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Tab. 1 Classification of countries in the Belt and Road (BRI) regions

I3 IX A B FEZ

EHE EHE

SHIX EUINKC E

LARIARS WEBESEIE . FURTEIIE | g e | S S | R S0

AR BN TORVEE . EDEEJEPEIE . ARFE . SOk REL g, B B ROm%E . AR
X EpE . EURERN . POV, i R BRI R JTR

PEMALARDC MRS WOSSR., BUZERRE . OHY). LHIL . DR RURINE ., CUETE . DLES . Z1E
RO, VPRRBTRAN . BIBCRG . BhERE . CUbR. REEL BT L, B

THZRBRIX. FPJEW. . PUBAE. . SERsE . Bt B, WREAOE. fR] BRESOEr.. BRI,
WP, R GUNADNE . BV, BERZTL, Ml B, FERYEW., TH, gt

2.2 HEFRIR

Matthiessen 55", Li %1 Ma 55222 F A R G AR SCVE A A [a] Ik Rl o8 N Gk
BRSSO BB A AR R B S i B R IIE R, IF X A1
WL EHEAR LT L R HE A 3R, BONTE Z 5 B G AE X 45 1 i B e %

TP CRERENRE “—i—H IR EZRZ AT INEE S ER 4, R eBkR
BRI EVEMLS, RIS G5 PR — 30, AR SCEHE Web of Science %D 4ES, +
B A WOS #%0 G 82 55000 P 2t A L e HLAUR RS2 e 1 B B i 22—, BSR4
SCIFISSCITIZR T ; WOS 7 Z IR IR T WS SCA1ESME , EAT Sl vt &
P e ] DA ) 2600 T 500 2 X LA S R 2 [ ) S VR o

I WOS U B 550 P R A R LRI vE 458, A “—alr — K7 TRk 65 E Y3
SCAAFR, A3 B ARGy S 2013 4EFN 2018 4F, i FC R H R FR L 65 [ 118 308 . T
FAEER AR Z R R, Fln, bR AR o KR . B, s R
1T, HEIMHFEER OGS, #5E, P E8dad B, SHRmT . O Sk
EE SR, UKIEE N—DANEE 2 ANFJE— A E KW SC8dE; @ REmA
K UL _EAS R A AR e S8 s B X i 34l DL AN ] [ R4 3 4 16 S8R



54 BFES A il — U [ RIS R I 45 ) 22 045K SR L] 1073

i, WERHPPA A, B REZREELR:; @ BaRHARE S AR R
ARG A %" U E RN IR S EMAINR SRR

2.3 |RAZE

2.3.1 GIS W54 (&BI ArcGISE4 V-5, it Network Analyst B4 T O-D (Ori-
gin-Destination) Hi[4, # %= BIFHIEGAE O-D W48 ik g2 AT Tl ik Rk, R
F A SRIBIMEE X [ 5 Z [ A S VR SR B A TSR0 o), 0 IR R . BORERR . 4§
R RN R o

232 HibME AR RIWFEVEMZS 2 d 1 S, ARSI NERK, LE
TR EZME R Z e SCE R . i T RISV R0 45 02 9 4 [ 58 2 1) f9 3 7] % 3C
i, DU SO A8 SCE AR R 28 AR B2 A TS 5 B ST e ok i TSI B RE C, FRFE C
FF'% n ’/T—};Fu n ﬁfJ E@%Wi@iﬁ%{ﬁ*ﬁ% . ‘H_IEI] Cn(n—l):C(n—l)n :

0 C, Cy o Cl(n— 1) G,
C, 0  Cyp = Gy, G,
co| G0 c,, G,
C(n—l)l C(n—l)Z C( -3 0 C(n—l)n
Cnl an Cn3 ot Cn(n— I 0

233 B BALE UL (strength centrality) 455 4% thEAN Y LIk Y H;
M P AT 15 25 B R T A, R A ZE I 25 P IR A A B FLOF
SR P24 R 5 R 5 5 LA 5 2 BRI & e SCHOSR A, B S0 [ 5 7
TR R R SOOI

s=Y ¢, (1)

