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(i) i 14 265007 T RE T A T S A 22 5 e Ab Bt 3 [0 380 T[] — A T A RS OB 4 i Tl ) 8 0% 4
2x SCARIR R BN GR #4505 |23 05 Yo AU i 5028 B 1 25 8] i J JL 2R A [mT 0[] 0 3% 25 3 v
{5 AR T BE A & R IR FEAE 23 (Al AH e PE B P 25 Elhorst (2014) M ik — 2545 H Z0 0% 3 2 2% 6] A e 1
[FIREURE - B T IR 1 . DI AS S 88 3 — B =X ) 28 [l i S Y ( GNS AEAY ) o A
SRS TRG IR AR — B 20 2 (B TR AR TR | GNS A5 75 E 47l $12 4% 2 25 (0] 38 11 28800 ( Tk o Bk
FBEEME 2017) ) MR (15) 2, ZEUERTRIRI G F .
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ap, = A zj_Nwijapit + B,com, + B,com’, + aszwijcomit + a,rd, + m,ec,
+x',60, +v, +§&,,
E=pY ik, +e, (19)
Horb w R 28 AU FEFE B JU R, A R8 23 179 e 23 [l il i 000 0] U9 2R 880, o R i X 22
JEE 725 (] 5 T4 [ U9 B0, p RN R 28 25 (B Je T U 2R, (e TR R st T, R AR Ak o oAtk
2 HITHERR R 5 p = 0 WA R Ak 2 () b T2 AR (SDM AL ) 27 A = 0 D2 ARUGE £k 0 =5 (]
FEEE IR 22U (SDEM BERL)
225 (V) RS 6 R s e 38 ) 114 225 TR DG P, L P 2 2050 sl 2 5 R 3 ok T DU B 25 5 77 A
i AN, SR 32 BT R rTASAE , AR SCRBIESEREA AN 105 A3kl Herp AR 22 iy e st B 1 42 2R
“ORSEAR” HARSCEHIFSE I Bl o HUBR T8 X, DA T i B84 00 R DG A o T AR SR I3kl
[F] 3t BRI ) A B8R S L2 TRl AR S, BB X
w, = {l/dij, I #j (20)
0, i =7
Horf d, T Z [ RSB Y o O 1 OR [l DA 45 SR 25 TS e AR A e, AR Sl R 18
FH B A i PR s (AR, DA D 25 M B s () A R A D A A R AG 6, 3 A AL A9 X
Grin (21) 2R (22) IR

1, d. <300k
wsz) = { ’ Y m (21)
0, d; = 300km
1/d, /1y —y | | ]
cu, = {( D) X (M Ty =y 1), 07 (22)

0, i =]

Hopy, Fondk ¢ TR 94EY GDP,

R T B UERFFERIE H ARSI T 380 s B ) — IR IR kI, A A TR B, WE N
15,8, WA, VI W3 Ty 0 i 5 2 05 Y 2 TR AE 8 U B SE 2R s Al BR800 o U e 1 J i
I T B B I T A RS Y BRI 5 T B AR K A T R, SR B, TR B AR K
MR TK GBI T 2 S, A RETRIE SR AT R B, o IE, WS I R TR 2 ) $ T
TOER 3R T 5 e, T A AR5 H, 5, S — RS G AR v, S 3T 858 5400, €, A T REAT
FEAS [AIAHOCHE IR 25000, &, R BEALIE ST,

BEAN St T AR SCHREME [l VA A9 P9 AR PE R R A DA LS BB . 1572 , i T30 ml A5k ) 3, A S
FTF 105 AT T 4% XBUE VEA TR ST, BEAR S5 O R X Tl 0 A TR R I L SR e R 45 1
DRI R AN ™ B A REAR [ e Im) i, Rk, 5 22 B0 R 9 R A 76 v 5 A R 0 £ 7 SE MR A 5
AR AR SC B S 5E 561245 () TR AR A R T | X REFEAR CRE I |- v Mgt Y 4% 2k [ A LA/, AR SC
WA ok 2 R TR ARG 9 e — 2B AR e A o () R, S, 5 R T R 0 B R s R e HLA X
TROCZR M), A SR SR AR BRI T 43 %o T 508 B o) 2 A5 Y M e MRl 2EA T 1 08 B (LT AR 1Y)
WF9E & B2 505 Yo S0 I i J B A 47 72 A S 35 5% ( Chang 45,2018) M) Qin 25 (2019) ™/ 1
6 25 S5 YRS MR T TR A 1T SR8 5 O 1 AR Fh L X PR SR G 2R s R A PR A T T R, A S A S
INAE(2019) " AL B35, R FH GS2LS Ay i [ B4 il 25 375 Y 593 Hh 3007 A B 1 3 X i) [R] 2R 56
FR 118 [0 R AR SN R S F — 03 0 e Tl 0 B R ik GS2LS vk i) T S i b A R fl M A 56

