
In recent decades, the European UnĜon (EU) has establĜshed Ĝtself as one of the world's 
most advanced and coordĜnated ĜnnovatĜon hubs, reflectĜng a strong commĜtment to 
leveragĜng new technologĜes to maĜntaĜn global competĜtĜveness. The EU’s success Ĝs 
buĜlt upon a dual focus: promotĜng cuttĜng-edge scĜence whĜle sĜmultaneously brĜdgĜng 
regĜonal dĜvĜdes through ĜnclusĜve growth. SĜgnĜfĜcant polĜcy Ĝnstruments, such as HorĜzon 
Europe and Smart SpecĜalĜsatĜon StrategĜes (S3), have been Ĝnstrumental Ĝn customĜzĜng 
ĜnnovatĜon support to leverage regĜonal comparatĜve advantages. However, the world Ĝn 
whĜch European busĜnesses operate has become ĜncreasĜngly unstable due to external 
forces lĜke ChĜna's Belt and Road InĜtĜatĜve (BRI). Launched Ĝn 2013, the BRI Ĝs a state-led 
global strategy that reconfĜgures trade routes and technology flows, ĜntroducĜng new 
uncertaĜntĜes and competĜtĜve pressures for EU fĜrms. ThĜs study examĜnes the Ĝmpact of 
the BRI on the European ĜnnovatĜon ecosystem by utĜlĜzĜng fĜrm-level data from the 
CommunĜty InnovatĜon Survey (CIS) across 12 countrĜes for the 2012–2018 perĜod. 

The empĜrĜcal core of thĜs study relĜes on fĜrm-level responses from the CIS provĜded by 
Eurostat. The fĜnal sample focuses on 12 countrĜes that provĜded consĜstent data across 
all survey perĜods, ensurĜng the avaĜlabĜlĜty of fundamental varĜables. ThĜs geographĜc 
selectĜon Ĝs strategĜcally sĜgnĜfĜcant; most of the sampled natĜons are members of the 
"CooperatĜon between ChĜna and Central and Eastern European CountrĜes" (CEEC) 
InĜtĜatĜve, provĜdĜng a dĜrect lens Ĝnto the regĜons most targeted by ChĜnese Ĝnvestment and 
busĜness enhancement eƯorts. The dataset Ĝncludes a robust representatĜon of the 
"17+1" format, alongsĜde major Ĝnnovators lĜke Germany and marĜtĜme hubs lĜke SpaĜn and 
Portugal, the latter of whĜch are crucĜal for capturĜng the Ĝmpacts of shĜftĜng marĜne 
transportatĜon costs. By analyzĜng data from 2014 onwards, the study captures the 
evolvĜng repercussĜons of the BRI followĜng Ĝts 2013 announcement, mappĜng how trade 
cost declĜnes Ĝnfluence R&D expendĜture and productĜvĜty. 

To rĜgorously evaluate the causal relatĜonshĜp between BRI-Ĝnduced changes and fĜrm 
performance, the study addresses the endogenous nature of ĜnnovatĜon and export 
dynamĜcs by constructĜng an Ĝnstrumental varĜable: "Expected Export Volume Changes" 
(EEVC). FollowĜng the methodology of AghĜon et al. (2018), the EEVC represents a 
localĜzed exogenous demand shock. It Ĝs calculated by aggregatĜng the expected Ĝncrease 
Ĝn Ĝmports wĜthĜn the destĜnatĜon markets of the sample countrĜes—drĜven by a reductĜon 
Ĝn trade costs—whĜle strĜctly excludĜng the Ĝmports orĜgĜnatĜng from the sample country 
Ĝtself. ThĜs ensures the shock Ĝs vĜewed as an external Ĝncrease Ĝn customer demand that 
cannot be attrĜbuted to the domestĜc producers' own actĜons. 

The constructĜon of the EEVC dataset Ĝnvolves a multĜ-step ĜntegratĜon of three prĜmary 
sources: CEPII’s BACI trade data for 2011, the World Bank’s BRI Global Database for 
sectoral trade cost reductĜons, and the CIS survey. By calculatĜng the trade volume 
response to a hypothetĜcal declĜne Ĝn costs and weĜghtĜng these shocks by the destĜnatĜon 
market’s share Ĝn a country’s total sectoral exports, the study creates a robust proxy for 



the BRI's Ĝmpact. WhĜle these fĜgures were consĜdered for every stage of the MMK model, 
they are prĜmarĜly utĜlĜzed Ĝn the ĜnĜtĜal stage—R&D propensĜty and expendĜture—where 
they yĜeld the most statĜstĜcally robust results. ThĜs analysĜs focuses exclusĜvely on the 
trade of goods, as servĜce sectors exhĜbĜt dĜstĜnct dynamĜcs that fall outsĜde the scope of 
tradĜtĜonal Ĝnfrastructure-led trade cost models. 

