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RIS H 35 52 B BOR 2 1w 0 AL, BUA 5% A 43 B 3R Pl 2 1) A e A4S
B AE T — L R, B ST PR A AR R L X T QAT HE B = HE
FEAE R ILH B = RGE M0, RIFIRAT .

T HE A ™ b B A A R I RRAE s R SR s (HR IS, 2021) , (R i 2
6] 3 bt 5 52 ANl s A B R i . FE R E LURAT RN E RS MR T, A
e HE R Y B AT A5 O AT A, Ol RE S EE 0 Ll A A 1) A SR R B T . 2007
A JE R KRR R N RAR AT R EAR W S BCA B O T TE S DR IR 1R
By Y45 BERURS B B L) (LA R AR L))  fn BB IR E g aFIRBOR EX R 8. %
oK B AE 38 L R AT A PR IR C E, AE N RO g € 7l SRR ) BE B[R] s X6 v HE
T M S i AR A DY B, I R AR L A YT AT A5 P (Fan et al., 2021) . A SCIA
Jo, TG SEATEREA BRI R GRS T, 2022) , £ 2% (0[5 HE L
KT, — B A B AR AT SR A R, S T AR BOE £ 9 b AR R TR
AR AT AR BTN I 1 B 0 B O i 10, G e ol B E A B T S e B Ol R 2 kG e
BT I, A SCHE R O PR BUR & 15 A BT HE sl i HE b B s T AR 3R AT
SRy B fif 2 0 4 Rl BCSRE AN fe B 9 v HE ™ b A 1 23 R A ) A A 28 06 i

DIAERFIE ST R 2 2 s — =l B R, e = % 7= Ml B 45 R 2 i o [R1 8E , dnfi]
A BRI FE 7 A G A TR AR R AN SO R 43 B T I A TR ) A AR U 2 Delgado
et al.(2016) [ BB , N 55 30 T3t L =2 o R s 48 A 7= H QIR DL R AL [m) T 3
R A5 22> o B g 7 M 1) S I 2R B5UE B, 78 7= oMb B A0 A Sl o0 3R D A 3l A SR Bk
FEMLE A o FERI Pk aE SCER ML B A S, AR SCHE H G T )2 TSR XA T Tk A
SN A5 % 77 b B 7 Al % DG 156 77 b 1) £ R AKF, I LUAE — 77l 5 7 b 4 DG B 7
b £ B OK A 22 18] B A SR R 2 i re W BEFE SR T E WA E R . 7RISR I
ASCLL 2007 4R S W CE WE AR O F BRI — R E AR SE 8, T2 TF
2004—2015 4 H & Tl A b B8 13 25 2 28 00 [ DX BOK 19 7= b B 42 R38N . [RIA
S A5 F B 9T 45 16 1 B R ME |, SR FH 2008—2020 4T 4 [ B Wi 1 e B4 %o 32 B4 i ik
TRt R

A SCWFFE K B, 2 A0 A5 S BOUR B 1 3 10 7 b Bl 45 AN, A B 14 2 e HE ik
FELAE A = ML PR AR IR 2 AR . TR HEBR A R G A D9 AR () R, I
T B I K A — R IR A 5 R AR . HL A M B 7E 4%
5 ORI T, = HER A b 3R A5 B AR A7 M5 B8 I 2 0 /b, b AR A&
“H BRI AR” Mo B 0 DA IR ANR AT AR SRR DA ok iy g B 0 R HE A ML EA [ L
HE 1T U G156 7 Ml A 2R M 5 B A BB AR IO 2 0 ik A5 L Pl b A B0 v HE O™l A
PR SEREE [ PR BEE R . A SGE K, AR T B — 7=l 42 5 3 B i B RO
SEBLEHE , 77l BE S R BB S TE G B e HE RO, A 1 K 9 VR E AR O R A TS K
HEAk