FET B H, 3T g BN i 3 Tl B AR K BB VR T AE X 2 AR5 Yy AR S, AR SO SRR
A5 (2019) 0 BRIFSE 5 125 , 38 e v A AR B AR R 45 R) T AR 45 A EAT R 6, LA R
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it 9

N - . N
_ 2 ’
ap, = A 2]_ w;ap, + B,com, + Bycom; + o Zj_ wicom, + x L0, +v, + €

E=pY Wk, +e, (23)
rd, = A Z;wijrd” + Blcom” + az;vwijcom” +x',0, +v, +7, +&,,
£, =pY Wik, + e, (24)
ec, = A szijveci, + Elcomit + Bzcomft + « z;lvwi}.comi, +x',0, +v, +7, +&,,
£ =pX wiE, +e, (25)

Hrp (19)20,(23) 20, (24) 2, (19) 2 (23) 20 (25) 253514 U T B AR A FRE IR 28 1Y
HAA S5 AR TR G B0 e AR 5 (24 ) 20 (25 ) 20 AT LR A 3 590 6% 56 3ok i 155 2% 3 %o 3 Tl 2 AR 7K S R VR
THPRAFEM, A RO ARG 56 1 AR IR AT

Ok (23) XL ORI R AR, R B, A L3 W RIIAAEh AR08,

QFH: (24) A (25) P OB R REB, B, F1B8,, UL (19) N /B i i R 8L
7y, A HL A I 2 W SR A AEAE TR B

5 (19) AL O RAS T IY R 5L B, TN B, , 5 H Inb 25 T 2 W 3 i B A KO \ R R 2 A7 A6 34
A3 A BN, 75 D) 2 BH LA A 52 4 A 3400

4. EWELG E MR

AR SCE SE AT A 50, R340 Ry PN 43 s e — | 43 % 4% A A R 3 7T 25 A5 4 IR
TR BT Moran’s T RS, 45036 3 R, o 25 (1) FIAIEE (4) 51,565 (2) FI RIS (5) 911,56
(3) FIFIEE (6) 513 591 SR FH b FHULE 5 23 ) KT |l 3 (1 23 i) A B 1 28 15 M 3 2 () AN R A7 A 36
AL Y, TGI8 R Al il s TR AR, 25 5075 Y AR T S50 B B 77 A (35 A0 s TR AR bk

%3 4 J&7 Moran’l 4§ %7 {5
ap com
A1
(1) (2) (3) (4) (5) (6)
2004 0. 100 ™ 0.383 ™ 0. 130 ™ 0. 066 ™ 0.270 ™ 0.070 ™
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
2005 0. 060 ™ 0.268 ™ 0. 089 ™ 0.081 ™ 0.330 ™ 0.082 ™
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
2006 0. 040 ™ 0.178 ™ 0. 068 ™" 0.057 ™ 0.188 0.063 ™
(0.001) (0.003) (0.000) (0.000) (0.002) (0.000)
2007 0.072™ 0.246 0.088 ™" 0.067 ™ 0.232" 0.070 ™
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
2008 0.035™ 0.131™ 0.050 " 0.059 ™ 0.192™ 0.063 ™
(0.004) (0.020) (0.000) (0.000) (0.002) (0.000)
2009 0.053 ™ 0.104" 0.046 " 0.059 ™ 0.182™ 0.062 ™
(0.000) (0.050) (0.000) (0.000) (0.003) (0.000)
2010 0.045 ™ 0.085" 0.038 ™ 0.046 ™ 0. 160 ™ 0.046 ™
(0.001) (0.083) (0.002) (0.000) (0.007) (0.000)
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543
ap com
4y
(1) (2) (3) (4) (5) (6)
2011 0.075™ 0.185™ 0.084 ™" 0.044 ™" 0.151™ 0.047 ™
(0.000) (0.002) (0. 000) (0.001) (0.010) (0.000)
2012 0. 150 ™ 0.388 " 0. 156 ™" 0.032™" 0.121™ 0.038 ™
(0.000) (0.000) (0.000) (0.007) (0.029) (0.002)
2013 0.183™ 0.452™ 0.178™ 0.028™ 0.116™ 0.032™"
(0. 000) (0. 000) (0. 000) (0.014) (0.035) (0. 005)
2014 0.235™ 0.577™ 0.234™ 0.025™ 0.092" 0.032™"
(0.000) (0. 000) (0. 000) (0.020) (0.071) (0.006)
2015 0.260 ™ 0. 669 ™ 0.263 ™ 0.029 0.073 0.036 ™"
(0.000) (0. 000) (0. 000) (0.011) (0.116) (0.003)
2016 0.267 ™ 0.743 ™ 0.277™ 0.031 ™" 0.086 " 0.039 ™
(0.000) (0.000) (0.000) (0.008) (0.082) (0.001)

