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Age 381 0 1 -3. 069 2.355
Mshare 381 0 1 -0.708 2.550
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M A BB 1 R 3l 5 R ia A7 28 T IR S Ak
filto WK, 91 (2) A5 R FHT, Q17 Hh (Inno_
Output ) RERSARHE BB 74K (Inno_Comm) , IT1E
5%7KF LI i 2, i H3 15 380k, X%
WY, DA I A Ao ) e TS TR RE A% ik
HARFG L GVER R LA S r ok Ak 3R iE
AL N B T B ek T2 R, A
B ESE I B 3, &5, 50(3) WoR Al
AL XS Pl 55 T2 (Ind _Upg) flith R ECH
2. 444 1E 1%/KF- 1 W2 R IE ik He 155 55
E, 2% B AIHT B SR A A b Ak 5 T
1k, BERS 75 5277 b & i B Al 2 T 77 b 4 Uk
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1. R4 A I

(1) 3 AT M [T 72 R0z

AT AT AR A S S T 3 45 M 25 5
THIAFAEZE 57 X BE 25 S ANl vl BE- S Efil
TR, DSk S (] 5 45 28 i T JE 1k e it
ST b 181 R S50 LB il P AE AT ol )= T Y
SES

F4 MEURERA”HIZERNE

At (D (2 (3
Innov 0.423 " (0.094) 0.5727*(0.113) 0.701 """ (0.119)
Constant -0.000(0. 027) 0.455(0.415) -1.922**(0.821)
Controls NO NO YES
Id FE YES YES YES
Year FE NO YES YES
N 381 381 381
R-squared 0.116 0.306 0.404
RS5 Mg REMA”HESE
At (1) Inno_Output (2) Inno_Comm (3)Ind_Upg
RD_Input 1,002 (0. 143)

Inno_Output
Inno_Comm

Constant

1. 4387 (0. 846)

Controls YES
Id FE YES
Year FE YES
N 381
R-squared 0.479

0.021** (0. 010)
2. 444*** (0. 658)

=0. 118(0. 113) -0.455(0. 846)
YES YES
YES YES
YES YES
381 381
0.897 0.319
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6 MRS fa MR A 00 45 S S B T DU g S
“TREERL G 450 Ml e, 158,91 (1) (2)
FE 53 I T Ml [ 7 5800 R 173 11 7 3800 )
K O AR BT B (Innov) BT 2R 505 3
HELE W58 4 — 5, R T BH B X 7= b A T+ Y
PRIERON R, LU, B (3) WA, FE SRR
Ui A= F A o AREA IS | Q1T (Innov) 1Y
fliit 250k 0. 701 19 % 2. 168 HAE 1% /KF F

NAGETE SNRGETE SRR S e e
2, R R IR AN v ks 2 R
A SRR, A, 8 (4) ISR IR,
TEREHLAEFEA 75 5 & 80% i , i A% T
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By R H A S SRR e

2. WA

(1) THARE .

R ER SRR A G N A ) R, i — A0 R T
AR SR FEUE [ A S5 R AT N AR S
% Lewbel AR5 B ) MY 18 3 FA70k
YR T HAR & BARTWE , DLAL B
HEAHRT T [FAT M R4 03 508 1 D 25 52 4
FEml AR i O — 20 H =R (V) 1R R
THAS G, % T B S & RE 6% e e 4k 17
M PN B A B AR AL, 5 A A B R
ELAG B o A DG R] s e 4 ATl 47 ) [
FERUN ST, AN ELEAE F T Al A4 2 T 1Y 42
T4 &, T 2 T AR i A A G 5 A AR
PEZIR AN R b R B B de
ek (1V-2SLS) #EAT [MH 43 Mr |, AT 25 3 an
7 FN

2T WIR, B (1) AFEEUERIAZE S 51 (2)
(3) NS — B BORISE B Be 4 5, T AR
A B IR 25 R R EUR 0. 630, 7F 1% 5811
KO 13, SIAERIA S R A B, A
35 T HLAR i 1A R0, 1 — 25 I TR T U A
g5y THRAR GRS, Hri An B 55
RN 3. 164, X R p=0. 075, 1F 10% /K- | &
F UL F R T AR 5 N RS R
AR B SR, B RH AR R AR ST 2 TR

Fo TREMRE

A5 i (L) HG AT b 1 7 28007 (2) 19y ] 2 3800 (3) HEHOREAS B[] X [R] (4) HEbEA 5
Innov 0.701"** (0. 119) 0.701*** (0. 119) 2.168** (0.347) 0.653"* (0. 138)
Constant -1.9227"(0.821) -1.922%%(0.821) -0.008(1.022) ~1.800* (0.972)
Controls YES YES YES YES
Id FE YES YES YES YES
Year FE YES YES YES YES
Ind FE YES NO NO NO
Province FE NO YES NO NO
N 381 381 183 295
R-squared 0.404 0.404 0. 602 0.492

- 123 -



TR 4 (P s At B2

2026 4F55 4 ]

®71 IETEFXEKRE

A (1) Ind_Upg (2) Sh—BrB (3)2SLS
Innov 0.701 (0. 119) 0.630°" (0. 114)
v 0.032**(0.003)
Constant -1.92277(0.821) 0.986(0. 638) —-1.791 """ (0.599)
Conirols YES YES YES
Id FE YES YES YES
Year FE YES YES YES
N 381 381 381

PE—A 1, 55 T HAS ARG I 45 0 o | SR — B B
F 483 113. 06, i & T % FH I AL 10,
eI T HLAR RO A AT aE ELAT A0 1 i R e
F1 AR T AR e w5
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3. B i R 4T