Kb SAEREZ RO, B ES M E RS S am; jAARSER
AYEMHAME S NMUREZSE; CAARER I SEE G1EL .
234 FPSEAER EHULE (degree centrality) S5 5N L8 Y s AH i A HAD Y
SUBEANE, 2 R R R S B AR AR R IE L B BB 28 S e T IR N £ g AL
Jio FE BT ISR g, B BEAER RN E R A AR SR ER
E R, RIEANEZK B SN R RE 1 BAE M 285 H AL

D=3, 2)

Krp: DREEREDOE, WS 6EERNSEE; VAAREDEREZESETE
BHFGAE, WRAREEAE, VIURE 1, BARMES RN 0,
2.3.5 AP EAEAL b (betweenness centrality) Se i B 2% b BT e AR
ZerZ S B Lo RS TR s A O BEAEROR 1 RH JEEAE X 2% v A B e 4 ol
BES1. 78 “—a —B%” BHEEEML T, WS b AR L E R EM L iy 8
Hil” By, WRNEBHAMAMARRE S, Y HHESFITRT ER

B-YY Z(l) (3)
A BAAERA O, RIER i FERER M R i3 Hlae 715 kCEREREIZ i ME % j Z 5
PHABE S s LdRom BEISE Mk Z M B AR 558 La(h) 3R B4 il k Z [l i B A 248
HERRE
23.6 i == AR Hazir F R Mitzea S5 A P& a7 S m e (4G 9 im




1074 o B WE 5T 394

i JE k. ML, HUOEERE) RIS A A A AR G FR A e D) 26 T 1l g Ak R EE 2 A
o B, A IXR RECOCT B R ERE PR IYIEFE R Cao S50 TRHA 1R M
LEABUTPEFE AR eSS, BRI 5 F AR PR AN 1 R TE) 21030 M WA 2 TR T T 2 45 R &
VER 28 ZAREVESS IR AL, B R & R - B2 )y 3R 2. i T RS 1 [ K
FERMF SRR SCE , VAR Bs, FEEREREHO TR, FER R iy
R Z A 220K, APl BE R R, PRI+ 61 — 30X Rl (negative binomi-
al regression) M7 SRR BHING SCHAE M IHILT] -
C,=a+p Paper,+ B, Paper,+ f,Eco, + ,Eco, + B FDI, + B, FDI, + 5, Distance,
+p.Socialpro, + B, Languagepro,; + 9, (4)
Kb CFRPRA S, MERMER ) ZEeSCEEREE; o EEO; o, kRl
RZ2I1; Paper M Paper AR E i F1j 1 & SCEUE 5 Eco M Eco AR IEI K i Flj i4 55 &
K- FDLAFDIARFE S i F1j WX ANFICREE 3 Distance, Ze i FEA0 T, Bl filj 22
[IRYIEES, BEREEOR, HBRARIT MR Languagepro, AAGRTE F 2B, Wi M/ AE 5
S NHEES, WA 1, B0 0; Socialpro ACFAT£40ITME, [ ML AN E K (1) 56
R, HTAS A2 E R Z A RIS R 2%, R LT B KRR E SCE 1R iR
B, 8% Scherngell 5 AYAH5T, 4% Jaccard $8 BORAC R A F 22 ] 94T 2400

(5)

Socialprolj = m
i J ij

Af CARRMANEZIESCE R UL SIS MBI A1) RIS SCRTESRIE
®2 TEREMEAR

Tab. 2 Variables and the measurement methods
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Tab. 3 Structural parameters of internal and external scientific collaboration network of the BRI countries
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Fig. 1 Sources of external scientific collaboration in various sub-regions of the BRI countries
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Fig. 2 The scientific collaboration network between the BRI countries and other countries in the world
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Fig. 3 The scientific collaboration network of the BRI countries
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Fig. 4 The proportion of scientific collaboration among the sub-regions in the BRI countries
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Fig. 5 The hierarchical structure of the scientific collaboration network of the BRI countries
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Tab. 4 Network statistical characteristics on hierarchical structure of the scientific collaboration network of the BRI countries
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Tab. 6 The negative binomial regression of the scientific collaboration network