T U R ARAE 10% 5% Rl 1% (K B3 355 Nk p (8
VORI IE m i R3. 5. 1 Mkt IR s
Ho K6 R FH AT AP 2000 25 Il T ARASE A A SC2: IR Elhorst (2014) Y (5%, 27 56, 47 LM

BOEK - 5 LM-lag F1 robust LM-lag &t it ] Wi 75 75 B4 25 075 YL 19 45 (8] I 005 | AR
i W R IHTFES| A i@ d LM-error #1 robust LM-error 4t 115 46 56 [0] 7 33 22 T01 & 75 77 76 25 [A) #H
IR A k2 T 3R W 5 o R 25 1 23 TR i S5 TN A BBE R JE AR 1Y 2, BT robust LM-lag Al
robust LM-error 4t i1 58 INARdE , Iy DA 2546 5645 SR A Az vh 22 i), LIS PN Ge b e, =k, R =S
] Hausman Z¢ 3182 2 Wk FH [ 8 SO0 8 R BEALRON . 3% 4 F17n 1 HEdE A R 50 4501, ge it 1y
TE 1% BRSPS 2, ZR W N >4 [ BpoR 2 AT LR [l A 57k 2 %) 2 [a) s S 5 | D83 Y ) 3R
FERN IR EE HASUE T A SR AR Y A B

x4 FEfEE A 8 LM Fr % 8] Hausman 0 36 45 &
LM-lag robust LM-lag LM-error robust LM-error % 5] Hausman
G E 1815.5™" 13.3™ 1895.1"" 92.9™ 458.2™
P 0. 000 0. 000 0. 000 0. 000 0. 000

T FORTE 1% K L%
VORI Sl R3. 5.1 TR

4. SCUESS R B

1. EfERPE RS

5 HR T HEAERIT B AE R, Horb 55 (1) M1(2) S A G LA TN 22 T ) SDM AR R 4 il 3145
R (3) F1(4) 5 GNS BRI A TH45 58, iT LR 1 GNS B R HAT B R M GE TR, S50
(1) A(3) U ATIAS il A2 B DRSS TS (2) A1 (4) 500 A I A il 22 B IR 55 T L
A OISR I A G AL T B B A — IR R IR K BITE 1% KK W8 IE
B, X AWM B S 5 23 s Y 2 B SE A7 e AR A EL I 25 A < 8] U 7 SR Tl vl 5 = 1]
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il i TR LA TE 190 7K b 35 0 B 3 SR AT I Sl TIT ) 55 8 2 4 TR 2 0 i 32 3 T 4095 e HE
T, FERRIE b SRR T 528 A iR R R AR 2 <75 T A PRI AT S R RS - — T i, AR Tl R
B RE S vy A 1) S SR AR ARE e AT S T A, A 0 0 B Sl T X Al T Al B 51, K
1717 A BE I 3% S8, S A ARl Tl 9 Qe G 5 55 — D i, @B Iy SR BE AR T A e 5 1
B IRAEXS A H A 5 7 18, 30K 7] RE S BOZIR T B K A FEAHXT S48 | 17T Al e BUZ K
[EREES I8 I 201w - (SN K2 S = s -4 RS R AL &S Ve AU o A o 5 N G e
B AR R TT e LR AT st A AR i TS S YR TR B, DA R R (AR 7 BOR Y i
RO, B BRI T 2 I YKF T R