B KS 5E T A% O 3l I, Heoad
FEHA KA, WA A R0 ™, #4
PO FAL , X — A% S ALH I AR Lk BTN 5E 1
PRSI e P e <DL v N A 2N
TEAG SRR, 73 BRI 5 R (35 9.,10)

R 9 MW AALART BT H IO A
BEUR ., BUORE  OT R B AX BB ™ BA
S IR SO, S 5 R o S 3 4 S

F* 8 PSM &g

A (1) (2)

Innov 0.701 """ (0.119) 5.54477" (1.308)
Constant -1.92277(0.821) 3.975(2.446)
Controls YES YES

Id FE YES YES
Year FE YES YES

N 381 102
R-squared 0. 404 0. 906

RO FRRBNICIH H BB RO A

A (D (2) (3) (4) (5)

RD_Inputl 0.548 7" (0.132)

RD_Inpui2 0.246 " (0.132)

RD_Inpui3 0.2127(0.120)

RD_Input4 0.034(0.075)

RD_Input5 -0.045(0.060)
Constant 2.551777(0.919) 2.584777(0.967) 2.57877(0.968) 2.5397°(0.997)  2.3047°(0.994)
Controls YES YES YES YES YES

Id FE YES YES YES YES YES
Year FE YES YES YES YES YES
N 381 381 381 381 381

R-squared 0.368 0.303 0.301 0.286 0.288
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Inno_Outputl 0.0207(0.011)

Inno_Output2 0.021 " (0.010)
Inno_Output3
Inno_Output4d
Inno_Output5
-0.109(0.113)

Constant

Controls YES YES
Id FE YES YES
Year FE YES YES
N 381 381
R-squared 0. 896 0. 890

-0. 1827 (0.062)

-0.004(0.010)

-0.012(0.010)
-0.017(0.011)
-0.039(0. 113)

-0.055(0. 117) -0.035(0. 115)

YES YES YES
YES YES YES
YES YES YES
381 381 381
0. 894 0. 895 0. 895
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30 DA SR I 7 A e A T, I G R R B
7 R — AR A AL 3], DA SR B E IR
SRR SR8kl 11,

4. 7T

HHRST DUEE “ R RS X TR [E X AN
T P AU i B o7 T 7 b At S TR A1 Al ) 22 57
PEREOL , RS2 T S AT (R 11)

— i NI S R FEAR TR ML IX, BB
BT P e TG ELA S B I T B e, LA
FRECN 0.690, 75 1% MG K bR B,

R11 REESH

A R LR [E 4 Ak E A4 i rh il T
Innov 0.690*** 1.736* 0.522 0.778*** 0. 440 4.690 " 0.391°"
(0.117) (0.707) (0.341) (0.162) (0.366) (1.399) (0.198)
Constant 0. 420 0.043 7.388 -1.197 -3.323 -0.116 0.390
(0.364) (1.567) (6.341) (1.428) (2.111) (0.962) (0.905)
Controls YES YES YES YES YES YES YES
Id FE YES YES YES YES YES YES YES
Year FE YES YES YES YES YES YES YES
N 243 138 135 246 136 128 146
R-squared 0.555 0.622 0.450 0. 506 0. 601 0. 629 0.688
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From Shallow Factor Linkages to Deep Industrial Integration: Transmission Mechanisms and
Lagged Effects of the “Deep Integration” of Four Chains / Wang Xiaozhen', Xue Chenyu™’, Li
Hui*( 1. School of Economics and Management, China University of Mining and Technology ;2. Institutes
of Science and Development, Chinese Academy of Sciences ;3. School of Public Policy and Management,
University of Chinese Academy of Sciences; 4. School of Public Policy and Management, China
University of Mining and Technology )

Abstract; China is currently at a critical stage of advancing industrial upgrading through new quality
productive forces and accelerating the achievement of high-level self-reliance and self-strengthening in
science and technology. The deep integration of talent, capital, innovation, and industrial chains has
become a key means of bridging the “last mile” of innovation and overcoming “bottlenecks” in critical
technologies. Adopting an outcome-oriented perspective, this study defines the essential connotation of
the “deep integration” of the four chains and develops a sequential analytical framework. Using data from
Chinese listed firms from 2011 to 2024, 179 industrial chains are constructed to empirically examine, at
the firm level, the transmission mechanisms, lagged effects, and heterogeneity of the “deep integration”
of the four chains. The results show that, first, talent and capital support the innovation chain, enabling
its successive stages to significantly promote industrial chain upgrading and thereby facilitating the “deep
integration” of the four chains. Second, transmission across the stages of the innovation chain exhibits
significant lagged effects, with the magnitude of the effects gradually diminishing as the lag length
increases. Third, heterogeneity analysis reveals that the “deep integration” of the four chains is more
pronounced in central and western regions, non-state-owned enterprises, and those in the midstream
segment of industrial chains, with particularly strong marginal effects in central and western regions.
Based on these findings, this study proposes three policy implications for advancing the “ deep
integration” of the four chains: first, to address “insufficient factor coordination” at the front end of
R&D, talent, fiscal funding, and private capital should be directed toward basic research and
“breakthroughs” in frontier technologies. Second, to alleviate bottlenecks in the commercialization of
innovation outcomes, a phased support mechanism covering “ R&D-pilot testing-industrialization” should
be established, with pilot-testing platforms, cost-sharing arrangements, and market-access mechanisms
used to bridge the “last mile” of technology commercialization. Third, differentiated and targeted policies
should be implemented to address integration gaps across regions, ownership types, and industrial chain
segments, thereby strengthening innovation catch-up in central and western regions, promoting
complementary strengths between state-owned and private enterprises, and facilitating coordinated
upgrading across upstream, midstream, and downstream segments.

Key words: “ four-chain integration”; industrial upgrading; innovation resilience; innovation

effectiveness; lagged effect; total factor productivity
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