A SCH I bR BTk R AR IAE = A . SR — R T e T a5 DY IR B2
RO BB S AR o BRAE SCRk 32 28 G 1 (0[5 B BOR N i HE A b D HEA T oM A sk
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B8 55 7 T B9 520 (Fan et al., 2021 ; £ 2R £ 78,2021 ; SRR AN S, 2024 ; 2 i 7 45
2025) , A e H R 15 52 0w HE RO L A A TR JR o AR SOl Ak 4 3R B AL £ IE S
0 A5 O B R X v HE = b A 1) A ey %) B SR AN, T T SR AR DB R B K N
M EBESE o AALANBE , © A W 58 385 3 DA S 2 2 (015 DR B0 e R4 v HE A oMb 1 4R
TR OEIa , A lb o] L3 oo 5 b A FH 2% Mgt il 9% 249 o) (B4R Z A 35, 2022) , {HL i 2 [m]
B A ] A RE RGN R AR o AR SCHBE T 76 2% 05 SYBOR vh s T v HE A ML 3
PR AF B 2 AR AR B ) 7= ol B G I0E 7™ 45 R ML 583

5 B S AR R AT SR LA N P E R I R B R R . B SCk
FEMF Y IR [ 77l 25 8] A Jmy B K 22 0 3 A 2 B — 7=l 48 2B (Tian et al., 2024) . BAR
TR 58 5 1 2 A 72l 22 1] %) 6 [R] 4 28 (H 20 A i R 2 02 A8 LA Pl SR P 1
TR = ) 45 3R (S5 [E B2 55, 2007 5 Y5 6 58 ALfr R 2, 2009) |, 855 20 B il ik 5
A I 55 ol AR AR b ) Y 3 W] 4R B (AFE 3t U, 20155 Billings & Johnson,
2016) , 5k = 7=V 4% A8 R B9 0 BT o A SCH R 3L T 72 b 5 AR X = 2 A% 40 45 7= b
(i) B A [] 42 2R B I 40 M7, 448t T — 13 A D0 2 3R [ o 2 Ml = ol e 4R SRR B Y
o 76T BRI =L H R e BE R R R BT RN, O Y R A 3R
23 (8] A Jey B BOR U TR AL T 2F BAR 5

55 =, DB P Dl HE RGN A A B e T AR R HE SN M i E R AL . BEA Sk
b X B — =l 2 i 7l A SR A A MR 2 5 RO e A e CHE AN P (MR i i
MG, 2019; B0 AR EE,2023) . HSEAWFRAN, ARS8 &, B T4
FUFHESN I T RE Sk [ 96 FR s HE RO

A ERZHEN R 58 3B R BIS O SRR UL, 58 =340
FEAERME S SR . B0 R B, ST AR S . S R
LR A0 A DY BUR N 5 HERC ™ b B 45 AR ALY o 25 /S EB A F 5 1 7= b B 45 TR Y
WHERY, . T JE 45 1E SEORE R o

= B M S SR

PRSI, 72 lb B 45 7l 3R 19 25 (8] A Jm) 32 2 U BOR FT 3 70 & i 3L w52 .
S IESCR CSR T 7, b O BORF AT DL A B B R R BRI LA S B S
S5 Z PR T LR el 8 DX, 2 R (4 WA 3 2R | 2018 5 3 6 Al 28 K XL, 2019 ;
SN, 2022) o B0, WF5E K B0, A8 78 = L AR BEBOR A R TR S b X = 0k
oA Bl S B 8 BB AR ol A R (FE SR AR 7B, 2025) o a8 FH b HERU R ik
WA B F B S S = W51 b i Al 48 3, 7= A v 4% A B S0 (BRI A , 2025) o
AT B, e LR 57 ) St B R B R SR B DL R 3 [R] T 4 B IR
FEMHHE RN T, 7 b B 45 7 b 15 BA 725 () L 3L R 48 R N AE Rl (Ve &1
B ,2021) o VA= OB B, b Ui 7= Mk 3 R 5 R AU B FREAR A 2
6] f4) 22 B A ( Debaere et al., 2010) , i BEAE 2 2 1R ) (FREE FIXIE 7, 2024) .
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FE 72l A T 0 % AR, b BORF % 38 SR A 2R A AR 3 A1 345 b 1 SR ) Vsl 5 A
3 I R ABE 28 355 35 07 $ T AR Bl = b 19 5 A 0 B (BRI 55, 2023 ) o L, B — = 0lk
B4 AR FE AN TR T (Li et al., 2022) , B #THE B LLAT B X 380 Ll Ak R 448 1 7=l
A3 A JRy (Eh R RS 2021 ) o ARTAT, F TS 6] M BOUR B9 00 387 A A Ak F 7=l 4%
R RIATT B — 7l 4E R AN 2 v i 2 R AU b T RE P E 7 A A
M FRFTFEZS 6] B WAr8, S A1 55 7 A R R AR . TR Uil AN R R 2 =l
AR B g F A — 472l %, HoP=lk A FF=lk B 43 ) 2 b X 1 AT X 2 0 £ 4 e
v o WE 5 M7 BUR L2845 B B3 AR WR R 515, 7=l A 4k 328 7 7 H X 1
FER U BIAMSB A X 2 LR, = Aas R, B A =B
B H AR SRR T SRR S R T (LT & 7 Ml Bl %) 4 SR AR B AN L L AR A

