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Abstract 

Companies increasingly need to work with their partners to address sustainability issues, 
but benefits from environmental R&D cooperation can be limited by the complexity of 
its management. This paper examines how the interplay between dyadic and network 
relationships can contribute to increase the success of environmental R&D cooperation. 
Using secondary data, we examine whether the positional embeddedness in the supply 
network structure of partners engaged in environmental R&D cooperation amplifies the 
effects of cooperation on product performance. Non-monotonic effects of environmental 
R&D cooperation and embeddedness are also tested. The results indicate that the 
positional embeddedness of partners triggered by multiple sourcing strategy amplifies the 
effects of environmental R&D cooperation on product environmental performance. The 
interaction effects become however insignificant in the presence of increasing complexity 
and excessive environmental R&D cooperation. 

Keywords: sustainability; sourcing; embeddedness; innovation; collaboration; supply 

network. 
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1. Introduction 

Innovation and collaboration have become key means of integrating sustainability into 

supply chain management (SCM). Firms with innovation capabilities and managerial 

orientation towards sustainability are able to overcome constraints because they can 

identify and take advantage of the abilities and skills of a number of actors in the supply 

chain (Pagell and Wu, 2009). Additionally, collaboration plays an important role in 

significantly reducing the uncertainty of innovation and the overall costs (Beske and 

Seuring, 2014). Developing environmental innovation requires firms to invest in 

knowledge and technologies, which are predominantly positioned outside their traditional 

frame of competence. Hence, companies need to cooperate with partners whose 

knowledge and complementary competencies can reduce uncertainty and effectively 

carry out the development of the innovation required to satisfy sustainability requirements 

(Oh and Rhee, 2008; Zacharia, Nix and Lusch, 2011).  

The innovation literature has extensively demonstrated the importance of R&D 

cooperation for innovation development (e.g. Coleman and Burt, 2000; Beers and Zand, 

2013; Agostini and Caviggioli, 2015; Un and Asakawa, 2015). In the area of 

sustainability, De Marchi (2012) shows that R&D cooperation, and specifically 

cooperation with suppliers, is even more important for environmental innovation than for 

other types of innovation. However, recent studies have cast some doubt on the 

effectiveness of R&D cooperation in specific circumstances. In particular, some 

researchers have identified possible drawbacks that can reduce the beneficial effects of 

R&D cooperation on innovation outcomes (e.g. Caner and Tyler, 2015; Gesing et al., 

2015; Wang and Li-ying, 2015; Hottenrott and Lopes-Bento, 2016). Although there has 

been substantial progress in this area, the understanding of the factors that can amplify or 

undermine the environmental R&D cooperation benefits on performance is still limited.  

In the sustainable SCM literature, researchers have provided some insights that 

begin to open up this issue (Fawcett et al., 2015; Touboulic and Walker, 2015). They 

suggest that the management of supply chain collaboration for environmental innovation 

can be difficult and complex (Min et al., 2005; Oh and Rhee, 2008; Pagell and Wu, 2009; 

Cao and Zhang, 2011). Firms need to not only have the technology to handle innovation, 

but also sufficient logistical and organizational capabilities to ensure its efficient 

production (Vachon and Klassen, 2007; Oh and Rhee, 2008; Aláez-Aller and Longás-
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García, 2010). Hence, the success of environmental R&D cooperation can rely on the 

willingness of partners to integrate external capabilities (Fawcett et al., 2015) and 

restructure their processes (Nair et al., 2016) to effectively carry out innovation 

development. Only in this way can organizations capitalize on the benefits from R&D 

cooperation.  

To advance this emerging stream of research, we argue that increasing benefits in 

buyer-supplier environmental R&D cooperation are rooted in the supply network 

structure and, specifically, on how partners are positionally embedded in the supply 

network. Starting from the perspective that the shape of the supply network structure is 

defined by the dominant buying companies’ sourcing strategy, we suggest that the way 

in which buyer-supplier dyad relationships are jointly positionally embedded in the 

supply network can contribute to generate collaborative dynamics that amplify the effects 

of R&D cooperation on performance.  

