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Analysis of Hydrological Elements and Runoff Prediction in Tao'er
River Basin under Land Use and Climate Change
MA Liguo, LIU Jianwei, PANG Xiaoteng, JING Haihua

(Institute of Water and Environmental Research, Faculty of Infrastructure Engineering,
Dalian University of Technology, Dalian, Liaoning 116024, China)
Abstract: [ Objective ] To reveal the characteristics of the response of runoff to land use and climate change in the
Tao'er River basin, and to predict the future evolution of runoff in the basin. [ Methods] Taking the Tao'er River
basin as the study area, the runoff response process of the watershed was quantitatively analyzed based on the
SWAT model with the CMIP6 climate model and PLLUS model driving meteorological and land use changes,
respectively, to project development scenarios for 2025—2100. [ Results] 1) The SWAT model had an R*>>0.75
and an NSE>>0.65 for both the rate period and the validation period. The overall accuracy of the PLUS model
was —>0.85, and the Kappa coefficient was =>0.80, and the two models had good applicability in this watershed.
2) Relative to the baseline period (1990—2022) , the Tao'er River Basin received higher precipitation under all
three future scenarios than during the historical period, as shown by SSP126>SSP585>SSP245, and higher
temperatures under all three future scenarios than during the historical period, as shown by SSP585>SSP245>
SSP126. 3) During the period of 2025—2100, the areas of cropland, watersheds, and unutilized land in the

Tao'er River Basin increased significantly, while the area of forested land increased slowly, and the areas of
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grasslands and built-up lands continued to decrease. 4) The average annual runoff in the future period would

exceed the level of the base period under the SSP126 scenario, while it would be lower than the level of the base

period under the SSP245 and SSP585 scenarios, and the average multi-year runoff under the three scenarios
would be 11.1710°, 9.00X 10 and 9.34 X 10° m*/s. [ Conclusion ] The Tao'er River basin’s future runoff change

presents the trend of continuous growth, therefore should enhance the flood control consciousness when the annual

average runoff reaches the maximum value in three level years, the results can provide certain reference basis for

reasonable development and construction of the Tao'er River basin in the future.

Keywords: runoff prediction; CMIP6 climate model; PLUS land use; SWAT modeling
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Fig. 1 Distribution of water system, hydrometeorological

stations and reservoirs in the Tao er River basin
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Table2 Parameter values of SWAT model in Tao’er River basin

P45 SRR YrBE X ZH R
1 CN2 i i 8 —0.5~0.5 0.278
2 CH_N2 ESTBEE=NSE¥ ¢ —0.01~0.3 0.212
3 CH_K2 B A AOK 115 —0.01~500 424.643
4 ALPHA _BNK Fp==E " S i S 0~1 0.730
5 ALPHA _BF B ST ENEEN 0~1 0.813
6 GWQMN B2 T KR I R A 0~5 000 616.304
7 SOL_AWC(D) 55 1) R R HIK & 0~1 0.806
8 SOL_AWC(2) 55 2 )7 L HERT R K 0~1 0.904
9 SOL _K(1) 95 1)2 LRI AR 15 5 —0.8~0.8 —0.472
10 SOL _K(2) 95 2)2 LI AOK )15 5 —0.8~0.8 —0.267
11 SOL_BD(1) AT 0.9~2.5 1.581
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Fig.2 Comparison of the measured and simulated values of monthly runoff at Zhenxi Station and Taonan Station from 1990 to 2009
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Table3 Calibration and verification results of monthly runoff simulation at Zhenxi Station and Taonan Station from 1990 to 2009

. P K ST YK 30
SEAE/ (m®es™D BUME/(m’s™)  R* O NSE  SEME/(m’-s D BEUE/(m’s) R NSE
T W (1990—1999 4) 53.26 53.30 0.88  0.77 59.01 51.85 0.82  0.79
K UE] (2000—2009 4) 9.92 15.73 081 0.73 7.60 15.68 0.76  0.69
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Table 4 Characteristics of climate scenarios

&K KT HETs A% 5
SSP126 SSP1: [ #¢4: k i RCP2.6
SSP245 SSP2: K RCP4.5
SSP585 SSP5: 3 F AT kY K e RCP8.5
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Table 5 Changes in the average annual precipitation in the Tao'er River basin in the future

F 1Y T WK AR I8 S K AR I8 5 B AHUK AR
(1990—20224F) ke (2025—20354F) (2036—2050 4E) (2051—21004F)
S/ mm WAl /mm AR % WY /mm AR Y WAL /mm A8 fE3 Y%
SSP126 489.07 13.83 481.28 12.01 524.03 21.96
199,66 SSP245 436.06 1.49 473.10 10.11 507.74 18.17
SSP585 444.83 3.53 495.05 15.22 519.96 21.02
R OL:N 456.65 6.28 483.14 12.45 517.24 20.38
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Table 6 Changes in annual mean temperature in the Tao'er River basin in the future

M I W KP4 I8 5K AR 378 5B A K AR
(1990—20224F) oSkl = (2025—20354F) (2036—2050 4F) (2051—21004F)
SLE/C A /C ALY oA /°C ALY WfE/C ARy
SSP126 6.84 23.22 7.61 37.16 8.05 45.13
. SSP245 7.06 27.25 7.49 34.95 9.00 62.12
SSP585 7.14 28.65 7.97 43.58 11.11 100.25
-2 7.01 26.37 7.69 38.56 9.39 69.17

B3 2000—2020 F it F| HREE

Fig.3 Land use Sankey diagram from 2000 to 2020
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Fig. 4 Future land—use projections
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Table 8 Changes in the average annual runoff of Taonan Station in the future
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Fig.5 Changes in annual runoff in the Tao'er River basin under different scenarios in the future
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