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Abstract

Against the backdrop of deepening digital economy and rural revitalization strategies, smart
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logistics—an innovative form of deep integration between modern logistics and information tech-
nology—is emerging as a vital force driving high-quality development of rural industries. This study
employs provincial-level panel data from China spanning 2013 to 2023, utilizing a dual fixed-effects
model, a moderation effect model, and a mediation effect model to empirically analyze the impact
mechanism through which smart logistics empowers rural industrial integration. The findings re-
veal that smart logistics significantly and positively promotes the level of rural industrial integra-
tion. Labor force quality exerts a significant positive moderating effect on the enabling role of smart
logistics. Furthermore, smart logistics indirectly fosters rural industrial integration through two
pathways: enhancing industrial structure sophistication and advancing digital rural development.
Regional heterogeneity analysis indicates that the promotional effect of smart logistics is most pro-
nounced in the central region, followed by the eastern region, while the western region exhibits
relatively weaker effects. This study provides theoretical foundations and policy references for im-
proving modern logistics systems, accelerating digital rural development, and achieving integrated
urban-rural economic development.
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Table 1. Evaluation indicators for rural industrial integration level
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Table 2. Smart logistics evaluation metrics
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Table 3. Evaluation indicators for digital rural development
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AIE ] statal 7.0 STREASEUE HEAT AT AL EE, DR HAYES R 4 FoR, iR RS,
BEYIR(SL)IIME N 0.143, FrU#EZEN 0.095, H/MEN 0.05, HKRAEN 0.566, FRIHIR EE Ein ik
ACHFER B X AR R 22 s R | 2 M LRl /K-F(RIDATIAME N 0.251, FRifEZER 0.09, HL
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Table 4. Descriptive statistics

= 4. R tEgt

Bk S WE bRtz B/ME S ONI
SL 330 0.143 0.095 0.05 0.566
RII 330 0.251 0.09 0.087 0.48
RL 330 0.022 0.006 0.011 0.041

GDP 330 10.981 0.437 10.155 12.142
TIL 330 11.68 0.834 9.62 12.916
SCL 330 0.38 0.072 0.218 0.526
ES 330 0.033 0.023 0.005 0.094
LFL 330 7.589 0.779 5.631 8.853
ISU 330 2.417 0.117 2.227 2.834

DRL 300 0.133 0.095 0.026 0.536

4.2. AR

5kl T EEACR A Pearson AHK R NG RRKE, BARR LA MIAHIRK R 5 HIE TR A
—E, WHIRERERA SN, REMDRRZ AR RIERE, (EAARD A RE S AR 8] 1) 2 A
KRS, VR RBIRKC R, B Bt P RiE. Oy 1 By bR v L 2 B3Rk i )
FFu RIS R AR, A T E AR AT 77 Z K T (VIE) k%, 45 Rk 6 Prs. BREMN
VIF (55N T 5, BHIRRUAAAE B35 10 2 ILA VR i B, AS B A 2.

Table 5. Correlation analysis

%= 5. HXMSHh
A RII SL RL GDP TIL SCL ES LFL ISU DRL
RII 1.000

0.499%*% 1,000
(0.000)
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0.559***  (0.074 1.000
RL
(0.000)  (0.181)
0.692%** (.576***  (0.469%*** 1.000
GDP
(0.000)  (0.000) (0.000)
0.042 0.085  —0.194***  0.010 1.000
TIL
(0.448)  (0.122) (0.000) (0.861)
0.093* 0.080 —0.081 0.049 0.082 1.000
SCL
(0.090)  (0.147)  (0.141)  (0.379)  (0.138)
0.285%** (. 708%** —(.233%** (.256%** (.195%** 0.058 1.000
ES
(0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.291)
0.233*** (0.500%**  —0.065 0.055 0.110*%*  0.457**%* 0.700***  1.000
LFL
(0.000)  (0.000)  (0.238)  (0.321)  (0.046)  (0.000)  (0.000)
0.646%** 0.305*** (.346%** (.757*** —0.189*** (.152***  0.015  —0.105* 1.000
ISU
(0.000)  (0.000) (0.000) (0.000) (0.001)  (0.006) (0.789)  (0.056)
0.527*%* 0.925***  0.023  0.594***  0.046 0.139%*  0.729%** (0.559%** 0.390***  1.000
DRL
(0.000)  (0.000) (0.692) (0.000) (0.430)  (0.016)  (0.000)  (0.000)  (0.000)
***¥p <0.01, **p <0.05, *p <O0.1.
Table 6. Multicollinearity test
= 6. ZEHLEMRW
VIF 1/VIF
GDP 4.941 0.202
ES 4.54 0.22
LFL 4.532 0.221
DRL 4.037 0.248
ISU 3.275 0.305
RL 2.105 0.475
SCL 1.99 0.503
TIL 1.245 0.803
Mean VIF 3.333

