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SR E L (Gordon 1 Richardson, 1997; #XMEZERIGE, 2020); A OIS SRS WA
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Wl N A 2 EEE T ERAZGE, 307 O BRI KN R S 38 R il
RN 3 gk (Fujita A1 Ogawa, 1982; Henderson, 2003), 7=, Ay B RGMIBITHR
B BT B SR 2 [E S, 2018), BUME B BOHN. A X R A A A
RIS BN Fy, R AL I T 5 S AR R AR 1 i Ak, A5 U O i A5 DL -
MIEZSJZ KT, X — I FE R I N O B3 e H 0 2 ] B 1R 70 A0 T3 S v 2 A% 8T,
NEAMERAOTES FRBAER, B2 H OB T AR S B4R LA (Robert,
2001; Stefan etal., 2013); TIMIIREE KRG, Ik 4% 25 DX 38 B 7K 0 1) T g A €60 % A AH B
B, AN [EC O] 2 RO I T RE A T 22 S, DR AR S 3 RO B B R AR DL
B e (Nick, 2007).

LA B AL 32 B TS AT R AN LA SR 703 T 22 AR 2 ) 25400, i3 (0 22 11800 S5
Wi 587 5 J o TR AL ThREAFAE o« Jorb, T Thae A HO It 78 AR T 30717 2 18] X 2 43 #T
IR AR 1 R 2 55 B AN I T B T B PN S 1 22 rh a6 0 S L Th R S ik, b BRI 25(2022)
R IR B T PR 3R T R AR PR TS B I B AR RN, ZERI(2022) & IR 113 7 45 4 -5 o
[F] %2 FRLCV R AR, THAE 73 A0 B AR AL R 32 5 ) 23 R) i RO 32 S AR o IX — 2R ST I RRAE
EMNRGZH - BERYE R Z 0 gsh, FIE%E RS EERERRLRR, WHAKH
2] WX 28 3 AT T VR SR A “ITT AR NER ™, TR O PPN R BUEE FR AR 4 BT X 45 1) &2
ORHIECUIBERH S, 2021).

5 FiRE AN, T RS W 7R B 22 ot 23 [R) 45 M — AN e it 5 I 4%
PRAE_FAEXS TR0 . (RIk, AT 2085 WA S, X — 28050 5 SR T 2 RO 45 H I R
Rai, EEAFENEGE . WENFIA S = H RN . ST, S BTN A T 3T Ek
TR O ST P RCE . BTG A A . IRON ZE BE S5 H 52TH (Brezzi A1 Veneri,
2015; XMEASE, 2017; Lietal., 2019; FUFSE, 2021; SRR TGN, 2022; ABRE,
2023), RIVEWTT NS TG AN FE MR E B R A ITRE . TR b T B AN
BB RIS A FIR T R SR A, A E R (XME A S, 2017; EE&TTANR S, 2022;
FRMEMXNEE, 2023); @, TASCEREZEFE T 2 d0 23 (B 45 RE T 75 Bhik i s
LU, SR @EENCE, AT AT LGS (Giuliano 1 Small, 1993; FhVEARAI%E,
2008; T 5255, 2021), #% 0o R I A2 2 Hho0 BE BT B 188 Bl 7= 2B AU 2 W (Giuliano A1 Small, 1993;
Gordon Al Richardson, 1997; #X W8 ZE A1 35, 2020), th] figid 5l 57 M 1F F (Naess £ Sandberg,
1996; Cervero 1 Wu, 1998; Schwanen etal., 2001), iX 3% 5% toab & & F AR B B R
P ) SRR FE A SR (PVRAR A% S, 2008), Jm ERAE LB E 2 o0, i D fe 5 4 4 1
W, SREW RIEH 2 b0 (A 45 M 40 R B BhEE S I RCR (T 525, 2021).
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WEES, 2023), W CERGAETRESIBEBCERE, BRI 2 PO E R R
R BEREGUNEE T T I s2 e (B 22 AP AR, 20155 5K AT = F15KYL, 2022). #FFH X2
S (A G5 R PR AR I AR SRS, WAETE N s R S I 7, SCRR SR A O 5 R 1 — T AR B
RO S R ST T AR T N K 5, A B TR SRR B S m R, DRI B R O PR T B (W
TULEE, 2015; AR EEE, 2021), 15— 77 WA AL Ft 258 38 B IR (Kang et al.,
2019; Hanetal., 2020; EBEZEE, 2022), KAHLGER]FH &G O 8 1 S RE Ak i
HAT SA =1t 2R, WM LEE A, (2t eSS, 2014; [EE A PR
PRy 2015)0 IX—XJ ST A5 2 A0 2 (8] 25 4 7= AR ) B RS AR SR ABL, - 22 R 25 () 25 R 6 A2
BRI RS0 2 LR R R AR R, B dman iy DX AN T AR /NG I 2%, 2023).
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TARIGRT A RER(RSEE, 2016 SHRS, 2020; FIFHMEEREZE, 2022), HIFLR
o Ik g 17 22 () 435 4025 )3t R 22 160 0 A8 T 35S R AT SR AR 36