This study focuses on the automotive industry which, although it has been 

extensively analysed,  continues to be of great interest for researchers  as shown by several 

recent studies on R&D and supply chain network (Agostini and Caviggioli, 2015; 

Brandenburg, 2016; Jasiński, Meredith and Kirwan, 2016). In this study, the automotive 

industry is an ideal setting because it is heavily affected by the need to reorient its business 

towards a greener approach (Penna and Geels, 2015). Practitioners and academics argue 

that the strategic priority of firms in this sector is to invest in R&D activities to produce 

low-carbon products (PricewaterhouseCoopers, 2007; KPMG, 2010; Minin, Frattini and 

Piccaluga, 2010; Zapata and Nieuwenhuis, 2010; Rothenberg and Levy, 2012). One 

strategy to achieve this objective is to increase cooperation with supply chain partners 

(Leohold and Hodac, 2009; Engau and Hoffmann, 2011), since suppliers now 

manufacture almost 70% of a car (Wilhelm, 2011), which moves ‘upstream’ the locus of 

innovation in this sector (Rothenberg and Ettlie, 2011). Consequently, the engagement of 

suppliers and buying companies in R&D cooperation and their interconnection in the 

supply network structure plays a key role in well-integrated product production planning 

and R&D road mapping to reduce the carbon impact of vehicles. In this study, we focus 

on relationships between focal firms and their first-tier suppliers (i.e. the upstream 

relationships) and on the network relationships among first-tier suppliers. 

This paper contributes to the literature in SCM by analysing whether the 

interaction between dyadic relationships and supply network structure contributes to 
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increasing the success of environmental R&D cooperation. Most of the emerging studies 

that attempt to understand the role of the network structure on innovation output only 

focus on the positon that a company or a dyad occupies in the network structure and 

analyse its effect on innovation performance (Polidoro et al., 2011; Bellamy, Ghosh and 

Hora, 2014; Roscoe, Cousins and Lamming, 2016). Other studies, on the other hand, have 

raised the importance to assess interactions between network and dyadic dynamics (Choi 

and Wu, 2009; Pathak, Wu and Johnston, 2014). However, research in this field is still 

theoretical-based or constrained by qualitative methods (Dubois and Fredriksson, 2008; 

Wilhelm, 2011; Nair et al., 2016). This study contributes in this incipient area of research 

by extending this perspective. By bringing insights from relational theory (Dyer and 

Singh, 1998) and network theory literature (Granovetter, 1985), we build a theoretically-

based discussion on supply chain cooperation and its interaction with the supply chain 

structure. The relational view encompasses the idea that competitive advantages derive 

from specialized networks or idiosyncratic inter-firm relationships between trading 

partners, whereas network theory analyses the partners of ties in a network as set of nodes 

and ties. We also advance the empirical research on sustainable SCM by complementing 

and generalizing case studies that have been, the primary methods of data collections in 

the field so far (Kim et al., 2011; Ashby, Leat and Hudson‐Smith, 2012). Additionally, 

since sustainable supply chains can be often technology related and different performance 

measurements need to be developed for different industries (Hassini, Surti and Searcy, 

2012; Taticchi, Tonelli and Pasqualino, 2013), we seek to respond to the call for more 

industry-specific studies (Hassini, Surti and Searcy, 2012). For this reason, we have 

considered a period in which the automotive industry experienced considerable 

technological and regulatory uncertainty due to having to reduce carbon emissions from 

cars.  

The rest of the paper is structured as follows. In section 2, we provide an overview 

of the literature on sustainable SCM and collaboration. In section 3, we develop the 

conceptual model and hypotheses based on the relational view perspective and the supply 

network structure literature. In section 4, measures, data and estimation method are 

described. Results from testing the hypotheses are shown in section 5. Finally, in section 

6, we discuss the findings and limitations of the study, offering some guidelines for future 

research. 
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2. Sustainability in supply chain management  

An important issue that emerges from the literature on sustainable SCM is that 

incorporating sustainability into supply chains introduces complexity in the management 

of those chains (Abbasi and Nilsson, 2012). Sustainability requires supply chain practices 

to change and be managed in a different way (Beske and Seuring, 2014), and managers 

need to rethink their strategic relationships as a whole to accommodate these changes 

(Pagell, Wu and Wasserman, 2010; Touboulic and Walker, 2015), as competitive 

advantage depends on successful supply chain management (Lee, 2011). Barriers in 

implementing sustainable supply chains involve high costs of coordination due to poor 

communication in the supply chain (Seuring and Müller, 2008), lack of visibility of the 

whole upstream and downstream tiers (Acquaye et al., 2014), as well as problems linked 

with the management of a wide variety of environmental metrics to control the overall 

supply chain (Bai, 2012; Hassini, Surti and Searcy, 2012).  

