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Assessing the Development Level of Urbanization on the Impact of Air

Quality Improvement: A Case Study of Provinces and Municipalities
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2GS TASIE QI K12 018 S840 ROrE £t OfL2, ZAIZHE0| XISHOR F|lak 1
HCHH, 314 742 {IHA|E|(Environmental Carrying Capacity)7t QO1E! 0f Al3|X S5
A ZHLH SEE HOJE 4 IO} 5 HASHA0] 2A5tE|0] HF010| 40| LFE
2 QUCE TS 20| CH7 |0 O)X[= SE0f CH3t XISt o[t L7 | SN U ZAI
A M £200] 01 Q5T 2 g7 26 HE L Q&H|0[ES HIEOZ HH), HLX], AL
HE, Al SRR EWE K, TAISHEN 88 U HY|E M2|et $EES EXHS 671K] X0
M ZAISH K| HE MTESIACT 2 A= K| S/ W, & Grey Relational Analysis(GRA)E &&3dt
0f, TAISH HIHX|HEQ} OJMHXI(PM )2t 4SXE HAS SHMOR HFIACt. E5t, I H|0|E
317 2MES 28510 TAISH I H} L7 O] HAIE AlZ 2460 G AuE HfS f ZH X #
7t DIAEXI(PM1 )0l DIX[= F&0| CIEX|2 H7 |8 X2|2t SAES EXt= U713 Mo £2 201Y
2= QALY ESH AMLUM SFQ| X0 Y ZAISH UM £t FO| X3S 012X 25t UL E 17| =0
HES 0|2ICH A MBS 4= QUO}. MEEM TA|SH UM ~Z00 e H2 AA0IML H2| 245 E Bt
£ M=3t & Wt UCH 0248t M= A|St WMo {0t 2 X3IEA & 20 ofL2}, ZH| UM
0 A |G| U 20| THE XSt AMESHE TA|SH UM 22| HAS HAG & UEE & 4 T
HAIZ=HIOf: mAISH HIEK|E, CH7 1= 44N, J2f0] 23 2A, 1Y Hjo[H 3|32
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Abstract: Unlimited urbanization has led to low utilization efficiency of resources. The
environment is continuously being sacrificed for urban construction. In the long-term, as
the environmental carrying capacity decreases the social common benefits, as well as the
urban economic development benefits, will also decrease. This could severely impact the
health of city residents. A thorough understanding of the influence of urbanization level on
air pollution is crucial for the formation of optimal and feasible urban environmental
governance. This study analyzes the relationship between measurable urbanization
evaluation indicators and particulate matter (PMso), an air pollution indicator, in 27 provinces
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and 4 municipalities in China.

In this study, a fuzzy statistical method, the grey relational analysis (GRA), was used to
examine the interactions among various urbanization evaluation indicators and air pollutants.
The panel data regression model was then employed to quantify the relationships between
these indicators and air pollution. Based on integrating literature research and collected
data, six categories of urbanization evaluation indicators were identified as the primary
indicators: @ economic strength and industrial structure; @ energy utilization efficiency; @
social security and education expenditure; @ urban space layout and public transportation
resources; ® urbanization efficiency; and ® waste treatment and environmental protection
investment. The main conclusions are: (1) These indicators of urbanization have different
impacts on air pollution. (2) Waste treatment and environmental protection investment is
the main factor affecting air quality improvement. (3) Differences in the economic
development level and the uncoordinated speed and quality of urban development affect air
quality. Accordingly, the establishment of an evaluation and supervision mechanism for
regulating the level of urbanization development is proposed. This mechanism could ensure
urban air quality improvement and optimize the coordination of urban development.