FF U, AR LR JUIAS AT AN TR R R AT (D@ E — AN A O 2 g
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IEIR Y . AKHE Romer(1987)%& th I N ARG FRIL, B dpe 287 i A 7= 3 1) o S A 7 ok 2
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H, ARBEFHRYESH: L NRAF AT N7 sh 2R, e
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7 R BRI AR 343 2 2 T ) BN x, (1) 52 ¢ TP 07 5 B s R 200 1, o N IR 2 AT
B ¢ S e ) 72 P e P BRI AR 1 — B, ), e IR AT IUE K, =1 x;] .
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27 i AR PR T B TR NS B e KA Il AT R A
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KRt x, (i) KRG, AT A, (6) BOSRAETRE 1 TR AG 7R SR B
p,(i)=(-a)AL*x, (i) (3)
HR R 2R R T R AT BB, A e AR, R PTTE A R KA 1R A -
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o, Clx, (7)) Fem ) RidRAE P = i R A . MR R (2015) BT I, KL UEE N
Clx, ()] = ex, (i) (5)
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Z46R3)s @) KEFI(6), FKEHE = S A= 3B1T) R FRE eR B R~ N
z(i)=all—a)' c“Ve(l—a ) 4V L 7
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TRHIKT o MR BTR A S 7 v %0, kT A 0 2 0 R AR 12T+ R&D #1141 Hi KT,
B @'(p)< 0. #H Romer(1990)\IWF 4L, HIIRT R&D #ITIF A I HH )7 i AL PR 7E ¢ 1]
(I EEL V7, (¢ ) 245 T L 577 2 PR A B 4 R /e A 0 (R M B, B
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i=0 k=1
LT IBBILIBERT, FIFARPHEE . BT QR A SMERE, PR T
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2.1.3 HEHII]
fBE AR NETH 98 DU 9 e &7 i, 3 IROWSON e 55 shat i w, A — )i & A5 ¢ 1917
AR (L+ 7, e, W, SRR T — W& 102 kL, o BRI £ 00 7=
W, o DI, AERNEN 8 WO P ah A R e JUR] 2R A
max » Slulc,
{C“"M}; ) (12)
s.t. ¢, vk, =w+(1+7)k,

Hrh, SRR T, WE0<f<1,
2.1.4 W R AT HE

S B BTN 11 22 v 2 8 4 3 e 50 308 5 2 5 0T i 7 A4 B B ) (Pl R A 8
2008), MR 2S5 ek T Bk, 200 d RAR(2020)BF T, R T 25 05 Ye 1
P MU A B R

P, =P[Y,.0(p).e(p)] (13

Hr, PER MRS, e(p) Ronmimaeie.
2.1.5 BRI GG K AR

ZBETIRAZSIT,  JE R e B R BR T

¢/, = ,6'{1 +al-a) Ve (1-a)"” AV“L(/)(p)} (14)
S, Fads T IR AR
B=Plplisali-a) -l aLolp)] olphelp)) 9
BT AU R A 2 LR S, A
OF [op=y(0F,/0Y,)p'(p)+ (O F,/00)p'(p)+ (O F, [2e)e(p) (16)
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2.2.1 X3RRI HTE 3 64 A ) 2O

£ 2 5 R S 25 MR M LI T 77 (Combes AT Gobillon, 2015), %R AN A—Ffxf
W AN S B AR LMERE T, 22 A = (Jaffe et al., 1993). AN Z
HOAE R R RS “Bat ” b R R B A R, IR T A R I A 0 2 TR 5 A R AS A (L
Al Liu, 2018). fEX—idfErh, gmfdR AR 13 B S0 e T EEA L3, RO e R % &
Bl rBERG, (HESPERR 2 N5 N “ xS 7 22 AT LLLE (Rosenthal A1 Strange,
2008), #ICIEASZ B FG 2] 1 7 i (Zhang et al., 2017).

F 0 5 A Z B A B RO Z TN A AR S 3, — D5 TSR A5G0 3 4R 2 181 T3 ik
1, FHR PG BN B 2 1 R A AR % O XTI A, TR & e 2 18], rhot [B] B AR AN 2
BEWG(EWFEE, 2021); o5 — 77 EAEAS QIR BT U8 I 70 A A B s o S5 fg i g v, (e
O N T2 O R ST ) 3 TR R PR RN, AR A3 AN B A5 FL A A 9 BT SR 1 RIS 5 85 it
(Lietal., 2019; Hamidi M Zandiatashbar, 2019), 5 JCykXd & X3k =L f i 24 as 1% BE#
BER ORI ERR S, OGRS ) SRR 9 .

MAOILJZ T BT AR R, AL B 75 2 7 2 1) B B AAE N 5 % S 7 (Xiang et al.,
2022), R, HARR TSR R R EARGAFE — e Gtk (H—Ledq i 1) 5 BUt
R R, S FER Z R Ok R, B BHHEAT R s, SRR EAT X, R Ak
A AT RE AL, BEASRI T H 15 55 4, RAE A B389 P9 B0l AL i1 (Hart, 1995; Berrone
etal., 2013). [EE, oo AT BUE B R XA MR oo 4, TR l— BEA IR
FH], DAR R WS I MR ) “BIHE " b alsr, ARF AR s A e K, Tk eT
Fr22 78 8 71(Ambec F1 Barla, 2002; Grossman Al Helpman, 2018; Dou A1 Han, 2019; 2%
IR HEE, 2020).

BT BiR oy, AR N 1 22 ot Ak e A A ) Y AR S T R I IE AR, AN F
TRFOEEIIT R, SRR HAHK T, B o' (p)< 0 M. MIH T 90 i HE3h 4 fg
WHE, SEBLAk e R R B E A KSR R AR RNEN L, 2023), 2S5 Je e
J21# (Dou 1 Han, 2019), HOP, /0@ <0 L. [FIMF, AR PR5E 255 2% 1 22 (Grossman i1
Krueger, 1995; Xieetal., 2019), ¥4t kKK BRI R —T TS, HOHER L
PR 22 B AR T 9 TR TR T R AT 2 H00 1 38 Tk B A 24T R M 2R IR A R R (R
AR EEFES, 2011; JLEIEAEKE, 2015), ANO LA KERHBLE 3085 K E
KP OB R, Fi, "N O P /oY, < 0 iar. 45 bokE, ml&n=X(16)H ai#
MRGIEHIE, By F /oY, ) (p)+(0F /0p)p'(p)>0 .

