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B 2 T, BEATEZ X AR IR . TN ORI TP (R #E
WA AIE RS 5 S bR e A AR & . TEBAL RS
WERIFIIGAE G, 483 TN HI TP BORAELRIF 45 5L 13
J£ NSE>0.5, MAPE f£ 0~1 2 [i], R>>0.6, #iil45 %
SRR PRORE B R o S LA R YA 48 b 1 T SR R A v
AR, U AR RN SR R 2 1] E R 7R g R ) 60 0 0
(AT E AR 22 PY, (H 2R HE 5 R AR & R
SWAT BEAILE1Z X I A 0 1 d 1

22 REARRIRERRE SR X
22.1 TN/TP 75 % 547 64 = 8] o A

N T VSR SRS S (NPS) ¥5 Qe KUK, 2420
ST TN A TP J5 4 5 faf 25 (] 20 A o IXFof 2 (8] 90 A 3
WAL BEOE 48 7R A [R] X 3 175 e a2 57, b Re itk —
WIS S BUKYE, A T E W R R A TN
FLETE TP ¥5 G 6 far 123 (8] /3 A RRAIE, 424 7 TN A TP
AT S A E (3.

ME F AT LA F, TN Al TP i35 42 6 fa £ 6 72338 A
S AR 25 T8 20 AR 25 5 o TN §5 e 4707 110 25 18] 20 AT 4
TN, DRI ZR B R X S Y B T E, TN B g i
70.61 t/a, FEZIDXIRM BT R AR B S .. 2GR
LR RES) . R EAKMEREH S =AM
3500 PG AL 5 e B A A AR, (KT 24.57 ta, R WTIZ
DX IR G T R 15N o

TN/(t-a™) W
£0.01~24.57

m=24.58~70.60
=70.61~161.91

a. TN

£30~2.63
.2 .64~5.81
. 5.82~13.85

0 510 20km 0 510 20km

b. TP
B3 TN A= TP 774 A #6928 o5 A

Fig.3 Spatial distribution of TN and TP pollution loads
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Fig.4 Spatial distribution of TN loss risk in watershed
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TR ST A TG 5 - 2 di bk
Hydrological period Sub-basin No. IR Areafkm Percentage /%
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KA 34 54.19 1.64
; FAKAE 13,17,37 434.27 13.17
By H E) »
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Table 2 Sub-watershed and area proportion of TP pollution

high-risk areas in different hydrological years
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Fig.5 Spatial distribution of TP loss risk in a basin
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Risk evaluation of nonpoint source pollution based on water environment
capacity at watershed scale

LU Xinlu! , PANG Shujiang*** , WANG Xiaosheng? , WANG Shuai*, LI Huigin?,
WANG Lijun®> , WANG Mingzhe®

(1. School of Management Engineering and Business, Hebei University of Engineering, Handan 056038, China; 2. School of Mathematics
and Physics Science and Engineering, Hebei University of Engineering, Handan 056038, China; 3. Northeast Institute of Geography and
AgroEcology, Chinese Academy of Sciences, Changchun 130102, China; 4. Daqinghe River Affairs Center in Hebei Province, Baoding
071899, China; 5. Hydrological Survey Research Center of Baoding in Hebei Province, Baoding 071000, China)

Abstract: Non-point source pollution risk assessment is an important prerequisite for effective management of the watershed
water environment. Compared with point source pollution, non-point source pollution often comes from a wide geographical
area and a variety of activities, and its impact has strong temporal and spatial variability. Major sources of non-point source
pollution include agricultural runoff, urban stormwater runoff, soil erosion, etc. These sources are difficult to monitor and
manage individually, so assessing their risks is a critical step in ensuring healthy water quality in a watershed. Understanding
the temporal and spatial characteristics of non-point source pollution risk in river basins is essential for developing scientific
and effective management strategies. Based on this, this paper studies the risk of non-point source pollution based on water
environmental capacity in the Wangkuai Reservoir, an important strategic water source in Beijing. Based on the risk assessment
method of water environmental capacity (WRA-WEC), the calibrated SWAT model was used to analyze the temporal and
spatial distribution characteristics of soil nutrient loss in six periods in flood and non-flood seasons in different hydrological
years. The main conclusions of paper were as follows. 1) The processes of runoff and nutrient (i.e. TN and TP) can be
reproduced with good simulation performance for the SWAT model in this watershed. During the calibration period and
validation period of the model, Nash-Sutcliffe efficiency (NSE), mean absolute percentage error (MAPE), and coefficient of
determination (R?) of runoff, TN and TP all met the accuracy requirements. 2) In general, there are differences in the
distribution of TN loss risk in different periods. From the perspective of topography, the high risk areas in the flood season in
wet year are distributed in the eastern part of the basin, and the high risk areas of flood season in normal year and dry year are
distributed in the central and southern part of the basin. The high risk areas of non-flood season in wet, normal and dry years
are mainly distributed in the northwest and southeast. There were both differences and similarities in the spatial and temporal
distribution of TP risk in the six periods. The high risk areas of flood season in flood season of abundant, flat and dry year are
distributed in the east, central and south, southwest and northwest respectively, and the high risk areas of other periods are
distributed in the northwest and southeast. The pollution risk levels of total nitrogen and total phosphorus and the proportion of
high risk areas in different hydrological periods of the same sub-basin are not exactly the same. 3) The effects of pollutant (TN
and TP) loss intensity, upstream pollutant input concentration and pollutant water environment capacity on the difference of TN
and TP pollution risk value were investigated by redundancy analysis. Redundancy analysis found that the loss risk of TN and
TP in this basin is related to pollutant flux, upstream input concentration and water environmental capacity. These driving
factors make the pollution risk different in time and space, resulting in the difficulty of pollution control and management. It is
necessary to carry out multi-scale Non-point source pollution risk analysis for the upper watershed of theWangkuai Reservoir.
The results of this study will provide an effective basis for Non-point source pollution control at the spatial and temporal scale
of the basin, and can provide a reference for NPS load reduction and water quality improvement in the basin considering the
water environmental capacity.

Keywords: nonpoint source pollution; water environment capacity; SWAT model; risk evaluation
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