Key Words: Urbanization Evaluation Indicators, Air Quality Improvement, Grey Relational

Analysis, Panel Data Regression Model
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2 9lek. 1978~20159 F=9] Q179 TAISHES 17.9%00141 56.1%= ot
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T8 B3t 9 oS} 5 AR 3 S04 Bt wAI7E T4 5}%
& UEATHLL et al,, 2013). 0|9} Zo] ZA|S7F MY HA &7
A7 gol stz §5] 7t ByE A9 t71d 45 £A417
A AA g2 AFoA EAYSHIL IeHDeshpande et al., 2007). H7]
ot 117 POl 22 W AFE AHEE of ]Eoﬂol 17t
9] 57| Aghy A WHES ST A ¢ &+ CESE
71240 & QIR AMTEY YE&o] ALHoR %7}6‘1:‘ Ao e
ThBrunekreef et al., 2002). S ES] 28%, °F 2,720,000 k7t 7] 2
Aol &= o] om o]= Qs F=ollA A+ 1005k 8 o]4Fo] A5t
= 15470 Z=A] 5 75%(F 59 B)7F HIAEAI(PM,,) HSiE FL
(Han et al., 2015; Liu et al.,, 2017). o]3st YT EA5}7] W&o
g71ed EA= 2 2 | B9t 22 I Soigtth
webs] EASEE ti7] 2 o] wiA=
gt ZolA A4 F7F d71 8 o
et al., 2020). AR AA 217 tf7] A9 /ol et A= Erth
oj9} A2 APATEZ F5T BA Bl T t71EE A=
F9 99U YFHLin et al., 2014; Zhang et al., 2020; Zheng et al.,
2020). AIStof TRE 7]E9 A= ZAISE TN A ARE, EA
FH, AR, 3401]‘“]11 2H7F 7] o] 9= PIA I Urh=
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EAISH WA 0] B7] o] n|XL e BASE 6 Fa3 S
RIS, £ SA AZS) ANBRAE EA A9 As)]
91 A g % gk

2 3 %
2o 3% W9 A0 9 9 S35 A9 AR DT
oiiAolg B&, AL BEFA, £A FUALEY} FFLE 4L
LA

3 88 9 HUE AEHet HES B2 5 67HA] AHofA
3t ARE Aottt o2 A XFQl F= 317 FAHF
ool A&st7] A ZAIRE Aol et A=E A5k B AHA (PM,,)
ol 71z T BA4S 3 37 AES S AXY. S R3] f
3 11¥7H2005~2015) A=E 7|92 2 GRA(Grey Relational Analysis)
4 9 3d oy 23 BA4S AAISISIh olF B9l 7]&9] TAgRtE
Aof| gk J7F 51?_1_%1:} = ng%a—ﬂ.ol %]%E 821 TEo},

= =
AT} t714 9] BA= ol24 H AFA AFE 3 ol %‘%43}74]
AP Jh(Park et al., 2011; Lou et al., 2016; Wang et al., 2020). F=&
TA9] QI E e} QI F7HEC] th7| ™ plA= YT S5t (Du
et al., 2013; Li et al., 2013, 2014), AI+U L2} 7] o E29] 5% At
o A+ ZAyto] wet TAIBk}F BHAE QI o]F ¥ ARSk= 7]
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TAE AAIthE A2 ERAIFHDu et al., 2019).

1E W EAIS A 2 A9 7] o] Het ASAAE AvEd
FE A 7HA] AT 23 g0k AA, S5 A%o] Wi AYH £
ol HEER TAISH Y ALrt Az g 7]y 249 A= 2
I o7t wl-e- AthE AS HoFQlh 11 A 23S AHEH g7] e
do] MFE HFA oA F7 FA T Aoz HAF AsiA L U= A
o2 YEFITHHan et al,, 2014). 4, ZAISH T =23 queth bl
Ae gutd o g TA] AR 44T TA] AAHE s tf7| o] AFTFS

N
=

o SHEUATHDu et al., 2019). o] A2 EAIS} oHA] &
H S7Fe 202N 7] 29 ARt A2 EUtHFang et
al., 2009; Chen et al, 2013). THAEIO.2 WET} 7] 0] B4 w2 o
Al Bt A= F= H77IA7E t71E S AR A0 E e
(Colvile et al., 2001; Krzyzanowski et al., 2005).