22 U0 U 4 22 UH 7 3R R T Z A, 7 A AR AR AL TR AR KA. il an, BT
T AP 75 W (2006 ) 3 T3 R 8 A 7= 2, P8 H S B o A9 100 X 7=l i 4
PR 7=l o) () e ) 48 SR AR B, Tk B e 7 A R A SRR R Y U { R 0.003, BH
WA T Ellison & Glaeser (1997) 3 F 32 [E %045 I 5515 2 19 0.018 . B &1 55 55 (2021) |
FH P TR Al v Bl 0 K 56 28 SR 2 B, Bk B g ek 5 R WA
] — I8 7 R 1 A 2D AN B REAS 19 0.4% . AN, R R BH 4 (2021) B BT R b K
B (BB sl R AN AR A S = R NI 3 ol K i v et e = Rl e £
R R X g = Sl 2 R L% A B 0 = aE R e EK

A B G T m HE O A 1 R RS o AR SC LA RE 4RO A ) A 4 R i
71N, 3 4%l TR R 33 RSB H ST L AR 25 8] B B A0 A ST B . DA SN
R, 3 R A A 7 M BE A R T RE R M T BUR P BUOR S S5 R . BRBLO
+ AR R A, 7R ML BE T B RS P AT B FE RO R b X, M
AR AT I 2338 i 52 AR AT (5 DR &, 51 A7 B 08 U8 ) AH OC 77 B Ast , DT £ 14 L AE
FEX AR AL B (GRIERBERG 1, 2017) o DA 15 BURF B AT HL AL 381G 7=l 365
B ASKATRD, EFXF PEW SR 7=l B S 6] A8 7= 381, DT S B0 56 7= M e 4 5 Ak
FRARAK- o i = HE A A b F B T E A, SHRAT S AR R K .
X— 5T, M5 SYBOR ZERARAT AU X &1 HE R A b St 7™ 4% 19 17 5248 BRA
by 5 BURE R AR OG5 R BE AT S X AF B SR B T BE AR DI o X T Mk A S
[ A Jsy 1, BOR TS T 37 1 s A A e a7 o Bl 25 Mo BOUR X i HE

@© RSP AR R X R S R A —E B AR FUR 2 R 2RO L RE S 7 5o AR 3R, R
AR A D RAT RN LR H o e, R SY Bl FE A Y M DX 2 W 51 57 2l A BE v il T S T 0 R
b DX 23 W 5 e 285 SR E s 19 7, 5 I o T 37 GO £ 1 DX 2 W 51 5 B 2 A R O g 0 7ol (O I B R SR A
2006 ) .

@ 2013 4%, FRIEHE A (A7l AU 222) B RAEACM RZE R HE IR RN M 2% (EDT (AR EH
N 103k T, 1T BRI MY (A7 ACRS 231) 2 BEAR JRA IR | e TR0 RN B il 8 bt e RSERL
7N 03T o X PSR T P ST 2 AN S R T (IR AR 5E) <

@ Iy BN AT LA S 0 B A B N R IR 55 B AR L 2 BRIl 55 B 25 % A 5 U R A R
FTIAR DEIC (L5255, 2014) .
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T b ) SZ ) BN W IEES , T 3 70 8 R 3 S HE R A 9 2 18] A SRy, AT
) = < 3 R A - Sl | 8 7 N el 1 W == <O~ < Sl ) O 3 TR NI /o
it 1o

fBE 1 s SR DX B R A B T 9 sl i HE ™ b B 4 5

KBl =l i 2% L T AEZS (B FAE R T I BT sh b b s HoR G
BT OCHR DL S [F R (T 4%) % 2 B K ZK (Diodato et al., 2018 ; i &1 55 55,
2021) o ASad, &% 0 {5 B BOR B /D i HE A L 3R AR B9 R AT SR (2K R A
2019) , 3% gl H i Jg = b #i 25 5] 42 R (W 11 37 71 2 v] B R R 2 R A 4 A G
o X2, B AG H S EATE AR RO R (BRI 7, 2022) , i T4R
T4 Rk 2, o HE T A Ml 3R R b A R 7 SR 38, i 25 IR b A FH 32 2 4o =l
Z ] B BT H B