*5 HEREPEER
_ SDM GNS
R=E
(1) (2) (3) (4)
0.3978 *** 0. 4742 0. 3908 *** 0. 4682 ***
com
(0.1233) (0. 1250) (0. 1356) (0.1378)
, ~0.6617 ~0.7536 ™ -0.6507 -0.7550 "
com (0.1922) (0.1932) (0.2091) (0.2110)
; —6.8549 -4.1078 ~7.0802 " -3.7891"
.
(1.4937) (1.5497) (1.6150) (1.6800)
0. 0550 0.0735 " 0. 0604 0.0794
ec
(0.0108) (0.0113) (0.0128) (0.0134)
_ ~0.6178 " ~0. 5866
fdi
(0.1516) (0. 1615)
-0.0271 ~0.0412"
ler
(0.0172) (0.0182)
, 0. 0440 ** 0.0329*
s
(0.0150) (0.0169)
~0.2598 *** —0. 2555
green
(0.0585) (0.0614)
-0.4530 " -0. 4607 -0.5076 -0.5371""
W * com
(0. 1479) (0. 1480) (0.1517) (0. 1517)
A 0. 8625 0.8433 " 0.6888 " 0. 6790 ™
(0.0245) (0.0276) (0.3828) (0.3138)
0.6930" 0. 6634 ™
p
(0.3824) (0.3316)
HEAE 1365 1365 1356 1356
it U A Bl U A U A BlUA

Wt 0™ U R 10% 5% F1 1% B9k 53 455 N ARiERR
PR IR Gl R3. 5. 1 A If e
2 505 Y2 )W T A T 2R Bt 1 3 S T, 01 2 A 7 YR A7 A S35 1 s I3 8
AR T GNS B A AT DLUA H 5% 22 25 8] ¥ e I 0 A 11 22 500 3%, D006 B [l ) o 2= iR i & B
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25 0] e A AO0E A PR 2, DN T AR SCOBF 305 56 4 GNS AL B X5 (4) 81 B4 [l 13 45 5 J 3
®,

TEZAARI 8] U AL 59453 508 0. 310, BRIk 5828 B8l b 2 i SR 24 ik 2= <05 4y . iR
ASCHIIEE 7 2016 AEAA 12 AT 9 g Bl s 5, o P AR X Sk A b Tl | BT
o e RN TN T BRI SRS AN I A TR X A A T B T BE T Y
7 RV AE FAS R T 5 057 T PR XA IR T Ry AT, A e T R 2 Ry 4 DX e 3
7, HA R 2 0% 2 KO8 i IX DA T YAl sl R A sl etk 4 R, L3R 2838 4 & Al
R B, B 2 Yk T 50 O N Wi v, X2 5005 e R Al 35 oK B ks 2 3, ek, il LB BT
A IR T B AL TG AR A X R B B A B0gs B ik — 2, R EMRIH IR BCR i 22 <
YRR ] M ARACE T R B 7, XU E AR ACE D 2538 B ARG R |
1117 RAARR IR T R S HE B ; RE VR 2% 10 R 400 3 R A, WU R W RE VR T 2 i S T B0 T 48 S5 Y B 2L
HWEZ—, F, AW R H, 5 2158HE,

UEAN AR SO HR G AR AT (2015) B AYBIFSE , 40 SIS T 40 3 s il A5 & ) SDM BRI GNS
R H 10 0 TT 528 B (1) LR SO RN BN 42000, 5 R AE 2% 6 AR, ol LU H AR SUN I 1% 17K
R R, LA GNS B ] 3k T 0% R A 4 S0 A 0. 3829, T GNS A A (1 £ 1T R B
0. 4682 , HRF B HZRUN , 3 5 B T 74 1 bk v 5502 34 2 sl o) 3k i 2 /5005 e B T e, T fh
V5 Y A B SR T 2 AR e O B A R T 0 S ST A, RV AE B ) B RN
Foh BN Y 22.3% o 53— 7 T, A< MU T SR g R N R a8 T s RIS G 08 TR RN
- 0. 7582 455 5 3l i B4 5 [V S5 T R B0 — B0, Xl T R BB R S A A T
MO AS M R BE T

