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Abstract Accppdmg to the river environmental quality, pollutant emissiony zmd- v eslment in environmental pollution control from 2002-2020, the change law and driving
factors of rivét environmental quality in China were evaluated using canonical correlation analysis and the Spearman correlation coefficient to analyze the influence between
environmental and pollutant emission/investment in environmental pollution control. The results indicated that the river environmental quality was improved significantly based
on the proportion of Class I -1l increasing from 29. 1% to 87.4% and the proportion of inferior Class V' decreasing from 40. 9% to 0.2% from 2002-2020. The emission of
wastewater and domestic wastewater increased from 4. 395 x 10" tons and 2. 323 x 10" tons to 8. 491 x 10" tons and 6. 598 x 10" tons, respectively. However, emissions of
industrial wastewater decreased from 2. 072 x 10" tons to 1. 680 x 10" tons. Investment in environmental pollution control increased from 110. 66 billion yuan to 1063. 89
billion yuan. The proportion of Class I -1l in seven major river basins, river basins in Zhejiang and Fujian, southwest river basins, and northwest river basins showed a
negative correlation for industrial pollutant emissions and a positive correlation for investment in environmental pollution control. The primary measure for the seven major river
basins, river basins in Zhejiang and Fujian, and northwest river basins cut down the industrial pollutant emissions, in the order of COD > NH," -N > total wastewater. The
primary measure for southwest river basins increased the investment in environmental pollution control, in the order of industrial investment in environmental pollution control
> urban environmental infrastructure construction investment and environmental protection investment in construction projects. These results can provide theoretical and policy
suggestions for the improvement of river environmental quality during the “14™ Five-Year Plan” period.

Key words: river environmental quality; pollutant emission; investment in environmental pollution control; driving factor; correlation
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Fig. 1 Number of environmental pollution accidents and abrupt water pollution accidents in China from 2002 to 2020
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Fig. 2 Variation law and major pollutants in China’s rivers from 2002 to 2020
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Table 1  Prediction model of wastewater emission
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Table 2 Typical correlation and significance test between river environmental quality and pollutant emission

ST ALK 564K AHIE R B FHIE JERIR FEA S F 45 Pii
1 0. 985 31.901 0. 020 13.947 0. 000

LR 2 0. 482 0.303 0.671 1.543 0.217
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1 0.947 8.618 0.058 7.871 0. 000
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Table 4 Spearman correlation coefficient between class I -Ill water/inferior class V water and industrial wastewater pollutant emissions
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B R P R P R P R P
o I~z -o0.727* 0.000 -0.681 ™ 0.001 -0.600 " 0.007 -0.525™ 0.037
e e S N .
HVHE 0.718 ** 0.000 -0.076 0.756 0.326 0.173 0.903 ™ 0.000
; . I~ -0.974" 0.000 -0.918 ™ 0. 000 -0.813 ™ 0.000 -0.563 0.232
Tk coD fERch ;
A EVE 0.970**  0.000 0.214 0.379 0.663*  0.002 0.947*  0.000
o I~ -0.953**  0.000 -0.886**  0.000 -0.812"*  0.000 -0.532*  0.034
NHF KR )
HVAE 0.952 0.000 0.249 0.305 0.620 0.005 0.937 0.000
. . I ~ T 0.985 ™ 0.000 0.955 " 0. 000 0.815 0.000 0.563 0.023
ikt LM - . o
HVE  -0.989 0.000 -0.280 0.245 -0.649 ™ 0.003 -0.928 " 0.000
s . [ ~M2  -0.048 0.844 -0.091 0.712 0.0590 0.811 0.314 0.236
IR COD HERCE: ;
it EAES 0.047 0.850 -0.076 0.756 -0.201 0.408 0.381 0. 145
o T~ -0.204 0.403 -0.244 0.314 0.047 0.848 0.246 0.358
NH," -N HEjcs IV e
£ VR 0.209 0.396 -0.069 0.779 -0.238 0.327 0.456 0.076