PIE b, B ) el B B U 5 M 5 SR A B A A S R v HE A b ) R
A5, R AME AT 5 SR80 & B B Bl 1 o R = A4S0 < A — , Pl G HR
7l Y B SRR R Ry, PN R 1) B A B B (K AU, 2013) v HE R AR Y Ak 2
S VCEE 20 68 1 R Z SO M5 B9 Bk o 28—, R A5 P A i L J2 =k Bt
LR 22 18] A A SE A R A A BOR SRR ALGE XS A S S 8L TR AR
Gy ARG, 30 b3 A lb ok R A b AR AR R AR R R . HE R A Y )
b A S 7l A R M SE SR, T LA 4 S O I A b 2 [R) B s B R BEAIK R iRl
4 BN X B B (L3R SR R It i, 2017) o [RI BT, i B AT 3T 1 BE % B A 4 b 3 75
R AR G & A T8 A5 RS 9 1T e 1, 1 — 20 B i b Ui b S R AR R L AR 4 3
Jill (Duan & Hu, 2024 ). &5 =, & HEBCAS b m) 572 [l B S 156 7= 1 45 58 3t 5 g 38 ml LA
T O N1 45| D A 1 1 il A B T S oA e K 2 R vy VAL 0F -1 [ R
YRS L A T R A 2% A R e M A T I A0S 6 T ep e B B SO A B SR,
I [] 18 55 77 [ £ 9 B9 1 (Ersahin et al., 2024) o ICEF, AL A A4S B B 2
i Jan ek v HE A M 5 R b AR AR E T WAt R s D B AE I RR oK, i — 2 2%
it v HE A TR A Al Y 205K . 36T LR b, AR SCHR IR 2

B 2« 28 05 BT BUSR 76 WS = HE A b B AR AT A5 05, 3 HE Al A 388 0 7
MU Az FH T 1] P2l A SE B Pl B R b SR B, ESh P L B AR AR E Tt

= R R SN E

(— )X )
PR S SCRRT I R L E R M E R R E LT, —
D7 L, 77l 4R R A2 0w R B — 7k i =S (] 45 R (FE 8 55 FAg N UL, 2002) , 1 77l B
LR R BES A IEFAER . 55—, ool (A4 3R B AR ST A R
P LAl 1 e R 46 5 (R B0 AT SCRk R 22 M 5 7= Mk 1) 2 R AL L AN e il 5 0 24
Pk 22 18]G el A G I (S B EE4E, 2007 ) o BN, i 8 B8 AL R 2 (2009 ) X e 1 [
J& — A~ WAL A5 7=l Y B R b 22 TR S R AR 5 . Bl — SR 5 25 1 T =k 22 [A]
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(9 77 Ml 4 DGR, LG T B 7 Ml % SC IR H L Ry B T 4R A 7 S DG I BB R S BR A5
— YR (R PRI AE,2021) o 58 E, b8 H BA WA ] SCHE Y 7 b v 46
B, A4 2R 52 57 5 R U DL R 3[R IR (T ) A5 R 1] S I Y Lk (BR AR
85,2024) . IFH, 7l Z [ A R 4E B i SCHK 8 H B A 355 A DG, an B 4 A
H SC IR 04 77 b 2Z TA] A A e 2 B0 1) B R I 1Bk (R B8 FNXIME 2, 2024 ) , (UK B — ¢
B At B TC ik B2 ) 8 — 45 7 ML B 9 30 b 3R 9T o A 2R AR SCRIFSR 1 57l i
R T b 2 [ R A] Be 4 Y 7l 4 OB 4 )