AR A A gRlo] 7] dof| w|A= FFol TeF A= AHEH FA
A Lol A 2 GDP, 1919 GDP, GDP thH| 24} Ak H|S S(Liu et
al., 2017; Luo et al., 2017)°] LHE YL A5 Z 2Lof|A ZAISHE, A Y
E 9 o7 Z7F 5 AHE E96IHTHFang et al., 2015; Jiang et al.,
2018). LY o]5 AR AAIA Ame dRE o R H7F AHo|A 715 Y
7] 2ol 2|9 @9jolA A& S35k Aol ofdh webA o] &

< A7 AYLRE stz AFde FE A-ATA(E - EEEN) AHolA &
Astoitt. ti718e mAl= AR AAE 2219 AtolA 7 Eol 185t

o|2L 374 FZY|= IA(Environmental Kuznets Curve, EKC) ©]&0]
o 27 F2U = FHEKCS FALH] 84 ofstE R oA, A
7F B AgAsto] 1919 GDP € ARl o]9] 3+ Ao gt 847 43t
TR ST e AV 2 EA7E 2=l detE

= AL AYsl= o]Zo|tKSelden et al., 1994; Khanna, 2002). &=
71 @ AALD A Bk AFolA FRU= LA v A UA
e BAE Yepst of2iet mjgle] i TAEHo] =240 tj7]
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AZ MAE Aoleh= &4 F2U = A (EKC) o229 8 7Hd¥ 4A
qeh 3L AEAQ] EAEAS 27] ARQIEE QIR 71 ¥E €Y &
A= AS & 4= Jok(Yandle et al., 2002: Kaika et al., 2013).
71& Atof whet QIZE o] 7| dol AHAQ JdF A= AL
2 RIFA. TI5) 22 AFG2 32 A ET 4 o di7] 2 7]
ofol= Ao 2 FHEUHFang et al., 2015; Jiang et al., 2018). 121}

EASte] W oI EASe] Y % ol o)l Al ol
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B ABATE BAZH) B AT} glo] B AN EASH U 4
Zol th71gol n|X): AAH FHE Boks] G5 MBS Ho,

TABk= 5E AlAINIA F28 ARA, BAIA @4 5 shelthXu
et al., 2009). =AIS} TH $E2 ofn] A ARSIFAIA AE Ui HA
842 AR tH(Kosovac et al., 2020). 1Y ZA] ST} TA|SH
2 IgollA, EA o]& e IR A& EAE doFith

22 EASEE 520 Y %A W AT w4 A7 v

EZ| o]&o] HFEAY. 1<l A F(UN DESA)= 1919 B 45, &4
&, EUES O A 5 1970 AHE] AA ARE EZgoto], H71A]
EE FEOH ol AXe AXla E AR/ AL, AAE QI
A9 42 #AE 2% PN, 2012). EJF, 9= A=A
Clokex QIF, A} A 2 TARY A 5 1670 ARE A5ty

TAS}; a2 ARAAE FHoHH, 42 APt Niu, 2012).
134 Friedmann(20062 =AI121S] of 2 Hof] 2% B3t B2 &

S Ue] wiizol]l EX), ARl AAIA 4] o, Al 9 8 5 o9 Ak

2 Agsleforat Aoz =48 4= QItkBai et al., 2014; Haase et al.,
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2018). 5=5F4} Fang and Wang(2011) AR ﬁx] % to]l 7] 23t B3]
#* “ﬂi’i EA|8F 2320)] gt B7F FPotich E3h TS A - 2
SHLAAURDE &0t A& 76t E*M—— %%F"e‘ & AE B
S —Eﬂ% oFASIITHCu et al, 2019). ©] AXE ZASH WHo] ‘A o
‘F Y] x5} Fro] tisf & O R St kAUt EAISEY] Aot
ool Hel7E Worna wAst £Ed B S4shl= 44 Yok

AYATES] ATHE FUHOR AuRY TAS £ S5 3
MO R 20 AR B BYAE B 277 Ak F2 AE
SRS A0 54 QRS o) SA% T 22 B 9
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TAISH HATL tf7] GO ABIAl = S=olA SAZ U Aol Hol &
THLi et al., 2013; Van Donkelaar et al., 2016; Jin et al., 2017). ©=}A
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I8y 8 F2H|= FAEKC) o 7Hdol tEd ZAIS I
Soll BALHo] 27]ofl= o] Higt RAARA JFS 71X AT
FEOE HolAH 3484 JFZ 7|A= AR
et al.,, 2013). &, FATAT A
HA ARG 5ol mEt ti71e9 £ HiERE €Y & O]E}(Cheﬂg et
al., 2016).