222 MR AEFLGY B U A e

Kain(1968) #5514 B3k 7 it Mk 5 R 43 TR AE 2 18] L VT RC & B AR R, K LT
Fhar o CWUERM” o WA D ZH0 b= A R O, AR IR O AR A
g & R EERRRE, B, 3 ToE R B 58 3% il it 45 5 A LIk 55 IR AE (Bailey et al.,
2001), ZHERASFHE AT E A1 0 e AR B Z AR B A RS, & ROl E
B 2 B B Y 25 ¥4 (Schwanen Al Dieleman, 2001), 34738 5 #5255 A ¢ bk 5 A B 48 0
(Naess 1 Sandberg, 1996; Jun F1 Hur, 2001). [FBE, 35 A 02 0ob W1 e S IR
AT A S AT BB AN, RIA/NREEAE 2 BT, 1A L2288 H 2 T B (Hanssen,
1995; Cervero Al Wu, 1998), ¥imizciEAEFEN K,

{HBEE X RO RE P HERE, Hoahl gt 5 AL RS IR H i 4, FFiaRIR “ &
FOET” B, B EhE M O RN DR B R T A 1 4 1 (Gordon AT Wong,
1985; Giuliano F1 Small, 1993). J&R5&iEFHiERE . EHrikht 45 %7 0(Gordon
FI Richardson, 1997), SEHLZEIE 5 =V i 70 BC FAT = (B EAkSE, 2023), Bhl) “HRES &
IRAF LG, 3T B B A B R (BB RS, 2000), FAALER B30 B I 1R) 45 40 (B TE A
S, 2004; PNEBRAEZE, 2008), EEANIG TR I )RR AN A PR AT LR I

BT B b, AR N 2 O A0 Ik T AR A R e S e R RO B U B R



iE, BYIE e'(p)> 0 Bz, JEHAE e'(p)< 0 B T AEFE S 5 AR5 Yo M7 7E
%9 PE(Chen et al., 2018; Wangetal., 2019; VAR, 2022), X 8k 4
AIG G LL R S SR BT P AT A B (AR, 2018 PMERESE, 2019; %
WA, 2020), RINREFEME, SRISHGEE, WIHOP /de> 0L, & EkE, k=
(16)F e Ja — AR T IE Ak 53R A O 2 o R BRI BCE 06, Bl 2 drl R BLESEIL
CHRAE P BIRTHR N AT (PR AN R, 2008). 242 HL R R, AR <Rk
#” W%, H(OP/0e)e(p)>0 Mar; Wi fufREmmy, “HUETH” kK2R
AW TR TR kRS, A (0P, /de)e’(p)< 0 ML
2.2.3 FFARIX

BT BB A0, wTAIIRTIT N 11 22 A B 6 2 015 G IR AR 280 B R T 1 % B 42 ) UL
Bt IR L 2 O BE XTI AT BT = AR M BN, &I 1 2 A0 FR BEN I
TTREREF=AE M “f8 U Y7 0. BRIk, SRRV AR ATRE 00 “f U BL” HRRE. JET 0,
SR N R

Hi: W AOZ OB E ST ESE R BE ‘B UR” LR, MEZHORER
) I NCE W) Y= 2

Ha: 30710\ O 2 Aotk 2 38 ik BELAS 38 1T G BT R el 2 2505 4, R IA A0 T 81 K S I
INE S5 5% ol s ma 3k i B YRV FEVE T R05 By, RIS INReRE - E 5 4,
P D BEFE RIS G

3 sSSibigit
3.1 SCIFHR SRR
B IR N 122 Hh 0 R R M T 2 5005 e (0 TR B R 28y
r+3
InP, =B+ B InMult,,  +B,In° Mult,, , + B,0, 5, +1+&+V, a7

Hrpe PAWW A5G, Mult W ANA 2008 E, QN ERIZRERE: u,. &
My, 53 S ZE 73T A A 8] 5 2508, A [ g S A BE LR B T % I A e e AR il 5 — o8
W, DGR AR

Wl & InP AR = 05 Qe i . HAT, R A A Gk i A AR T
DUbR 76 14 2 305 S B R AE 1R 723 00T & i ) DA B 2 S0 e T E G v (e A -
2021). BTN 1 2 o R FE X 2 A5 e S B AR K B Al AR e R RAETR . R E
BN ES AN T, DAAE SR B PR P AR B A R R SR A B T RS KR, &
Gy N GETH G BRI s AN A i AL iR (7, 2012)0 SR BA— Pl El ) URlbr 5 4 1 25 <75 B ik
FERFRAE B LR A TR R E IR s 4K, —HE & BRGE . EbigIT
RIS KARIER] “ 5558 T PM 25”7 AFE ARG S5 38, WL 1 iR 46 508 S v o 2=
RIE IR B K 2 KA 43 BT 2 (Atmospheric Composition Analysis Group)$2 i) 452k PM 25
WEEMAS 25, R ArcGIS 10.4.1 #4 H [E 317 &4 PM 2.5 W BB IR BUS BUN H(In PM, [ )
VERR I B RGBT B &, IRFEIIEBS, SR Y9E .

O BN O 2 O AREE (In Mulr ), IR T(In? Mul )AH DR T 2 0 fE
[E 525G BT REAFAERT “B U B KRR, BRSS9 B, >0 H B, <0 . ITFERHAT
FUE IR T P A 250 . IUBEE oA P DR R AR A . B E )RR
R P 155 00 55 22 A D T SRAERE 3 T N 11 2 RO R J IR AE GROB A, 20175 U5, 20215
BNy HEAE, 2022; TR EBRSE, 2023), (HHICFERZ 20T B AR P A 8] B S AR
BRI E I A BRI S . BT, S TIRS2021), 7 S (2023) L,
PLIE TN I ZE R 2 AR FOR BRI BN O Z 2. BRI S, LA Landscan 428k A [
BNASGEVT 53 B Ets PE S i A BRON 102 (6] 70 A ik Bals A 9 25l MR AreGIS 10.4.1 Kt
Brb [ 30 T Y R B 24 FE #(Local Moran’s 1), 85 H A\ 434 i 15 - 51 52 56 X (High-High
Cluster), FFH4E Li 1 Liu(2018)MAnifE, Hm-me R X b 2= /08 =AM HAA 2 A
CIEGEE 10 73 FDXIRAE AN RO &R X, AR BB XS T 2SR A 22 fTR R O,



P R T R B R B A3 XA A s, HAth &3k XA Rk oty Goit H 3 oo A R
H P T O 20 Mude ) JEAE 3TN 10 2 A FE B R R AR o, Y
Mult = pop, e | (POPsuseoner + POPrainconer) (18)