The research Ĝs grounded Ĝn the MaĜresse-Mohnen-Kremp (MMK) framework, an extensĜon 
of the classĜc CDM model. ThĜs framework structures the relatĜonshĜp between ĜnnovatĜon 
Ĝnputs, outputs, and productĜvĜty as a sequentĜal chaĜn. A prĜmary methodologĜcal 
contrĜbutĜon of thĜs work Ĝs the pĜoneerĜng ĜntegratĜon of spatĜal dependence Ĝnto every 
stage of the MMK structure. To estĜmate the latent varĜables wĜthĜn thĜs framework that 
may not be dĜrectly observed due to selectĜon and sample selectĜon bĜases, thĜs study 
employs the Heckman selectĜon procedure. WhĜle many prĜor ĜnvestĜgatĜons Ĝn thĜs fĜeld 
rely on generalĜzed TobĜt models, thĜs research prefers the Heckman approach because Ĝt 
allows for a clear dĜƯerentĜatĜon between the selectĜon equatĜon and the outcome 
equatĜon. ThĜs dĜstĜnctĜon Ĝs vĜtal for accurately ĜncorporatĜng the Ĝmpact of BRI-led trade 
costs on a fĜrm's ĜnĜtĜal decĜsĜon to engage Ĝn ĜnnovatĜon, a level of detaĜl that TobĜt models 
cannot explĜcĜtly provĜde. 

The Heckman procedure recognĜzes that fĜrms may delĜberately omĜt reportĜng ĜnnovatĜve 
actĜvĜtĜes, creatĜng a selectĜon bĜas that Ĝs not merely the result of data censorĜng. By 
estĜmatĜng the probabĜlĜty of a fĜrm beĜng "selected" Ĝnto the ĜnnovatĜve category, the 
model accounts for these unobserved values. ThĜs study specĜfĜcally utĜlĜzes the 
Heckman two-step procedure rather than MaxĜmum LĜkelĜhood EstĜmatĜon (MLE). ThĜs 
choĜce Ĝs drĜven by the method's resĜlĜence agaĜnst the non-normalĜty of dependent 
varĜables and Ĝts superĜor eƯĜcĜency wĜth large datasets. GĜven that the sample sĜzes Ĝn 
thĜs study consĜstently exceed 5,000 observatĜons per model, the two-step method 
eƯectĜvely avoĜds the convergence Ĝssues often encountered Ĝn MLE. To ensure the 
ĜntegrĜty of the results, potentĜal bĜases are checked vĜa bootstrappĜng. 

The two-step estĜmatĜon process begĜns wĜth a probĜt model to calculate the Inverse MĜlls 
RatĜo (IMR). ThĜs ratĜo represents the expected value of the error term Ĝn the maĜn 
equatĜon, essentĜally servĜng as a correctĜon factor for the non-zero mean of errors Ĝn a 
non-randomly selected sample. In the second step, the study extends the Heckman 
procedure by ĜntegratĜng spatĜal dependence dĜrectly Ĝnto the outcome equatĜon. To 
achĜeve thĜs, the study adopts the GeneralĜzed NestĜng SpatĜal Model (GNSM), whĜch Ĝs 
the most comprehensĜve spatĜal specĜfĜcatĜon avaĜlable. By utĜlĜzĜng the GNSM, the 
research sĜmultaneously accounts for spatĜal lags Ĝn the dependent varĜable, the 
Ĝndependent varĜables, and the error terms. ThĜs holĜstĜc approach ensures that no hĜdden 
spatĜal dynamĜcs—whether they arĜse from peer behavĜor, external shocks, or unobserved 
regĜonal factors—are neglected. 



IntegratĜng these spatĜal components Ĝnto the Heckman framework Ĝnvolved specĜfĜc 
technĜcal choĜces to ensure model convergence. Due to the computatĜonal complexĜty of 
estĜmatĜng spatĜal eƯects wĜth dĜscrete varĜables, spatĜal dependence was applĜed 
specĜfĜcally to the second-stage OLS regressĜon, where the IMR from the fĜrst stage serves 
as an explanatory varĜable to correct for selectĜon bĜas. To maĜntaĜn analytĜcal contĜnuĜty 
across the three dĜstĜnct CIS survey waves, the GNSM was applĜed consĜstently, even as 
changes Ĝn questĜonnaĜre structures requĜred adjustments to the explanatory varĜables. A 
focal poĜnt of thĜs spatĜal analysĜs Ĝs the ĜnclusĜon of spatĜal lags for the ĜnteractĜon terms 
between BRI-led trade eƯects and a fĜrm's market orĜentatĜon. ThĜs allows the study to 
capture how the combĜned Ĝnfluence of geopolĜtĜcal shĜfts and market focus rĜpples 
through geographĜcal and economĜc neĜghborhoods. 