BALA o] 719 F(HY FHEAE Hlltk= dA4&(Lin

et al., 2016; Xu et al., 2020) thFo] 119 GDPE ARgsto], AAA
FEE S5, S5 U YA AdEZR7E 7o Y T

393 949U 9 tH(Wang et al., 2017; Xu et al., 2020). H¢t

71 g4 YA @A AL Alofsts 58% FHolzte A4k ot
(Xu et al., 2020).

weba] 2 Ao A 1919 GDP, S7Fet 33} 4tgdo] GDPOll A}A|= H]
21 H AkQlo] FolA AHAJst= HF & ARE AAst, A
ARIFRY] #EF S5

2) AFA: S=2 AAIA TR 487} 7 B2 =7 F Sto]
7] wjZof of ]L‘]XTO]‘R BE&2 H7| o] tiet & JF= 1E 5 Ao
(Zheng et al., 2019). =2 oHA|o] & && 9 AA 7|& /E2 o B2
GDPE A& &4t 0}‘43} gred 24 g €9 & %E}(Chen et
al., 2018). 71 23} oA FPoA= F2 YR o]§ B&S UErd
U= GDP T oA AHlEE, o |A] AAE &/ Z|e} o A 7}’“
Agks 37 AXEE &3

(3) A3 H719e Fo7l= AR a9l Wol AFEUH. 17t
ARIEEE A9 o x| 4Hg 7] e E4 o] et A+ o

N

S ZoHE AL Yathsun et al, 2019). AfHOE 7 98l0] o
2 A7l g A2 SAoke 71Aeks o] BelElolLy, 2020) th7)e.
Qo] gkl £57] AT AP WHES FAHAIE A2 & 4 AL
Bt ohje} UY SHEL Aol AF AR WA FA Lhety 4
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(4) 1 AsAt 717k A 71290 JFE = F8 LIotHWu
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= HIAZ O ZH, A9 7] o] et AHAR FFE & >
Qlo = 2 (Nowak et al., 2006; Xu et al., 2020) IEA] 19019 FAHA, A
7HA 5 A 5218, 199 3 =4 HE, A7EE 9 TA] FFA
74 EAH18o] GDPo AR5k HE A RS L-&5to] TAISE T&0
ol gt

0
i

oM,
)
N

i)

1

)
uy
_O|L
)
o

=

A

_

e

1) AF2] 5 Al = (144 ofs} A5 + 6541 o AF4)/ 15~64419] Q74



88 - SAMM H29A H3s

E 1) ZAgH U F WIHKE

x0]
B>
>
Rl
H

X1: GDP per capita
X2: The share of the Added-value of the tertiary industry in GDP
Economic strength  [X3: Citizen Engel's Coefficient
and X4: Regional economic disparities
Industrial structure  [X5: Sustained economic growth
FHZL MHEAE  [X6: Added value of new and high technologies as a percent of the
added value of industrial output
X7: Average per capita income elasticity
Energy utilization  [X8: Energy consumption per unit of GDP
efficiency X9: Energy production elasticity
X018 &8 X10: Energy conversion rate
X11: Urban Unemployment rate
X12: Number of College students per 10000 population
X13: Number of doctors per 10000 population
X14: Expenditure for a social safety net - in general public expenditure
rate
X15: Expenditure for education as a percent of GDP
X16: Urbanization rate and non—agricultural employment ratio
X17: Social burden Coefficient

Social security and
education expenditure
Ae|2E0 WFEX}

Urban space layout X18: Number of buses per 10000 population

and Public
transportation X19: Urban road area
resources
EMN SUFR S (X20: Number of private cars
WSAHH