A, A8 2 O B Mt I AE BN VG R [0,1) 43T o IR S N 14 A 1 -
AR IR X B - R AR SR XA E O AR A RO Mt VBB 00 FEIZAZ NG A,
Mult WE BT T 1, RN D 2 R R, AR AR T 3 Hoo () EE PR K
K2 AT T 0, T BRI N 0 2 A R BB, VR O AR B RS . kAl
TEULHIE, BT3B, ACEN DL RO FEE(In Mule ) AR F S B
HBOHT AR O NI 5 B (Mt YI8CT 0 1 T

BbAh, BRI AN R B TR AR PSR T K
NFTEARIKT TR FERE R IE KT BURFTTRERE . SUF U . ATk gsm . A
PR DL 5l 25 o 2 B8 B B2 AR (2008) Y T VA AR BN T R A7 &, BIOW BUs 1
T EARBNGRELAE T (Incapital ); 7M1 TEE M LIS T 58 = r )\ 5 58 ==k a2
EE(strue )T & s ST AR KT DA 8 X AR AR AR AN 80 T3 RN VB B B (wrban ) 55
N FT AR DI T 5 75 N A 8 38 1 S5 AR TE RS 2 AR B W B (Inedu )R 75 SRTTTGRALKF
uﬁﬁklzé/%1/t%%$(green )ﬁﬂ?, SRt it K ST DA TN 220 e 2% 10 4% TR A E@Xﬁi&{ﬁ(lnmdd )
B BURF T TR FE DA — R0 A FE I o b XA 72 S B 0 B B gover )RR s A BF P IS
FH AN B T o4 1 20 3 B 0 00 b X A P S I L EL (o )R s A7 45 W78 8 DA Tl
Az PR A ST RO S K S AT AT AR R, AR BRI A R R A AR
BHIN TV (shivou )~ 22 JFRE B AL 241 5 15E MV (huaxue ) FEE B P08 5OV ( feijin ) B4
JEAG IR LE NN TV (heise) BRI LN TV youse) LA S BT+ #4742 7= R B
W dianti)s AT A 1028 S05 e o5 4 B A 7 1 205 Yo UR S L. AR SO
% Brandt Z£Q2012)IWF 5L, ¥ 1998—2013 4F ([ TolkAlbis YeHE i e Y 5 (hE T
A B Y PE A ER, DLECEE 5 0 SR S T i AN b 2, 18 51 2006—2014 £ 5%
T B4 TS e HE R BE DL AR . O AR RN RUE AL = R S A A PR R A R
SHRYERNGITIE, S MTS B B =F5 RS R, & LSATILI “ =15
HERUa A 1 R N HAT M G5 AR s 3T N IR DL (O I T i e T R )
25 W R X A N T B (scale) TR, BRI N DR X B A1 38 sl 256 5 030 i 2 2%
TR EULQ013) ML, “TEREX AEA b A DS @R X T AR 2 o density )™ R
FEw . Ak, BT B SRBCEAR A BR A1 DA S PN AR R, BRSNS AR AR B Ah, AL
Vg A R AR T 3B AN T R AR R S5 — A3, AT ol A i ) S D A

Z T CART REAFAE A, R R IR AR T 205 e RE g Im i B i S SR R, FHE R
(1 JE A Bl b 3 S P A S (Qin A1 Zhu, 2017; PMEHE%%, 2019; Chenetal., 2022), MIfi
SEANOWTH N BiaEsgmsh, FimAsm M A O 2O, BPm =<5
PR 2 R 2 AR P REAFAE XA R IR S R . TRk, A A& TR R IR
BIX— A PER I . TR H AR R B R AP R AR R, B o A
M A4 (Barone M1 Narciso, 2015; ZEBi%E, 2018), FEANZEMN /D Z4 S FAIK £
GUME S5 R UBLRZ I, (EHI 2056 4 2 2 5FIE S I T R A Bk — 2 1 PR i sl = A= E L1 Bh 77, 3
PR T A O 2o R, FifefEAR TATENRR ZE. A% Nunn Ml
Puga(2012). XIMEH25(2019) X% A1 T 3 111(2020) IR 5T, 1% 83 17 Mo T L ARFE P (undiud)
KRS TR E (rough VAP S5FHR (alrie YWE RN 10 2 Hp0 4830 T RS R . FIA ArcGIS
10.4.1 %F pi [ 5 LAt M AT 2, RO AR A IR B0 7 i FE B B AT AR SR X, S IR it F 1
BMBQO19) 75, FET S IR TH IR A% 22 R MG 15 B AR TR AR AR i M55
Ramcharan(2009). XM (2014)HIE%, TH 5530 T P9 MIbAS A2 I bm o 22 4 SRR RS FE R
(AR s[RI SR EUAS 30 530 T (1)~ S50 4
3.2 HEREESEHBES T

SIS BT O AT ] 281 MR B LA . % 8] 20192022 4F [l A8 ik ¥
P2t 1 5 S TR R IR R, APAE T 2 i 8, TR Bt A A i P B T B P 1
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2010—2018 4F; AHN ML, fRBASEIIEE N 2009—2017 45, H5alith, SAMTLEE A &1
5N 2006—2014 4F. IbAh, HBIFEZM/R. 52840, fupE. bR, 1. 2% 6
W B SREE L, BHMN (PEIETSITEL0Q011)) 44 H 287 Mgy DL B3
bR, TREERIAR T 281 AL K L B3I VE A xS B b e il 1 B st (0 A DG Bl 1
HAKRE T Bk YE T b E W 78S IR 25T 4 (CNRDS). Ji4E (TR EIRT G it E%) PAKL 2
WM EYS, EERENEARFRYESRITEE 1 iR,