Studies have attributed a key role to suppliers in addressing sustainability in SCM 

(Geffen and Rothenberg, 2000; Klassen and Vachon, 2003; Vachon and Klassen, 2006a, 

2007; Jayaraman, Klassen and Linton, 2007; Pagell, Krumwiede and Sheu, 2007; 

Simpson, Power and Samson, 2007; Delmas and Montiel, 2009; Gattiker and Carter, 

2010; Simpson, 2010). Given its importance, a variety of methods to select and assess 

suppliers for ‘greening the supply chain’ have been debated (Chiou et al., 2011; Caniëls, 

Gehrsitz and Semeijn, 2013; Govindan et al., 2015), highlighting the tendency of focal 

companies to pass on the pressures ‘to do something about sustainability’ to suppliers 

(Seuring and Müller, 2008).  

Researchers have also analysed collaboration as a key initiative between a focal 

company and its suppliers to achieve sustainability (Vachon and Klassen, 2006b, 2008). 

Collaboration in SCM means that “two or more independent companies work jointly to 

plan and execute operations with greater success than when acting in isolation” 

(Simatupang and Sridharan, 2002). Thus, the rationale behind collaboration is an 

alignment of partners’ interests so that all supply chain actors can obtain greater benefits 

from working together than alone (Paulraj, Lado and Chen, 2008). Most studies that have 

analysed collaboration suggest the importance of the “nature” of supply chain 

relationships to obtain benefits from collaboration (Paulraj, Lado and Chen, 2008; 

Ambrose, Marshall and Lynch, 2010; Lettice, Wyatt and Evans, 2010; Nyaga, Whipple 

and Lynch, 2010; Zacharia, Nix and Lusch, 2011). Here, the relational view (Dyer and 
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Singh, 1998) has been one of the most successfully applied approaches in SCM (Chen 

and Paulraj, 2004a, 2004b), helping to build and analyse instruments that enable effective 

supply chain collaborations (Fawcett, Magnan and McCarter, 2008; Cao and Zhang, 

2010, 2011). This theory has allowed to explain why there are so few cases in which 

supply chain collaborations are really effective (Fawcett, Magnan and McCarter, 2008) 

and to enhance collaboration performance (Vurro, Russo and Perrini, 2009; Paulraj, 2011; 

Touboulic and Walker, 2015). However, some new literature suggests that supply chain 

collaborative behaviours can depend on the network structure wherein supply chain 

partners are embedded (Nair et al., 2018), which has important implications for 

environmental innovation development and diffusion of environmental practices (Tate, 

Ellram and Gölgeci, 2013; Nair et al., 2016). In this study, our rationale is to extend the 

relational view with insights from network theory related to positional embeddedness.     

 

3. Conceptual framework and hypothesis development 

3.1 A relational and network view of collaborative supply chains 

Moving away from the characteristics of arm's-length market relationships, the relational 

view (Dyer and Singh, 1998) strongly emphasizes that idiosyncratic inter-firm 

relationships as a cause of relational rents. It postulates that idiosyncratic inter-firm 

relationships can be created when partners: 1) invest in relation-specific assets; 2) 

exchange substantial knowledge, including knowledge that results in joint learning; 3) 

combine complementary resources or capabilities to create unique new products, services, 

or technologies; and 4) reduce transaction costs. Idiosyncratic inter-firm relationships, 

thus, would lead to relational rents and, in turn, to competitive advantages.  

This approach even indicates some other mechanisms in the relationship that 

would amplify the effects of idiosyncratic inter-firm relationships on the rent generation. 

For instance, Dyer and Singh (1998) posit that specific absorptive capacity and incentive 

alignments between partners increase the potential of generating relational rents through 

knowledge sharing. They also highlight the importance of having access to information 

and resources to obtain greater relational rents. However, studies that have applied the 

relational view either in SCM or in R&D literature have been strictly focused on 

analyzing how specific characteristics of partners such as degree of innovation, 

diversification or integration affect performance. In other words, the analysis of 
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amplifying effects has been limited. Additionally, although the relational view refers 

implicitly to the importance of the position that companies in a relationship occupy in a 

network, it does not directly take into account this variable as an enabling mechanism to 

amplify the relational rents of collaboration.  