X21: Urban per capita living space
X22: Green covered area as %of Completed
X23: Park green areas per capita
X24: Population density
X25: Expenditure for Municipal infrastructure as a percent of GDP
X26: Industrial waste gas treatment rate
X27: Life waste harmless treatment rate
o X28: Environment quality-related cost
protection investment X29: Industrial t torial o rat
H7|2 22l9 375 - Industrial waste material recycle rate .
= X30: Total investment in the treatment of environmental pollution
£x}
as a percent of GDP
Source: China Statistical Yearbook, China Statistical Yearbook of Environment, China
Energy Statistical Yearbook, China City Statistical Yearbook(2006-2016)

Urbanization efficiency
ZAEt Y™ BE

Waste Treatment and
Environmental

©) H7E A2t AFR T BExf TASH= A4 AA AL 24511
AlA 2 A Lo JIFE wA|H, of 2] Xpol| A ZAgHy |k

ot AAo] 2199 Fejeg g FEA o2 vHITHCui et al,, 2019). A
G o] Aeiggolr F2e= FA(EKC) o2 712 Erg/del(Cui et al,



2019) S=rol A ERI=AARE GF AGolA= Tt Y HUEHPE
o 34 AdA 9 o A7 o gakHoltal Aa

2019). At 7|e1} S ES E0] w0H FHAS NS & alu}.
H7E Aot dFET T4 AHHA I H7]
2719 AA A A vlE, HESE AT Ex}tﬂ%ol GDPOIA] A}
Aohz v, S HE2 9 FY H7|Ee

45 B9

goleg Sastel, 7l de] FFL AL EASE SE B 4
ot BAstsiek. £4 BA, oA, A, TF L B 5 SR 4
A EAS SES 25, EAS WY W 8 o) 23} olRE
oFstel, H71 4] Bt FF 81 =S

& A= FAOIA 5= 3170 A - ADA(EETH)E AT I E A
Aottt = &4 e AFFOIA 201240 7] 44 7]—71'_‘—
(Ambient air quality standards)(2012);& ®3E5}0], o] A|7]5E PM,s,
O30l s S48 ARSI, PMig, SO, NOQl &7 5k 7| ’%]
skt weka glolg =39 SHAIZ 15 20059 FH 20159714, 114
Z+9] BIAIAA(PMy) A 24 sk dlolge} (I 1)l AAISE ZF A&

o
of

3.

A

HI

1) Grey Relational Analysis

7] @49 B2, di7149 93F 8219 tFg E ZAIEH HHo
54 HetE Qg W 71 AWA, SAMd 9 Zo Hﬁoﬂ gt 4o &
23}c}. GRA(Grey Relational Analysis) - ot 840 E4 whgog

i

8 8213t 71& 82l 7t /\]'—9—31]‘%%_‘ HeotA] oF2 wf ARgSh= W
o|tk(Yang et al., 2008). & T== 59 GRA WS &8st JTF
8219 AH-HE SHT + %1‘3}.

2) 873 e vl8=(F8 299 BAIA &4 + @2 A2 FA + 34 £4)/F GDP.
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=

Y;‘(t) = 1Y% (1),y1 (2), ..., Y1 (n) )(” = (T115 Ty -5 Ty
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9ol AlojAl xfolE A Yol AR FHS 0014 1 Ael2 Atshe
F A= HAR-FEH$S ol8sto], vlolE Hgt #2235 HART

y; — y,min
y, = imin_ 0

y;max — y,min

. . ZE” - Il]mll’l
Positive data: X;; = . 2
T, max — x;;min

) ' T max — x;;
Negative data: X;; = . (3)

HETE AN, BE v,3t D AE X, o] (0.1] Aol2 AishEr

(3) Grey Relational ¥4t

Grey Relational #42 2 Ho|H & JA49] 7|5teH F4F9] FA
S5 HIFO 2 Hlojg P Aol AAZF YHTAE Wt ol
ot o g9 JA HFo] HLESE Holy 7t Aol § AX
o} dlol8 ALY FA 2ol FAIGHA] @2 A%, i Hlold 7+ A
W A= Aotk AL w1 o ok

tlolElE ®Z3}5E 3 Grey Relational®] 974 35 Fote AL
o2 2k A e 5 e d 2 534S 49 Jo] gholth 4=
Grey Relational Al&=o]t}. dutz o & ZHA|S(¢) gh 0.52 A3t

