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Robust Lagrange multiplier 323.224™ 1 0. 000
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Wald & 3
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fdi 0.112° 0.127* (0.043) 0.083 (0. 040)
i -0.006"" -0. 006 ™ (0. 002) -0.004" (0.002)
gov -0.351 -0.743(1.764) -1.321(1.750)
adpz 0.168 -0.733(1.116) -0.116(1.073)
stru 0. 006 -0.044(0.031) -0.018(0.030)
Ipop -0.022 0.104(1.115) 0.187(1.038)
rdll -0.000 0. 003(0. 006) 0.011" (0. 006)
thr 0. 001 0.003 " (0.001) 0.002" (0.001)
rex -0.019 " -0.018 " (0. 006) 0. 164 (0. 068)
Wxidi 0.198" 1,078 (0.263) ~0.012" (0. 004)
Wxidi? -0.012"" -0.093 " (0.017) -3.674(3.102)
Wxgov ~7.230™ ~37.377" (12.494) -2.154(1.678)
Wxedpz -3.112° ~10.175(6. 607) -0. 116" (0. 046)
Wxstru -0.133*" -0.066(0. 157) 0.680(2.352)
WxlIpop -3.185 ~11.163(11.807) -0.006(0.007)
Wxrdll -0.016 -0.195" (0. 085) -0.000(0. 002)
Wxthr 0. 002 0.013(0.011) 0.000( 0. 009)
Wxrex 0.001 -0.001(0.025) 0. 164 (0. 068)
Spatial tho 0.519" 0.896 " (0.025) 0.560" (0.022)
Variance sigma2_e 4,206 4.361"(0.157) 3.848" (0. 141)
N 1575 1575 1575
R 0.119 7 0.096 3 0.143 6
Log-likelihood -3420.678 9 -3424.931 0 -3367.139 5

E L ow kx5 B R TAE SR B EBRAKT A 10% 5% 1% ;2. 35 MaGEF A AR EE,

HAFERAS AR BOFF RSO AL BRI, 5 M BORFA B2 S T
SRR R 8 BORIVHECE thoABE A T3 P Tt 5 B BLHIG . 28 9 A T
S RBAL BEPER S, UL R ABROZE5 A LI KR REREIR T80 F 2 SR R 467
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M2, IRl 2835 K AN DEIE N I ARSI AR ORI i Wi S Ve P R, ™ b 454 R BOR i i
WEVERE:, RKITZFF T 2 U ko 32, HAR Tl 55—l i 2 = 7=l g e T aed
W, BERARLI AL, B4 TV AR 22 B AR LA 2 T R U T DR AP R 22 57 Bl
T HAL T ERERIm ATl AL S5 e G A 5 & B R S I ME LSS B, BORBIHTACFAE 191
KV ERFE AT, TR R B Se A B S BOR BB RE ), A Al A T8 i 5 Sy
RNFETH A= R G A BRI, il 52 TR« b 2 RO B R TAR R R 540, K
TR TN NI, SRR B AR (3) HR R R BN IE , FER DO A DR A 7 B R AR Y
Vs S AR . TP O A SR A BE RIS AR 55 7K~ 1% b — SR T 450 S 3o
AT T R AT SO B8 0 BE 5i , k rh WAc e R A R B . AT AR R (2) I (3) oM IE H.
BRI PR DR SR AT, N LR S 257 SR S )R B 3EAR i K
AN, SR A RO AT LA R A R OR 48738 e s )i e I AR KO, DT X 408 4t ik vl [+
FERAT N U7 RS [AIAH S, — R O 1 19 1) PR, DI 7E 2 MRS T 3 T JH ik
ST FDI RSN A R T K e . Besh, Rl A B (22 BRI 7 b 4K BT RE I A
MBI, Fh T T ORI RS e 0 28, AR B BURT A 53 32 2 R 5 W), TR IR AR 918 4T M BURF A 7
PEATEOR VI . BUATE R , AN PR 2R A2 TE] ¥ 8O0 B 2 S A MO Sk A s [ i R A
A R R 5 S AR S B