In this study, we combine the relational view with network theory and in particular 

with the embeddedness approach (Granovetter, 1985; Choi and Kim, 2008) to understand 

how a particular position in a network of partners can work as a mechanism to amplify 

the relational rents of cooperation. With the term embeddedness, Granovetter (1985) 

contextualizes the economic behaviour of actors in a social structure. In particular, 

positional embeddedness captures the role or the relative importance that actors have in 

a system (Borgatti and Everett, 1992), which go beyond proximate direct and indirect ties 

(Freeman, 1978; Everett and Borgatti, 1999). It indicates the centrality of an organization 

as the sum of connections to others,  weighting the centrality of these other companies 

(Bonacich, 1987; Gulati and Gargiulo, 1999). 

 

3.2 R&D cooperation and product environmental performance 

In line with the relational view, R&D cooperation turns out to be an important 

organizational solution to achieve competitive advantages in contexts characterized by 

rapid technological change (Miotti and Sachwald, 2003). It is a form of technological 

collaboration in which companies voluntarily agree to jointly carry out research and 

development on a specific technology (Chiesa and Manzini, 1998). Especially, when the 

level of technological uncertainty is high, as in the case of environmental innovation (Oh 

and Rhee, 2008; De Marchi, 2012), companies prefer recurring to  R&D cooperation in 

order to have access to both closely complementary and dissimilar activities (Bougrain 

and Haudeville, 2002) as well as to the expertise that cannot be generated in-house 

(Becker and Dietz, 2004).   R&D cooperation, therefore, enables firms to exploit partners’ 

resources, technologies (Teece, 1992; Baum, Calabrese and Silverman, 2000), and know-

how (Belderbos et al., 2004; Fritsch and Franke, 2004); thereby enhancing learning 

capabilities (Kleinknecht and Reijnen, 1992; Becker and Dietz, 2004). 

A number of studies have provided compelling empirical evidence that R&D 

cooperation, especially with suppliers, positively influences innovation outcomes 

(Becker and Dietz, 2004; Faems, Van Looy and Debackere, 2005; Santamaria and 
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Surroca, 2011; Un and Asakawa, 2015). R&D cooperation involves ‘balanced knowledge 

integration’ between a buyer and a supplier with a high level of joint decision-making 

that facilitates innovation (Revilla and Villena, 2012). Suppliers can contribute to 

reducing technological uncertainty (Robertson and Gatignon, 1998) and market risks 

related to the introduction of new technologies (Singh, 1997; Oh and Rhee, 2008; Wong, 

Boon-itt and Wong, 2011). They can also provide information and expertise regarding 

new ideas and technology (Takeishi, 2001), anticipate potential problems (Ragatz, 

Handfield and Petersen, 2002), invest in appropriate equipment and tools to minimize 

errors (Koufteros, Cheng and Lai, 2007; Song and Di Benedetto, 2008; Un and Asakawa, 

2015), and as a result contribute to smoothing the innovation process. Regarding 

sustainability, researchers have also recognized the key role of suppliers in triggering the 

development of environmental innovation (Geffen and Rothenberg, 2000; Vachon and 

Klassen, 2008; De Marchi, 2012) and in enhancing the buyer’s environmental 

performance (Vachon and Klassen, 2006b; Albino, Dangelico and Pontrandolfo, 2012). 

Suppliers are important due to the deep knowledge that they have about the architecture 

of the buyers’ production processes and products, which can facilitate environmental 

innovation development (Vachon and Klassen, 2006a).  

Environmental innovation requires firms to restructure or “create new processes, 

techniques, practices, systems and products to avoid or reduce environmental harms” (cfr. 

De Marchi, 2012, p. 615). While different levels of environmental innovation 

(incremental or radical) can be distinguished (Hart, 1995; Hellström, 2007), this type of 

innovation involves the uncertainty related to the introduction of a new generation of 

technologies (Tushman and Anderson, 1986; Pisano, 1990; Stock and Tatikonda, 2000; 

Magnusson and Berggren, 2001). The development of new technologies implies the 

acceptance of risks related to making existing technologies obsolete (Robertson and 

Gatignon, 1998) and risks associated with “green irreversible mistakes” that potentially 

can lead to business failure (Shing, 1997; Pinkse and Kolk, 2010). Additionally, 

organizations have low incentives to invest in environmental innovation due to its ‘double 

externality problem’ (De Marchi, 2012; Stucki and Woerter, 2012). This means that 

companies are generally unable to exclusively obtain benefit from the value created by 

investments in environmental innovation due to the public nature of knowledge, which 

can benefit other firms, and because inevitably society captures a part of benefits (De 

Marchi, 2012; Stucki and Woerter, 2012). Taken together, technological uncertainty and 
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double externality problems can, therefore, delay the development of environmental 

innovation and firms need to cooperate with strategic suppliers to offset this effect.  