Ay =y —ay) 4)
i = Amin TEA max 5)
Y Aij—"_é-AmaX

(4) Grey Relational®] IHE(p,;) QA
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= FFZ AFE7Y] A g Holy IARFS &5tk g
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9] B2 ¢ & s A0l FHH AREoA tFY] o8 ZAlEE

oJE
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0E & ks ol ATeIBY 5, 2013). TEbA wd o
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pit = wit Mt + et
i (@AY 1, 2,3, ..., N
tN7H: 1,2, 3, .., T
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1 A 32 0.620 2 HotH(G 2). AAF 2= vlAHA(PM)7t
TA] AAE(0.6696), A EAT WHERH0.6505), EA] BIHFR} HE
WE ZAHA0.6434), H71E At FHES F2H0.6334), olvx|o]& &
£(0.6289)7 TAISH &H G8(0.615402 =2 Grey T A% Fhol
UrEbytT

TS 2 lﬂﬂﬂ HE2 32 Grey ¥ AlS #tol 0.6ET & A5

(B2 T E=AZ 221 Grey B A ) BESIAH. A FA=H
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: L PM, R . . . PM, R
Primary indicator degree Secondary indicator variable(units) degree
X1: GDP per capita 0.6435
X2: ;Zeui:;a/rien (éthQe Added-value of the tertiary 0.6573
Econormic j“ength X3: Citizen Engel's Cosfficient 0.6887
Industri:Instructure 0.6696 | X4: Regional economic disparities 0.64057
AR AR Xb: Sustained economic growth 0.6907
emmT s X6: Added value of new and high technologies as a 0.6897
percent of the added value of industrial output|
X7: Average per capita income elasticity 0.6768
Energy utilization X8: Energy consumption per unit of GDP 0.6109
efficiency 0.6289 | X9: Energy production elasticity 0.5839
HHX0I8 &8 X10: Energy conversion rate 0.6918
X11: Urban Unemployment rate 0.6822
X12: Number of College students per 10000 population| 0.6513
Social ity and X13: Number of doctors per 10000 population 0.6809
ocial security an X14: Expenditure for a social safety net - in general
education . . 0.6859
expenditure 0.6505 public expenditure rate
ABIEAT DSEX} X15: Expenditure for education as a percent of GDP|0.5927
e T X16: Urbanization rate and non—agricultural employment
atio 0.6146
X17: Social burden Coefficient 0.6460
Urban Zpscgl!ayout X18: Number of buses per 1000 population 0.6621
and Public
transportation |y 12 [X19: Urban road area 0.6433
resources '
=A g‘j—g{i? & X20: Number of private cars 0.6249
LSAT
X21: Urban per capita living space 0.6319
Urbanizati X22: Green covered area as %of Completed 0.6038
;ﬁaigiléiclon 0.6154 X23: Park green areas per capita 0.6306
CASH SR :%o ' X24: Population density 0.5710
s EE X25: Expenditure for Municipal infrastructure as a
0.6398
percent of GDP
X26: Industrial waste gas treatment rate 0.6159
Waste Treatment and X27: Life waste harmless treatment rate 0.6287
tEn;{lroqmenttaI 10,6334 X28: Environment quality-related cost 0.6497
p];1c|)7|e§ %naig\r/;spzn;% ' X29: Industrial waste material recycle rate 0.6439
Ex} -c X30: Total investment in the treatment of environmental
T . 0.6287
pollution as a percent of GDP

Note: The distinguishing coefficient is valued to 0.5.
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3. Ijd HoH 2|HZEY =4