()i g 7

I B 7 Ml B A SR AR FE T, e N R T S 5 oMl 0] S A AN T 0 7 ol i G R 7l
LG o T o3 00 D00 K 7 Ml B DG IR 5 Y 7 b I R ] — G R S B X
B8 Y g T[] — 2% 77 ML B 5 [T 8 77 b 4% SCH A 555 9 77 Ml A A AN [] 1) DG B 7 Ml 4
B BRE X E TAFE B8 . A SCfE S Delgado et al. (2016) 19 HUES 4] 43
T 1 77l 45 OCHR 7 Mk AR G, MR AR 12 07 38 R0 40 1 7 Ml B QI Pl AR A R T RE B A
P77l 45 2% 77 v Z 18] ) 2 JE O IR A, ik B B 5 Rl o A R AR E AR i . Ko 2D BR
FEAAFELLT =AM

S — Al (R I R AR B o AR S R M TR DGR R B [
FEPA T Y OGR4 55 30 77 8 /K i SC IR R B L F R Ui 4 DG IBE R [ D K7 b ] il
AR ROCHRAE B o 10— FE B4 2o on) T 220 1) 7l 22 ) ) 4% A7 H 5@ EK L 57 80 1 E K
Tt SCHR LA K H AR Ui 4 SCHR 0 7 Ml ] Al B 3R SCHR AR B 2 O 1 Al 4 7k 2 1A B
SE[R AR B IR S T TR B SEIt . VLA, PRk B 45 77l 2Z [ OF AN A s — 2 Y
IR M 2 R B EL AT 22 4 B R G IR Jm 1 o AR A R R Rl (R SCR AR B ) L, AR
SCIA HE T AR B 7 M G B I A A 2 A B 7 Ml ) DG B A B

5 R A3 B OGP AR o FEAS S 22 A BRLAE B M [R] G BR A B R £
A B 7 1R G IBC R [ 5, AR P X B R e | R T BRSIE 0 i i nt a3 ol N 1R Mk iR AT 43
Ho BESMITE-RAME: L ERERE QU Ward /Ny 23555 57— 28
AR RGR AL HE KA EE R K P 7 B0k oy 50 5 28 00 M J7 6 38 WA 4 38 1
45 M 25, A SO Ward S5/ Jy 2838 K B{E 2R K P A7 B0k 25 5 28 0t O vk il
O3 AR 2 43 B vk A 0 K M R B S LA e — A R G
P N /" <= £ s R E I | 1o 74 '€ 0 R A B B 8 S I LA R VA U | A NS
K7 B DGR 7 Mk AR 5 R 43 10—50 4

o = R o S5 R AT PR AR R L AR bR A R M O B T R R i ik
AT AR 53 I, SRR R S5 58 . S T 3R A il A DR AR 4 4
ZEIR IR T X R [ 43 45 SR AT RN AR, @

TERN 53 77 M B DGR 7l BRI, AR SC LT 1998—2015 4F oy [5 Tolk A b £ 4

@ PR T B, 2% DG IBR e g Ay S 3 8 T AL A ) D il 265 28 R 5
@ PRI W T B, B 8 S 7 35 SR A0 0000 8 3 T LA ) 0 3l 65 2 ) B S
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1 . OfEfii FZ B0 T , 22 Brandt et al. (2012) (A0 377 T35 V6, 398 R 5
s AV ERT TR REA o FETHEH A = H SR I B AN+ AR st S IR B A, 757
B b 2z 18] B A% A B S 2 B e Ok B E R ST R A A 5 2007 AR
2o AL IE T 2005 4 EN O AR U A RO 15 2 55 3 i DL A Tl A B
W iHE 55 8 ) &K SR AR 1 . 75 B 48 2, AR [ b A Bt E A T A
b i DU A E L AR H A R R AR A T S A B0 A B . RS
— AR SCAEAE R M A M B PR 34 5 = AR Y S R B SR S IR

2 LR T B, R B R O AR B | 55 B 1 K S IR B DA K
I Al BRI b N BT A Y S ) B 2R S IR B R S Y 22 A B 7l TR DG IR AR B
R, I 18 F Ward e/ 7 25 A0 M 7 8 162 4> = A0 B0\ Rl 43 ok 22 4> 7l 5 ¢
Br= G MR BRI g R 76T SCRSEUES B A, A SOR P X — 45 R
AT — A b 1 P BE SR PRk o A B S L B T HE T, DL Y
B M S HER = b B o A SO B AT — £ 55 8 72 b B S B 7L R — A R R
M, A3 5 R FH XA 7 iR A Sl S L A S L i BE R K. — AN
XA £ 05 Pl B R KF, Bl B I 72l ) 4R R AKSE AW T, R %
b ) AR b 23 (R A Jey B — 7=l B B ) pE L B AR R AR