R RNt

AR BEE N FEA R ¥IE e/ ME PO RKE WilEE
PM, FRF R T/mY) 2529 42.8086  4.1340 39.2890  110.1214  19.2866
Mult ANAZHOFEE 2529 0.3403 0 0.3571 0.7952 0.2154
capital HARAFELIT) 2529  1918.8820 113.9970 10852060 27828.2400 2713.5080
struc Pk g 2529 1.0267 0.1087 0.8867 5.3401 0.6204
urban IR K 2529 0.6163 0.0202 0.6340 1 0.2369
edu NTJEARIKE 2529 4.8904 0 3.6502 25.8839  4.3227
green IR G 2529 0.3910 0.0164 0.4009 0.6400 0.0647
road A (m2 N) 2529 12.0764  0.5900 10.7700  88.3700 7.7928
gover BT TR 2529 0.1681 0.0296 0.1510 0.7905 0.0813
Jdi ZVFHIE 2529 0.0182 0 0.0127 0.1651 0.0185
shiyou ATk gt 2529 0.0313 0 0 0.9864 0.0851
huaxue ATk gty 2529 0.0653 0 0.0326 0.6404 0.0896
JSeijin ATk gt 2529 0.1719 0 0.1001 0.9075 0.1862
heise ATk g5t 2529 0.0996 0 0.0338 0.7890 0.1398
Yyouse ATkt 2529 0.0888 0 0.0987 0.7708 0.0759
dianli ATk g5t 2529 0.4705 0.0001 0.4980 0.9634 0.2548
scale UNEFIEAGIPN) 2529 1355379  10.6000  65.9400 2425.6800 248.6038
density k2 (N /km?) 2529  4015.7280 826.9726 3542.9900 20926.2300 2128.0670
undul HE R ARFE 2529 0.6707 0.0013 0.3670 3.8138 0.7541
rough R REFE 2529 128.5837  1.3431 96.0305  984.1980 126.9911
altit IR (m) 2529  424.1254 04679  178.3990 2570.4600 549.4021

3.3 FHEMEESE
2 281 A T LAILEE L PM s 483K B RALL (192 75 KT [/ LA N 1 2 s
FRESCIN 2 3R TN 1 22 o R B8 2 8] PR B B B 3 2, i 1 s

5 ¢

»
n

w

PM, 57K FESE X EL (InPM, 5)
Ll : [§] 3 W o A

=]
in

L L L L )
0.1 0.2 03 0.4 0.5 0.6
AFZ A IRET L (nMult

B 1 AAZ40dEHE PV s IRESEBURE
A, RN 2 DR B S AR T PMy s KM 2 [AIAFAE RO BT “ 5] U B0 S &R,
B2 D5 S I BT B S A =, DRI, BEAE SN B 2 O R T RO — BT
AR 2 BEN O 2 R O RR R BT PN E s (555 — 9l iy i = U R I < RN
Z LT — L e

4 SCIEGRSREERE

4.1 WHAOZBHOLBRENBSIFERKFHEMH
411 HEeEBEHR

S

S



F 1 JRIR TN O 2 A0 FR X 205 YK E AR . SE(D)FI—2E(4) 51N
AE L () [ 7 %8 (Fixed Effect, FE)FIBAHLALM (Random Effect, RE)VBIALfliTHEER, HA
R FIR R Q)L B i O R AR B N 11 22 o i B8 0 50 (i Mt ) B Fe IR I (1n® Mulr ) HE
GRS (@) S 73R m A= FE g WK A TR A KT H A 5
T2 25 5 G PIR R R 3R« S At 45 R R, T AR 2 0 5 3 R05 44K
Z AR R B U B KR, JiE 0 G & IS RE a8 I 1%/KF T 1 8325 A 5,
LI 5 25 N5 B 5 AT ORI AE AL ( A 1F 25 IR AR 820K . Hausman f236 9, KA GHEN
446.78, SRZVELALJF ARG, 3R I RO BRI SRR A (£ T 45 R

F 1 EEERFLER
BRRER S In PM,
R AR B (1) TEA(2) FER(3) TEA(4)
FE 5% RE 7Y FE %! RE 7Y
In Mult 0.5351** 0.5351*** 0.5148"** 0.5148™**
(0.1938) (0.2055) (0.1857) (0.1857)
2 -0.8852** -0.8852*** -0.8638"* -0.8638***
In” Mult (0.2947) (0.3126) (0.2834) (0.2834)
P AR % 5 & =
SR [ 5 RN = & = &
I I RN = & = =
FEA & 2529 2529 2529 2529
R? 0.6576 0.6576 0.6785 0.6785
[ TR 0.3529 0.3529 0.3471 0.3471
95% B 15X [a] [0.2140, 0.5012] [0.1998, 0.5174] [0.2072, 0.4930] [0.1930, 0.5085]
Utest [l £EH#56 2.76™* 2.60*** 277 2,617
FEAR X 1] [0, 0.7952]

W T ARE P<0.10, "RE P<0.05, RE P<0.01; NMES W AT R BN RR @ RAER .

IeAh, R 1 EMRHE Lind A1 Mehlum(2010)%5 H X BIH R A3 21 “fF U B CRER
BRI = EARE, XA R R U Y7 KRBT TP Utest fZRAEE . DR
B3R, AT THEE(0.3471) /) 95% B A5 X [7]([0.2072, 0.4930)7 T 2 HLada B AL A HL
EX A0, 0.7952))2 W, K x “f U B” i rpiumss % BEly, (fKRsR 2.77,
TE 1% E K T HELE 7“9 AN 0 2 04805 205 G KF LRIy S E U 856
7 BEERE, R B U7 RRESLEOL, B 1 YIPRIE.

412 IATEWEL

2 18 BT 2 5 Rk 5 N 22 A0 R 22 B AE S AR BR8] (R SR AT e A, A STk
SR FH [8] 5 238087 T AR T B AR B2 (FE-2SLS) 3k h N 11 22 O R FEE 0 25 5075 e 1) s il 35 B 14T
flith, SRWNE 2. HTEMPRNEZEGHRA, BIAEZ 58 800 5 (n Mule )
TRT(In? Mulr), BB, RPN R, THRAARERHER R DRARA . AR SCHER T
T b S AR FE R B (In undud )« MU AREFR BE BR 50 (1n rough ) A S T353R R0 5 (1n atrit )
SATEASE, (eI BUE AR 0%, Jovk BiEadEH Tk TR R, Fi,
Z 8 Nunn 1 Qian(2014). ZEPKF4E(2023) 77 1%, HBIREHETE ) =4 T H A8 e LA
TP 35 SR IR B (In temp )X — N AR R Z, 43 BE R T AR SR g5t o TR &, Al
2 X I I undul x In temp ~ Inrough xIntemp PLAZ In altit x In temp o W T AEHBIX (P HBTE . SR AN
TRGUE N B AR B JE v, S B ARG AN, [FIREATT X S 30T R S e % s 3h 45 LA
M G R B UIA G, R, R SIR T N 1 2 RO RR B TR A AEAE G