GRA AAE AIH(E 2)ol Y3l vuAHA(PM,,) 5=t Grey - Al
ol 0.65 T =2 TAI3t £ H7HIAIRE AFste, i HlolF A&
A& At tsaAA A82, A4 9] VIF glo] 105 2
ATt (3 304 o|&AVY HAATE AuHEYH Wald 2823 fogE
(p o] 0.015t 22 ¢ AF7HEE 71Z46tal tid 7Hd2 Aeshr]
o &ofl o] Aol EAstATt. E3, Wooldridge 471 438 A% 23t
= FYSE( #Hol 0.00002.2 YetAl 1 Hlolg ARG A7
Fde 283 QISIHh. ERE, Hausman AAZTH= 1%9] Fo4wolA
AF7HEE 71746t R 2 1Y 2By S Aottt ol wet 2 A=
Pooled OLSEt} ¥ &% 0|3l A&t Driscoll-Kraay E=2AF W49
S AR83t Two-way Fixed-Effect 4 23S &85 tHLian, 2007).

(I 3)9] &4 2ol ofsf ZASH I g0l ti7]E Aol =
FFol ol =2lsto], thaa} o] AAE 8okt A, TA| BAE
T ARG E ZFFoA 33; 4 HFo] =obAH HIAHEA|(PM,)Y] TE7F
otk A7 Ukt WA, 4] 71so] ZEsHE 7] de 7iAst
< b E2o] "Ik AE HojEt: 1999 GDP= PINHAI(PM,) 5%
st 2(-)9] YIS Hot. o] A= &5E3Hdecoupling) 43 &

o
2]
HHGuo et al., 2018). 2= S7F0l digt AR2] A2 E52] Aduk<l

FFol AL S7HIL Ase L Aot T F71HR] AL, 24
L FA 3 ol A IF 23 wit A2 Ve W2 A %

4 /\}Oloﬂ eHs 2 3Kdecoupling) @4 Fo7Ict E3L o] Aik= A

o] 3 o5t ZEotAT, BA B = 1919

GDP & /\] o] ZF4ol| tigt 877 YT E 0= AJ5dto, THe A

EA7F AstE Aolghe AL E=5HHSelden et al., 1994; Khanna, 2002).

%, AdA 2-523Kdecoupling) @40l YA A Do) el |

A= 4 Jgo] mpaA| o] mEote] 11 Fo| ast] A&t A A
o] ZHAof FAZQl JFo] £01E Z oK Tapio, 2005).
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EA4, oldA 01§ && AollA GDP TG oA AxH|gFo] ol
HAHA(PM,,) TEE soRith= 237t /ﬂag A1} YA FFHZheng et
al,, 2020). 32 *1]74101]*1 AUA] 4H]7 12 27} 5 sthuol7] o
2ol AYAoE A& P A7l A2 ‘:H 714 7ol ol E
et

AR, AR EAT RS FAF 2Ho A AAES vlAHAIPM,,) S=Ol
A3t (9] ol Hetutth. AgAto] s 7] d2 Ae] 1
= 955 s, ©&7] Ao IHEE S7HA 3304 A8
11 QItHSchlenker et al., 2016; Deryugina et al., 2019; Holub et al.,
2020).5= H7]1&o] et Aol o3 S= Stols| () 5& A9 A
=29 ASAQ At i Ao 2 sl F FREZ(TSPs) E HAH
A(PM,,)2] BB 2 5E7t A7 184 pg/m*S} 47.1 pg/m*H 718
ot o]z <lgf o] Aq FHIEY 7t #2559 H 3.1¢d0] A4astA
THChen et al., 2013; Ebenstein et al., 2017). T3t A7o] AA A& gt
9] 293t 42 A7 B2 YAk o] gRAto & o|ojR |y, AA A%
o] Bast 942 U= thAbdullah et al., 2016). 1&Y t7] 292
/\H/K]—E:] 116‘ ‘6‘]— 7—]9. E‘éﬂ ﬁxﬂ _&\_/‘&:]_Q. iﬂ] ]— o]—l%ﬂ} 7(4 ;(]— .g':.z(_lg
et mm 714l wsiE FAeh ol FAAQ FFS Heol

A

wisiol, B 4SS 28 43 og% oA A2l

|

?Q%% =4 ¢ AJ\E]'(LI et al., 2014).