LRty

(—) it Ep A

6, 78 SR 53 A1 S 0[5 OF B 19 7 b B B R AN Z il , A SCEE TN R A A
55 A SCR 53 1 L BE OCHR P RS R R SISV A

Incoagg,, = o, Inagg,, + o, Inagg., X cluster, + 6, + 6, + 6, + &, (1)

Hr Inagg,, R ¢ 72 1 4E 0y ¢ B9 82 B IKF SR 7l i i ol B8 a XA 4 1Y)
XTER N o Incoagg., RANIETT ¢ 77 Ml i 077 b B 42 350 SC 356 77 Ml A5 3 ¢ 1 AR SR AKAF [
FE SR FH DI 77 Ml A Ml 25 f: XSS B R BCR R o R TAT — £ S0l , o7l 4% 42 58
DRI 7 b AR A Ji ST A ) QR P B S AR F . AR RNE A SCRR AR R E ik
) —E M ERKTE, S OB AT (Lu et al., 2016) , ¥ 5@ H X A0 KT 1, B
Inagg,, KT 0o cluster, TR IR ¢ S A A& B 8 7=\ AR FE SR 117, & 2 (R 1, 75
WU B Ry 0, 77 M B2 B 3R 11T 44 B0k [ 8/ T 26 (2015) o @— ok Uk, A LA P2l A
ST, 7 Ml B 3T 0 A AR 5 35 1 7l 5 OGPl B (Bt 7 45, 2014) o
W, A0SR SR o3 B 7l B DG ER L AR A G IS, NI RE IS R BT R A o, B
RIE o Ry o g €0 A7 F R S ) Ml A A 3R T T K B RO, AR SCHE R T K

@O A SCHEFF A 2015 4F 09 o [ Dl Aol B, 8 2% 30 B0 o SRR, O R 4 3 P Y 2009 4F
2010 4F J¢ 2014 4285040 o oAk, 25 JE B 0 A SCHRATS 8 2013 4E 117 09 Tl £ ol 3445 , 48 S0k 2 T 1998—2013
A ] Tk Al B AT T 7l G I 4R A R 4y, Rl A B SR AR R AR

@ EFELMH . FEES AU K8 K M B LI IR B T AR % RN T R
ol VLT RFELA R ERIE . T B UL R %7 b 4 B 44 B 2006 SEA Y TE AL T 6017 SR BOR W 220
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(1) [5] U5 B 326 49 2 €015 DY BOR o o BT O B #EAT R 30 . 8,,.0,, .6, 73 3 3R s 75 b —4F
0y 3T — A5y LA BT — 7 B B RN o e, AR BR 25 T, 78 1 [R] I v s o
WRREZR W —F I E M,

FLYR, AL 2007 4FECR L) G AF R gt 05 B2 EOR 1Y — IR ME H AR SE 50, 1 32 3
BRGF 249 SR B e HE S Ml AR Sy A B, AR S HEO™ AR R 4 2 R S 6 (5 DR BUR
XoF v HE IO Ml i A 2R A S 0 . HAARBR AR E AN

Incoagg., = B, Inagg,, X Polluted; X Post, + B3, Inagg,, X Polluted, (2)
+B; Inagg,, X Post, + B,Inagg,, + 906, +6,+6, + &,

Hr, Polluted, 7R 77l i 2 A 2 & (0,17 Y BUOR W AR DR A 25 00 & HERO™ L 45
SEHUE A L, A2 00 A SO Gk I 550 7 Ml 2% T HE s B2 Y Xk B e R ™
b s DI A4S = 8 B B4R TR K . AL A T MR 2 295 e ) 1 HE ik o i
QX AN 77 M 1 32 ¢ €0 A7 DR SR v i 1 B AT A R TS G 4 0 HE R0 R R AT AR A
AR Ak BRI S S B4 5 AR HE 77l 15 G HE RO BE /Y Hh 7 80K e A = A0 807 M 4y
28, HE R BE v T R AL 7l S v RO M AT AL B 7l Sy R e HE
o Post, B IESR OG IR BUR L2 J5 , M40 ¢ KT 5 T 2007 450, 1% 728 &
BUE N1, S0 A 0, A SCR ] Polluted, 1 Post, 1 38 H.T5 46 R 5 43 4,15 0% B3R 11 52
MW 8N, Fe T A 42 Inagg,, X Polluted, % Post, Bl 1T R 5B, , 1% R B WL T (0[5
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Green Credit Policy and the Agglomeration of Emission-intensive