4.3. BEYRX S H RS EEE N ST

X FEA R HEAT Hausman A5, 25 5% o 68 [ 8 RSORS00 R TN T 58 4750 [
SE -~ B [ RE RONAR R HEAT IR T, 5 SRR s A OSSR 11 08 25 A7 A, DR L 3 0L ) [ G A
R 2T 2 A LR R BRI, W TEEE RN T R
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Table 7. Baseline regression results

F 7. FERVFLER

) (2
RII RII
0.158%** 0.224%%*
St (5.040) (7.297)
RL 3.197%%*
(3.293)
GDP 0.143%%*
(5.170)
0.0 [#**
e (3.689)
0.022
Sct (0.624)
1.748%%%*
B (3.013)
0.176%** —1.600***
o (34.691) (-5.440)
I ) 252 Yes Yes
AR Yes Yes
N 330 330
R? 0.746 0.797
F 77.344 69.884

wxxp < 0.01, **p < 0.05, *p < 0.10.

MINIGER T ELE Y, BRI R RE08 0.158, HAE 1%K R E K BB, RPHED
FACTHRREE R 1AL, 2 M S /KT P8 0.158 DAL, IX— 45 RULH, B BV e B2
BETAKS P A BRI RS S P R AR, ATTISIE 1 R H
4.4. WIS

Nt DRI 5T B KPR SRS £ MR G KT R R TP R TR, A SCAE SRR e A A
AL 5N S EIR(LFL < SL), BEAT IR0, S0 & RN 8 Fs. Msai R iR, W1
H IR EAREON 0.156, 1E 1% R E A &2, RUI57 80 K08 BRIt 2 A Ikl &
YRR BAT S35 A0 IR A0 5 RO8E, AT SRR 1 R H2.

Table 8. Results of the moderation effect test
= 8. PTHRILLER

(1
RII

~1.152%*
SL
(-2.476)
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R
0.031
LFL
(1.100)
0.156%**
LFL x SL
(2.929)
2.477%*
RL
(2.444)
0.146%**
GDP
(5.143)
0.013%**
TIL
(4.385)
0.025
SCL
0.717)
1.689%**
ES
(2.954)
—1.867%%*
_cons
(-5.761)
) 2850 Yes
ARG Yes
N 330
R? 0.805
F 64.716

wkkp < (.01, **p < 0.05, *p < 0.10.