T 1 TR 2 i3
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FEARZR 1226 1676 1226 1676 1226 1676

e o®, BRI RIFOR P < 010, P < 0.05F1P < 0.01; 355 N M R A0 R @ rE bR i

], IERAR 2 R AR HUIX I 28 5F A RS 1 ek /2 A ORI L 7= H RS54
ok, N TERTEA CRIBMIKY-, S22 Ut & KP4 i B RS EECR B A2 T),
THIFER FARR) B AR SR AFAE TR A IR R LD, X AMTFROREEE A F) T 95 [ 2 8] i R
PREER, FF H P ARRCRAE R/ VAR 3, S XE SN IFT0A M T R B S H A [ K
ORISR BE AR 1, S50 s$ [ 22 (] i Sr 2 AR R ORI A 0

M Z A 2 AE LRI EDL TR, BHIHESCE /RS W A s BRFE RS S L, R
PRI AR BHIEG VR R 45 O TE AT 35 25 e B0 o 81 40 Hoekman S5 A S WG A 7T
HOZ R HE M AR S AR B Y], MR EEBOR, SRR B T 4R 2B
PRI AEXT SR, NS B o (HMERPERE, i —H" Iy i e
XERHIHE SCE R T AR HTZ #8115 ESCR oA — 2, 9mIRZR R  Ae AE A
BOm R WIS, e 5 ZRGRR B 5, IR PR A ] K 1) 2 3 O AR SS R S R T
1, LA BRAE V22 i BCHE R AW U 2 D A R PR RO RHITIR S BOG, IRAh e
HRRE BEARWS R T M IR, A BT e RHIHE SCE VR R 2 B A 2
FEWIEER, IWRZEEE 7RIS RIS, 55 ZHROE /R, EEE
HARRZHEEY, R TSRS RN TE, SRS MR T REME T HAT B
TSP, Jf BB fedt i T ME AA RS2 G R Bk, 1Ak, Miorer
SFIN A 2 R D RIS [ REWS 78 2 MR T 53k [ A s Hh R B 1 2505, oA
SR Bh 1 5 3h 11, T8 AR MERT 2013 4R W R b X BHIF A VE A B — 2 I e E 1
M, JEHGRIERARER . PEME . ZR R DR A ) B R e A, T 52
W, weed A EANET, AT RHIES VR BA e VR EUR 2018 4R 15 BT PEXS T 4R
FHIFS AR ITIR 2BLGARSC, T8 5 W RHHE SCE VR g s 200, e S
CANFERM “—aff—i” R EZ RIS R EZ R, XA BB 245
| Z (B A LA S B i, AR AR NI



54 BFES A il — U [ RIS R I 45 ) 22 045K SR L] 1083

5

5.1 &g

ASCL)L Web of Science #% /03 G B SCEHE M EEA, 73 5IR4E 2013 4E A1 2018 4F “—
W8 IE 65 N E X MBHINE SCEVESWE , R GIS 2 [ 43#r ik . +h 4853 )y
RV I E ik, WEIE i — T UTZR 65 R BHIFA1E R 45 1Y 2 oAb S5 A RRAE
FE T OB LS . EELELT

(1) 7ERBRNE I, “—i—" WAL EX IS ER R R AR L2, 4 E 20
FRHIF R S H %, (B, NERA1E RS BREA K ST L AN E R & 1EfE
BE . WARERZSAIZE MM SRR, 2013—20184F, “—iF —i%” IFA A& EH 52 KBHFA1E
PP 265 S B FH 2013 AR AR L S [ R ] = A XA i) = T8 £ 28454, 1] 2018 4F
BRI . b3 (EE. ER) . ARl Coomst) . AW (hE. BA) . REM (K
FIE) G2 ANEEXAMT) 2B FREIREFEAE

