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Spatial-temporal evolution of agricultural non—point sources of total phosphorus pollution loads in Tuojiang
River watershed based on correction of social-economic factors
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(1. School of Environment and Resource, Southwest University of Science and Technology, Mianyang 621010, China; 2. Chengdu Tuojiang
River Basin Investment Development Group Co., Ltd., Chengdu 611741, China)

Abstract: The traditional estimation of pollution loads ignores the impact of temporal—spatial heterogeneity of socio—economic factors on
the calculation results, which do not objectively reflect the actual pollution situation. Therefore, the study selected the Tuojiang River
watershed as the study site and adopted the corrected pollution discharge coefficient method based on socio—economic factors to estimate
total phosphorus (TP) pollution loads in the watershed. First, based on statistical data (such as population and cultivated land area, crop
production, and the number of livestock) of 28 counties located in the watershed from 2011 to 2017, the GM (1, 1) model was used to

predict the variation trend from 2021 to 2025. This study then calculated the TP pollution loads of each district (county) from diverse
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pollution sources using the corrected pollution discharge coefficient method in the future. Finally, exploratory spatial data analysis (ESDA)

was used to explore the spatial distribution variation of TP pollution loads from diverse pollution sources in 2025. The results are as follows :
from 2021 to 2025, the total TP pollution loads will increase steadily by 2.18%, and the increment will be 266.34 t. Among them, TP
pollution loads from rural domestic sewage, rural domestic waste, and livestock and poultry pollution sources will decrease gradually,
whereas TP pollution loads from agricultural runoff and agricultural solid waste pollution sources will increase yearly. The contributions of
TP pollution loads from diverse pollution sources to total TP pollution loads are as follows : livestock and poultry, agricultural solid waste,
agricultural runoff, rural domestic sewage, and rural domestic waste. From a spatial perspective, compared with 2017, the number of
districts (counties) with high TP pollution loads from rural domestic sewage and rural domestic waste pollution sources will decrease.
However, agricultural runoff, agricultural solid waste, and livestock and poultry pollution sources will increase. Moreover, there are
differences in the districts (counties) with the highest TP pollution loads in 2017 and 2025. In 2025, the difference in the local cluster
patterns of uncorrected and corrected TP pollution loads will be prominent. After modification, TP pollution loads from diverse pollution
sources show a pattern that is similar to the pollution level cluster. The evaluation of TP pollution loads from various pollution sources in
the Tuojiang River watershed based on the correction of socio—economic factors not only considers the temporal-spatial differentiation of
pollution discharge coefficients but also reveals the spatial cluster pattern of TP pollution loads. The method has the characteristics of fewer
parameters and easy operation, which can be extended to water environment management and pollution prevention in other similar
watersheds.

Keywords: agricultural non—point source pollution; total phosphorous; spatial correlation; exploratory spatial data analysis (ESDA);

Tuojiang River watershed
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Figure 1 Spatial geographical map of Tuojiang River watershed
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Table 2 The required parameters for calculating TP pollution loads from diverse pollution sources
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Note: When estimating uncorrected TP pollution loads, the corrected parameters related to pollutant generation coefficients are equivalent to 1.

However, when estimating corrected TP pollution loads, the corrected parameters related to pollutant generation coefficients are determined by the following

process(section 2.4).
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Figure 2 Flow chart of prediction and correction of TP pollution loads
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Table 3 The modified coefficients of pollution loads from various pollution sources
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ol GDP S TE HEIX B L GDP S8, Wi ERK B4l COPISTE RS AT M A
RHB; X BT R s AR s RTE LR 28 N X L R — X B . [T LU TS R AL
i = 11 ZIE
( 28X HL AL GDP ) Li=
28X LA TR
HOLGDP I E JE I L GDP Koy, PR EHOL COP SRS T4 S5 A el
My, T REEE Ly BTN PR T REE.
12

Yi=
( AE28 1 X E B0k GDP )
281X BB T R

FNHE FB & FR RSB ES — 7k GDP A& g 1|
B A HBOW AN — 77k GDP 52 B 15 H 1m0 5 Hs
ST R (R 5) , Him KR 2Z LT 10%, = it
T B RS EE R R R AT, AT LUK
B 3] 2021—2025 44t 25— 28 5% £ s Tl A1 TP
15 YA FTEIE

WA A T e ARG HES R A A g EHE
15 B0 TP V5 Je f fap Al SR 25 L i — 2D Bk T A
WFFE 4 3L T4k -2 55 I B IE TP 5 Y B ff 1T
BB . AR E SRR T 2011—2016 4FTE
VLA X Bl A T B A AEY - & S
AR AR SR B RS SR GM (1, 1) TN H: 2017 4

Fz4 BHER-IEWIFEMOML, 1) EBIIEHE
Table 4 GM(1,1) model validation of cultivated land area
and crop yield