x3 TATEGHHER

PR AR (DU w2 AT R e 5

R BRI BAQ2)  BIE3) BUE@4)  BA(5) A6 A7) BA(R)  A(9)
In PM, In Mult In> Mult  InPM, In Mult In>Mult  InPM, In Mult In* Mult
17.0301°" 16.9609° 16.7404°
In Mult (4.7653) (4.9147) (6.9870)
02 Mult 27.7515™ -27.6015™ -27.5345™
(8.9426) (9.5117) (9.9321)
Inndul x n temp -0.0955"*  -0.0477"" -0.0929""*  -0.0462"
(0.0154)  (0.0094) (0.0154)  (0.0094)
In roughx In femp -0.0161"  -0.0128™ -0.0574™  -0.0358"
(0.0062)  (0.0038) (0.0223)  (0.0136)
In altit x In temp -0.0083"  -0.0072" 0.0375™  0.0204"



(0.0043)  (0.0026) (0.0156)  (0.0095)

3 1) A 2 b b b b b b b b
AR ] 58 RN 2 2 b b b b b b 2
ﬁﬁﬂiiiﬂlﬁﬁ e e rE % rE rE rE rE rE

FEAE 2529 2529 2529 2529 2529 2529 2529 2529 2529

R2 0.0227 0.0015 0.0063 0.0224 0.0012 0.0055 0.0238 0.0013 0.0030

[ TREAA 0.3591 0.3597 0.3553
95%E {5 X [A] [0.3060, 0.5073] [0.3034, 0.5589] [0.1562, 0.5232]
Utest [ 2645568 2.60™* 237 2.40™

FEARIX [ [0, 0.7952]

T ARE P<0.10, "RFE P<0.05, "FE P<0.01; /NMESWET AT RBUOARAER .

*2 1, ﬁ;ﬂ(l)\ *ﬁ@(z)ifz‘”*ﬁ@@)%ﬂ?Tff)ﬂ lnundulxlntemp*ﬂ lnroughxlntempﬁzyﬂ%
AT HAR S AT T B D ikl vh s i, b, B (D)8 B Beflivh, B2
BRI 3 N — M Bt . & 50, WEHEMQ)MBERG) LR, W‘i/l\izﬂlﬁ(lnundulxlntemp il
Inrough x In temp ) 5% U RS 5 (In Mude ) S He Z R (In? Mule ) Z RV IIAFAE 235 (1) A m) FHOC
BRI Ak i R AR R OK, M RRE AR R n, T3 <y, AR T o s i i o
&, NOZH it gt g, HE5AEAMERT, H Shea’s partial R XN F it =774
14.7150 A1 13.2937, HKTLAE10), Fit, GEHN AP AFEET T HA &8,
A, HUEBEMOMER, EREBENAEEE, ANOZH0EE—xumy) &5 NIk,
TR R, AT R AR Utest MZRAG50, 256G RE, “B U B SR RMKIRRLOL,
H TR THE(0.3591) 55 1 th AR T Tl THE AR BT . 32 2 i (4)— Rl (6).
B () — B 9) 7 i s T A R T B B H G AT R, H M HE—F
THARHGHMA TG RIEAR B, BRI H 2O 525 Qe (1K) “8 U
B RAMAL, B 1 ARIIE.

42 REBERR
421 BHBEMBLTEHTLER

ARG B PR e Ay FH R S Bl 7 2 AU SR 5 R ER A PR R 4, DA AR A [l U3 b ) 4
RS B R EAT R AR PGSR . EAT) 20l BA AR (s0,) —EAE( Vo, )RTAT IR N UKL A7)
(PM, ) =Fhas 305 G IR JSE KA 3 (3 2275 A4R E(Air Pollution Index, API), LLAAE
BERERL N pag,,  SUR( 0, RI—BUALBR( CO YR M MRz £ SR T 4 57 Ik 1 5
Jii B E(Air Quality Index, AQI). R T B HUL B 2013 4F (A i En
#E) (GB3095—2012)MAT M HEAZ R “ T hie ” 3T 23 s R 4R, W& fEdabs € X5 Joik
W R —THEHESE, 2019), LLACEATS B KRR FA 5 A SCHEERE ULRCTS O, 2% % 2010
—2013 FEI T 2SI Y4B HOT E(1n 4PT LA K 2014—2018 SR 1T 25 S AR EOT 5 (1n 401)
TENBT IR A i, 1 UM T RN . b4, I8 2010—2018 “E3 T pas, 1K
FEX (I P, )~ Tk =S ACBRHR R £ (1n 50, )~ TAVIHCE) A2 HERCE XS B (In DUST )AL
W B AR X (10 NO VE 3T 2005 G KPR B AR 6, FH DABGHIE S T N 1 22 v
OFEES R B “BlUM” 2R, FRfGiHERILE 4.

F4 BHREMBTEMHUE

W fife AR i
R A €)) 2 (3) 4) (%) (6)
In API In AQI In PM , In SO, In DUST In NO,,
1n Mult 0.6715™ 1.4451™ 1.7629*** 5.6034*** 3.8575*** 3.7381*
(0.2972) (0.4796) (0.3856) (1.9836) (1.0555) (1.5875)
102 Mult -1.3682"** -2.3449*** -2.9071** -8.4404*** -5.9517*** -6.4676***
(0.4343) (0.7419) (0.5540) (2.6998) (1.6057) (2.2937)
P AR i = H E 5 2 o
EE A [ 5 2N = & & & = =
I [ s g = & = & = =
[E¥N = 1076 1405 1076 2529 2529 1521
R? 0.2870 0.1979 0.3067 0.6539 0.3644 0.5688
[T 0.2781 0.3609 0.3542 0.3937 0.3827 0.3351
95%EAZ X8 [0.0743, 0.3936][0.2432, 0.5045][0.2767, 0.4286][0.2823, 0.4590][0.2849, 0.5132][0.1500, 0.4204]
Utest [l Z646 56 2.26™ 2.84* 457 2.82"* 312" 235"
FEA X ] [0, 0.7952]
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Wt ARFE P<0.10, “fREFE P<0.05, “RFE P<0.01; INES BT AT RN EARAER .

