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Figure 1 Location of the Yiluo River Basin
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Table 1 Output coefficients of different pollution sources

TN TP

1.580 kg/(  +a) 0.160 kg/( -+ a)
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Table 2 Preliminary runoff coefficient

A B C D
0.70 0. 80 0. 86 0.90
0.36 0. 60 0.73 0.79
0.30 0.58 0.71 0.78
0.76 0.85 0. 89 0.91
0.77 0.85 0.90 0.92
0 0 0 0
3
Table 3 Slope correction
<2°50 0 7°05° 7°567) 0.6
2°50” 3°41°) 0.1 7°56” 8°47°) 0.7
3°41° 4°327) 0.2 8°47- 9°38) 0.8
4°327 5°23%) 0.3 9°38 10°29° 0.9
5°237 6°14) 0.4 >10°29° 1.0
6°14° 7°057) 0.5
® . N.P
o GIS
DI
DI, =exp( - D, * k) (2)
D, i
; k 0.09,
(4) o PNPI
Voxpr = 4. 8LCI+2. 6ROI+2. 6DI
LCI i Vexer
Yang 0
VPVPI
. N.P
VPNPIN/p =L, exp(ROI) +exp(DI) o (3)
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SWAT

o SWAT
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4 SWAT
Table 4 Data and sources for SWAT model establishment
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5 N.P
3 Table 5 Statistics of N and P pollution load
3.1 N.P sources in the watershed
N.P (N / TN TP / TP
2 . N.P (tea™) 1%  (tea™) 1%
20 643. 62 52.52 3 033.31 58.04
A 16 007. 01 40.73 1 620. 96 31.02
- N.P 2652.32 6.75 571.84 10,94
S N ~ S 39302.95  100.00 5226.11  100.00
’ 6 N.P
X Table 6 Output N and P pollution loads of
° different land uses
TN / TN TP ! TP
° (tea™) 1%  (tea™) /%
13 000. 07 62.97 1 956. 44 64. 50
4 267. 58 20. 67 777. 51 25.63
1322.99 6.41 185.74 6.12
2 052.97 9.94 113. 61 3.75
20 643.62  100.00 3033.31  100.00
120 643. 62 3
3.2
( ROI)
3
0.36~0.72 mm/h
ROI ;
ROI o
Figure 2 Distribution of pollution load index
N.P 5 2020
TN, TP 39 302.95 t/a
5226. 11 t/a. "
TN, TP 39 993.98 t/a-
5467.343 t/a o 3 2020
N.P 20643.62 t/a Figure 3 Runoff index distribution in 2020
3033.31 t/a 52.52% 3.3
58. 04%; N.P ( DI)
6.75%-10.94% . 0 DI
6 N.P DI 4 o
° N.P 3.4
13.000.07 t/a  1956.44 t/a; »
( ) N 5 GIS 2020
1322.99 t/a; p 5 o
113.61 t/a. 7 2020 N o
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4 2020

Figure 4 Distribution of distance indicators in 2020

5 2020
Figure 5 Spatial distribution of non-point sources in 2020
N.P
N 8 578.621 km’
48. 85% NN
2 566.316.1 699. 806+ 2 570. 505+
2 145.029 km® 14.61%.9. 68% -
14.64% 12.22% . P
9 766. 24 km” 55.48% .
N 1541.82.1961.47.
2331.92.2 003. 16 km’ 8.76% -
11.14%.13. 25%11. 38%
7 2020 N
Table 7 Risk levels of N and P pollution in 2020
/km’ /%
8 578. 621 48. 85
2 566.316 14. 61
N 1 699. 806 9. 68
2 570. 505 14. 64
2 145.029 12.22
9 766. 24 55.48
1541.82 8.76
P 1961.47 11. 14
2 331.92 13.25
2 003. 16 11. 38