4.5. PABN D HT

NPT BB AR B AR 2 AP R S T B E IR, ASCERHECT 2 A B 5 7 4
MR AR R AR, 2y RS A A OSSR REAT [ A 70 A, 45 5R W 9 B

Table 9. Results of the mediational effect test
F 9. PNMEIEER

)] 2 3) (@) 3)
A RII ISU RII DRL RII
0.224%%% 0.152%%% 0.169%** 0.814%%% —0.064
St (7.297) (4.967) (5.655) (34.054) (-0.911)
3.197#%* 3.075%%% 2.088%* —1.555% 3.515%%%
RE (3.293) (3.173) (2.261) (-1.934) (3.466)
0.143%** —0.121%** 0.187%** -0.013 0.172%**
GDP
(5.170) (—4.396) (6.990) (-0.620) (6.397)
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B3k
0.011%*** 0.003 0.010%*** —0.002 0.014%***
i (3.689) (0.928) (3.584) (-1.070) (5.094)
0.022 0.127*** —-0.023 —0.051* 0.006
Set (0.624) (3.530) (-0.677) (~1.886) (0.180)
1.748%*** 0.155 1.692%** 0.787* 1.387**
FS (3.013) (0.267) (3.121) (1.787) (2.498)
0.361%**
ISU
(6.489)
0.369%***
DRL
(4.699)
—1.600*** 3.487*** —2.857*** 0.203 —1.949%**
o (-5.440) (11.881) (-8.496) (0.889) (-6.796)
IS B) R Yes Yes Yes Yes Yes
AR Yes Yes Yes Yes Yes
N 330 330 330 300 300
R? 0.797 0.751 0.824 0.916 0.812
F 69.884 53.546 77.769 185.615 68.429

*xxp < 0.01, **p < 0.05, *p < 0.10.

HAI() Q)T B ED AT 2 AP I EE RECN 0.224, 16 1% 5K FRE, RF
HEYREERE T MG PRI I A R AT, BB P S A I R B O
0.152, PAbZER ALY 2 KPR & 1 R 80 0361, HTE 1%KF EEE. SINTALEE, BEY
ikt A PRl A R E NN 0.169, TITE 1%MIAKE BB, SHP g5 m AR P o< R P R 15
TR HER . ik — RIS UE R RS R R g, AR A Bootstrap J7VE(EE AL 4,999 )% L
CEW AL HT T B E MR . RIS AN 10 BoR, [HEERNN 0.1689, BN N 0.0548, W
FHITE 1% B E KT R EE. 95%E S X N[0.1019,0.2355], RESEE 55, R P08 8 E T,
MM SCRE TR H3 .

T ZES) BB 2 MR RN .. B EYRAN T 2 M EEREERECY 0814, HF2H
BT 2 P ELA A RECN 0369, TE 1%KTFRE. SINETFSNERE, BEMRNERER
Pif%EZE-0.064 HARE, RAKT 2 MERAEHPRKIETETEH. Bootstrap fru s R WIR, MR
R 0.3001, HAE 1% 1835 K R 23, 1 BN -0.0643, AN i3 .95% B A5 X [7]24[0.1566, 0.4694],
RIS T, YT 2 MR EMRS 2 MG 2 B AA7E B M 5e A rp A R8s, 33— B IHIE
TR& H4.

Table 10. Boostrap test results
%2 10. Boostrap #3545 R

HN TR =22 IA (BN, RRRE pfE 95% 5 {5 X [A]
PS5 s FE AL (ISU) 0.0548%** 0.1689%** 0.2237%%* <0.001 [0.1019, 0.2355]
7 2 M E % (DRL) -0.0643 0.3001%** 0.2358%** <0.001 [0.1566, 0.4694]
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4.6. AEMRIE

DT DR AT V4 R AT FE PR DR SR A e, A SOR A TR AR BRI AT A AR 3G . B8
BRI A ELA W AR I ) SRR, L A — WM RERS B2 R S R KT, AR E
R ) 2 W LRl S KT, DA S BOR i i Ja — WIME (L. SLYPF o8 T R AR kAT A AR PR AR
I, KIREARWE 11, % 12 PR,

Table 11. Endogeneity test including ISU
= 11. B8 ISU ALK

(D @) 3)
SL RII RII
0974 0.17 1% 0.129%x
L.SL
(58.904) (5.862) (4.716)
0.815 1.138
RL
(1.033) (1.569)
0.115%** 0.085%**
GDP
(9.172) (6.951)
0.007** 0.005*
TIL
(2.175) (1.901)
0.089%* -0.010
SCL
(2.506) (-0.272)
2.652%%* 2.917%%*
ES
(3.886) (4.651)
0.315%**
ISU
(7.111)
0.015%** —1.251%%* —1.642%%*
_cons
(6.135) (-9.917) (-12.815)
N 300 300 300
R 0.928 0.748 0.788
F 3469.625 130.367 139.949

wkkp < (.01, **p < 0.05, *p < 0.10.