(2) “—F—H" WLk 65 ERMIF G AE M 45 1 45 [BI 25 A 7E 2013 4F R B DL [ L WP AR
W DX R A0 i AR L), o [ A RHIE B VR I 28 g 1) e 28 B 1 X, TR AR RR IX s 2
) A AT S I 3R i B A I 28 454 5 2018 4F, LR IARIE R I2 T, SIHLL “—
X7 (FPARERIX) LIRS W, thE L Bromd . EpEE. YWHRE “Z2.07 M ZiEa4e
gE5k, BARGAEGURI MG % A IR T . FESFREs i L, TR E RIS 1R M4 3
BRI T -AEDT SEREER, I H RO AU OB AR SRR A R
B VEPI 28 A% O B P s 0 o, 55 — RN SR DU S G2 A R HITE A X 4% 1) 300 5 Ay o
TEERILE A L, IR TEM G 2t B0 RS h S5k m s . eIk
“ZiHR LR MR SRR

(3) WWERERKIWBISE ) . S8 BB . XA HORE B 55 AR S X RIE A )
LA R VEER, JoHRBMIESE S FIXS ANT ORI, T4 5% & J K- B4 F
5590 HUPRERIT PEXTRHIEA VR 28 B8 A 25 W 2 e i E T, (B FEZ s o 2548
VPR R T RIS SCA TR BN, X4 E FRME SV E BB e S/ . i
HABLYERT “—i—B” TR EMF SRR R B TS, AR “—ar—” U
LEFMBHFEENEZEFE,
5.2 iFig

A SCHYBHIFE SCE YRR &R 4580 (full counting) 72, MRAERSE—AFE#H BL
HAE AR S e A oT sk EE SRk, 2T AR E R SRS SCh i E S, Fit
A JE BB SR AT LIAR B A T4 (weighted counting) B9 A7 004L . SCEER FHRMIFIS SC
BT C—H—%" R EZRFSEM 2o kst , AL Ma1E . vk
WHAE. BEAEFEME TS ERIER, Hibs 5 A 25T 2B
FIRHIEA VR 28 1 2540 AL A T2 600, I HETIR S, TRIGEARRIE A RS
VE M5 (R 2548 S AL AT XS b 32 S SCA YRR H At RO ARIME R R g 2 b, ikt
T LA ERSIA G R E A . A, ERMFSVERZ s mpLE i, 45
o7 I AN ) RURE X 48 2548 (0 T AL 6T E 20T, 2 H IR 2% PR AN [] - 38F =2 ] 71 DR 24 B 2R
T ALY 25 5

2 % T Hk(References)

[ 1] Scherngell T, Barber M J. Distinct spatial characteristics of industrial and public research collaborations: Evidence from
the Fifth EU Framework Programme. The Annals of Regional Science, 2011, 46(2): 247-266.



1084 o B WE 5T 394

[ 2 ]Adams J, Loach T. Comment: A well-connected world. Nature, 2015, 527(7577): S58-S59.

[ 3 1 Adams J. Collaborations: The rise of research networks. Nature, 2012, 490(7420): 335-336.

[ 4] B v, 3 TR0 30 i b 6T I 26 0T 5% i R 5 R R, 28 P HL 3L, 2016, 36(11): 207-213. [Ma Haitao. Research
progress and prospects of city networks based on knowledge flow in China. Economic Geography, 2016, 36(11): 207-
213.]

[ 5] Gluckler J. Economic geography and the evolution of networks. Journal of Economic Geography, 2007, 7(5): 619-634.

[ 6 ] Nascimbeni F. Collaborative knowledge creation in development networks: Lessons learnt from a transnational. The
Journal of Community Informatics, 2013, 9(3): 1-8.

[ 7] Breschi S, Catalini C. Tracing the links between science and technology: An exploratory analysis of scientists’ and in-
ventors’ networks. Research Policy, 2009, 39(1): 14-26.

[ 8 ] TerWal A L. Cluster emergence and network evolution: A longitudinal analysis of the inventor network in Sophia Antipo-
lis. Regional Studies, 2013, 47(5): 651-668.

[ 9] Scherngell T, Hu Y J. Collaborative knowledge production in China: Regional evidence from a gravity model approach.
Regional Studies, 2011, 45(6): 755-772.