The empĜrĜcal fĜndĜngs regardĜng these spatĜal dĜmensĜons are partĜcularly strĜkĜng, 
revealĜng that the BRI acts as a dĜsruptĜve force that can Ĝnvert the tradĜtĜonal benefĜts of 
proxĜmĜty. The analysĜs confĜrms the exĜstence of spatĜal autocorrelatĜon, ĜndĜcatĜng that 
the behavĜors of nearby fĜrms sĜgnĜfĜcantly Ĝnfluence ĜnnovatĜon actĜvĜtĜes. By constructĜng 
spatĜal weĜght matrĜces based on both geographĜcal and economĜc proxĜmĜty—derĜved 
from Eurostat’s FĜgaro Ĝnput-output tables—the analysĜs quantĜfĜes how the ĜnnovatĜve 
decĜsĜons of a focal fĜrm are Ĝnfluenced by the BRI exposure of Ĝts "neĜghbors." In the ĜnĜtĜal 
blocks of the MMK framework, the results show that the BRI Ĝncreases R&D expendĜtures 
for domestĜcally orĜented fĜrms but decreases theĜr overall tendency to engage Ĝn R&D, 
suggestĜng an "elĜmĜnatĜve eƯect" where weaker fĜrms wĜthdraw from ĜnnovatĜon. 
CrucĜally, as a focal fĜrm becomes more proxĜmate to peers orĜented toward EU-EFTA or 
global markets, Ĝts own R&D expendĜture declĜnes, turnĜng ĜnternatĜonally orĜented 
neĜghbors Ĝnto a lĜabĜlĜty under the BRI-Ĝnduced realĜgnment. 

The spatĜal models consĜstently outperform non-spatĜal ones, provĜng that local and 
networked ĜnterdependencĜes are crĜtĜcal. In the second block of the model, focusĜng on 
turnover from ĜnnovatĜve sales, the dĜsruptĜve capacĜty of the BRI Ĝs underscored by 
sĜgnĜfĜcant sĜgn reversals Ĝn spatĜal coeƯĜcĜents. WhĜle pre-BRI models show that proxĜmĜty 
to globally orĜented fĜrms Ĝs posĜtĜvely correlated wĜth ĜnnovatĜon output, thĜs relatĜonshĜp 
Ĝs frequently weakened or reversed post-BRI. ThĜs ĜmplĜes that the BRI fundamentally 
alters the nature of ĜnnovatĜon spĜllovers wĜthĜn the EU, potentĜally fragmentĜng 
knowledge-sharĜng networks prevĜously alĜgned by common regulatory standards and 
programs lĜke HorĜzon Europe. As alternatĜve global markets capture the attentĜon of 
proxĜmate fĜrms, the eƯort Ĝnvested Ĝn local knowledge spĜllovers may be dĜverted, 
dĜsruptĜng the strategĜc alĜgnment of European fĜrms. 

These results carry substantĜal polĜcy ĜmplĜcatĜons for the EU, challengĜng the assumptĜon 
that economĜc ĜntegratĜon and regĜonal clusterĜng automatĜcally support ĜnnovatĜon under 
all condĜtĜons. They suggest that ĜnnovatĜon polĜcy must be redesĜgned to account for 
geopolĜtĜcal realĜtĜes and global ĜnterdependencĜes. RegĜonal ĜnnovatĜon strategĜes, such 



as S3, should no longer be based solely on Ĝnternal capabĜlĜtĜes but must assess the 
orĜentatĜon of fĜrm networks and theĜr abĜlĜty to respond to changĜng global dynamĜcs. 
FundĜng mechanĜsms should be re-desĜgned to ensure fĜrms feel Ĝnsured agaĜnst the 
eƯects of global shocks, and polĜcy frameworks should support fĜrms Ĝn adaptĜng to 
exogenous pressures on theĜr ĜnnovatĜon capacĜtĜes. 

Furthermore, the research underscores the necessĜty of an adaptĜve and outward-lookĜng 
ĜnnovatĜon polĜcy that combĜnes resĜlĜence plannĜng wĜth regĜonal development eƯorts. 
IdentĜfyĜng systemĜc vulnerabĜlĜtĜes Ĝn supply chaĜns and knowledge flows Ĝs crucĜal for 
solĜdĜfyĜng the EU’s ĜnnovatĜon ecosystem. The fĜndĜngs reĜnforce warnĜngs raĜsed Ĝn recent 
strategĜc assessments, ĜncludĜng the DraghĜ Report (2024), whĜch stresses the need to 
address fragmentatĜon wĜthĜn the EU sĜngle market. WĜthout greater coherence and 
strategĜc coordĜnatĜon, the EU rĜsks becomĜng more vulnerable to external shocks and 
less capable of defendĜng Ĝts posĜtĜon Ĝn the global ĜnnovatĜon hĜerarchy. The BRI does not 
merely reshape Ĝnfrastructure; Ĝt reconfĜgures the foundatĜons of ĜnnovatĜon by alterĜng 
who collaborates, competes, and survĜves. RecognĜzĜng and adaptĜng to these realĜtĜes Ĝs 
essentĜal for sustaĜnĜng Europe’s competĜtĜve edge Ĝn the decades to come. 

 


