Supplementary Materials

1. Initial Parameters Selection

In this study, 21 parameters, which were related to runoff simulation, were first selected from
previous literature. Those parameters were selected from six process categories, including runoff, soil,
groundwater, evaporation, channel and snow [1,2] (Table S1).

Table S1. Parameters used in the sensitivity analysis.

NO. Name Definition Classification

1 CN2 [1-10] SCS curve number for moisture condition II Runoff
2 SOL_K [2,3,6,8] Soil saturated hydraulic conductivity Soil
3 SOL_AWC [1,3,4,6-9] Available water capacity of the soil layer Soil
4 SOL_BD [1,8] Moist bulk density Soil
5 SOL_Z [3,4] Depth from soil surface to the bottom of layer Soil
6 ALPHA_BF [2-9] Base flow alpha factor Groundwater

Threshold depth of water in the shallow aquifer required for Groundwater
7 REVAPMN [1,2,4,6-9,11]

“revap” to occur

8 GW_DELAY [1-9,11] Ground water delay Groundwater
9 GW_REVAP [1-3,5,6,8,9,11] Groundwater “revap” coefficient Groundwater
10 RCHRG_DP [1,2,7,9,11], Deep aquifer percolation fraction Groundwater

Threshold depth of water in the shallow aquifer required for Groundwater
11 GWQMN [1-3,5-9,11]

return flow to occur

12 ESCO [1-9,11] Soil evaporation compensation factor Evaporation
13 EPCO[1-5,7,11] Plant uptake compensation factor Evaporation
14 CANMX [2,4,7,11] Maximum canopy storage Evaporation
15 CH_N2[2,5,8,11] Manning's "'n" value for the main channel Channel
16 CH_K2[2,5-9,11] Effective hydraulic conductivity in main channel alluvium Channel
17 HRU_SLP [2,11] Average slope steepness Channel
18 SLSUBBSN [2,3] Average slope length Channel
19 OV_N|[1,11] Overland Manning roughness Channel
20 SFTMP [1,2,6,8,9], Snowfall temperature Snow
21 SMTMP [1,2,6,8,9] Snow melt base temperature Snow

2. Key Sensitive Parameters Selection

The sensitivity and significance of each parameter were evaluated by the t-value and P-value,
respectively. The t-values provided a measure of sensitivity (those larger in absolute values are more
sensitive), while the P-values determined the significance of the sensitivity (a value close to zero means
more significant) [12]. Based on the global sensitivity analysis and one-at-a-time sensitivity analysis in
the SWAT-CUP, the parameters ranked according to model sensitivity from high to low were
identified. In this study, the model was run 2000 times for sensitivity analysis, and the key sensitive
parameters for the monthly and annual runoff simulations are listed in Tables S2 and S3, respectively.

3. Model Parameters Calibration

Those sensitive parameters were automatically calibrated using the sequential uncertainty fitting
procedure, version 2 (SUFI-2) algorithm [12] with 2000 model runs. Each sensitive parameter was



calibrated. The optimal values of those parameters for the monthly and annual runoff simulations are
listed in Tables 52 and S3, respectively.

Table S2. Key SWAT model parameters, with their final value range and fitted values for monthly

simulations.
NO. parameter t-value P-value Variation Range Fitted value
1 ALPHA_BF 45.88 <0.01 Replace v 0.28 t0 0.85 0.57
2 CN2 751 <0.01 Relative r 049to1 0.98
3 CANMAX -4.44 <0.01 Replace 6.68 to 20.05 13.37
4 CH_K2 -3.86 <0.01 Replace 61.53 to 82.59 72.06
5 SLSUBBSN -3.83 <0.01 Relative -0.08 t0 0.13 0.02
6 SOL_K 3.02 <0.01 Relative 0.21 to 0.65 0.43
7 HRU_SLP 2.72 <0.01 Relative -0.06 to 0.20 0.07
8 GWQMN 2.69 <0.01 Replace 0to 1324 677

*Relative means of an existing parameter value are multiplied by the (1+a given value), Replace means
the default parameter is replaced by the given value.

