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Research on current situation and optimization strategy of cross-regional
scientific and technological innovation cooperation in the Yellow River Basin

Abstract

Realizing effective cross-regional innovation cooperation not only helps to enhance the overall scientific
and technological innovation capabilities of the Yellow River Basin, but also is crucial for promoting the
western development strategy and achieving industrial upgrading and leapfrogging in the western region.
The innovation collaborative network composed of various enterprises, universities, and research
institutes across different regions in the Yellow River Basin helps to break down information silos and
help provinces and cities fully achieve information sharing in open scientific and technological innovation
cooperation platforms. The cross-regional innovation collaborative network that have been constructed in
the Yellow River Basin consists of cooperation relationships between provinces within the Yellow River
Basin, as well as cooperation relationships between provinces within and outside the basin. This study
investigated the current situation of technological innovation cooperation in the Yellow River Basin
reflected by the network, and the results showed that the network composed of the former showed an
uneven distribution pattern of “dense in the east and sparse in the west” in space, but the density of
innovation collaborative network has increased in recent years. The network composed of the latter
initially had uneven spatial distribution, but recently the breadth and depth of cooperation have
significantly increased. There are still many obstacles to scientific and technological innovation
cooperation in the Yellow River Basin. Firstly, a large-scale and comprehensive innovation collaborative
network is defective, mainly manifested in insufficient innovation cooperation among provinces within the
Yellow River Basin. Moreover, the lack of a comprehensive and multi-level cross-regional institutional
collaborative operation mechanism makes it difficult to fully leverage the role of cross regional innovation
collaborative networks. In view of this, this study proposes to improve the innovation collaborative
cooperation system from the central to the local level, from top to bottom, and follow the optimization
idea of “enhancing the top level design capabilities—improving the collaborative network—enhancing
cooperation awareness—coordinating regional regulations—forming cross regional alliances—creating a
collaborative innovation ecosystem—exploring innovation cooperation opportunities” to build the
scientific and technological innovation corridor in the Yellow River Basin innovation corridor.
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Figure 1

Provincial innovation collaborative network of the Yellow River Basin from 2009 to 2014 (a) and from 2015 to 2020 (b)
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Vertex’s weight of an identified province is represented by the number of invention patents jointly applied by that province and all

other provinces, and the larger the circle and the darker the color, the greater the weight; cooperation weight between two provinces is

represented by the number of invention patents that they jointly applied, and the thicker the line segment and the darker the color, the

greater the weight
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&1 2009—2014 F 52015—2020 FR=IRBA B ERTEX EIF & EMNE R O A7
Table 1 Centrality analysis of provincial innovation collaborative networks in the Yellow River Basin
from 2009 to 2014 and from 2015 to 2020

P& AT
ol LRI N N, T 4= 3
el BRATHX Eé(ﬂ;)ﬂ%;ﬁz &1 z;(zzfmwz - e
LRE 411 7 0.889 0.096
AR 297 8 1.000 0.186
usfIIES 187 6 0.800 0.007
HHE 145 7 0.889 0.061
2009—2014 £ WEE 137 6 0.800 0.007
NEREHEAK 76 6 0.800 0.036
584 42 3 0.615 0.000
TEEKEERAK 35 5 0.727 0.000
(ST 20 2 0.571 0.000
RS 1894 8 1.000 0.000
ma)lE 1454 8 1.000 0.000
ARE 1222 8 1.000 0.000
LLiFgE 530 8 1.000 0.000
2015—2020 4 HR& 440 8 1.000 0.000
NERHEAKX 397 8 1.000 0.000
TEEKEAK 269 8 1.000 0.000
PRFE L 216 8 1.000 0.000
54 196 8 1.000 0.000

