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Fig. 1 Research area and distribution of sampling sites
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Tab. 1 Statistical data of measured water quality parameters
e FEE brife2E i/ ME Pk IUNIE] 5 FHL
Parameter Mean Standard deviation Minimum Median Maximum Coefficient of variation/%
pH 7.93 0.65 4.26 8.04 8.77 8.17
DO/(mg/L) 6.91 1.44 2.95 7.16 12.43 20.78
TP/(mg/L) 0.02 0.02 0.01 0.02 0.10 92.01
TN/(mg/L) 1.24 0.76 0.28 1.15 3.99 61.73
NH,;-N/(mg/L) 0.06 0.15 0 0.03 1.22 232.71
COD/(mg/L) 6.73 5.43 1.48 5.56 33.70 80.70
e b BR R 45 KU/ (mg/L) 1.98 0.80 1.03 1.74 5.54 40.28
WQI 0.51 0.27 0.23 0.45 2.20 52.44

pH 7F 4.26 51 8.77 Z [a] 24k, - #41H 7.93, /K
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pHE >,
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COD TE=3 [Al 53 A FAFAEZE 5 o
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Fig. 2 Water quality grade status in the Yangtze River Basin
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Tab.2 Global moran's index of various measured
water quality parameters

LR AR AL

2H

Parameter Global moran's index z P
pH 0.10 2.24 0.02
DO 0.57 10.15 0
TP 0.25 4.68 0
™N 0.39 7.00 0
NH,-N 0.01 0.95 0.34
COD 0.01 0.45 0.65
[ERTRIvE R 0.04 1.01 0.31
WQI 0.07 1.81 0.07

23 ST ERETHEXMESH

Spearman AH A 57 45 S 7R K B S 80 (B
COD) 555 X 2 (B AR +-Hh) Z RIAFLE S A
] RUEE b ik (1 4) .

SR RE SR AAT S TPUTN &
FR IR EL AR A WQI IEAH OC 5 T3 BE o 2 RN 5 b
530 BE K T S E AR G . BEAh, K 5 DO IE
FHIE , B FE 5 NH,-N IEAH G, WK AR TP IEAH 5
A5 NH,-N A ¢, EAR TR, pH 2 S
I R g A A A DG, H S AR A G

M2 T, A NDVILHEHE b F 35
Hu B R FRVE T S B2 . N H /RS TP
FITN IEAHSG, NDVIFE/NRUE 5 DO IEAHH 5
WQI i AH K, HFHbAE K P R 5 TN IEAH G, i
FE/NRUEE 5 TN IE A G, s 7 /R
TN AIWQIIEA .

2.4 GWREBHMKE SN
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KIS E AL OLS, e RE(R) R8N T B
LB, OLS fY R*°H 4.1%~43.7%, GWR "4 10.5%~
77.8% , Hii# f = R IAE TPEC TN |, J5 # H B1
fE NH,-N b, P R 5 flRARAE COD i B, H:
I NH,-N AT WQUIE A L H 25 R 5l BT+ T &
/0.418 #10.287, Kt , GWR J& [ OLS T 4 Bff
FEAK I S HCE R PR 22 25 ) 6 2R ) e AR A 3
S A 45 R — 30, KR FAE T GWR AL B 23
(R €N R Sy g i T A R N T S N
T WA SR 2 [A) B S v XS S e 1Y
OLS A7 A 5t X Jjl] , ixX A R 3G PEA L AR T S84
THR B, b Ge P I 0T 22 J5) & Bl A5 8, , 24 111 1 v
Ty i1 3 A7 7K T 2 8005 5 e R R 2 ) Y R 4R Ok
F

GWR BRI L5 45 RANE 5. 764 RO
AR S pH ARG, T 5 TP TN # WQI 1E AH
O, 5 X5 B R 2 I 2 S 4 e A, HURE AR
I SRRSO R E e WINRE LT

20 21 i RUBE 38 B i i IEAH OG5 R R, FE R R

378 Ry AR G o AT RE R PR Ry AT 23 38 2o 5
KL ] 2 5% T 7K T S 40 T BE T B PR A i
WeEE R R 8 T AR B R T, 3 pH |
FH S TRV 3 ) X 4B I T K AR A )
SR T A W oy e A DA B e 28 sl K A A
A=A, ik e R 2R A s Ik 3 SR AR R
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X A3 Not significant
@ Fi{H4E % High-high clustery
® R4 % Low-low cluster &P
W (5% High-low outlier
W {5 Low-high outlier

X A3 Not significant
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X A Not significant
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X i Not significant
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W S {H5% High-low outlier
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SRR LA
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Fig.3 Local moran's index of various measured water quality parameters
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b A PR S 3 0 S 1 FS U, TN 3% 980k o [R]H
FEAAHE L, 1 i TR R i 501 348 9l s S R AT AR
S o PRIBIKT AT LA Wl X f) 26 55 K S8 /K-, 3
w5 NG L) BT AL A G . XA ATk
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A 2L Correlation coelfﬁciem

ss f0330{0.16}0.07]0.16}-0.150.26 ] 0:31] 0.02{ 0.03| 0.12 -0.14-0.15-0.18' S5}0.07 037 -0.05} 039 -0.12] 034 0.170.19]0.06]0.02}-0.17}-0.0410.01 I
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$4 10.30§0.16}-0.0240.17}-0.15}0.270.31]0.0040.03}0.07 —0.13—0‘18I-0.18| s4 |0.071027}-0.01f027}0.12]0.20{0.17{ 0.14] 0.04 }-0.01]-0.13}-0.03 0.01

s3 f030]0.16]0.03]0.15}0.150.27}031}-0.01] 0.03]0.06}-0.13L0.140.11] 53 Fo.07057]0.01[0.23}0.13]0.17]0.17]0.08}0.07]0.01}0.13]0.00Fo.0 - 0

s2 f0330{0.160.06]0.13}0.150.28] 031 }-0.03}-0.01} 0.06 }0.13}0.14}-0.11| 52 J-0.07] 037 0.1040.20}-0.13}0.13]0.17]0.07 }-0.06{ 0.01}-0.1410.02 }-0.06