TEZR 4 MEEFI—5E6)FIH, N2 O R EU 3 T A R 23 05 e ™ 5 R 5 1) R )
RUSLER I A2 3] U B A, X6 I () 1A Ak At 5 Rtk DR g B A AR 423k, 62T 0.35
BiiE, HJGZEM) Utest HIZRAG I BoR 8 “f8 U Y7 KRR AL, Al W, Wi AD 2
FEE S22 (Al “f U B R 2Rt .

422 BB OMBTEHITE

FEFEHERNT S, YT A S B N et s N B0 B EE 0 n Ml ) SR FE 3
WAAZHROREE . b, 2 gl A A DG N E e i i oAb R R N
Febm, TR N D X N TR AR LG, (E AT I 2 A Fe 5O TR e RS 06 o
B, ZREZEL2019). FEITF AP EZ52022)F 5T, FIH DMSP 3 84T A8 50 |
Flint & [ AT Y6525 54 F1 Landscan 42 BR A F1 20 A0 A& £, S HUH IR 2 “ Rl kT s
B R T-AH LA (5F DMSP 1 Flint 248, 4o BI{E 2 51 10 1 60)” H “ A 1% KT 1000
N/km?” [P, X LGS i B X3 A SR A AR R R X “ SR i 4,
P25 AN T AR o 3 T AT 5 B A BRI “ LSRN 7, BRI  BLS I
AN T B AR, K A T R ASE B0 55 R B 3 i N 0 2 Hpo RREE DN FE Fa A, id A
InMult 1; FF|FH Landscan H4fE S BUH 230 SR N, THE RO AN B SEPRE A
ORE, BOTEUEIE N mMure 25 Ja, @R CHESTTSRITHESY A ChE
BWGTHERE) , BB DS ST TR R AN L N DL X s
N LA 3 DN LA D N ) AR RIS, BN 805 20 e A In Mude 3~ InMult 4
MindMute 5. 25 B —HG) KRR T8 mdute k (k =1,2,3,4,5) VEFHIIR T A H
Z O TR AR, X SR v [ U5 e (1 [ A B AT E A TR 4G R

x5 BERUBRBTEBGETER

BRREZ  In PM,
A Q) (2) 3) “4) (5)
k=1 k=2 k=3 k=4 k=5
In Mult & 0.4744** 1.4784** 0.3105*** 0.4742"* 0.3258"*
- (0.1082) (0.3758) (0.0897) (0.1524) (0.0788)
12 Mult k -0.3743"* -4.0087"* -0.2764™* -0.4913*** -0.2621**
- (0.0816) (1.2246) (0.0691) (0.1809) (0.0485)
P AR i 7 13 13 2 2
S [ N = = = = =
I [ A8 = = = = =
IEFIN s 2529 2529 2529 2529 2529
R’ 0.6795 0.6792 0.6783 0.6830 0.6801
[ TREAA 0.8848 0.2025 0.7536 0.6202 0.8617
95%EAEIXE  [0.6302, 1.2352] [0.1529, 0.3239] [0.4274, 1.2064] [0.4413, 1.2373] [0.5528, 1.1872]
Utest 28556 3.88"" 2.05™ 3.46™" 2.45™ 4.14™
FEA X ] [0, 2.7247] [0, 0.3364] [0, 3.2393] [0, 3.2557] [0, 3.9133]

Wt ARFE P<0.10, “fREFE P<0.05, “fRFE P<0.01; INES BT AT RN EARAER .

R S AT, BRI N O 2 F e S 2 R0 Gk 2 )35 2 B ) “ B U Y7
KZR, FHITHEAGTHE B R B H R 8 N O 2 RO iR R0 5 BRI N DR A R A BT 2% 5
FOUks tn Mute 2 B R0 Mute 2 VEIRZ O IERER BT, TR THENCH 0.2025, &3
T Hoth -5 1 A5 45 5L, 1 95% B {5 X 18] ([0.1529, 0.3239]) K SR A7 T HAE A EUE 75 FE ([0,
0.3364)N, feiEid Utest FIZRAGIE . MAASKE, % 1 K4 RTad,

423 HAEFFHABHEITER

2 B8 BB A T BN 2 O R B AR ZRAE, RIZIRTT 58 7 540 BT A S e A A
PR SRAE A0 X 4, 3 RS L O B T A R A T AN TR, AR S e B
PEIRVIN, BOZIR TR A R A KR, RO R EAAFTE . R, AR SCOR IR 63 T M 44
AR SRR, FEETAL R I (] A g [ e RN R, 25 R ILER 6 HHER()FIFTR . AT SAT)
SR A O Z R OREE 5SS RZ K “F U R LREENRSL, HANTHATE T THEE
N 03968, M T EFEART IS THE0.347)F i EFF, XRH: HFIEAM T RE AT 3K
HC A AN B B 3 T U /e — e AR S “f8) U B TTREE MRAL, 3 s =is g
IS BAR B BT 75 328 21 AN 1T AR B2 1 IR S s b o 0 oy — 1

r6 ABEEHAREITER
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WA R In PM, |
5 @ @ €] “ ()
L SBRAOZ RN BIRACOZH0 SAOZHOERE 2S5 5KT RIS
TRBAAETMRT BB ad AW R T AR e R ab 3

In Mult 0.8297** 0.9204*** 0.5229*** 0.5017*** 0.5064***
(0.2195) (0.2886) (0.1867) (0.1740) (0.1749)
1 Mult -1.2414* -1.3754** -0.8761*** -0.7804*** -0.7854**
(0.3281) (0.4112) (0.2866) (0.2575) (0.2600)
P AR B B . . 13
AR B S SN = = & & =
T [ S N = = & & =
FEA & 2223 2115 2504 2478 2453
R? 0.6955 0.6943 0.6806 0.7033 0.7062
[ TREAE 0.3968 0.3974 0.3477 0.3791 0.3804
95%E (51X 18] [0.3143, 0.5043] [0.2954, 0.5062] [0.2118, 0.4932] [0.2390, 0.5610] [0.2426, 0.5644]
Utest [l £EH56 3.27* 3.10%* 2.80%** 2,617 2.56"*
FEA X 7] [0.0075, 0.7952] [0.0226, 0.7952] [0, 0.7752] [0, 0.7952] [0, 0.7752]

W AR P<0.10, “fRE P<0.05, "R P<0.01; /NES AU AT BB R AR R .