AR LRI AR AL GitiETs R Bk A IEHES
FBOETH AR5 YU TP 5 e i, K SR

x5 EHES-25F 8RR GM(1, 1) = BIIHHIE

Table 5 GM(1,1) model validation of other socio—economic data

i H Ttem 20164 2017 4¢
Bt imi B FLIE/hm? 3450394500 36732 886.60
FHUE/hm? 34427366.10 34 538051.70
WK% -0.22 -5.98
Ve FLAH 9 435 307.00 9 460 302.18
T (/¢ 9094 159.09 9172 946.88
W% -3.62 -3.04

T H Ttem 20184 20194
VIR PN ERHIETUN 920.50 891.60
SRIIEETON 935.91 918.23
RIE % 1.67 2.99
wE HYAE R 19 398.64 21 828.05
B ESS 19 944.05 20 200.27
W% 2.81 ~7.46
Hi—rlk LA/ T O 10788 545.00 12016 519.00
Gbp L/ e 10 680 444.15 11073 489.66
WR#EI% -1.00 -7.85
miEs—  HEIMEMLIT 7 006.47 7 678.61
PALGDP g 5 7436.94 7850.39
W% 6.14 2.24
gl EIEALIT 4153.71 4395.04
Gbp A 4287.79 4637.88
W% 3.23 5.53
sl ESEEMCT 2246.08 2 647.88
GbP WAL 2362.86 2389.66
R2E% 5.20 -9.75
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F 5% 45 A X HL A BT, a5 R LR 6 4515 YL TP
15 Y71 g TN A 5 A ISR 45 A KR 25 PR R AE 5%
PAP AR A AR 15 5 7K AR A 106 by 3 AR H A I Rk H
[ 42 TP 15 Y 01 faf 18 1A 55 AT AAIF 5T 285 AR iR 25 4
FRE10% A4 B IESS RAE H 26N . & &7
B TP 5 Y 7 fi 18 TE B 5 1 A58 25 AR R 22 R 4
TE15% oAy B TESE R m o Geitar %ok e ihy
5 X BB E LTV IREL, XA 2 R AR A SR
S PR B RN T ARSI S
BB SREE TP ¥ Y A AT AR i Wi it AR A 15 Gtk
B o [RIESF ¥ e 0 fa Al 50 2 5000 2 S A B, i A%
GiHETS R BAG TS Y O far B GRS, HAR SR
I Q01 52 i B A5 i DX 5 e W HE R I B s 22 5 1B OE
() TP ¥5 Y 57707 5 R AG 1 TP 75 Y 07707 (158 22 2 phy ik
T4 4R Ok GDP 555 — 77l GDP He i) 22 £ il
AT R ML A X B Ol GDP £ 5 s
B 2 [ 9 22 53 3 35000, S8 e VLI 2 A 7B X 35k
XU 48 4k 2 25 & R I ik i, WO 1T 48 A 0k
GDP B A7y vl FH F g TL 3k & X Bk VB0l GDP Y
5. 8 Eodr B IEHS REGE oA B, HALE
(RS UR N S R ST/
3.2 TPiT A fabt B 54

WE 3a ff s, 2021—2025 4F , YT i ds 4 TP i5
et far BHO12 194.92 30 & 12 461.26 t, #4140
266.34 t, HEIE A 2.18% ; WK 3b~& 3d FIr s, A A A 7
15 7K AR A 16 B RN E B SR A TP V5 YL £ fof 35 2
A 38 el R A, OB O I/ 94.24.77.90 1 86.52
t, IR 23 10 16.92% . 16.92% 1 1.10% ; W1 Kl 3e F1 &

3ETR A AR AT AR HH [ 1 TP 175 Y £ iy 34 A2 i
AE 3 A B B TIN 74,52 1 F1450.49 1, 4 IE 43 51
1 4.82% F119.64% . 4515 YL il TP 15 Yy 4 faf 1) 48 X A2
A e B R A EE [ > AR AR 15 ¥ K =R AN A T
W R MR >E B IR0 . 2021—2025 4E R VT 4%
15 YU TP 35 Y B A DT R AN 8] 4 FTOR |, & & 9 5E ot
HRFMG f 5, FE 60% LA b B B T VL Sk 3 S e
P AT A 1 B3 TR A e A KT 4% & T5 L5
TP 15 4L 171 iy o7 ik 4G R IR B & F5 > A H [8 > 4k
FH AR SR b A 16 15 K S AR A 16 B 3%
3.3 TPiE A= EET S