& Aol ARESE AR EA A& A e FE FY BEa, BA S
A A a9 AAQA S AL A dae AR Aolok o £4 4
ol whe} AR EA A& BAHAIPM,,) = et A+ dFol
UERT o] dit= g7 E 45 BT Het A+ Aot o
At & 22 AZ8A = di7]1 Yol &3] &% Y52
7hdet AFFES AR AFRFE B t71 29 weiE T B9 HS
wokcH(Lipfert, 2004; Wu et al., 2020). S 7] 292 F719] XA 4
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AZRRE ofleh, FRlo] RBE, Anlet ol £, Y AL 4

A4 0 Aeld Aol Gee 718 % UrHZheng et al., 2016). T

eh SAISH WHe EASHY] Smojur 29e BEo], EASH W)
loy

"4l ‘oFo] 2315 1A Yok, olE EAl9] o EAE Yo7

A, ZAISE B B oA AZFRAIRE XY =4 H]&O| UWU*Z]
. T= AP A 4]
A A 7] B4 MR EH, A9 7] 7jAdo gt 2
% et al
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= Lfﬂrﬁ% 7]%0] %13’_, B3] TA| 7|3 AJA, B QA
Aad 4st 5o 2% 9TL 5t Uth(Zhang et al., 2018).
S zAs I AFels 7|5k Qong

)
Rt

S =9 4 th(Nguyen et al., 2015). A== A7) =
S W= $833F @50t (Xu et al., 2020).
SHET FAF AJhoA 3 H71=9 A
ot £AHHE S7H= ti718 Ao B9 ¥
o] ettt SRRt HIAEA(PM,,) 2 S7H= ST v SUHE
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(B 3)md 24 At
Dependent Variable PM,
Analysis Model (1) (2 ®)

X1 0.00004 —-0.0005 | -0.0005***
X2 | -0.3301* 0.2359 0.2359

) X3 ~191.3728™ -66.6989 | -66.6989%*
Economic strength and *
Industrial structure X4 0.5652* -0.3058 0.6767
X5 0.7921 0.5401 0.5401

X6 -0.6134 0.0136 0.0136
X7 -2.3889 -2.1734 -2.1734
Energy utilization X8 3.6553* | 15.0275%** | 15.0275***
efficiency X10 -0.0054 0.1974 0.1974
X11 -0.0326 0.0316 0.0316*
X12 | 0.0964*** -0.0089 -0.0089

Social security and X13 0.3173 -0.2304 -0.2304
Independent| education expenditure | X14 | 1.4281*** 0.6235 0.6235*
Variable X16 | -0.5906%** 0.0100 0.0100
X17 [100.8588*** | 61.9726%* 61.9726
Urban space layout - and | X18 | 2.1254*** 0.3058 0.3058
public transportation X19 0.0003 -0.00003 -0.00003
resources X20 | 1.29E-06 2.53E-06 |2.53E-06***

X21 -0.1571 0.1396 0.1396
X22 | -1.2528*** | -0.6319** | -0.6319***
X23 -0.3205 1.6126 1.6126%*
X25 1.0611 0.4439 0.4439
X26 0.0063 0.0349 0.0349*
Waste treatment and X27 0.0232 0.0826 0.0826
environmental X28 | 714.07165%** | 441 5111%**| 441 5111**
protection investment X29 0.0197 -0.3169*** | -0.3169***
X30 -0.2969 -3.9161** | -3.91671***

Urbanization efficiency

_cons 117.3336%** | 66.3827 66.3827
R-squared 0.6080 0.4084 0.4084
- chi2 (31) 1525.01
Modified wald test Probychi2 0.0000
) F(1, 30) 119.869
Wooldridge test Prob ) F 0.0000

Note1: Significant levels ~p{0.1* ~p<0.05** ~p{0.01***
Note2: Model(1): Pooled OLS: Model(2): Two-way Fixed-effect; Model(3): Two-way
Fixed-effect regression with Driscoll-Kraay standard errors
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