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Simulation analysis of water environmental capacity in an alpine watershed based on SWAT+WASP: A case study of Luqu
Section of Tao River. YANG Wen-xin'", LIANG Zhong-xin', PEI Zi-cheng', LEI Jun-hui? (1.College of Earth and Environmental
Sciences, Lanzhou University, Lanzhou 730000, China; 2.School of Information Science & Engineering, Lanzhou University,
Lanzhou 730000, China). China Environmental Science, 2025,45(9): 5081~5092

Abstract: The water environmental capacity of alpine fragile rivers, constrained by hydrological-biogeochemical coupling
processes, has long lacked robust quantitative investigations. Herein, we selected specific reaches of the Taohe River as the
study area, leveraging the SWAT (Soil and Water Assessment Tool) model to simulate watershed runoff dynamics, and
integrating the WASP (Water Analysis Simulation Program) model for analyzing riverine water quality indicators. A coupled
SWAT-WASP water quality model was thereby constructed, accompanied by the establishment of a quantitative calculation
framework for water environmental capacity, to assess the spatiotemporal patterns of water environmental capacity in the
alpine watershed at the northeastern margin of the Qinghai-Tibet Plateau. Model simulations exhibited strong concordance
with measured data, with correlation coefficients exceeding 0.6 for water discharge and runoff depth. Under Class [ water
quality standards, the annual water environmental capacities for BOD, TP, and DO were 157.6, 2.067, and 221.8 tons,
respectively; in contrast, TN required relaxation to Class [V standards, yielding an annual capacity of 50.38 tons. Spatially,
the water environmental capacities of BOD, TP, and DO in the upstream section accounted for 9.9%~10.3% of those in the
downstream, while temporally, their capacities in January (dry season) represented 10.1%~34.2% of those in July (wet season).
These findings underscore the dominant roles of hydrodynamic conditions and seasonal hydrological drivers in alpine fragile
watersheds, defining the sustainable development thresholds for such systems. With TN identified as the priority control factor,
a spatiotemporally coordinated allocation strategy is proposed, offering a scientific foundation for adaptive water quality
management in alpine fragile water source regions.

Key words: water environmental capacity; water quality model; Taohe River Basin; SWAT model; WASP model
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DEM SRTM (30m)(https://earthexplorer.usgs.gov/)

M R85 R} 2% W2 U8 0 (https://www.resde.cn/);EarthExplorer 3% J& 5% 1% 7 & 20 31 (https:/earthexplorer.usgs.gov/);NASA Earthdata
Search(https://search.earthdata.nasa.gov/);Google Earth Engine(https://code.earthengine.google.com/)
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G A 8769-965612652¢48/);NOAA NOMADS Mt %5 #% (https://www.ncei.noaa.gov/products/weather—climate-models/climate—forecast—
system)
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Table 2 River reach simulation parameters
T B K% (m) i I (m) W% (%) Y% (m) itk (m’/s) i (m/s)
1 36878.35062 56.0950005 0.138293 7.461618 125.2322884 0.994309938
4 12049.40259 52.5361936 0.19918 7.142594 116.2160865 1.119972403
6 16388.5909 51.5214628 0.20136 7.050323 114.4061257 1.129123672
11 22667.85064 48.9935384 0.233811 6.817776 109.5019479 1.192906533
13 33776.22725 47.9494208 0.340476 6.720565 107.601415 1.341399623
17 29115.41556 45.1479243 0.329722 6.456177 99.36707273 1.336556672
34 71108.32463 43.4176724 0.219384 6.290153 94.27201839 1.190073415
40 65909.06489 39.8206498 0.289793 5.937757 87.54866072 1.329949765
28 39010.11686 36.7931662 0.299922 5.632852 81.57850006 1.374421577
26 27643.43505 34.6697764 0.253225 5.413992 77.10692878 1.328460579
24 39485.70127 31.756775 0.263386 5.106317 68.62297265 1.369388008
33 76359.20774 26.8614314 0.292041 4.567056 54.36226885 1.462861142
31 56091.57139 22.3838615 0.31199 4.044271 40.81071009 1.551313412
47 63797.26294 9.2339583 0.396569 2.241174 9.913255695 1.689263261
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Fig.5 Pollution parameters of the Luqu section of the Taohe River from 2017~2021

2017~2021 4 1), 2k ] fige 15 At A P 4 B~ 3B
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