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Abstract; Since the reform and opening-up, China’s economy has obtain rapid development. However, the environmental
problems in China such as air pollution have become increasingly prominent. In the 21st century, a number of air pollution
prevention and control policies were promulgated by the Chinese government, while the serious air polluted areas such as the
Beijing-Tianjin-Hebei and its surrounding areas, the Yangtze River Delta region and the Pearl River Delta region were
designated as key areas of air pollution control. To improve the regional air quality, pollution control measures and emission

reduction projects have been implemented. This research uses the Environmental Kuznets Curve ( abbreviated as EKC) to
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analyze the economic growth, the trend of atmospheric pollutants concentration and the relationship between the two in

China and the key areas of air pollution control, based on the GDP and the concentration of SO,, PM,,, and NO, in China’

10
s 31 provinces from 2000 to 2019. The results show that: (1) the air pollution prevention and control policies in recent
years, especially the Action Plan for the Prevention and Control of Air Pollution and The Three-year Action Plan to Beat Air
Pollution, have significantly improved the air quality and the relationship between economic development and environmental
protection since 2013. The EKC of GDP per capita and SO, concentration is inverted U-shape while that of PM
concentration is inverted N-shape, both in a rapid decline phase. However, the EKC of GDP per capita and NO,
concentration is U-shape. (2) The EKC of GDP per capita and SO, concentration in the Beijing-Tianjin-Hebei and its
surrounding areas is an inverted U-shape, being in a rapid decline phase while those of PM,, and NO, concentrations are
both U-shape with an upward trend. (3) The EKC of GDP per capita and SO, and PM,; concentration in the Yangtze River
Delta region are inverted U-shape and U-shape respectively, both in a decline phase. Yet the NO, concentration has no
correlation with GDP per capita. (4) The EKC of GDP per capita and the three pollutants concentration in Pearl River
Delta region are all inverted U-shape, being in a decline phase. Therefore, it is recommended that the Chinese government
launches new air pollution control plans which focus on the control of NO_ production by motor vehicles for the continuous
decline of NO, concentration. All the efforts will lead to high-quality economic development and high-level protection of the

ecological environment during the “14th Five-Year Plan” period.

Key Words: Environmental Kuznets Curve; key areas of air pollution control; economic growth; air quality
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Fig.1 Sketch map of key regions of atmospheric governance in China
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Table 1 Indicators of Environmental Kuznets Curve of the air quality and the economic growth
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Table 2 ADF unit root test results

5% i 3 /K-

HhIX St i g 2 ADF K 36{H o F W2 R
Region Variable Test form ADF test value % Sllir‘llefll(:ance Results
31 515 China’s 31 provinces InGDP (0,0,0) -4.55 -1.96 e
1nSO, (0,0,1) -5.19 -1.97 Fr
InPM,, (0,0,1) -4.22 -1.97 A
InNO, (0,0,1) -7.97 -1.97 Fra
TS KR X InGDP (C,T,0) -4.19 -3.73 Ffa
The Beijing-Tianjin-Hebei and nSO, (0,0,0) -5.11 -1.96 Fa
its surrounding areas InPM,, (0,0,0) -6.67 -1.96 T2
InNO, (0,0,1) -5.19 -1.97 R
K= S InGDP (0,0,0) -3.77 -1.96 P
The Yangtze River Delta region 1nS0, (0,0,1) -4.37 -1.97 FE
InPM,, (0,0,1) -4.77 -1.97 A
InNO, (0,0,0) -5.83 -1.96 A
Bk = A X InGDP (0,0,0) -4.55 -1.96 T
The Pearl River Delta region InSO, (0,0,1) -5.19 -1.97 FEa
InPM,, (0,0,1) -8.23 -1.97 Fra
InNO, (0,0,1) -9.23 -1.97 A

ADF; H4)" i B-4F 4 Augmented Dickey-Fuller
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2002—2011 4F KRR B L I B 2012 KR ERIEE 10% L) T 5, 1 8 A ez , 2019 4 H
K5.8% , A PTAEARME . = R A XS R At 4R R 7R v U K, A 3Y GDP AR MG 4B RF7E 4.6% DA b, A3
GDP 5 A8 #3415 31 A4 Gy KRBOHI ], 2001—2007 4EAL T B, A GDP #5235 5 14.3% , i
BUAE 2005 AF (14 5 S K JE 11X, 2008—2012 434 B &8 i 2% , A ¥ GDP 34 B AIC Y 7.3% , H BLAE 2012
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3 Johansen $H{ERITHIE L5 R