1) sk 7R P <0.01,99% M EREACE FHIXERBDE, » F5 P <0.05,95% WEEAEFHRRREE, MERRDEL |R|=0.8%

FEEMIDE,0.5< [R | <0.8 WM ,0.3< | R | <0.5 BRI



51

B AT . 2002 ~2020 4FH ) i35 0 i A K R 30 K14 AT

2511

Hh AT 90 B 5 5 A Tl 5 e S 3 A
K BRI T ~ MoK 5 Tl I5 G 9 HE O ¢
2K, ] -0.974| > | -0.953| > | -0.727 |,
£V EAKE Tk TS 9% Py HE B R BN
10.970 | > [0.952 | > |0.718 | , =ML RmEL 1
~ MK 5 Tl I5 TS e W HERCR TME 5, HUAE DG
Iy - COD HEf it (5 BE ARG ) > NH, -NHER
(RERAEI) > Tk K HE R (P B R , L
Kdh 4 VIR S Tl 575 G ki 2 B A E, 5
FHOCHEI 4y - COD HElE (FEHAHSE) > NH, -N
Hiff i (R R E ) > Tl R K HECR ( Hh R B A
). [ ATAD Wik Fmf s [~ 20K Tl iR
15 YW HE IR SR 5, ELAH G IRT 2 . oD HE ik
(R RADE) > NH, -NHE R (5 ) >
TP KRR (R EE AR D) Wi 7 s V
K G Tl 55 Y W HETOICAE M. VY B 1 TR 4k
I~ MK Tl J55 e s B2 kA5G AR oG
PENFFF S : COD Heic (B3 REGURIE) > NH, NHENT
(RN > Tl K HCE O R A G )

PRIV N Rk 5 T LT Y e 1 i

9gﬂﬁ%ﬁm§wmemmg<ﬁ%§f%yl
NH-NHESCRC B GUARDC) | 5 8 Ml K it e

20

~m— GDP

1000000 1~ g RS R LA B A GDPH

800 000 |-

600 000 -

GDPA{ZIE

400 000 |-

200 000 0.4

(} L L 1 1 L L L 1 L 1
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
R

5 iR BLE LY HGDPLEA %

=]

4 [E R HE

IS, PEAETTTER T ~ MoK 5 T LIRS R
HERCR SN, FLRRSGHENUR S - COD HE R ik (i
HUHISE) > NH, -NHEBCRE PRSI G) > Toll Bk
HERCHE (BSOS LI k% V 2k 5 T
MU TS Y W HE L TE AR S, ELAR PR 9 ; COD
HIERCHR: (738 B BTG ) > N, -NHER B (725 8 A
) > Tl B K HERCIE: (61 G ) . v 3T I 7
S5 A 1A 0 V5 RO M 5. 45 S
O TR K . COD FINH, -N iy HE ik 3k T
Tl IR (EL I D T B8 55 ik b Tl O
V5 Y P AR S A PR, B Tl 95
5 Y PR 3 A B R i (5 3 75
T L U ) 0 T, Tl
PUBIRISF COD HERChEOE 6 T NH, -NFHEHCRE O 56
TR T el
2.3 BRI B T 1A AL R A
I3 ‘ g
2.3.1 FRERGUIG AR VOR L 'y A
2002 ~2020 4,36 GDP #4458 , CDP i}
IR -y = 539870 —40 050 ( R* =0. 982) | 4
IR S A I Vel GDP H BT 1. 329 1R
.9 i\ L o (. €

| — W= a7 B A A e i

12 000

—o— Tk i Hailf i B vF

A ERET H ER R LT
o oo | V- R LY
2
= 6000 |-
&
gz
B
B 3000 | A

-y e
” _r._._,._.—a i__g_“_._._._._r*"“t—.—o—o—o_..

L 1 1 1 1 1 1 1
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
P
A

El9 2002 ~2020 &£ GDP FIIRE TG H
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Table 5 Typical correlation and significance test between river environmental
quality and investment in environmental pollution control
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Table 7 Spearman correlation coefficient between class I -1l water/inferior class V water and investment in environmental pollution control
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