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Table 1 Benchmark regression analysis

LR G HRE(S FE )

RBAATELH G (5 8 1)

5 i
(1) (2) (3) (4) (5) (6) (7) (8)
Cra 2.9427* %% 3.1307° %% 1.8615° "% 1.5307° % 1.5945°**  1.4599°**  0.7709*** 0.3589***
(0.0042) (0.0162) (0.0105) (0.0136) (0.0035) (0.0056) (0.0069) (0.0105)
gdp_diff 0.0521° "  0.0405°*° —0.0335""° —0.0049°"* 0.0471°"* 0.0226"**  0.0034°*"* 0.0000
(0.0011) (0.0019) (0.0017) (0.0012) (0.0009) (0.0012) (0.0012) (0.0012)
indust_diff ~0.0038* " -0.0027*** -0.0032" " -0.0024** -0.0026"** -0.0011"** -0.0009"** -0.0013"**
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)
manage_diff 0.0736"**  0.0744"**  0.0426°** -0.0407"** 0.0270°**  0.0206""* 0.0142"** 0.0390° "~
(0.0004) (0.0010) (0.0009) (0.0009) (0.0003) (0.0004) (0.0005) (0.0008)
edu_diff 0.0716° "% 0.0631°*° -0.0444""* -0.0481°°* 0.0303°"° 0.0485°*° 0.0103°** 0.0048* "
(0.0009) (0.0020) (0.0016) (0.0012) (0.0008 ) (0.0011) (0.0012) (0.0011)
invest_diff ~0.0065** -0.0138*** —-0.0737"** -0.0213"** 0.0671"** 0.0214*** 0.0105*** 0.0054***
(0.0011) (0.0022) (0.0017) (0.0011) (0.0009) (0.0012) (0.0012) (0.0012)
infor_diff 0.0163°"°  0.0169°"° —0.0956""* -0.0352°°* 0.0599""° 0.0348°*° 0.0124*"* —0.0055"*"
(0.0012) (0.0019) (0.0016) (0.0011) (0.0010) (0.0012) (0.0012) (0.0012)
inno_diff 0.0400° "% 0.0354°** -0.0542°"* -0.0257°°* 0.0156°** 0.0434°*° 0.0216°** 0.0035*"*
(0.0010) (0.0021) (0.0017) (0.0012) (0.0009) (0.0012) (0.0013) (0.0012)
he_diff 0.1474***  0.1496***  0.0557*** -0.0227*** 0.0109*** 0.0315*** 0.0153*** 0.0136**"
(0.0012) (0.0026) (0.0018) (0.0012) (0.0010) (0.0013) (0.0013) (0.0012)
geo_dist —0.1939°** -0.1833°*" -0.2044"** -0.1948"** -0.1072""* -0.1186°** -0.1211""* -0.1350°*"*
(0.0018) (0.0043) (0.0037) (0.0034) (0.0015) (0.0021) (0.0027) (0.0027)
Constant 1015677 —1.1163% % 1.84527 %% 1.5499***  _0.8126" " -0.4830"** 0.2946**  0.6460"**
(0.0080) (0.0186) (0.0187) (0.0149) (0.0067) (0.0098) (0.0143) (0.0137)
A0y [ 2 RN w 2 s w w = s i
IR TIT ] A KL w & = & w & = w
T < A [ E 2500 w i w = w i w =
Observations 679,003 679,003 679,003 678,969 679,003 679,003 679,003 678,969
R - squared 0.6739 0.6817 0.7687 0. 8821 0.4984 0.5187 0.5462 0.5931

WL p<0.01, " " p<0.05,
(%61 7 2 A 455 51 I TT A 5 3T, AT 45 R .
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Table 2 IV estimation results

e R A Bl ) T H AR i JE — B T H AR
AR i (1) (2) (3) (4) (5) (6)
s Je — 10 A F—Wr B EiiE S — B B 5 B
Cra 1.5096 " * 1.4817" " " 2.0366 " " 3.6342" "
(0.0080) (0.0083) (0.0198) (0.0357)
Cra_iv 0.3078 "~ 0.1783 "~
(0.0021) (0.0016)
Constant 1.6748" "~ 1.8041" " " 0.4137" " 0.4884" " "
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Table 3 Estimated results of the mechanism test
IEEEEA HREF BIHF AN A3
A (1) (2) (5) (6) (7) (8)
cooperation citation5 tech_transfer citation5 inno_pop_flow citation5
Cra 0.1817* "~ 1.4990 " = * 0.2418" " * 1.4951" "~ 0.3436" "~ 2.1284 "
(0.0082) (0.0131) (0.0097) (0.0131) (0.0440) (0.0386)
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(0.0050)
tech_transfer 0.1472" " "
(0.0039)
inno_pop_flow 0.0618 " * *
(0.0044)
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(0.0166) (0.0145) (0.0197) (0.0144) (0.0577) (0.0435)
125 1) A = 2 = = = =
W x AR By [ 8 RN = = & 2 2 &
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Table 4 Moderating effects test estimates