Table 12. Endogeneity test including DRL
F* 12. 8% DRL HAEMRR

(1) 2 3)
SL RII RII
0.974%%x 0.171%%x —0.154%*
L.SL
(58.904) (5.862) (-2.138)
0.815 0.764
RL
(1.033) (0.895)
0.115%%x 0.107%%x
GDP
(9.172) (8.218)
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R

0.007%* 0.010%**

TIL
(2.175) (3.212)
0.089%* 0.067*

SCL
(2.506) (1.963)
2.652%%* 2.303%**

ES
(3.886) (3.417)
0.397%%*

DRL
(5.002)
0.015%** —1.251%%* —1.189%%*

_cons
(6.135) (-9.917) (-9.355)
N 300 300 270
R? 0.928 0.748 0.757
F 3469.625 130.367 103.513

*xp < 0.01", "F*p < 0.05", "*p <0.10.

CRE TR BRI, 5 5 — R B IR S (L.SL) 5 U il & =R Z AR DG Mo . B e, AR
RN R S, AR TR . 2 WAERIES, BEDR 28 a4 s
T FAEA R R — 2, R IR AR R 5 R R B P Ae e, (HEEARY 2 B IEFIER, Bk
FRARKAERAKLAL. 5 OLS ML, PAEVEAREL S il vk R 25 VAT P T B, (EAOR AR (2 K
1, YL OLS it vl REMS A fi ey, (AT I — 2. RREIZRARE, A4 R AR .

4.7. BEMREE

ARG [P U 45 RS O R AR B AU R AR AR R, A SORE R BRI B 4 oy L B AR AR —— W L 3
IR 5 EE(SL _alt), EERTHEAT D E RN, PR R AT, HE 13 0k T B AR R RIAK LR B5)
ZHI3)AT W, BARALE SL_alt M[EIHREII N 0.000, HIYTE 1% 8 E K T RENIE, B8 RIER
A B SR R T, Hon 2 0Pt & K R e b AE R R R A7 e . P E, fEIIAW
AN AR SE, SL_alt XA R ALY 2 MBI M B3 1, H = 2N G
AP BN R A FRE S OV IR, RIIEATEAR T B01% S AL 53R — 2, B R rld i 4
R A B A B T 2 R AR () e 0 2 A P R B AR

Table 13. Robustness test
= 13. RRIEMHRIE

) (@) €)
RII RII RII
0.000%** 0.000%** 0.000%**
SL alt
(7.249) (4.942) (2.608)
-0.263 0.209 0.031
RL
(-0.360) (0.298) (0.038)
0.116%** 0.095%** 0.108%**
GDP
(10.258) (8.357) (8.898)
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R
0.009%** 0.007%*** 0.012%*
TIL
(2.984) (2.740) (4.326)
0.059* ~0.003 0.063**
SCL
(1.875) (-0.097) (2.012)
i 1.994%3#% 2.173%%* 1.857%%x
(3.519) (4.013) (3.326)
0.243%%x
ISU
(5.494)
0.187%%*
DRL
(4.465)
—1.253%%* —1.58]1%%* —1.212%%*
_cons
(-11.103) (~12.846) (-10.428)
N 330 330 300
R 0.785 0.805 0.790
F 178.582 172.580 141.595

wkkp < (.01, **p < 0.05, *p < 0.10.

4.8. RS

N DRIV TR £ R VR & A TR O X2 ek, AR ST A M X 8 5 R e AT A it B il
SEAF S REREAR 73 2R B R BB AN T A =K X3, FF 00 S BEAT [ RE ORI AT o[BS R AN 14 FroR o

Table 14. Heterogeneity analysis
®14. RRUN

IR H g
VARIABLES
y y y
SL 0.2309%** 0.9413*** 0.7740*
(4.148) (3.526) (1.862)
-1.0517 -2.1199 3.9783
RL
(-0.231) (=0.967) (1.461)
0.2367 —-0.0082 -0.0291
GDP
(1.467) (-0.143) (-0.713)
0.0109 -0.0064 0.0069
TIL
(1.042) (-0.641) (1.307)
—-0.0460 0.0485 0.1303
SCL
(-0.391) (1.209) (1.551)
ES 1.7492 1.9370** 0.5647
(0.985) (2.432) (0.297)
-2.5495 0.2342 0.1840
Constant
(-1.435) (0.376) (0.367)
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Bk
Observations 121 88 121
R-squared 0.754 0.925 0.851
Number of id 11 8 11
year FE YES YES YES
id FE YES YES YES
F

wkkp < (.01, **p < 0.05, *p < 0.10.