Industrial Chains
JIN Gang® and LYU Daguo"

(a: Business School, Nanjing University;

b: School of Finance and Public Administration, Anhui University of Finance and Economics)
Summary: Against the backdrop of rising global uncertainty, local governments in China have increasingly
shifted their development strategies from traditional industry-oriented investment promotion toward an in-
dustrial chain-based approach. This transition aims to encourage the spatial co-agglomeration of upstream,
midstream, and downstream activities within the same industrial chain. For emission-intensive industries,
such co-agglomeration is particularly important. Beyond reducing production costs and increasing efficiency
through labor sharing and knowledge spillovers, closer spatial integration along the chain facilitates circular
production processes and supports the green transformation of the entire industrial chain. Despite its grow-
ing policy relevance, however, little is known about how industrial chain agglomeration can be effectively
promoted in emission-intensive industries.

This paper argues that whether emission-intensive industries can move from single-industry agglomera-
tion to industrial chain agglomeration crucially depends on the financing environment they face. Emission-
intensive industries are typically capital-intensive and face substantial financing needs, making their loca-
tion choices highly sensitive to external financing conditions. In China’ s bank-dominated financial system,
changes in the availability of bank credit to emission-intensive industries can therefore serve as a key lever
in reshaping the spatial patterns of their industrial chains.

To operationalize this idea, we construct an industry relatedness matrix for China’ s manufacturing sec-
tors based on multiple dimensions, including labor-pooling linkages, technological spillovers, input-output
relationships, and shared markets or resources. This matrix allows us to identify sets of industries that are
connected along the same industrial chain. We then measure the agglomeration level of each industry and
its chain-related industries at the prefecture-city level using location quotients. Industrial chain agglomera-
tion is captured by the correlation between the agglomeration of a focal industry and that of its related in-
dustries within the same chain. Building on this framework, we exploit the green credit policy as an exog-
enous shock to bank credit availability faced by emission-intensive industries. Using firm-level data from
China’ s Industrial Enterprise Database (2004-2015), we examine how this financing shock reshapes the spa-
tial co-agglomeration of emission-intensive industrial chains.

Our empirical results show that the green credit policy significantly promotes the spatial co-
agglomeration of different production stages within emission-intensive industrial chains at the city level.
This finding remains robust after excluding alternative explanations, mitigating endogeneity concerns, and
conducting pre-trend tests as well as a series of additional robustness checks. Mechanism analysis indicates
that, following the policy-induced green credit shock, emission-intensive industries relocate toward clusters
of upstream and downstream industries in order to obtain greater access to trade credit, which constitutes
the primary channel through which industrial chain agglomeration is strengthened. Moreover, we find that,
unlike single-industry agglomeration that mainly reduces emissions through scale effects, industrial chain
agglomeration generates a circular emission-reduction mechanism by enhancing water recycling and reduc-
ing external wastewater discharges.

This paper contributes to the existing literature in three main ways. First, while prior studies on green
credit policy focus primarily on firm-level outcomes such as emission reduction and green innovation, this
paper extends the analysis to the spatial patterns of emission-intensive industries. Second, whereas most
studies on industrial spatial patterns in China emphasize single-industry agglomeration, this paper shifts at-
tention to industrial chain agglomeration and identifies a policy channel through which such agglomeration
can be fostered in emission-intensive industries. Third, in contrast to existing studies that highlight scale-
based emission reductions within single industries, this paper demonstrates that industrial chain agglomera-
tion can generate additional environmental benefits through enhanced resource recycling and inter-industry
coordination.

Keywords: Green Credit Policy; Industrial Chain Agglomeration; Trade Credit; Circular Emission Reduc-
tion
JEL Classifications: Q58, Q51, R12
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