EOARBAE BATBRE G SRR EATHS, R BATBE S S RBN L5 e T ASRAE ST B R S F AN F AL E AT, L4
AT K § 693530 P ok = 1/2,E,dist(i, J), Eddist R TF2AE BATHX Z MGG EE, PP H A4 W 4P NG | K BT 698 AT K
o, TR H S AT A 698 BAT R LR 89 &, 0 AR 013 A1F J 26 2] 38 468 AT UK i A 238 89 AT R B4 ), 3%
Wb SR, RABAER P Abcti= Lo(s, di)o(s, )], o(s, 1) RFEAEA BITHR s Aot 8 FAEH12 (FpsFot &35 F
AL BATRRE KSRV OBR) T, o(s, i) RT LA FEBEZTZEE BT i %ERS, PRTHHE BATHKIKER
s, WINTEEHHYE BITER A RERBZ L RFM S, AP P ot

Note: Provinces are sorted according to the total number of cooperation times. Total number of collaborations of an identified province is expressed as
the total number of invention patents co-applied by that province and the other provinces of the Yellow River Basin. Closeness centrality of province i =

1/ z/_ _dist (i,j ), where dist represents the distance between two provinces, that is, the number of provinces that i needs to pass through if it wants to

reach j in the innovation collaborative network, and 7 represents the set of provinces that i can directly or indirectly reach, the fewer provinces that i
passes through to reach other provinces in the innovation collaborative network, the greater the closeness centrality. Betweenness centrality of i =
23 cieioplo(stli)/o(st)], where o (s,0) represents the number of shortest paths connecting provinces s and ¢ (i.e. the paths with the least number of
other provinces that s and ¢ need to pass through to connect each other), o (s,#/i ) represents the number of above shortest paths that pass through 7, and P

represents the set of all provinces, the more times 7 lies in the shortest path between any pairs of provinces, the higher the centrality
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Table 2 Centrality analysis of external innovation collaborative networks between provinces

within and outside the Yellow River Basin

WL AR P 34T
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RS 35 851 0.789 0.069
e NE=y 21003 0.789 0.069
GRS 20 501 0.789 0.069
2015—2020 4 [RE 6 623 0.588 0.005
IAA 6176 0.588 0.005
e 5332 0.789 0.069
iy 4515 0.750 0.061
lab=0s] 4382 0.588 0.005

E B BATHER BB S RBRBITHT, EEBATBEGE SR LS e BB RSP RN EHE T AT, 28 BFEEK
PRI = 1Y dist(i, ), b dist RFREAE BITHE LG IER, B eI S R 4P A B K FRZLGE ST HRIF, TR
T H B R AT R SAT B R AR b R, (EABSER L P 5| X SATE R T AL E SATHR B MY, BL P ok
MK RERATEE PP otk=D L Lo(s, di)io(s, )], o(s, ) RFERE RATHE s Aot 9 RAEHIE (s Aot k4§ R 2L}
B BATH R KR 98642) 93 F, o(s, i) AT ERRERZE P RELE BATRHR i 09828 %, PRTHALBATRR ARG E4. 2
R, iINTHEERHE PATERE R REBEZZL EHREAS, LFidomnds.

Note: Provinces are sorted according to the total number of cooperation times. Total number of collaborations of an identified province is expressed as
the total number of invention patents co-applied by that province and the other eight provinces within the Yellow River Basin. Closeness centrality of

provincei = 1/ 2], _dist (i, j), where dist represents the distance between two provinces, that is, the number of provinces that i/ needs to pass through if

it wants to reach j in the innovation collaborative network, and 7 represents the set of provinces thatican directly or indirectly reach, and the fewer
provinces thati passes through to reach other provinces in the innovation collaborative network, the greater the closeness centrality. Betweenness

centrality of i = z o(s, Hi)lo(s, t)], where o(s, t) represents the number of shortest paths connecting provinces s and 7 (i.e. the paths

s#EL#i€ P[
with the least number of other provinces that s and ¢ need to pass through to connect each other), o (s, #]i) represents the number of above shortest
paths that pass through i, and P represents the set of all provinces, and the more times i lies in the shortest path between any pairs of provinces, the

higher the centrality

15, IARE . WEE LD 2009—20144F  ITERAMEE R kA TR, MEE—1ME%R
10.714, HEKF] T 2015—2020 4E19 0.789, X E & AT BCIX B 3K 1 25 48 ] B 48 T 480 19 AR #0A FIT 4i
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P, DA ol B R 22 FoRAMR A 1. A, X
FOMRE VR BSE L il BB T 32 B 28 5% e ER AL NS
DX 38 b 7 JR S P S