Table S3. Key SWAT model parameters, with their final value range and fitted values for annual

simulations.

NO. parameter t-value P-value Variation Range Fitted value
1 GWQMN 33.82 <0.01 Replace 0to 2713 36.62
2 SOL_AWC 24.22 <0.01 Relative Otol 0.87
3 HRU_SLP -23.40 <0.01 Relative -0.10to 1 0.16
4 SOL_K -22.3 <0.01 Relative -0.80 to 0.40 0.31
5 SOL_Z 22.06 <0.01 Relative -1.00 to 0.05 -0.86
6 CANMX 13.96 <0.01 Replace 5.00 to 18.29 17.69
7 SLSUBBSN 12.13 <0.01 Relative -0.20 to 1.00 0.69
8 CN2 -8.95 <0.01 Relative -0.30 to 0.50 0.01
9 GW_REVAP 3.65 <0.01 Replace 0.15t0 0.20 0.15

*Relative means of an existing parameter value are multiplied by the (1+a given value), Replace means
the default parameter is replaced by the given value.

References

1.

Arnold, J.G.; Moriasi, D.N.; Gassman, P.W.; Abbaspour, K.C.; White, M.].; Srinivasan, R.;
Santhi, C.; Harmel, R.; Van Griensven, A.; Van Liew, M.\W. SWAT: Model use, calibration,
and validation. Transactions of the ASABE 2012, 55, 1491-1508.

Guo, J.; Su, X. Parameter sensitivity analysis of SWAT model for streamflow simulation
with multisource precipitation datasets. Hydrology Research 2019, 50, 861-877.

Wu, J; Miao, C.; Zhang, X.; Yang, T.; Duan, Q. Detecting the quantitative hydrological
response to changes in climate and human activities. Science of the Total Environment 2017,
586, 328-337.

Fang, D.; Hao, L.; Cao, Z.; Huang, X.; Qin, M.; Hu, J; Liu, Y.; Sun, G. Combined effects of
urbanization and climate change on watershed evapotranspiration at multiple spatial
scales. Journal of Hydrology 2020, 124869.



10.

11.

12.

Basheer, A.K,; Lu, H.; Omer, A,; Ali, A.B.; Abdelgader, A.M. Impacts of climate change
under CMIP5 RCP scenarios on the streamflow in the Dinder River and ecosystem habitats
in Dinder National Park, Sudan. Hydrology and Earth System Sciences 2016, 20, 1331.

Fu, Q.; Shi, R.; Li, T.; Sun, Y.; Liu, D.; Cui, S.; Hou, R. Effects of land-use change and climate
variability on streamflow in the Woken River basin in Northeast China. River research and
applications 2019, 35, 121-132.

Zhu, K,; Xie, Z.; Zhao, Y.; Ly, F.; Song, X; Li, L.; Song, X. The Assessment of Green Water
Based on the SWAT Model: A Case Study in the Hai River Basin, China. Water 2018, 10,
doi:10.3390/w10060798.

Zhang, L.; Meng, X.; Wang, H.; Yang, M. Simulated Runoff and Sediment Yield Responses
to Land-Use Change Using the SWAT Model in Northeast China. Water 2019, 11, 915.
Zhang, X.; Srinivasan, R.; Van Liew, M. Multi-site calibration of the SWAT model for
hydrologic modeling. Transactions of the ASABE 2008, 51, 2039-2049.

Ault, TW.; Czajkowski, K.P.; Benko, T.; Coss, J.; Struble, J.; Spongberg, A.; Templin, M;
Gross, C. Validation of the MODIS snow product and cloud mask using student and NWS
cooperative station observations in the Lower Great Lakes Region. Remote Sensing of
Environment 2006, 105, 341-353.

Me, W.; Abell, J.; Hamilton, D. Effects of hydrologic conditions on SWAT model
performance and parameter sensitivity for a small, mixed land use catchment in New
Zealand. Hydrology & Earth System Sciences 2015, 19.

Abbaspour, K.C. SWAT-CUP 2012. SWAT Calibration and uncertainty program—a user
manual 2013.