-0.5
st f0330{0.16]0.01]0.11}0.150.23]0.30}-0.01}-0.01}0.02Fo.10}0.1540.04 51 Fo.07027)0.17]0.13}0.13)0.12]0.17}0.01]0.02]0.02} 0.10] 0.01 }0.12)
Xl X2 X3 X4 X5 X6 X7 X8 X9 XI0 XIl XI2 XI3 XI X2 X3 X4 X5 X6 X7 X8 X0 X0 XII X2 xi3
pH DO .
k% kk £33 Fk Rk 3k sk KK * k%
S5 10.0510.34}-0.36/0.39 0.08]0.01 ‘;|0.43 0.47]0.10] S5 -0.11]0.37}0.12}0.35 }-0. 7|.|0.23 0.23I.I0.30 0.32]0.07 I
- 0.5

K3k s | ok * % | xx
S4 -0.11]0.32}-0.1240.35 -0.44'.'0.23 025”0.27 0.340.07

* ok kK ok K
035 }0.05{0 4} d35] oldo -@Iq 0.07[0.02 .|0.40 adylo.10] s4
* 3k o 3k sk Ak Rk * o
53|35 }0.0s{0.18 0300350 @al.lom 00110588 0333|030 o.10| 53 |6IBa}0.11f036 0.0 0355 -o.45|.|0.24 0,21|‘|0.22 03so.osf -0

eee

%k k¥ KK * Kk Kk ok *
S2 -0.0510.12}-0.26{0.39 0.5/ 0.05]0.02 O 0.28]0.330.10 ).541-0.1110.19}-0.050.35 -0.41I‘|0.27 0. 18I.|0 2010.2040.09) 05
* % ek * £ 3 % ok ek
Sl -0.05]0.06 }-0.2410.39-0. 41”0 04]0.08}-0.49]0.25]0.380.09] S1 @ -0.11§0.14}0.05/0.35 -0,35|.|0.19 0.10 0'0.18 0.2040.08 I
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Xl X2 X3 X4 X5 X6 X7 X8 X9 XI10 XII X12 XI13 Xl X2 X3 X4 X5 X6 X7 X8 X9 XI0 X11 XI12 X13
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Hd4 SZERETARSHSHEEES EHEXHE

Fig.4 Correlation between water quality parameters and environmental factors at multiple spatial scales

£3 ZFEARETEKRSHOLS S5 GWREERE ZE(R?) b3

Tab.3 Comparison of determination coefficients (R*) of OLS and GWR models for various water quality parameters
at multiple spatial scales

ZH 100 m 200 m 300 m 400 m 500 m

Parameter OLS GWR OLS GWR OLS GWR OLS GWR OLS GWR
pH 0.121 0.165 0.106 0.171 0.099 0.170 0.094 0.170 0.092 0.169
DO 0.206 0.260 0.185 0.231 0.186 0.231 0.200 0.242 0.213 0.251
TP 0.321 0.418 0.362 0.479 0.390 0.514 0.419 0.533 0.437 0.520
TN 0.342 0.377 0.380 0.423 0.380 0.424 0.390 0.438 0.400 0.447
NH,-N 0.135 0.712 0.155 0.766 0.188 0.778 0.243 0.751 0.277 0.695
COD 0.042 0.114 0.041 0.105 0.054 0.118 0.063 0.126 0.063 0.134
e R R R AL 0.203 0.371 0.219 0.390 0.189 0.254 0.150 0.324 0.132 0.285
WQI 0.231 0.699 0.273 0.728 0.297 0.732 0.332 0.646 0.362 0.649
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Fig. 5 GWR analysis of water quality parameters and environmental factors at multiple spatial scales
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Spatial differentiation of water quality in the Yangtze River and the impact
of environmental factors on multiple scales

LIN Haojie'*, ZHANG Ruiqging*, WANG Ziye*, QIAO Qiao’, YAN Zhenguang’

(1. College of Oceanography and Ecological Science, Shanghai Ocean University, Shanghai 201306, China; 2.State Key
Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing
100012, China)

Abstract: A total of 69 sites were deployed in the main and tributary streams of the Yangtze River Basin to
evaluate and analyze the spatial autocorrelation of main water quality parameters and to explore the
influence of multiple environmental elements on the water quality of the Yangtze River at different spatial
scales. The results showed that nearly half of the sampling sites had water quality of category 3 or above,
with obvious differences between the main streams and tributaries. DO, TP and TN had obvious
aggregation trends on the whole, but had specific distribution characteristics in the local space. In addition,
the relationship between water quality parameters and influencing factors at different spatial scales is
complex, and the application of Geographically Weighted Regression model is always better than Ordinary
Least Squares model. At the global scale, precipitation and water body area positively contributed to water
quality and were the main factors influencing DO and NH;-N, while temperature and nighttime lighting had
negative effects and were the key correlates of TP, TN, permanganate index, and WQI (composite
pollution status index) , with temperature also significantly influencing water body pH. At the local scale,
there were complex correlations between multiple influencing factors and water quality parameters, with
differences in their roles at different spatial scales, mainly in the effects of NDVI (Normalized difference
vegetation index) , population density and built-up land. In summary, this study thoroughly explored the
main driving mechanisms of water quality changes at multiple spatial scales, providing an important basis
for the protection and regulation of water quality in the Yangtze River.

Key words: Yangtze River; water quality; influencing factors; spatial scale; correlation analysis
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