MBIV ZE RORT , B WAL AR B BN G AR DO 2 Rk 5 7T A2 BEAE T R BN IR A,
{ELSE 25 PR AN L SR BE A7 E W R DR ZE 5, R W SRR R 7™ M i 5 1 RO LA I 25 P DKo e i k.
WIS, AR, B EWRNEERECN 0.2309, IFE 1%M R ZF A FRE, R EYRaEY
A RAHEN R B XML B A S P R R s AR ERHLIX, (B R HEIE 0.9413, [AIFEAE 1%/K 7R3,
R ERAE s X P L Bl A (R T o 2, RO BIR A “rh EEE " RRE, e 5
R X IR R S DA DG o AR, rP MR AR S 7 v RS X o R R ) A R R e B
AR E S AL W WD R A SR AT AR B T TR PR e, TR R FE PR ER & S s A i
T, RIS AR AR AP e A% O B A BB A AROL R URIEAL, AR R AE R BEOU A 0 TP R L AR
RT3 TR AR AT . AEPGRBHIX, B2V R AN 0.7740, £ 10%AKF FRE, BosHieit
PNV R BAS S AP AR, (B R A — B R .

5. G EEN

AT 2013~2023 4 RIHBEINEEA, KRG TR SRS 2877 L& K e I B
Wi S5 BTN 7k R e AL S 8T 2 AR B T RN o I R RN AT R
BT EL R A 5 T RN AR R Y SR A, BRI BU RS (1) RN 2 kR A R R A B
FARHAE o (2) 5780 717KCT 3 B U R BE RSB AT 8 38 R R . (3) B ERAiE L Mk 4
R ST 2 MBS A AR A B 2 A & R R . (4) XA PR A R ], B i
FEAFMXEE AR ZER, Horp e P i X et R o B 2, HON AR IMIX, T AE 74 A it
XA

BINE BRI 2 W P b b e R e T T RAT B, (B AR AL, NIEA IR LU
RELEEW: (1) SRR DA RE T B, St ZE A X ISR o AR H0 b DX AR FT A I M A R A
BRI IS, At D HESN B BT S T RN REE P RIOCAL . AR X A S P 2 LA s i i AL
2, NARER AR AT AR A AR S, B E RGN ECER R, PRI R
R o PUHBHLIX N R R Yt AT, AN . AT TR, R IR AT BE T 5G,
Yk I S B SRl Bt B, R EITUR S5 Se Akl . (2) PRI R S S SR AR, R
A g R AL B R AR o BUR R 2 3 BDIER B BN AR A7 L I C S P84T, SRR K
A+ T+ PR+ RS B AR R, SR TR EBEACT A Y R BE T o R A A Ml i
B P AR DX, T HESN R I e X AR R AR IR A A, SRT IR B BN R
(3) IEEET AR, §OREEMIR B T RN . T8 2 A AR e BRI T AER,
BOIPRA S B et e, e\ AR E ST & BT BS AR AL, HaEETWREEm. 7
Sl A7 BT ARIER G, Rl 2 M Z ook . (4) HEEXIEME, FE A E - A iR
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Wik R o ZRIBNIRAE BRI, SRS AT, P A E U A T A S iR S
B, HES) DRI S TN S B AR T

E&WE

2023 FE S SEHE AR HEANE TREIH @ HSS: 2023]JGZ187); | HHF R “+INH”

R 2021 4P w2 A H bRl BRS04 5. 2021ZTY1605); 2023 45 P 7R A 20 GFH R I
HOEH S : GKYC202341).
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