& AR 49 By 3 AR T 4t AR AL A R . B
UL A T B 5 A A A T B R B 5 1 1
2R [ AT ANy, FERREE TR ST BX 8] 119
o, HEBURTESE . WM it . R
UTLCAE A AN S B AR OUAT B G2 e, (BTG 208 i
AR P PR M X 2 55 15 X R BT A VR IR L

22 RZLHM. ZERNIEBEEETLS]

HBFEAT @, FIIRREE BATHR Z 8] 5
AAMEHZWF . O &4 BATHR 4 2487 5] # B
FORF I AT A 09 SE S X A A RAF R S Biln, 1l
R R TWGIEZMINRETE, Mg “4RRE SRR (E
HNGE AR I 5 000 J7 HETTHFHRIUH " 48 W B
AR SR AN B AAIK T 2% 19 L] T L2
BRI VIZC NIRRT @, MR HE B i
FASACC NR T UL LB H , A BUN S T4
A3 000 T TN ©. 2RI FH R T B BOR (154
BEA M 22 AR A b 5 RS $ B ORI | g R Ok
HE, AR AR R 2 0 DX O AR R B e L, i
BEARFE & H A, WART 7l i f e ] R &
JEo @ B4 AT R A2 Fmif 5 BRI R 6 BAT )
L AEREEF, RIPLALHRK G FIR = R )
BEE, W %E R Ry K P8 M. TE (20204Eh
FEU R BUR RARBC PN i ) HEZ b, IR Y
N W HEZ B R EERT, 4 a2 5 6 (i FIER 9 i, 1
T8 AT B IR F IR XU 3 R AEOR
AT IR A E], R AT X R R
R ik 2 1) B V5 I b X R A DG AR (W 8h . I
AR A RO AR R (A el 15

FEFE AR T &, B TR ke A A e
5 Ak A By G BRI AD AK B 2o BT RBUZR B H IX AE H
HATERE AT RS, A S5 Y . mFEREMY
PN FERS B VI, AR 5 B A BRI s 0
A=k B EA L, Blan, BEERE . AT Mk,
LA B S R AR RE . S RO H A, BRI
“RETRIEHL” RN AR IXAE 2021 SRR 1T E
WA= B (GDP) REFERKIE A ESE | 1A BATEIX,
[7] L 2020 4F 5K 17 55 35 6.89%,  fig JEATE 37 9% B it 4y

@ DR M BUT 2 TFep RT3 F K5 H B 32 5 B %56 4m W) » 69 18 40 . (2019-01-24)[2024-05-27]. http://www.shandong. gov.

cn/art/2019/1/24/art_2259 30544.html.

H A BRG] AR B AL . (2019-04-25)[2024-05-27]. http://www.gstb.gov.cn/tzyd/201904/t20190425 12159536.html.

® FANE L A1 | 993



_ L SRR S

ST 3G K 7.10% F16.61%, 2009 4E, FkEDGIR &
PP RIS T DB, SR T R
HE, ERAEFE A BRI A TS B T A &
JRSCRZ =, ARG T 2R AMEBOR , F3K
P R TR AR SE 4 . R Ok AR AUTE S B ES IX
R AG SR B, SRR T R R A R A R

AT RN ERF @, FARBA R E
IAEREML, $hZ B KBIEAF 5 Gk T
Ho BB PATHIXB DG A S 1 GERBTREA% E
AT AR A, MEHEX AAREAIE, A
XA 5wt DE ANA, RESRAM TAE, s A
ALhEAmA], I S B T A 5RO, AF)
TR KEHARE, “ARHEA” WERBREET
AAGIHERFIE, 1o, Sdbatdio Bigh, J7RA
SEARTR AR M XA LY, BT IS B A5 | A T T
SRAEAESE R A3, i AN IEAN X A 45 $A i A B 5
G, WARRECSIOCT . BT RS INLE SR
IS IX A ZE R BOA