®o 25 713 A
2% 8] 2% B SDM e
2 R 0. 3894 " 0. 3829 ***
BB
(0.0013) (0.0017)
a2 R -0.7912* _0.7582 "
6] 8 2
(0.0039) (0.0055)
bR -0.4018 ™ _0.3753 "
$¥ 4§02
(0.0049) (0.0064)

VL FURTE 1% KPS 45 S p i
ORI T R3. 5. 1 Al R
2. L FTE
AR IGA SCRBIFFESE H, , F A 72 28 IR b R v A R0 4G 06 48 B K I 4 SR 3 7 TR,
Horr 25 (1) 300 (23) SRAYAR T S, 30T S50 B A — YR 00 R — VR 3 R 000 B 5% A 1% 17K
R ERIE A X R AN I AR . AR SCHE PRI T T A B X T B AR K 5
M), R 52 P A 60 6 6 e AR AR P JE Atk b, X6 (24) AT AR 31, Al T T 25 R AE 56 (2) SRS (3)
FIEI7R . o kT F A KT 19 25 [R1E I 00 2R B0 1% /KT 1 238 I 3 3¢ BH 3K [ 30k 7l () 47
FE A5 B S MRL . ELATRAE Y, TOI R 5 AR A8 i, BT 50 B 1 4t o 450 2 Bl 25 4 Tk
M AKX 5 Hamidi 55 (2019) ' RFFEE5E—80, [RIRTHR I8 L [ 59 B 25 58, mT LAAS 3k i
FEAR K EAT B T A R00
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* 7 oHLEI AR 2R
, . (1) (2) (3) 4) (5)
WHRELE
ap rd rd ec ec
0.7636 0. 0072 ™" 0. 0046 ™~ 4.1165™ 3.4885 ™"
com
(0. 1358) (0.0007) (0.0007) (0.2724) (0.2577)
5 —-1.0875 ™" —4.2985 " -3.6707"
com \ \

(0.2131) (0.4313) (0.4041)

BHEE Pl A 4] e Bl

-0.7830™ -0.0164 —-0.0071 ™ —4.4397 -3.1562"
W * com
(0.1485) (0.0024) (0.0022) (0.3003) (0.2848)
A 0.6946 " 0.7438 0.8103 ™ 0. 8166 ™
(0.4048) (0.1704) (0.1285) (0.0983)
0. 6866 0. 8788 ™ 0.8013 " 0. 8342 0.8411™
p

(0.4174) (0.0230) (0. 1400) (0.1174) (0.0909)
LM-lag 1734.0™ 3868.9 611.1™ 3819.8 ™ 1204. 8 ™
robust LM-lag 4.6 0.1 131.2™ 6.0™ 452.7"
LM-error 1924. 4 4073.6 ™ 593.0" 3982.2 1037.3 ™
robust LM-error 194.9 ™ 204.8™ 113.1° 168.3 ™" 285.2°
Hausman 68.6 " 11.8™ 224. 5" 9.2™ 1597.5 ™

HAE 1365 1356 1365 1356 1365

T P BIRIRTE 10% (5% A 1% BKF B3 455 P b BRiERR

ORI 8 R3. 5. 1 fhi1IF s

T T3 T BEIR TN 2%, 2R 5 26 (4) FUANER (5) F 53 507 1 A 4 il A2 R0, 35 42 1l A2 5 55
T (25) AR AbTHEER . Hor BEIETH 2% Y 23 (B 5 U BAE 1% 7KK B I3, U BT 30 1) dnk Tl g
TEIH et A7 A 25 00 2 Tl HE SO o AT SR 88 B ) — R IR IR IR B AE 1% WI/KF | 2R
E B, 3 5 IS ER 43 (0 T 25 SR ], BT B8 R B 5 BB IRV AR AR AE < 48] U 27 O & (HX T
TRIH 2%, BT 56 (5) 91 AT 45 BT B2 B2 (453 5 0. 475, (EAS- T ARG 2, i S R T3l i 58 0 J3 ko
2R TG YL Yl S, W U, B Sl R 28 B p o — 2D 4 e, B S AR K 3R T A s
S5 Y BEERON , T AR BB T IR B — 3 BUE T , A 2 AR R IR e kN . X — S5 RBAE— ¢
PRI FTUR T RV 9% HEAT R P A S800E , AL T e (Rl ) 25 51 IR AT XS e AT R TER . &
I, A5 RIR H, 152 50HIE