[10] Balland P A. Proximity and the evolution of collaboration networks: Evidence from research and development projects
within the global navigation satellite system (GNSS) industry. Regional Studies, 2012, 46(6): 741-756.

[11] Cassi L, Plunket A. Research collaboration in co-inventor networks: Combining closure, bridging and proximities. Re-
gional Studies, 2015, 49(6): 936-954.

[12] De Prato G, Nepelski D. Global technological collaboration network: Network analysis of international co-inventions.
The Journal of Technology Transfer, 2014, 39(3): 358-375.

[13] Nepelski D, De Prato G. The structure and evolution of ICT global innovation network. Industry and Innovation, 2018,
25(10): 940-965.

[14] Fischer M M, Griffith D. Modeling spatial autocorrelation in spatial interaction data. An application to patent citation da-
ta in the European Union. Journal of Regional Science, 2008, 48(5): 969-989.

[15] Scherngell T, Barber M J. Spatial interaction modelling of cross-region R&D collaborations: Empirical evidence from
the S5th EU framework programme. Papers in Regional Science, 2009, 88(3): 531-546.

[16] Ma H T, Fang C L, Pang B, et al. Structure of Chinese city network as driven by technological knowledge flows. Chi-
nese Geographical Science, 2015, 25(4): 498-510.

[17] Matthiessen C W, Schwarz A W, Find S. The ups and downs of global research centers. Science, 2002, 297(5586): 1476~
1477.

[18] Breschi S, Lenzi C. Co-invention networks and inventive productivity in US cities. Journal of Urban Economics, 2016,
92: 66-75.

[19] Matthiessen C W, Schwarz A W, Find S. World cities of scientific knowledge: Systems, networks and potential dynam-
ics. An analysis based on bibliometric indicators. Urban Studies, 2010, 47(9): 1879-1897.

[20] Ma H T, Fang C L, Lin S N, et al. Hierarchy, clusters, and spatial differences in Chinese inter-city networks constructed
by scientific collaborators. Journal of Geographic Science, 2018, 28(12): 1793-1809.

[21] Liefner I, Hennemann S. Structural holes and new dimensions of distance: The spatial configuration of the scientific
knowledge network of China’s optical technology sector. Environment and Planning A, 2011, 43(4): 810-829.

[22] Li Y C, Phelps N. Megalopolis unbound: Knowledge collaboration and functional polycentricity within and beyond the
Yangtze River Delta Region in China, 2014. Urban Studies, 2018, 53(2): 1035-1047.

[23] EhifEdE, FEIEAR, 25300 . S s VR A VA DX ol A R R 22 O AL A R S LB, S B4R, 2018, 73(12): 2297-2314.
[Ma Haitao, Huang Xiaodong, Li Yingcheng. The evolution and mechanisms of megalopolitan knowledge polycentricity
of Guangdong-Hong Kong-Macao Greater Bay Area. Acta Geographica Sinica, 2018, 73(12): 2297-2314.]

[24] Schartinger D, Rammera C, Fischer M M, et al. Knowledge interactions between universities and industry in Austria:
Sectoral patterns and determinants. Research Policy, 2002, 31(3): 303-328.

[25] Fritsch M, Kauffeld M. The impact of network structure on knowledge transfer: An application of social network analy-
sis in the context of regional innovation networks. The Annals of Regional Science, 2010, 44(1): 21-38.

[26] Huggins R, Prokop D. Network structure and regional innovation: A study of university-industry ties. Urban Studies,
2017, 54(4): 931-952.

[27] Hou H, Kretschmer H, Liu Z. The structure of scientific collaboration networks in Scientometrics. Scientometrics, 2008,
75(2): 189-202.



54 BFES A il — U [ RIS R I 45 ) 22 045K SR L] 1085

[28] Leydesdortf L, Persson O. Mapping the geography of science: Distribution patterns and networks of relations among cit-
ies and institutes. Journal of the American Society for Information Science and Technology, 2010, 61(8): 1622-1634.

[29] Li D, Wei Y H, Wang T. Spatial and temporal evolution of urban innovation network in China. Habitat International,
2015, 49: 484-496.