Table 3 Johansen characteristic root trace test results

X JfE FRE(E WG 5%]Im FHH p
Region Null hypothesis ~ Characteristic value  Trace statistic 5% Critical value
31 M4 China’s 31 provinces None * 0.843491 74.95640 47.85613 0.0000
At most 17 0.804024 43.42750 29.79707 0.0008
At most 2% 0.602527 15.72149 15.49471 0.0462
At most 3 0.002162 0.036798 3.841466 0.8478
T 0 M X None * 0.93476 69.5768 47.8561 0.0001
The Beijing-Tianjin-Hebei and At most 1 0.52793 20.4423 29.7971 0.3933
its surrounding areas At most 2 0.30878 6.93109 15.4947 0.5857
At most 3 0.01563 0.28362 3.84147 0.5943
K =S IX None * 0.91281 61.4739 47.8561 0.0016
The Yangtze River Delta region At most 1 0.44017 17.56 29.7971 0.5986
At most 2 0.32638 7.11792 15.4947 0.564
At most 3 0.00036 0.00644 3.84147 0.9355
TR=fA b IX None * 0.90594 68.8322 47.8561 0.0002
The Pearl River Delta region At most 1 0.58125 26.2830 29.7971 0.1204
At most 2 0.44006 10.6144 15.4947 0.2364
At most 3 0.00972 0.17586 3.84147 0.675
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2.2 SO, HATHK EKC st
2.2.1 SO, MEEHA
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AR A 16 4F, 31 NME 1 SO, MR E 2001—2003 4F4754b T 2818 1 FHIRAS, 2003 4[] L3 i ( LA fai #Ra i)
38 149% ;2004—2012 48 fRFFFE T FEHEH 2012 4R REIR RN 9% 52014—2019 4 BEBREEAE W] a4 R,
Horr 2018 4 MR N DT AF e K 22% . WEE i XIE (& 3) |, B K JR i IX 4 = A b X Bk = b X
SO, #e B 2 KR T R, 2019 4E FE 2000 4EHK IR T [ 80% 64% 54% , — KT 15 X 343 51 T 2004 4F 2006 4F
F12005 4FE IR A LT B, HAE L Z G A TR N RERAS . BRAC = M X FIER = Hb X 5351 F 2007 Fil 2006
AP IR R AN AR BRI LR R, L 2014—2017 AERE IR I AT AR K5 2018—2019 4F ) 5 HE3E
K J) i 3t DRI = A b X AR 25 i [, o 2018 45843 531 Ry I3 4F B AR 1Y) 319% Fi 24% , Bk = F3 by DX R MR A BT
Wz,
2.2.2 EKC MiZsrdr

FRIE AT (3) 7E SPSS F A rh IH 73745 31 A48 0y S N Ji il X K = A IX Bk =M HIX SO, ik
FEFIAES GDP ARSI AR (4) - (7) 15 2A & E 4, R T 0.8, AR R, ¥ S B #8{5 U
TR 56 2 T 2R 45 A5 (R A5 R B9 A 24 GDP 1 SO, ARSI 31 AN 10 BUH S K s X K =
FAHLIX Bk = A HLIX A3 58 1.3 T 0 48 ug/m’ (1.0 T3 Je Ml 80peg/m’ 2.4 J5 Je M 39pe/m’ 2.2 T3 TG M 29pe/
m’ X EFA] 43 5] 4 T 2004—2005 4, 2002—2003 4 2006—2007 4 2005—2006 4 2 [6], % B 43 51 T
2004 4F- 2002 42006 4 2005 4FH 5 #k s P50, B A GDP B AFRHE K, SO, W FESC IR 20 R B, 15 YL KR

InSO, =-68.868+15.323InGDP-0.807 (InGDP)>  R*=0.939 (4)
InSO, =-47.088+11.123InGDP-0.601 (InGDP)* R*=0.861 (5)
InSO, =-127.609+26.076InGDP-1.295 (InGDP)* R*=0.948 (6)
InSO, =-114.467+23.552InGDP-1.177 (InGDP)*>  R*=0.974 (7)
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2001 4EAR UK R [ 34% . 47% . 28%., 2002—2012 4F, B
SRAN AR B IRD BE S B, G0 2012 4F 1) 3 3 2 S i
HIX 2010 4F B9 = f X 2007 4F 2R = M X, {5
SRAT R T ek 3 2014—2016 4F KR T [,
H R IR ARG A 19 5 2018—2019 4F H #1434k, 30t
T % JE T M DRI = i DX AR T R A Bk = A i IX
PRI =58
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Fig.2 Trend of GDP per capita growth rate of key regions in
China, 2001—2019
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Fig.3 Trend of average annual SO, concentration in key regions of China, 2001—2019

2.3.2 EKC fh<ks#r

HRPEAF(3) 7E SPSS A [mJH 23 B A5 51 2001—2019 4F 31 A4y pU s S8 i X K = M X 2k
ML PM, HEEEFIALY GDP 1 [l 7 R AMELG 2k (18] 6) |, T Ze RIS A BT A T]