it — A FDI X ITA 57 Sk T Wi 28 1) 2 T R0, AT 5 38 o i o o0 0 M D 38K
JO7 i 130N L B BRI, 3% 6 T T ik S 3 R R T e ) R 5 I A R AU R R AR A
St FDL IS, BRSO R8O S SN A TE 1% 5 7KF T 3, — IR IR 805 IR 053 5]
R E RO AR, YA 2 18] SO0 S i 1 500 B = i T B RN, BRI A R X
Sl T VAL TR AR JEAT 07 1] ] 20005 S AR, A BT BE 0 o Sl ol e ELAS 6 1) BR800, 5 S 800

®6 SDM BN R R

il AR iR @A B

fdi 0.153" (0.045) 0.497 (0. 115) 0.650 " (0. 136)
i ~0.009 ** (0. 003) -0.031 " (0.007) ~0.039 " (0. 008)
gov -1.291(1.742) ~13.953 7 (5.782) ~15.2447 (6.505)
gdp -0.309(1.086) -6.019" (3.430) -6.328(3.858)
stru -0.014(0.030) -0.248 " (0. 090) -0.261 " (0.097)
Ipop ~0.465(1.189) -6.253(4.362) -6.718(5.028)
Rdll -0.003(0.007) -0.030(0. 025) -0.033(0.029)
thr 0.002(0.001) 0. 006(0. 005) 0.007(0. 005)
Rex -0. 020 (0. 006) -0.018(0.016) -0.038*(0.017)

Elow ek sk DR R FAETERIEFZHARTA 10% 5% 1% ;2. 35 N F A4 E#E,

3.EERRAEREA RIS 4B

(Z) RfEiEiene

2 ) A e AR S 5 SR A AR R 1] X ][] 7 RV AR R 55 Ordlered Probit 47 | i i 5462 75 7%

SR HAURR AL XS FDI S IR G R A TR A

1. BT %

A PASERF )0 [ 5 AR AR TR B RE AN TS
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Shrinkl,,, =6, + 6,FDL, + 6,FDI> + 0,X, + u, (6)

Horr, Shrinkl,,, AAITEFHE § DR A I0a8 5%, FDI, 5 FDI; o4 FDI ) — k3 5
TR R A X, N R w0, BINBENLIRZET

2. Bl i R

Oswalt 25 N RRAE N N8/ I 19 (3T B M WS 38T, DR E AR A 5 445 X 78 i) T Dl A 2
Ji TDN {EAHERAFE 3 /0 3k 19% P93 T [RIRE RN R e 4 3T . 57 STDN /INT 19 , T RH €1 9 4 77
WeAR e A 1 AR 0, K 1992—2019 AEW AR ZAKR BN, T8 3 Arcgis10. 4 [ FK [H] B £
Oy NG T R W | B AR DA SO s o SIRE R 01,2, TS RE AT Ordered Probit
PRI E N

TDN,,, - TDN,

STDNt+l ZT (7)

t

1,STDN,,, < 0.01

P, = (8)
"o, Hth
0,1< >P,, <4
1
Shrink2 =41,4< > P, <7 (9)
1
2,7< > P, <11
1
Shrink2, = o, + o, FDI, + 0,FDI + 0.X, + w, (10)

e 7 BEAY (1) Fs , FDL Sy e = (8] A £« U7 BU O R AR AT . BEAL (2) Sy DA T Wie 4
WA SR AR AR E 1Y Ordered Probit AL RIKG B 25 5 . A5 32 B OGB48 2 % P 4028 & Shrink2
18313 B 2 e i I A H PRG0N, PRI A A 8 e R 5O LR S e 1 27228 X S T WA 4 1) 52 W) 5 T
Ordered Probit % FDI — KI5 — I REAT 5 AR (1) — 2, LB FDI X VL 557 ik
AT RAEAAAE ] U B R . £ B BRI (1) | (2) an iy 4 2R 5 2 [a] 1o Al 1m] A 25 SR AR — 2,
WU AR RS AR | DT X 30 T WS4 e B R T s A 32 1 ELA 81 U AL