2 8 B3 T O O Y PROE T B 3 DT BUR B U E H HEAT BT BT S G PR
B, 2019), SARFPRATEONEBIFCN, TASSCE B E 2R A G B KR B AR =S AR
NBZ e R ISR, BRI, 75 S0 I —EA R AT B 70 R 3 e R 5 e o AR B [Tt
TEFR 6 H(DHFNGIERN B 2 o Fa 87 A8 AT B0 RERl b, #F— Bt R R AE 2009
—2017 FFEH N L2 O fa B A SR, DU IR HUR KA 5 i/ IME 2 TR AR 22 B AFR 2
s/MARSE RN LARIR, KA A% B I AR 95%FEA T 5%l i ik th >k, MAEAH 5]
Br, FFEBG TR e ROV, SRR 6 HEQ)FIIR.

AR, B2 S PH 25(2023) B, R0 AR A% Bk (1n Mude ) DA B W AR BEAS H (1n P )
MIREASE AT 48 R AL FE, BRI 25 1% MFEAS, DLEEM G THE ARG I 4510 A @ Pt
# 6 TG G) IR A T X% O R AS B AR Al A8 &y ik A7 48 e, DA TR
X E AT R AT A5 R, HISCRE “f8l U 7 SRR MG, Rk 1 g5ibtadd.

5 #—Hitie

5.1 HlHEIRLR

SRR IR TN T 22 AR B T 2 AT G R M ATL R A T B T, b Ak ad i s
XS AL MO — B IR, o, WAEET A O 2O E IR T HEE “Hu PRI R
AR SR A R I T I3 7 AR AN R M o AR SORE FIAE D S B vt Q3 7K1 AR A Fa 4%
WL B R R AL HE LR O B AL, 5 RS B — IR FIE R S 58 i 2 15
AEAEm i, ) FRE BOM T BT 8 s WL T 24 B B B 7K1 o 1T HR I8 & R S FE AW %
Th SERET BRI R BH LR =2, A R B R Q0B o B e o i A v T RIS AR S L 3
FMEIE =R KL, B ERMAH2015). FMEREFQO2)BTT, Kl =3
LR AE SO B (Inpatent, ) UL SR IR HRIEEON B (Inpatent, )1E LI AE 83k T 615 7K
FRAREAR R, JR S TR EEQ20)FIRFFT, AT HE X BURF RS SCH & i dE X X A 7= 5
1B G EE 0T £ (Intech )TE 2R 53— 3813 BB AT OO0 BE AR S g AT WL 56 . 3R 7 IEB (1) FI—28
G TEEIGZ5 3, v DL N O 2 O FE B 1) b 250 3 T B 7= A 2 325 1) 47 fm) 52
X5 TR (202 1) IR 7T A 15 21 IR 38T 22 A0 25 18] 55 16 2 M1 55380 T P 350 R0 1R A e 508 1) 25
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Urban Population Centralization and Air Pollution

— —Empirical Analysis based on 281 Chinese Cities at Prefecture Level

and Above

HONG Zhen-yi' CHENG Kai-ming"?> GAO Dong-dong'

(1.School of Statistics and Mathematics, Zhejiang Gongshang University, Zhejiang Hangzhou 310018, China;
2.Collaborative Innovation Center of Statistical Data Engineering, Technology & Application, Zhejiang
Gongshang University, Zhejiang Hangzhou 310018, China)

Abstract: With the rapid poly-centralization in Chinese cities, is multicentric development
conducive to reducing air pollution levels? In this paper, a theoretical model is constructed from
the perspectives of agglomeration externality and work-housing balance to analyze the theoretical
mechanism of urban population polycentricity affecting air pollution. Based on the panel data of
281 Chinese cities at the prefecture level and above from 2010 to 2018, global PM> 5 concentration
and Landscan global population distribution raster data, and other indicators such as the degree of
topographic relief and surface roughness, and the average altitude of cities used to construct
instrumental variables, this paper empirically-tests the effect of the degree of urban population
polycentricity on urban air pollution level. It is found that the former has a steady “inverted
U-shaped” effect on the latter, which means air pollution increases first and then decreases with
the increase of population polycentric degree. This overall “inverted U-shaped” effect is caused by
the superposition of two mechanisms. One is that the multi-centralization of the urban population
harms air pollution by eliminating the local agglomeration economy and hindering the formation
of the knowledge spillover effect, thus inhibiting urban technological innovation; The other is that
urban population polycentricity has an “inverted U-shaped” effect on urban energy consumption.
In the initial stage, population polycentricity aggravates the overall imbalance of employment and
housing in the city, leading to an increase in overall energy consumption and aggravation of air
pollution. After crossing the extreme point, when the overall balance of employment and housing
is basically achieved, the polycentric distribution of population reduces the total energy

19



consumption of the city due to alleviating the agglomeration diseconomy of its main center, so has
a positive effect on reducing urban air pollution. In addition, this paper also examines the
moderating effect of urbanization population agglomeration and urban sprawl on this “inverted
U-shaped” threshold, and finds that cities with higher urbanization population agglomeration and
lower urban sprawl can achieve a decrease in air pollution level at a lower degree of population
polycentricity. In the process of urban multi-center development, the key goal should be to achieve
the balance of employment and housing, and some efforts should be made to vigorously promote
urban innovation ability, and promote the urbanization agglomeration of population and avoid
urban sprawl, to realize the ecological positive externality of the multi-center distribution of urban
population.

Key words: population polycentricity; air pollution; work-housing balance; inverted U-shaped
relationship; moderating effect
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