[30] Z5HY, VT3, Bt &5 ob T ROZERR 2 R0 R 46 5 HOR AR M 28 540 I 2 2 2 k. SPRIFSE, 2015, 34(3):
525-540. [Li Dandan, Wang Tao, Wei Yehua, et al. Spatial and temporal complexity of scientific knowledge network and
technological knowledge network on China's urban scale. Geographical Research, 2015, 34(3): 525-540.]

[31] BHLE, FEEch, Sl i 32 BT (Rl A BRI RS . M BERL22, 2015, 35(1): 30-37. [Lv Lachang, Liang Zhengji,
Huang Ru. The innovation linkage among Chinese major cities. Scientia Geographica Sinica, 2015, 35(1): 30-37.]

[32] Giuliani E. Network dynamics in regional clusters: Evidence from Chilean wine cluster. Research Policy, 2013, 42(8):
1406-1419.

[33] Ballanda P A, Suireb R, Vicentec J. Structural and geographical patterns of knowledge networks in emerging technologi-
cal standards: Evidence from the European GNSS industry. Economics of Innovation and New Technology, 2013, 22(1):
47-72.

[34] Hazir C S, LeSage J, Autant-Bernard C. The role of R&D collaboration networks on regional knowledge creation: Evi-
dence from information and communication technologies. Papers in Regional Science, 2018, 97(3): 549-567.

[35] VEW, 25T, IR 26 25 (1] 45 44 38 Ak Bk NIS H2 Be i4 05 7 - LT [ A= HOR FRCR 4. s BB 5T, 2011, 30(10):
1861-1872. [Wang Tao, Li Dandan. Spatial structure evolution of knowledge network and its impact on the NIS: Case
study of biotechnology in China. Geographical Research, 2011, 30(10): 1861-1872.]

[36] ERKE, BRI, H I BR. rh R A il il = 25 AR BB W 28 4. Hh P24, 2016, 71(2): 251-264. [Wang Qiuyu,
Zeng Gang, Lv Guogqing. Structural evolution of innovation networks of China's equipment manufacturing industry. Ac-
ta Geographica Sinica, 2016, 71(2): 251-264.]

[37] Jaal, W, £ 40k, 5.t HLFE B RIH 2% 5 R ST 5E. i BEREE, 2017, 37(5): 661-671. [Zhou Can,
Zeng Gang, Wang Fenglong, et al. Innovation network structure and innovative performance: A study of China’s elec-
tronic information industry. Scientia Geographica Sinica, 2017, 37(5): 661-671.]

[38] Heimeriks G, Boschma R. The path-and place-dependent nature of scientific knowledge production in biotech 1986-
2008. Journal of Economic Geography, 2014, 14(2): 339-364.

[39] Gertler M S. Tacit knowledge and the economic geography of context, or the undefinable tacitness of being (there). Jour-
nal of Economic Geography, 2003, 3(1): 75-99.

[40] ZEPHPE, VEE, JANE. BTN A28 ]RUBE A R TE G ) 28 25 R RRIE IS MR, 2013, 33(10): 1180-1187. [Li Dan-
dan, Wang Tao, Zhou Hui. The structural characteristics of knowledge spillover networks based on different spatial and
temporal scales. Scientia Geographica Sinica, 2013, 33(10): 1180-1187.]

[41] Rigby D. Technological relatedness and knowledge space: Entry and exit of US cities from patent classes. Regional Stud-
ies, 2015, 49(11): 1922-1937.

[42] Bathelt H, Malmberg A, Maskell P. Clusters and knowledge: Local buzz, global pipelines and the process of knowledge
creation. Progress in Human Geography, 2004, 28(1): 31-56.

[43] Hoekman J, Frenken K, Tijssen R J W. Research collaboration at a distance: Changing spatial patterns of scientific col-
laboration within Europe. Research Policy, 2010, 39(5): 662-673.

[44] Balland P A, Boschma R, Frenken K. Proximity and innovation: From statics to dynamics. Regional Studies, 2015, 49
(6): 907-920.