The literature has widely debated these issues, especially in connection to the 

automotive industry (Levy and Rothenberg, 2002; Lee, 2011; Rothenberg and Ettlie, 

2011; Penna and Geels, 2015). In this sector, technological uncertainty and its associated 

costs have been exacerbated by the slow response of consumers to green products (Dijk 

and Yarime, 2010; Pinkse and Kolk, 2010; Dijk, Orsato and Kemp, 2013) and the 

complexity of the production system (Morgan and Daniels, 2001; Dietl, Royer and 

Stratmann, 2009; Christensen, 2011). For all these reasons, in Europe, the European 

Commission has been sensitive about pushing for the reduction of carbon emissions from 

new cars and in fact, waited until 2009 before introducing mandatory carbon regulation 

for passenger cars (EC 443/2009).  

Recent studies, specifically developed in the context of the automotive industry, 

also suggest the need to focus R&D cooperation in environmental area. In particular, they  

link the possibility of producing low-carbon vehicles to the production of alternative and 

radical powertrain systems for cars (Zapata and Nieuwenhuis, 2010). These technologies 

require companies to modify their patent portfolio by incorporating environmental 

innovation (Penna and Geels, 2015; Borgstedt, Neyer and Schewe, 2017). Specialization 

in this type of innovation could provide the knowledge needed to manage the multiple 

and radical powertrain systems emerging in the industry (Sierzchula et al., 2012), as well 

as the trade-offs that characterize these technologies, which in turn affect performance 

(Pinkse and Kolk, 2010; De Stefano, Montes-Sancho and Busch, 2016). Although 

companies are specializing their innovations in the environmental area, it has been shown 

that incremental environmental innovation can be insufficient to reduce carbon emission 

from vehicles, and radical or combined (radical and incremental) innovations are needed 

for this purpose (De Stefano, Montes-Sancho and Busch, 2016). This means that 

companies need to specialize in environmental innovation to learn about the different 

types of technologies, as well as to acquire the knowledge needed to balance and combine 

different types of environmental innovations in order to reduce carbon emissions.  

In line with these insights, other researchers argue that radical innovation, like 

alternative powertrain systems, cannot be developed without the cooperation of suppliers. 

Both incumbent and new suppliers play a pivotal role in the innovation process because 

they possess a specific and unique knowledge base (Roscoe, Cousins and Lamming, 
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2016; Borgstedt, Neyer and Schewe, 2017). Hence, we suggest that buyers and suppliers 

need to engage in environmental R&D cooperation to promote the technological 

transition of the products, as generic R&D cooperation is insufficient to meet this aim: 

 

Hypothesis 1a: Buyer-supplier environmental R&D cooperation fosters the production 

of low-carbon products.  

 

3.3 Curvilinear effects of environmental R&D cooperation 

The R&D literature also shows that the relationship between R&D cooperation 

and performance can be non-monotonic. High engagement in R&D cooperation might be 

the cause of decreasing marginal benefits on product performance. Studies have put 

forward various reasons that seek to explain this type of relationship, such as the risk of 

opportunistic behaviour, coordination problems, as well as transaction and disclosure 

costs (Hottenrott and Lopes-Bento, 2016). In a context of technological uncertainty, an 

inverted U-shape relationship between intense R&D cooperation and performance might 

be due to delays in the capacity of partners to absorb and apply unfamiliar technology 

knowledge to products (Lin et al., 2012).  

Research suggests that for developing environmental innovations, buyers need to 

cooperate with both incumbent and new suppliers (Roscoe, Cousins and Lamming, 2016; 

Borgstedt, Neyer and Schewe, 2017). On the one hand, cooperation between a buyer and 

incumbent suppliers can be easy to coordinate due to the technology overlaps existing 

among partners, which could facilitate knowledge transfer (Oxley and Sampson, 2004; 

Kavusan, Noorderhaven and Duysters, 2016). On the other, this type of cooperation might 

be insufficient to drive radical innovations and consequently outstanding environmental 

results (Birkinshaw, Bessant and Delbridge, 2007; Johnsen, 2011). According to 

Vasudeva (2011), increasing cooperation with partners whose technological approaches 

overlap can increase the redundancy of ideas, skill sets and knowledge, and thereby 

reduce the benefits of cooperation. Thus, after a certain point, the possibilities of 

combining existing capabilities in an innovative way might be limited and exhausted 

(Vasudeva and Anand, 2011), and path dependencies that aim to reinforce the status quo 

might severely undermine the likelihood of obtaining significant innovation changes (Lin 
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et al., 2012). Hence, excessive cooperation with incumbent suppliers may result in 

decreasing marginal effects on product environmental performance.  