WA, TEAB SRR IR T H AR K P38 S X T RV 2%, Il Tl 55 028 8 1) s [ i J A A 1 R RO 7
19 HY7KF b 5250 6, TTIER 1 QB30 T B2 458 A4 THRE 23 0 BOR A A FIREIR S 9787 Az e AR
FH, ELRE TR 2 0 T W A AR 3K X EIE 1 L7 o] U5 i 45

3. REFIRLG

BIRARTOINA T AR Z2 52 i3k T 23 005 YRR 4 ) 2 d, RT3 AN J2 DASE A B A7 A 3k i 4
fiE, 32 BRTHc 1R 20T R AR T 0 o S 1 HERAR 35 U 28 e A S2  , ARSCBETE 1 AT 2 SRR A
5, BRI

T4, MR (19) AT AT 31 g B R B Al T HE D
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2

> &

Bl = B] +51 X Bz = 32 +52 X (()V(Com”,zgn l/’)
var(com; | )

Horp g FoR P B4 AR R E 200, 8, , ke 1,2} FemANTT I PR 28 %o 3nk 1l 0 JEE 1) 5%
Wil o 5 6, = O D) 3R IR ofi 18] 51 AN A7 7 36 T A8 & () R, oh 7 J0 i IR I, A SO S5 IR 5 55
(2019) "7V ARIFST 3 4oF 1) 49 1 2 BRI R S A T IR E o AR SCOREAR TR S TIT 119 56 2 2 kA 7 BB ML 43 T, 75
BRI T SR L com ™, BT HBEHLIE , O 20 3 i 15 Yo HE ™ A= 5, B B, =0, 13 B Ak
TEREB™ A 0, W) KL= [ )-DRE A7 7380 s 720 o i 22, 75 000, IR AFAE Sy 1l B/ MBE R T
2R R LR PR AT 500 U, A3 B HURZE LR, Qi 3 Bz . ATRUA Y By 1 B 192y
A O BFAT , 3 S S i [T UR AN A7 A 3 T 2 i 22

cov(com, &, | )

var(com, | )

(26)

[;Imu- [;:”m
15¢ )
0.8
1.0F 0.6
% %
g w
2 B 041
05F
02}
0 _I 1 1 I\\I 0 _I /I 1 1 1
-1.0 -0.5 0 0.5 1.0 -2 -1 0 1 2
(a) it 74 (b) it 7=
B3 REFRIEER
T PRI R 2 Sy B [l U el 0 B — IR IUR IR I Al 1 R 4K
PERI IR il it R3. 5. 1 {3
4. R RIS

N T 25 SR B P s RS Y R M SR AL PO R B, A S e 2 T AS R AL P
it T HAS R IR L AT E 0T . 3 8 BI7R 1 B s [ AN EE AR PEAR IR 45 2R, T LA
T B G A RS Y AR A B U AL G R HAHERS T Z B i HL A 50, 3R 0 i 2k
TS AR | BRI B AR N RE TR P IF A7 A 2 2 98 3 Hh A 20

*8 FHEENEREELL SR
ZHEMETENE ZFHERENE
T E (1) (2) (3) (4) (5) (6) (7) (8)
ap ap rd ec ap ap rd ec
0.3701 7 | 0.7373°" | 0.0046 | 3.4885" | 0.5300™ | 0.8246 " | 0.0044 " | 3.4443 "
com
(0.1185) | (0.1201) | (0.0006) | (0.2577) | (0.1365) | (0.1340) | (0.0007) | (0.2541)
i ~0.5959 | —1.0308 *** ~3.6707"| —0. 8137 | —1. 1464 ~3.5945 "
con (0.1831) | (0.1921) (0.4041) | (0.2081) | (0.2091) (0.3969)
; —4.0865 ~3.9607
.
(1.4686) (1.6564)
0. 0653 0.0781
ec
(0.0107) (0.0133)
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5% 8
SEHEEERE P HIBE FRE
% E (1) (2) (3) (4) (5) (6) (7) (8)
ap ap rd ec ap ap rd ec
LS 5 41 g5 41 5 41 5 41 5 41 o5 41 45 41 £ 41
Wy | 70465977 =0.67517 ~0.0071 ) =3.1562 7 ~0.6932 ") ~0.9493 | ~0.0059 *"| ~3. 2943 ™
(0.1400) | (0.1453) | (0.0022) | (0.2848) | (0.1488) | (0.1449) | (0.0021) | (0.2784)
A 0.5214™ | 0.8640 ™ | 0.7438™ | 0.8166™" | 0.7266™ | 0.7399 ™ | 0.7752™" | 0. 8428 ™
(0.0234) | (0.0246) | (0.1704) | (0.0983) | (0.3024) | (0.3761) | (0.1704) | (0.0959)
0.8013™ | 0.8411° | 0.7342™ | 0.7405" 0.8166 " | 0.8531 ™
P (0.1400) | (0.0909) | (0.2988) | (0.3782) | (0.1450) | (0.0941)
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Research on the Impact Mechanism of