BERBREEFTE, FTABRTREZFE LIFEL
A MEE, B R F A6 R AL B kAR 17 2
B AEAF 202V4RER IR RN kA,
B AR R N, AHAR T 2022 4F 8 F AT 10 T IR 4L
TR BRI DX I RN T R R
W, BEEFTF R R AL AR L R
A= F AR B AR R . SR, o
I RL, RS X PR 57 & I8 R RE ELETE R AL
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B ML E R — B, BAESA Ri ek, 1EE
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BXIRHE QT 07 5, BRI s ST 2
M. PrRET . AN TS ARARZE S A T PUH” KL
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BT b2 ST P S TR VT A BT A g ]
200 TIPSR PELE T o 2 2023 4F, BT, P94
i dbatri . BT S DR L DX R
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© Z 31T AR AR 7 A R BAT By 8 o, 7 Ak A ) B 54 Ae i 5 2 5 . (2022-08-24)[2024-05-27]. https:/m.gmw.cn/baijia/2022-

08/24/1303106536.html.

O # 57T 7 B B X B K 5 9 & 3 . (2022-08-25)[2024-05-27]. https://dofeom. nx. gov. cn/xwzx_274/swdt/202208/t20220825

3686722.html.
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Research on current situation and optimization strategy of
cross-regional scientific and technological

innovation cooperation in the Yellow River Basin

ZHANG Gupeng' GUO Wenbo> LIANG Huiling® ZHANG Jingjing"" LU Dongzhu* HOU Baorong’
LIANG Yan' DUAN Weiyu'

(1 School of Public Policy and Management, University of Chinese Academy of Sciences, Beijing 100049, China;
2 Marine Science Research Institute of Shandong Province (National Oceanographic Center, Qingdao),
Qingdao 266104, China;

3 Department of Science & Technology of Shandong Province, Jinan 250101, China;

4 Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266000, China;

5 Key Laboratory of Marine Environmental Corrosion and Bio-fouling, Institute of Oceanology,

Chinese Academy of Sciences, Qingdao 266071, China)

Abstract Realizing effective cross-regional innovation cooperation not only helps to enhance the overall scientific and technological
innovation capabilities of the Yellow River Basin, but also is crucial for promoting the western development strategy and achieving
industrial upgrading and leapfrogging in the western region. The innovation collaborative network composed of various enterprises,
universities, and research institutes across different regions in the Yellow River Basin helps to break down information silos and help
provinces and cities fully achieve information sharing in open scientific and technological innovation cooperation platforms. The cross-
regional innovation collaborative network that have been constructed in the Yellow River Basin consists of cooperation relationships
between provinces within the Yellow River Basin, as well as cooperation relationships between provinces within and outside the basin.
This study investigated the current situation of technological innovation cooperation in the Yellow River Basin reflected by the
network, and the results showed that the network composed of the former showed an uneven distribution pattern of “dense in the east
and sparse in the west” in space, but the density of innovation collaborative network has increased in recent years. The network
composed of the latter initially had uneven spatial distribution, but recently the breadth and depth of cooperation have significantly
increased. There are still many obstacles to scientific and technological innovation cooperation in the Yellow River Basin. Firstly, a
large-scale and comprehensive innovation collaborative network is defective, mainly manifested in insufficient innovation cooperation
among provinces within the Yellow River Basin. Moreover, the lack of a comprehensive and multi-level cross-regional institutional
collaborative operation mechanism makes it difficult to fully leverage the role of cross regional innovation collaborative networks. In
view of this, this study proposes to improve the innovation collaborative cooperation system from the central to the local level, from
top to bottom, and follow the optimization idea of “enhancing the top level design capabilities—improving the collaborative network—
enhancing cooperation awareness—coordinating regional regulations—forming cross regional alliances—creating a collaborative
innovation ecosystem—exploring innovation cooperation opportunities” to build the scientific and technological innovation corridor in

the Yellow River Basin innovation corridor.

*Corresponding author
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