Cooperation with new suppliers has a greater potential to promote radical 

innovations (Roscoe, Cousins and Lamming, 2016). However, decreasing marginal 

benefits might also occur because this cooperation can be characterized by increasing 

communication costs due to the probable technological distance existing between a buyer 

and new suppliers (Lin et al., 2012). In line with Nooteboom’s (2007) insights, we posit 

that when a buyer cooperates with a new supplier, it is likely that at the beginning the 

cognitive distance between them is so large as to preclude the sufficient mutual 

understanding needed to capitalize on the benefits of cooperation. Thus, partners need 

time to help each other to ‘stretch and connect’ their diverse knowledge as well as 

assimilate the knowledge produced from R&D cooperation. Furthermore, when partners 

are engaged in cooperation for new technological development, the knowledge is uncoded 

and difficult to transfer (Kotabe and Swan, 1995; Hoetker, 2005; Kotabe, Martin and 

Domoto, 2203). These aspects, together with the the lower levels of synergies and shared 

experiences with partners (Vasudeva and Anand, 2011), can slow and complicate the 

learning process, reducing the utilization of knowledge produced from R&D cooperation. 

Hence, increasing cooperation with new suppliers in the short term might not be useful 

to internalize knowledge, resulting in marginal benefits for product environmental 

performance.  

By combining these two sets of arguments, we suggest that increasing cooperation 

with both incumbent and new suppliers can, up to a point, produce benefits in the 

production of a low-carbon product. After that, an excessive cooperation with both are 

characterized by multiple trade-offs that reduce the benefits of cooperation on the 

production of low-carbon products:  

 

Hypothesis 1b: There is an inverted U-shaped relationship between increasing buyer-

supplier environmental R&D cooperation and the production of low-carbon products.  

 

3.4 Sourcing strategy and supply network structure 

The present work also posits that partners can capitalize on greater benefits from R&D 

cooperation depending on their network structure. According to Fawcett et al. (2015), 
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collaboration to pursue new capabilities always produces resistance because it requires 

substantive changes in the organizational structure of most companies involved in the 

supply chain. In order to obtain greater relational rents from cooperation, firms have to 

integrate their internal capabilities with their partners’ capabilities by making significant 

intra‐organizational investments (Zacharia, Nix and Lusch, 2011; Whipple, Wiedmer and 

Boyer, 2015). Greater integration of partners’ production knowledge increases their 

combinative competitive capabilities1 (Lii and Kuo, 2016), resulting in effective supply 

chain collaboration (Fawcett, Magnan and McCarter, 2008; Cao and Zhang, 2010, 2011) 

and greater advantages for both buyer and suppliers’ performance (Vachon and Klassen, 

2007; Paulraj, Lado and Chen, 2008; Ambrose, Marshall and Lynch, 2010; Lettice, Wyatt 

and Evans, 2010; Nyaga, Whipple and Lynch, 2010; Zacharia, Nix and Lusch, 2011).  

In the modeling on how the environmental innovation emerge, Nair et al. (2016) 

note the importance of the structuring process to formalize the development of 

innovation. They suggest that the structuring process is dominated by buying focal firms, 

which revise the procedures and routines of their first tier-suppliers. Next, through supply 

networks, buyers propagate and amplify the vision of developing environmental 

innovations in the extended network (Nair et al., 2016). In the same line, Roscoe et al 

(2016), argue that buyers also have to strategically manage different typologies of supply 

networks with their first-tier suppliers to improve sustainability performance.  

The literature shows that sourcing strategies are a powerful tool in the focal 

company’s hands to affect network structure and its dynamics. The buyer’s strategic 

decision to purchase parts of a product from a single supplier or from multiple suppliers 

has implications not only at the level of a specific dyadic relationship but also at network 

level (Ford and McDowell, 1999; Dubois and Fredriksson, 2008; Munksgaard, 2010). 