(1)31 Ny

PM, W 5 A3 GDP Ay 7 FE AR (8) RPN 0.878 SRR B r , S HLE N AIHZ L & . 2001—
2008 4 EKC ke 88 B A T B3t (0 R B AE A WT-2% ;2000 4R Ja LA 1 A4 45, X1 A GDP

R 2.1 o/ NP SRR R 78 wg/m’ 52010—2012

A, IR SRR BT 352013 ARSI 2 4P

SRR AT GDP Ry 3.2 Tt/ N PM, AR 88pg/m’ ;2014—2019 4F AR R R B T Rt S, b s

LUK PM, MR SR T R 15 Y 2 i

InPM,, =287-84.24InGDP+8.4 (InGDP)*-0.28 (InGDP)° R*=0.878 (8)

(2) UL K A X

PM, FEEIVREE 55 A8 GDP [ 7 B LA 28 (9) |

R} 0.474 WERER—M, B H U B R, Pl
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FHATHIK ,2001—2010 4F U HEFE SR I HBIX PM v BE B S T B, T 2012 4F Bt S (IR A8 (X A GDP 2Ry
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T340 F U BIZE MR T REB B, AR B P  (HEET =KAo, /T 0.05, 2R BT T — A
TRERIMZE . ] 2001—2019 4R LU RASE B K IR, PM, k1 SEBUIL T W, 15 St .
InPM,, = 12.465-1.252InGDP+0.046 (InGDP)*  R*=0.817 (10)
(4) BR=AhIX
PM, fFE 7 BE 5 A28 GDP i AR A (11) ,R* 2 0.857 AAUR R4, BRI E U BRI R,
F AT E T 2001 47 Bt 53 00, A0 TR BB Be . RWIHE 2001—2019 47 R] 285 AR K (1 ] PM vk
JESEBLIRIA T W 15 B e

InPM,,=-8.519+2.739InGDP-0.147 (InGDP)* R*=0.857 (11)
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Fig.6 The fitting curve of PM,, concentration and GDP per capita, 2001—2019

2.4 NO,WKEESZFIK EKC MZ 5T
2.4.1 NO,MREHHA
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Fig.7 Trend of average annual NO, concentration in key regions of China, 2001—2019
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2013 4FJ5 , MZR L2818 b biash, RMBEE LU K ,2001—2012 45,31 N0y NO, V5 Y& #i 4% ;2013 4
J&i ,NO, 5 e S G208 A H
InNO, =6.593-0.6211nGDP+0.03 0(InGDP)?>  R*=0.402 (12)
(2) 5L R ] A b X
NO, A H B 5 A3 GDP (R R LA (13) ,R7 M 0.559 , AR — 8, P U BUIZE R, FiE
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2979 2.0 J1 70/ N NOAFSIHZ 2970 32ug/m*) Ji,2009—2019 435 5L S ] B S st a4
InNO, =26.106-4.573InGDP+0.231 (InGDP)>  R*=0.559 (13)
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(4)BR=fHIX
NO,AFEHe B 5 A3 GDP ([ R LA (15) R M 0.547 AR —M, B8 U Uik, Haih
2R L 285 2002—2003 4F (8] 45 5 (R BEA Y GDP 2924 1.6 J7 70/ N, NO, H g 30pg/m*) | 4bF A7 M F [
BB, M 2003—2019 AFER = M b IX £ 57 K A IRl BF NO, 75 YL i
InNO, =—4.108+1.549InGDP-0.080 (InGDP)>  R?=0.547 (15)
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FERHEEA T ™ R E U/ | R RO A 3 AR e — 205 Ak SO, mHE, 1PAG s, 3R 2017 4F SO,
Hejil: L 2013 4F0870 59% , £ E RS 25 TVRIK AN TR B b BRI E ) BB HE dil oo A VK% I 7= B HE
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NO,) " NO SRIRST A TE RS I R IR ARBE I 2 ATk 35 B A P2 AR T 45 A O T, 80 NO, D HEXE 2 386 in 5L
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2013 AF LI, (R R) C ARTT SR ) 2 SRR IR ) ARk A F ST B AR HE il s | s AL s
SRS HERTRER R A SO e NO SHE , B — a2 sk O H DL RS ST B NO IEHE LB
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AR, = RE S X EKC 2k 30405 s B ) A i A [) , st VR A R i 30 1 DX 36 5 1 2002 AF Bt 453 0, Bl S
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2001—2019 4F NO,AF Yk B 5 2205 kR I AR DG 34—, FLrb K = M b X O AR DG G R, B A R 31
X FIER = A HL X 530 80 U BURME U B, {2001 4R LK, = R X IR ok 30 5 B 34, 2019 4F4%
2001 FEVR FEREIRIAAE 6% LAY, SRR 5 R TCF 1k RS A B IUE M S A, R80T 50E
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