®7 REE@MALER

. BA (1) Fe BEA(2) Ordered probit
2
Shrink 1 Shrink2
fdi 0.203 ™ (0.067) 0.299 " (0.038)
fdi’ -0.013"" (0.004) -0.018™" (0. 002)
EHEE F2 41 F2 %
Constant 12.414™ (2.718)
Constant
(cutl) -8.573(0.876)
Constant
(cut2) -6.441(0.869)
e 58 e
B J) B 2 R 5E

E L x| serx R R TRAETERBEBRAKRTH 10% 5% 1% ;2. 35 NG HF A4 EE,
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(=) RBEESHT

L AR 3B DX R AR 2 A

M TR ILA B AR TP P25 XU 28 55 R 7 b 4548 B8 TR B IR I AF T A R 22 e AR IR D 4R 53¢
THESER AR IE K VLB 105 A2 DL EIRTTR 73 R R rh i = o3 @ L 25 4 HL 2 (0] 22 S
fil: . Hausman 656045 5 1k 7 =l DXCHHE 268 FEATUSON, , 3T A0S [8] X5 i [8] 5 1) 2 ] T A A 96 45

RIS,

R 8 XEHAR SDM fAitHER

x¥ E 7 3R G
fdi 0.382"(0.199) 0. 130" (0.048) -0.049(0.115)
fdi2 -0.016"(0.009) -0.012™" (0. 004) 0.006(0.007)
Wx{di 6.221""(1.192) 0.892""(0.325) 0.676(0.553)
Wxfdi® -0.313" (0. 059) -0.114™ (0.021) -0.013(0.036)

LT =4 =4 =4

Spatial Spatial rho

0.295" (0. 135)

0.655™"(0.081)

0.580™" (0.085)

Variance sigma2_e

5.543 " (0. 406)

3,347 (0.220)

2.956 " (0. 158)

N 375 480 720
R 0.316 8 0.526 6 0.205 0
Log-likelihood —-854.486 3 -978.413 1 -1 418.005 5

El x| s SRR TAET SR EFZHRAKT A 10%.5% 1% ;2. 35 W F AAF LR,

R 8 P, AR ER5 P ER b IX A VL8 By i g S LA 3T FDI Ay — R, — R 30 R B4 5 43 )
RIE, 5 EFEARNE SR 2, B A X A5 A S H AR ) 2 A 53X 5 b DX IR T
Wi X FDI BURFEA = IR TT SRS RE I A e i A R B i A 06, IRV DU T FE PR R R
398 RRE R0 80 B 980 408 T R i JRe e b (EL v i i i R B T AS T . AR it DX U 28 5 e, ik
DU T BN 143 A0 85 R 438, N T B8 AR KSR SRR XGHi I, FDT X3 i e 4 19 5% i /E A RR . P
Hby DXAH B 2R F L IX. FDL 52 M) 3R R0 /0N, 32 S J DR 7R T 76 0 s DX I T 22 0% A R B i e, TE N T ¢
A BB Ty AR S5 T AR AP LI, « =R [a] 85 ol [n] B A AE

2. GEUR A SR B IR A T XS A

] 55 Bt & AT 1 ¢ 4 R R B Ik Tl T R R TR AR (2013—2020 4F) )oK 262 38 e Sk B U
RIS, 2 A 67 M iR AR AW SR % 0] 40 b5 MK 5 R A TL 8 i 19 105 b
G LA IR AEAR 53 S BRI T LA S AR BRI , 3 — 2D R ST FDI X3 I 23k v e 4 1 52 il
fEITEE RN 9 PR,

Q@AM L3 Ll TR BT R T 25 AR A IR PR T QA d A STy 48 MR R A LR TR0
TEAIEER W Fd M EFE T 32 AMBE A LR
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®9 DEWHRBBARE SDM fHitER

¥ PR A IR I F R A
fdi 0.122(0.079) 0. 152 (0.050)
fdi -0.008(0.005) -0.007 ™ (0. 003)
Wxidi 0.296 " (0.101) 0. 040(0. 069)
Wxfdi® -0.020" (0. 008) -0.011" (0. 004)
EHE=E 24 Fog