[45] Autant-Bernard C, Billand P, Frachisse D, et al. Social distance versus spatial distance in R&D cooperation: Empirical
evidence from European collaboration choices in micro and nanotechnologies. Papers in Regional Science, 2007, 86(3):
495-519.

[46] Agrawal A, Kapur D, McHale J. How do spatial and social proximity influence knowledge flows? Evidence from patent
data. Journal of Urban Economics, 2008, 64(2): 258-269.

[47] Breschi S, Catalini C. Mobility of skilled workers and co- invention networks: An anatomy of localized knowledge
flows. Journal of Economic Geography, 2009, 9(4): 439-468.

[48] Cassi L, Plunket A. Proximity, network formation and inventive performance: In search of the proximity paradox. The
Annals of Regional Science, 2014, 53(2): 395-422.

[49] Leszczynska D, Khachlouf N. How proximity matters in interactive learning and innovation: A study of the Venetian
glass industry. Industry and Innovation, 2018, 25(9): 1-23.



1086 o B WE 5T 394

[50] Caragliu A, Nijkamp P. Space and knowledge spillovers in European regions: The impact of different forms of proximity
on spatial knowledge diffusion. Journal of Economic Geography, 2015, 16(3): 749-774.

[51] Crescenzi R, Nathan M, Rodriguez-Pose A. Do inventors talk to strangers?: On proximity and collaborative knowledge
creation. Research Policy, 2016, 45(1): 177-194.

[52] Miorner J, Zukauskaite E, Trippl M, et al. Creating institutional preconditions for knowledge flows in cross-border re-
gions. Environment and Planning C, 2018, 36(2): 201-218.

[53] Boschma R, Martin R. The Handbook of Evolutionary Economic Geography. Cheltenham: Edward Elgar Publishing,
2010: 120-135.

[54] Broekel T, Mueller W. Critical links in knowledge networks: What about proximities and gatekeeper organisations?. In-
dustry and innovation, 2018, 25(10): 919-939.

[55] Nooteboom B. Learning by interaction: Absorptive capacity, cognitive distance and governance. Journal of Management
and Governance, 2000, 4(1): 69-92.

[56] Balland P A, Belso-Martinez J A, Morrison A. The dynamics of technical and business knowledge networks in industrial
clusters: Embeddedness, status or proximity?. Economic Geography, 2016, 92(1): 35-60.

[57] TRFLRG, 25 A, SHRL. v D3k i o) AR B A% 00 23 [T ARAE S AR PEHLEE. Mo FRARL#HEE, 2019, 38(3): 370-382. [Zhang
Yiou, Gu Renxu, Ma Shuang. Spatial characteristics and proximity mechanism of technology transfer among cities in
China. Progress in Geography, 2019, 38(3): 370-382.]

[58] Boschma R. Proximity and innovation: A critical assessment. Regional Studies, 2005, 39(1): 61-74.

[59] Romero C C. Personal and business networks within Chilean biotech. Industry and Innovation, 2018, 25(9): 1-33.

[60] X TLZR, HERZR, RRIGEHR, &« — Rk SR AIT ST, JL 5 745 EN-B4, 2017: 32-38. [Liu Weidong, Tian Jinchen, Ou
Xiaoli, et al. The Belt and Road Strategy Research. Beijing: The Commercial Press, 2017: 32-38.]

[61] World Bank. World Bank Country and Lending Groups. https://datahelpdesk.worldbank.org/knowledgebase/articles/
906519-world-bank-country-and lending-groups, 2019-02-15.

[62] Li Y C, Phelps N. Knowledge polycentricity and the evolving Yangtze River Delta megalopolis. Regional Studies, 2017,
51(7): 1035-1047.

[63] XK I, HEK B, BEL, 45, A BRBHITIS SCE 1 258 1 45 0 5 Bk B HC AR PENLIL. M3 27412, 2017, 72(4): 737-
752. [Liu Chengliang, Gui Qinchang, Duan Dezhong, et al. Structural heterogeneity and proximity mechanism of global
scientific collaboration network based on co-authored papers. Acta Geographica Sinica, 2017, 72(4): 737-752.]