6

PNPI

2020

Figure 6 Simulated spatial distribution of non-point

source pollution risk based on original PNPI
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Table 8 Sensitivity parameters of model
CN2 SCS r -0.000 2
SOL_BD r -0.380 0
SOL_K r -0.6250
SOL_AWC r 0.1300
ALPHA_BF v 0.360 0
CANMX v 76.400 0
GWQMN v 0.1200
ESCO v 0.880 0
GW_REVAP v 0.110 0
CHN_2 v 0.280 0
GW_DELAY v 407.360 0
RREVAPMN v 378.520 0
SFTMP v 1.040 0 8
Figure 8 Spatial distribution of pollution loads
2017 TP N . . . .
5 in the Yiluo River Basin
TP R NSE 0.85.0.84
0.85.0. 84
N.P
2012—2015 .2015—2017 TN
TN R* NSE 0-6
0.66.0.59 0. 66.
0.59. SWAT ’
° 4
2020
SWAT
(1) N.P
N P
48.85%- 14.61%- 9. 68%- 14. 64%- 12. 22%
55.48%-8. 76%-11. 14%13. 25%-11. 38%
(2) 2020 .
7
_ S 20643.62 t/a  3033.31t/a
Figure 7 Simulation results of runoff N.P
SWAT N 0.08 ~ 13000.07 t/a  1956.44 t/a;
9.28 kg/(ha *a) TP 0.003 ~ 2.436 kg/ N 132299 t/a
(ha * a) § N P 113. 61 t/a.
~ ~ ~ ~ ~ ~ ( 3)
N ' N N PNPI SWAT
N - TP PNPI
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Spatial Distribution of Non—-point Source Pollution Risk Based on PNPI and SWAT Model

ZHENG Jiake' > GAN Rong'® ZUO Qiting' > YANG Feng'

( 1.School of Water Conservancy Engineering Zhengzhou University Zhengzhou 450001 China; 2.Henan Key Laboratory of Groundw—
ater Pollution Prevention and Rehabilitation Zhengzhou University Zhengzhou 450001 China; 3.Zhengzhou Key Laboratory of Water
Resources and Water Environment Zhengzhou University Zhengzhou 450001 China; 4.Construction Management Company for Chus—
handian Reservoir of Project of Henan Province Xinyang 464043 China)

Abstract: In order to clarify the spatial distribution characteristics of non—-point source nitrogen ( N) and
phosphorus ( P) nutrient pollution risk in the watershed the key non-point source pollution source areas in the wa—
tershed were identified. This study took the Yiluo River Basin as an example. The output coefficient method was
used to quantify the N and P pollution loads generated by different land use types residents” lives and livestock
breeding in the watershed. With the improved potential non-point pollution indicator ( PNPI) model and SWAT
(' soil and water assessment tool) model the spatial distribution characteristics of N and P pollution risk were de—
scribed and the key source areas of N and P pollution were identified. Pearson correlation coefficient method was
used to calculate the correlation between the simulation results of the two models and the reliability of the simula—
tion results of the improved PNPI model was evaluated. The results showed that in 2020 the spatial distribution of
N and P non-point source pollution risks in the Yiluo River Basin was similar. It showed the spatial distribution
characteristics of lower pollution risks in the upper reaches of the Yi River and Luo River tributaries and higher
pollution risks in the middle and lower reaches. N and P very low low medium high and extremely high risk are—
as accounted for 48.85% 14.61% 9.68% 14.64% 12.22% and 55.48% 8.76% 11.14% 13.25%
11. 38% of the total area of Yiluo River respectively. The output of land use was the main source of N and P pollu—
tion in the basin with the load of 20 643. 62 t/a and 3 033. 31 t/a respectively. Among different land use types
the output of N and P pollution from arable land was the most which were 13 000. 07 t/a and 1 956.44 t/a re—
spectively; the output of grassland produced the least N pollution with a pollution load of 1 322. 99 t/a. The P pol-
lution of residential land was the least and the pollution load was 113. 61 t/a. The Pearson correlation coefficients
between the N and P pollution loads simulated by the improved PNPI model and the SWAT model reached 0. 6 in—
dicating that the improved PNPI model was suitable for the study area.

Keywords: nitrogen and phosphorus pollution; potential non-point source pollution index model; output coefficient

method; SWAT model; Yiluo River Basin