Spatial Spatial rho

0.3817(0.041)

0.525(0.031)

Variance sigma2_e

3.708 (0.230)

4,341 (0. 196)

N 540 1 035
R? 0.2912 0.073 3
Log-likelihood -1134.072 0 -2 265.403 5

Eiloox wxeek SRR TFAEITERZFMAKFEH 10% 5% 1%;2. 455 MG HF ARER,

H o 2 P A R O R 1) S B B AR R B 1125 SR TR (3R 9) , FDT R 3k i e 4 52 vl ) 481 < U™ A4
RARTEAR IR AT 02 T, BEIR A IR TR G U BUOC R A, X iy T B PR AL 1T 7 Ml 4%
L i 57 A B AR B B AR AR T B Dy B — | b T 3R T R R R T AR AR B ST L A
ZENH R GO — B Pl o v N AP AR A R K S ) L T 2, VL TR By 3k
VAR T HEACTIT | DT e B T A b A Ay R IR T 5 vE T R B T SRR T B AR T
ST BT DN T A A A IR BT 44 B b A g RS I AR R IR R 28 5 3T R
ZAFAE PV BRI IRIXE MO G S 2 S TR) L, ) FDI B WA BE 18555 .

(M) 2 S H 5

M HE— S KT B FDL AT (16 R A% IF58 55 A IS A £ 221 1) O 12z, 0
K FHARLAE A AN A | A I3 Bl PR3 Jo ek I 7 18T 25 45 FDT A0 ] 36 5 il W AR 3000, 5 B85 75
YN TSy RS IR TP 34 T % (T3 0 ) A 2 Al W A A5 Y SR SO AR, TNl IR
IKHE B S IX GDP H EE AT & T AR X PR I Qe R B JEZete b/ ROB AL AN R .

Shrinkl, =8, +B,FDI, +B,FDI; +B.X, + ¢, (11)
M, =B, +BsFDI, +BGFDI?1 +B,X, +¢&, (12)
Shrinkl, =B84 + B,FDI, +:810FDIL‘21 +BuM, +BLX, +¢&, (13)

Hr M, A AE & FDL 5 M, BAEZM SR M, 5 Shrink], SHZMEICR, RISV HH R %L
B, 5B, FeFWHE . WK 10 fs BRI (1) 2B FDIXTER T35 (wage ) 7EAER“U” RIS | 16355
B 50N A IR T il FiE S0 ) T4 T3 K LIS i A B 3a 4 ) 38 2 910505 97 3h S i s i i
FEVRRLKE B 55 B A% NI, BERY (3) DUIE— 2530 W NI4T 9% 55 30k i WS4 A A i 35 1Y) TE AR DG OC
R Bs X By FFF A, L35 R T BT I T e 7 Az 2 A8« U U0, R 2 15HIE A
RI(2) [AIAE R FDI X VLE B BREE 15 Y HE A AR AR < U™ RS2 FDI SR MDA 044 T & 1 2
Ve RIEACE, R ZZ IR 2" sema s UIAAAE, B (4) env RECH IE , REET5 Yt iF — D AR
TR, BARTE B x B, I, FDI Ay 34 (1 P58 15 Y 550 Xl 3k T Wi 44 TR A LA 3 U™ R[] 423K



98 HIRKZAR (2R 2025 4E45 31 45 2 W)
N7, B 3 A5k
F 10 RESHHIKE
B (1) A (2) B (3) B (4)
wage env Shrink1 Shrink1
fdi 0. 006 ™" (0.002) 0.2847(0.171) 0. 187" (0.066) 0. 187" (0.068)
fdi® -0.001"*(0.000) | —0.020" (0.009) -0.011 ™ (0.004) -0.012™* (0. 004)
wage 2.56277(0.741)
env 0.055"(0.014)
EHEZ 3241 Pl F2 4] el
N 1575 1575 1575 1575
R’ 0.716 0.715 0. 843 0. 842
W B AL Fa 2 F F
B 1) B 2 R P 2 2 2