Urban Compactness on Air Pollution

DOU Jian-min'?, TAO Zhi-peng', WANG Wei'
(1. School of Urban and Regional Sciences,Shanghai University of Finance and Economics, Shanghai, 200433, China;
2. Institute for Yangize River Delta and Yangtize River Economic Belt Development,
Shanghai University of Finance and Economics, Shanghai, 200433, China)
Abstract: In today’s China,compact cities are one of the core urban planning concepts. The existence of emission reduction
effects in compact cities will directly affect the development process of green urbanization in China. However, most of the
existing literatures describe the correlation between urban compactness and urban air pollution from the perspective of
planning or environmental science,and pay less attention to its internal mechanism. From the perspective of economics, this
article studies and analyzes the impact of urban compactness on urban air pollution and its internal mechanism from the
theoretical and empirical levels.

In the theoretical research part,in the framework of a general equilibrium, this paper introduces the urban compactness
and urban air pollution emissions into the endogenous growth model, and mathematically explains the reduction effect of
urban compactness and its impact mechanism. With the help of this model, this article proves that the urban compactness
has an “inverted U” relationship with urban air pollution, and points out that urban compactness will affect urban air
pollution through two paths that affect urban technological level and urban energy consumption ;urban compactness increase
will lead to the improvement of urban technology and reduce air pollution, while its impact on urban energy consumption will
show a process of rising and then decreasing.

Based on theoretical research, this paper first constructs an urban compactness index system. The structure of the
system is based on the following three connotations of compact cities: high-density development characterized by a compact
population ( population concentration) and economic compactness ( economic agglomeration ), and compact land use
characterized by high land development intensity and abundant land use methods, compact traffic characterized by high
efficiency of the public transport system and good road accessibility. Secondly, based on a comprehensive consideration of
data availability and research reliability, this paper uses data from 105 key environmental protection cities from 2004 to
2016,and uses the general nesting spatial panel data model to test the relationship and mechanism between urban
compactness and air pollution. This model not only introduces the spatial spillover effects of inter-city air pollution and urban
compactness, but also introduces the potential spatial correlation in regression residuals into the econometric model.

The empirical research in this paper finds that; (1) There is an “inverted U” relationship between urban compactness
and air pollution,and the increase in the compactness of neighboring cities will be beneficial to the improvement of local air
quality ; (2) urban technological level and energy consumption can be used as mediating variables for the reduction effect of
urban compactness, of which compact city development will reduce urban pollution emissions by improving urban
technological levels,and finally reducing urban energy consumption. At the same time, there is also a significant spatial
spillover effect between the technological level and energy consumption of cities in China; (3) The emission reduction effect
of urban compactness is heterogeneous. There is a significant “inverted U” relationship between urban compactness and air
pollution in the eastern and central regions, but not in the western region. Only compact cities with the feature of high-
density development and traffic compactness have emission reduction effect.

Combining the above research conclusions, this article proposes corresponding policy recommendations as follows ;
(1) Compact city planning is based on promoting technological progress and saving energy consumption. (2) Take the
promotion of regional integration as the breakthrough point to exert the city’s compact emission reduction effect. (3) Adopt
differentiated policies according to the characteristics of different regions.
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JEL Classification . P25,018,053,R11
DOI:10. 19616/]. cnki. bmj. 2020. 09. 001

(RESHEE #)

26