SCARHE B i B 4R 3 3¢l 4R 3T 2238 4B AT 5 i 3 B B Y 38 ofe T
2kt
(1) (3) (4)
Cra 1.7385" " * 1.5064 " * * 1.6149" ** 1.6123" "~
(0.0180) (0.0137) (0.0163) (0.0163)
cul_dist 0.0150 " * *
(0.0016)
Cra x cul_dist -0.0875" " "
(0.0053)
ins_pro —-0.0435" %"
(0.0049)
Cra x ins_pro 0.4233" " "
(0.0156)
trans_pro -0.1007 " "~
(0.0071)
Cra x trans_pro 0.3380" " "
(0.0159)
trans_pro_dist -0.0379* **
(0.0023)
Cra x trans_pro_dist 0.1185" "~
(0.0053)
Constant 1.4736° 1.4366" " * 1.5696" * * 1.5842" "
(0.0151) (0.0153) (0.0170) (0.0169)
P2 1 78 = o 2 =
W x AF oy I8 2 RN e e e &
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Table 5 Heterogeneity analysis results

DX 3l 7 Jo Wt RE 2 S o
A5 hE (1) (2) (3) (4) (5) (6)
AR [ g 1 — 1 w1 flE—1I%
Cra 1.82647 " " 0.9793 " ** 1.08847 % 2.18547 7" 1.26797 "~ 0.5067" "~
(0.0467) (0.0383) (0.0368) (0.0312) (0.0171) (0.0137)
Constant 1.6864" " 1.3987*** 1.1947% % 1.7838 % * 0.8994 " ** 0.9129" **
(0.0416) (0.0504) (0.0409) (0.0310) (0.0386) (0.0215)
Pl A 2 & & e 2 2
W x AR 53 B S ANE 2 b = 2 & JE
Observations 83,913 58,293 83,664 169,023 340,844 169,062
R - squared 0.9325 0.7990 0.8471 0.9285 0.8573 0.6894
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Figure 1  Spatial range attenuation effect of

technological complementarities
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Abstract: The diffusion of technological knowledge across regions is fundamental for enhancing innovation capacity and achieving bal-
anced regional development. While prior research has highlighted the role of technological proximity in facilitating knowledge spillo-
vers, it often neglects the dual nature of inter — city linkages that encompass both competition and complementarity. This paper extends
the discussion by introducing the concept of technological complementarity, defined as cities sharing a broad cognitive base but speciali-
zing in different sub - fields, thereby creating heterogeneous yet synergistic technological structures. Using patent application and cita-
tion data from 284 Chinese cities between 2003 and 2019, we construct a novel index of inter — city technological complementarities
based on IPC categories and link it with patent citation flows. The resulting panel of 681,748 city — pair observations enables a system-
atic empirical assessment of how complementarities shape technological knowledge diffusion.

The empirical results show that technological complementarities significantly promote inter — city technological knowledge diffu-
sion. Cities with higher complementarities are more likely to cite each other’ s patents, indicating stronger knowledge flows. A one — u-
nit increase in complementarity is associated with a substantial rise in both the intensity and probability of patent citation. Unlike exces-
sive similarity, which often induces homogeneous competition and technological lock — in, complementarities provide non - redundant
knowledge resources, enhancing opportunities for recombination and innovation. Thus, complementarities are revealed as a critical
driver of regional knowledge dynamics, contributing to the resilience and efficiency of innovation networks.

Mechanism analyses further reveal that complementarities foster knowledge diffusion through three pathways: collaborative innova-
tion, technology transfer, and talent mobility. Complementary cities are more likely to engage in joint R&D and co — patenting, lower-
ing communication barriers and facilitating tacit knowledge exchange. They also promote technology transfer, which transforms potential
externalities into tradable innovation elements and strengthens cross — regional application of knowledge. In addition, complementarities
stimulate the mobility of skilled talent, who act as carriers of tacit knowledge and bridge otherwise disconnected networks. These mech-
anisms collectively establish a robust chain through which complementarities translate into knowledge diffusion.

Finally, contextual and heterogeneity analyses show that the impact of complementarities is contingent on environmental condi-
tions. Cultural distance increases communication costs and reduces complementarities’ effectiveness, whereas institutional proximity
enhances cooperation predictability and amplifies diffusion. Transportation connectivity, particularly high — speed rail, mitigates spatial
decay and enables complementarities to function over long distances. Moreover, eastern and high — tier cities benefit more strongly from
complementarities due to superior absorptive capacity and institutional support, while effects are weaker in central, western, and lower
— tier cities.

Overall, this study contributes to innovation geography and regional innovation empirically validating the role of technological com-
plementarities in shaping inter — city knowledge diffusion, extending the theoretical framework beyond technological proximity, and pro-
viding policy implications for fostering collaborative innovation platforms, reducing institutional frictions, and facilitating talent and
technology flows across regions.
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