AHFFE B 2017 £ F01 2025 424875 YL I TP 75 Y
A far BUOH , BRI A5 () o A AR KA (B 5) o AT AR TG
15 K AR A 3 B3 TP 5 Y4 47 fnf 245 [8] 43 A1 FRAE Sy
AL Sa FE 5b) o 2017 4F R K AETR 15K AR A=
TG 457 3 TP 5 Y 7 af 448 5 19 X B 389 07 F P e i~ 75
B g rp B s B AR e B, 2025 AK T
EUFR A RO SRR X . 2017 4F & AR IR TP 5
YA far 5 19 DX B T i i 2 R B 2025 4R
T rp Uit 4 22 B BLOR R i G g BRI BH X (I Se) o
2017 4 v i 22 5 B i R [ R TP 35 Y B for 55
2025 4 H i Y 2 ELRIZR 246 IX DA KT Wi e i L
B H 5 TP 35 Y A fap B s i (181 5d) o 2017 4,
BB SRAH TP 15 YL 1 fa 18 1 1 X B F i ) e s B
R Ui r 9 B, 2025 40 T i i 75 B s
BN o By BT IX (] Se ) .
3.4 TPiTRHfar= EE B S

hp it — 4B R AL S - P T TP 5 Y fuf 28

Fo Hi5RBESEENHES REERIE

Table 6 The verification of corrected and uncorrected pollution discharge coefficient method

15 G HABFFESS R BiBUIUE(ER BIEE W1 W22 W23
Pollution source Previous research result Predicted value Corrected value Error 1/% Error 2/% Error 3/%
RIS LETG 15K 730.14 728.45 817.38 -0.23 11.95 12.21
ARSI B3R 603.59 602.18 675.70 -0.23 11.95 12.21

A HAR R 1 344.95 1 289.06 1441.23 -4.16 7.16 11.80
A H [ 1% 1 394.86 1423.30 1539.85 2.04 10.39 8.19
B R 4 638.87 4782.23 5384.49 3.09 16.07 12.59

TE : HADFIEE RO AT AL TSPl B, SR L Gt R BOR T SAR B i e 0 81, BOME 0 (e S HlS R ECE AR BRI LR
TR TE R HETS 2R B3T3 B R ATFE 45 2R 5 D22 1 9 SOV EL S B AW SR 4 SR AT D222 , DR 28 2 B TEAEL S BT A SR 4 SR A AR 1222 , 1822 3 0

B LEAFL S FIUIE A AT X R 22

Note: The previous research results are pollution loads calculated by the traditional pollution discharge coefficient method based on the actual basic

data, the predicted value is the research results calculated by the traditional pollution discharge coefficient method , and the corrected value is the research

results calculated by the modified pollution discharge coefficient. Error 1 is the relative error between the predicted value and the previous research results,

error 2 is the relative error between the corrected value and the previous research results , and error 3 is the relative error between the corrected value and the

predicted value.
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Figure 3 Temporal variation of TP pollution loads from diverse pollution sources from 2021 to 2025
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Figure 4 Contribution rate of TP pollution loads from diverse

pollution sources to summed TP pollution loads from all pollution

sources across whole Tuojiang River watershed
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Figure 5 Spatial distribution of TP pollution loads from diverse pollution sources in 2017 and 2025

1% WHART]



A, SET A - R B IE M TR T RAR Ml T A DA 5 e GO 25 AR I 5 1031

() VELLRIR20254F A A 7575 7K
TP 5 B G EAE TE T J %

[ semmis

R
B
I AR
D2 1siEmsesmnasinn
BB 1Rk A R
Y #IE AR A

s

i

)
EER A
M

22
S

E

>z
=

0 15 30 60 km 0 15 30 60 km
| SR | L bl

0 15 30 60 km

() TEITTIR20254F A< H 5] R TP
T5 4B 4 FRME IE 7T 0) B

[ semimg

I

I A

[ B

V] 1 atesmasi sk
BB ERssRasm
N fIEE SRR A

>z

0 15 30 60 km

(b)VELLIIR2025 4 A A AL i b7 3.
TP 5 G A7 g FH0I A8 1E T J o

(o) YEIL I IR20254E 4% A2 TP
¥ G A TS 1E i J X B

%

[ i [ s
W I i
I I
[ B [ GO

D7) s ik
B 1B ek
Y i SR A

V) 1iEasmikasik
B2 M E R TR A
RN f1F JF 4k R A e

0 15 30 60 km
| R

(&) VEILHLIR20254F & & 72 FHTP
V5 Y G RS 1 T i % R

[ s

I A

I

I e

fE IE R TR A 2%
B ERssRsm
IETE R B A T

>z

0 15 30

(a) F1(b) 1 JR TR TR R P B 1 ) B SRR AR U i X B, OB AR AR TR S 3% DA TP 35 e 7 o Y AR SRR S
The local enlarged drawing in figure (a) and (b) are the districts(counties) whose cluster status changed after correcting,
whose color represent cluster state of TP pollution loads in the districts (counties) after correction

Elo &SRR TPIRATIEERNEEIMEBXERIILE

Figure 6 Contrast of local autocorrelation cluster diagram of uncorrected and corrected TP pollution loads from diverse pollution sources
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