[64] Mitze T, Strotebeck F. Centrality and get-richer mechanisms in interregional knowledge networks. Regional Studies,
2018, 52(11): 1-13.

[65] Yoon J, Blumer A, Lee K. An algorithm for modularity analysis of directed and weighted biological networks based on
edge-betweenness centrality. Bioinformatics, 2006, 22(24): 3106-3108.

[66] Hazir C, Autant-Bernard C. Determinants of cross-regional R&D collaboration: Some empirical evidence from Europe-
an biotechnology. Annals of Regional Science, 2014, 53(2), 369-393.

[67] Mitze T, Strotebeck F. Determining factors of interregional research collaboration in Germany s biotech network: Capac-
ity, proximity, policy?. Technovation, 2019, 80(3): 40-53.

[68] Cao Z, Derudder B, Peng Z W. Interaction between different forms of proximity in inter-organizational scientific collabo-
ration: The case of medical sciences research network in the Yangtze River Delta region. Papers in Regional Science,
2019, 98(4): 1-22.

[69] Ter Wal A L, Boschma R. Co-evolution of firms, industries and networks in space. Regional Studies, 2011, 45(7): 919-933.

[70] Cassi L, Morrison A, Rabellotti R. Proximity and scientific collaboration: Evidence from the global wine industry. Tijd-
schriftvoor Economische en Sociale Geografie, 2015, 106(2): 205-219.

[71] Laursen K, Reichstein T, Salter A. Exploring the effect of geographical proximity and university quality on university-in-
dustry collaboration in the United Kingdom. Regional Studies, 2011, 45(4): 507-523.

[72] Plotnikova T, Rake B. Collaboration in pharmaceutical research: Exploration of country-level determinants. Scientomet-
rics, 2014, 98(2): 1173-1202.



54 BFES A il — U [ RIS R I 45 ) 22 045K SR L] 1087

The multiple structure and formation mechanisms of the scientific
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GU Weinan"**, LIU Hui"*>* , WANG Liang"**

(1. Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China; 2. Key
Laboratory of Regional Sustainable Development Modeling, CAS, Beijing 100101, China; 3. College of
Resource and Environment, University of Chinese Academy of Sciences, Beijing 100049, China;

4. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Scientific collaboration has become an important part of the people- to- people
exchanges in the Belt and Road Initiative, and remarkable progress has been made since 2013.
Taking the 65 countries in the Belt and Road regions, hereafter called the BRI countries, as the
research areas and using the collaborated WOS core collection papers to construct the inter-
national scientific collaboration matrix, the paper explores the multiple structure and formation
mechanisms of the scientific collaboration network of BRI countries through the GIS spatial
analysis, social network analysis and negative binomial regression. The results show that: (1) at
the global scale, knowledge flow is becoming more and more frequent, and the degree of
internal collaboration within BRI countries is not as close as that of collaboration with other
countries in the world. All the sub-regions of BRI regions have the most external collaboration
links with Europe outside BRI regions. The global scientific collaboration network based on
the BRI countries has changed from a "tripod" framework of Europe, USA, China to the
"polygon" framework of Europe, USA, China, Japan, Canada, Australia and other dense
regions. (2) The spatial structure of the collaboration network within the BRI countries is
transformed from the "dual-core" type (China and Central & Eastern Europe) to the "multipole"
type (Central & Eastern Europe, Russia, China, Singapore, India, Saudi Arabia, etc.). The
hierarchical structure presents a typical "core-periphery" pattern, the core countries of which
change from single core (China) to dual cores (China and India). In terms of control structure,
the type has changed from one superpower (China) to multi great powers including China,
India, Russia, Poland, Czech, Turkey, Malaysia and Iran, which presents a pattern of "high in
the surroundings while low in the middle". (3) The main formation mechanisms of scientific
collaboration network of BRI countries depend on scientific research ability, the level of
economic development, the level of foreign linkage, and proximities such as geographical
proximity, social proximity and language proximity. Among them, scientific research ability
and social proximity play the most important role, while geographical distance gradually
weakens the hindrance to scientific collaboration.

Keywords: scientific collaboration network; multiple structure; formation mechanisms; the
Belt and Road countries



