage of changes in average precipitation and maximum, minimum

Observation

temperature in SSP2-4.5

Model name Component 2026-2050 2051-2075 2076-2100
1975-2018 Qty. Change% Qty. Change% Qty. Change%
Precipitation (mm) 1686.5 1383.54 -17.9 1 1207.18 -28.4 1105.33 -344 ]
Max temperature
CanESM5 °C) 19.2 19.32 0.6 ) 20.48 6.6 212 10.4 0
Min te(TCp)erat“re 141 1429 13 1 1431 14 146 35 1
Precipitation (mm) 1686.5 1333.2 2.6 1+ 1280.6 -34 1037.3 -3849 |
Max temperature
MPI-ESM1.2-HR C) 19.2 19.7 -4.2 l 20.8 8.3 22.4 16.6 1
Min te(Té’)erat”re 141 135 244 | 146 28 142 07 1
Precipitation (mm) 1686.5 1274.2 -36.2 | 11921 -29.3 1009.4 -401 l
Max temperature
NOrESM2-MM ©C) 19.2 19.8 3.1 1 21.6 125 22.3 16.1 1
Min te('l‘g)erat”re 141 138 21 | 132 6.3 138 21
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Table 7. Comparison of the performance of climate models in the SSP5-8.5 scenario
Percentage of changes in average precipitation and maximum, minimum temperature
Observa f
- in SSP5-8.5
Model name Component tion
p 2025-2050 2051-2075 2076-2100
12%71?3 Qty. Change% Qty. Change% Qty. Change%
Precipitation (mm) 1686.5 1379.8 -18.1 ! 1252.6 -25.7 | 1044.2 -38 |
CanESM5 Max temperature (°C) 19.2 19.3 0.5 1 20.8 8.3 1 21.9 14 1
Min temperature (°C) 14.1 14 -0.7 l 14.3 14 il 15.22 79 i
Precipitation (mm) 1686.5 1194.7 -29.1 ! 1350.7 -19.9 | 1104.6 -34.5 |
MPI-ESM1.2-HR  Max temperature (°C) 19.2 19.1 0.5 ! 19.9 36 1 21.3 109 1
Min temperature (°C) 14.1 14 -0.7 l 14.7 4.2 il 15.3 8.5 i
Precipitation (mm) 1686.5 1107.5 -34.3 l 1000.8 -406 l 956.3 -43.2 l
NorESM2-MM  Max temperature (°C) 19.2 16.9 -11.9 ! 185 -36 ! 20.1 46 1
Min temperature (°C) 14.1 13.8 -2.1 | 15.1 7 1 15.3 8.5 1
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Table 8. Percentage changes in average discharge and sediment SSP2-4.5 in future periods

Observation

Percentage of changes in average discharge and sediment in SSP2-4.5

Component 2026-2050 2051-2075 2076-2100
2000-2014 Qty. Change% Qty. Change% Qty. Change%
Discharge (m®/s) 6.44 3.32 -48.5 3.97 -53.89 l 22.792 -56.7 l
Sediment (ton) 147.83 155.41 5.12 1 228.13 54.3 1 227.74 54 1
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Table 9. Percentage changes in average discharge and sediment SSP5-8.5 in future periods

Percentage of changes in average discharge and sediment in SSP5-8.5

Component Observation 2025-2050 2051-2075 2076-2100
2000-2014 Qty. Change% Qty. Change% Qty. Change%
Discharge (m®/s) 6.44 2.88 -52.8 l 29 -55 ! 2.84 -56 !
Sediment (ton) 147.83 190.75 29 1 2613 76.75 1 31529 11327 1
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Comparison diagram of average observed discharge in three upcoming periods in CanESMS climate
model under SSP2-4.5 scenario
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Fig. 8. Comparison diagram of average observed discharge in three upcoming periods in CanESM5 climate model under SSP2-4.5
scenario

Comparison diagram of average observed discharge in three upcoming periods in CanESMS climate
model under SSP5-8.5 scenario
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Fig. 9. Comparison diagram of average observed discharge in three upcoming periods in CanESMS5 climate model under SSP5-8.5
scenario

Comparison diagram of average observed sediment in three upcoming periods in CanESMS
climate model under SSP2-4.5 scenario
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Fig. 10. Comparison diagram of average observed sediment in three upcoming periods in CanESM5 climate model under SSP2-4.5
scenario
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Comparison diagram of average observed sediment in three upcoming periods
in CanESMS5 climate model under SSP5-8.5 scenario
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Fig. 11. Comparison diagram of average observed sediment in three upcoming periods in CanESM5 climate model under SSP5-8.5
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