Eol x| s 5B R AE AR REBAFE A 10%.5% 1% ;2. 465 W ECF A AR AR,
= WFsEAS R B BOR Y

AR SCRE A TR TR AT S50 FH 3k i e 4 YR 0 B, A T HRIT R BRI 105 AN K DA I
S P4 S 7 S T AL AR R, SR 2 ) A R TR S IE S K YT 2 B FDT X6 3 T Wi
e, EEEHEUNT

H— WK Z A , FDI XK IT 5 105 b9 K LA 3 i e 4 A7 e 81 < U B2, 40 40
By Bt FDI X3 T Wi A 00 5k B B, 7 X AR 385 B0 WA R A AF T, Hpt 3l i 5t T
Il T 33 B TR, AR 2R & R IR I, Bt PO T Tl e R 2 T A, B AR 0t A N 5 o
B AL TS GRS A AR BAE T, O TR e AR R A RE T, sh AN B T 4
U5 &R FDL X AT AR M 8007 o 4 32 S0 7 . R TLZ e 46 G 43 i b F FDIL A E 4k Tl
W i < U BEE — B B, FDT 252550 5 ol IR 5007 I8 ¥ LU S5 43 5 i Rk i s 4

5 N2 T A, FDT T Y4 5481 U™ 289 96 22 78 2R P 50 3t X 85 38 B o T 78 v B s 1X )
RIST, KRR i Z B sh . AR VE = RS B A 3 (AR R sh e Rk, JE B R A
T FDI XTI R REAEAE AR« U BUOCR (R IR B T ASAEAE P BERAR B e L N ANt IR
e P R PRI A YT 6 Bty 0 TR AR IR T 22 55 % e sh A R I 2R

5= 23 (VRO R R 25 SR SR B KU 2R 0 FDT XU T e 45 1 5% Wi ELA 2 180385 H4 %09, FDI 11
(R GRE Y R U= Ky VAR Al Fol |51 B G R ST A s B AR Rl £ X5 A Y S i B )
ST 235 TR0V R K LG Ah R 2% 2 J sh R IR IR T e Fe iAo v ) S LR

BT LI 58 DU BOR AL,

Ho— | R IRTT AR A T, AR SR T W AL G E IR XA &84 3 2 K T IR Wi 4 ) ™
PEEfEEME, QGAMREI DR L3 iR 1 R IR 25 O b4, 20 B8 Y5 AC B AR AIK T A2 7 4
FZERL AB5 Tol s S A R R, 25 M 256 8 B 9208, FF FDL 51 AAE g —Fh B8 I 0 i i) BOR T

3
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He FOH o AURUR T FDL X7 M 2544 (4 DG A 38 B A T, i bR i 80 0 b A RS Y i B AL R K
JE  SCBUCT R WA 5 DA A Jm B Tl o DI R T Ml R S S i v X 2
(R SR SR RT3 IR B X IR R Ak i A 22 1, TR e — A D B IX a7 L
#7572 BE AP O3 i i ) i ot DX R 2%, ke SR I 51 FIDT [R) J5 Ak ) ) el 458 S5 8l JT s kO 3k
XA

HZ AR 2 el X5 e, 547 22 AR AN BE S A SR . 7R3 T FDI i kAl | #15%
V& 52 FDI B0 PR AT TR 5 PS5 vz, LT FDL A 358l 52 499 80 1 W% 5 | %o T 9 A A% B0 19 A1 9 3
Ao TERIBRA ST LA AR T, 515 FDI & B RS 2 KO R AR S IR AT, B0 H T2 ok
IRFIE] U7 B A A PG R DB g S A, SR ] BERR T HO ST K- s 51 BE s A1k
LV BRI AR R T P e 11 [ s 3 R A L R A S B S, 3R RN )
AT T F7 o PO PRI 5 L AGE R PG #0745 R B FDIL, R BE IR BE R4 11
BRI A AT, AR X I DU ER FDT 2544 AL 5 BB BET s B 2T 5 AT
AR AR, 51 FDT S 2 [ Skl BRI SS b R EoR T REFA R AF SR

Fo= S WA R AL, A2 HETT R TTICF- 6 Wb R) A2 Ji . FE 53 A KDL XS Sl iy WAe i 14 2 1 i ¢4
RO, IROEAAAT 2 55 417 B R P BE AR T 3738 4 7, fi R B I8 A 0 AT 44 i A 149 67 1t B2
— 7 10, ISR YT 55 IR 55 51 BRI 3 1] 9 2 DX S bip ], JA 442 v I X 3nk 308 i s i X
ARSI, FR IR —afF — % B W RS VH R TT R OHTAR Jm 55 R TR T A7 B 23
# g EE 2 fe SIS KA RO B . o5 — 5 i, S B IR R I A, (8 BT R
Bl AEBS T AT G UREERN SR T i B DX A 7l S SRR IR 55 F B 5 Ll AR R SR IR
5V o LT R E R EREE b G SR BT AR S AR Al A T, R AR HL I Al
SEMET, e A SRR EE
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The impact of foreign direct investment on urban shrinkage .
An empirical analysis based on integrated nighttime

lighting data from the Yangtze River Economic Belt
TAN Zhixiong"", XIANG Siman®, HAN Jingwei®, CHEN Siying®
(a. School of Public Adminisiration; b. Institute for Sustainable Development ;c. School of Economics and
Business Administration, Chongqing University, Chongqing 400044, P. R. China)

Abstract: Cities serve as critical carriers for driving high-quality development, creating high-quality life,
and comprehensively building the socialist modernized country. Exploring the mechanisms and actual effects of
foreign direct investment (FDI) on urban shrinkage holds significant implications for urban development in the
Yangtze River Economic Belt. After preprocessing DMSP/OLS and NPP/VIIRS nighttime lighting data, this
study adopts an intercept-free “S-shaped” model to fit the integrated nighttime lighting time-series data of 105
prefectural-level cities in the Yanglze River Economic Belt from 2005 to 2019. Urban shrinkage is measured
through the extraction of shrinking pixels. This study primarily adopts a spatial spillover perspective to
empirically test the impact of FDI on urban shrinkage using the spatial Durbin model (SDM), followed by
robustness checks, heterogeneity discussions, and the construction of a non-linear model to explore the
mechanism of FDI on urban shrinkage through the pathways of labor income and environmental quality. The
study has found that: 1) There is an inverted U-shaped relationship between FDI and urban shrinkage and the
model exhibits significant spatial spillover effect, primarily driven by knowledge spillover effect and competitive
imitation effect. The spatial spillovers even surpass direct effects. 2) In both eastern and western regions, FDI
shows a significant inverted U-shaped relationship with urban shrinkage, whereas the relationship is
insignificant in central regions. While the three regions (eastern, central, and western) possess unique
strengths, resource mobility across regions remains limited. 3) The effect of FDI on urban shrinkage is
significant in non-resource-based cities but negligible in resource-based cities. 4) FDI affects urban shrinkage
through the employment absorption effect and the environmental pollution effect. Based on these findings, the
study puts forward the following policy recommendations: 1) Pay attention to the essence of urban shrinkage
and reframe traditional misconceptions. Advocate for a smart shrinkage approach that adjusts urban scale and
functional layout, while maintaining fundamental vitality. 2) In light of the regional heterogeneity of the
Yangtze River Economic Belt, implement differentiated foreign investment introduction strategies. The eastern
region should further optimize its foreign investment attraction policy and promote the introduction of high-tech
and high-value-added industries. In contrast, the western and central regions should prioritize foreign
investment on local industrial upgrading and employment absorption, while mitigating environmental pollution
and resource competition risks associated with excessive reliance on foreign investment. 3) Establish a
coordinated development mechanism to promote the synergistic development of opening-up platforms, and
promote the synergistic orientation of domestic and foreign investment and urban development goals in the
Yangtze River Economic Belt. The study offers valuable insights into addressing the problem of smart shrinkage
in the Yangtze River Economic Belt to build an inclusive, resilient and adaptable urban development model.
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