Researchers have also found that buyers that decide to buy groups of similar components 

from multiple suppliers promote positive network dynamics because they affect the 

strength of relationships with their first-tier suppliers and the interconnections among 

first-tier suppliers simultaneously (Dubois and Fredriksson, 2008; Aláez-Aller and 

Longás-García, 2010; Roseira, Brito and Henneberg, 2010). At level of buyer-supplier 

dyad, information and knowledge sharing become more intense because the level of 

competition among suppliers over the same component increases (Dubois and 

Fredriksson, 2008; Wilhelm, 2011). At the same time, suppliers that deliver the same 

                                                
1 “Combinative competitive capabilities are defined as a manufacturer’s capacity to provide superior 
quality, delivery, and flexibility at a low cost” (Lii and Kuo, 2016). 
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components to the buyer become mutually interdependent and therefore cooperate more 

to improve the supplied components (Dubois and Fredriksson, 2008; Wilhelm, 2011). 

Through multiple sourcing strategy, therefore, focal companies shape their supply 

network structures, which activate the dynamics that facilitate the introduction of 

innovations driven by a specific buyer-supplier relationship involved in R&D 

cooperation. It can happen that other first-tier suppliers of the same component are willing 

to adopt a new innovation quickly in order to avoid exclusion from the buyer’s portfolio.  

In other words, the buyer does not need to act as a broker to push innovation in the supply 

chain. The interconnections of first-tier suppliers that deliver the same component 

promote the development of capabilities that spread the innovation throughout the supply 

chain (Aláez-Aller and Longás-García, 2010; Wu, Choi and Rungtusanatham, 2010). 

 

3.4.1 Positional embeddedness 

By extending the arguments proposed by previous studies (Nair et al., 2016; 

Roscoe, Cousins and Lamming, 2016), we suggest that the position that partners involved 

in environmental R&D cooperation have in the network structure is critical to 

understanding the mechanisms that can increase the effects of R&D cooperation on 

performance. The way in which dyadic buyer-supplier relationships are embedded in 

extended networks can influence the level of collaboration in the relationship. This is 

because the way in which partners are interconnected in a network can generate 

informational, reputational and social benefits that help companies to mitigate 

‘collaboration hazards’ (Polidoro et al., 2011). For instance, Vurro et al. (2009) link 

collaborative supply chain relationships to high supply chain density (i.e. increasing 

interactions between the actors in the supply chain), and to high centrality of the focal 

company (i.e. its relative position within the network), finding that both density and 

centrality facilitate knowledge flow and ease communication between partners. 

In a network structure where suppliers share the delivery of the same components, 

we specifically postulate that buyer-supplier R&D cooperation can amplify their effects 

on performance if partners occupy a central position in the network structure. Studies 

show that the combined centrality (or positional embeddedness) of two partners in a 

network structure provides them the possibility to access valuable information and the 

appropriate resources, which would make effective, reliable and stable the level of 

collaboration in the cooperation (Gulati and Gargiulo, 1999; Ahuja, 2000; Polidoro et al., 

2011). In R&D cooperation, partners with positional embeddedness in the network 
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structure also promote working collaborations because they have experience at managing 

multiple ties. Thus, they are able to move quickly in identifying new projects and 

funneling them inside the organization (Powell, Koput and Smith-doerr, 1996), which 

transforms them into highly reliable and competent collaborations. In these terms, 

positional embeddedness in the network structure of buyer-supplier dyads can amplify 

the effects of cooperation on performance.   

Futhermore, the way in which dyadic buyer-supplier relationships are embedded 

in the network structure can also affect the diffusion of knowledge produced through 

R&D cooperation on other members of the supply chain. Recently, Tate et al. (2013) have 

associated the widespread diffusion of environmental business practices to a high level 

of relational and structural embeddedness (Granovetter, 1985). Therefore, the benefits 

from dyadic buyer-supplier R&D cooperation can be boosted in the context of particular 

network structures. As central partners manage multiple tiers and as, in turn, these tiers 

can be connected with several other ties (Bonacich, 1987), positional embeddedness 

dyads have therefore the advantage not only of having access to information but also the 

power to spread information throughout the network structure. In R&D cooperation, if 

buyer-supplier dyads are positionally embedded in the network structure, they have 

greater control in propagating the idea of adopting environmental innovation across 

supply networks and can even impose certain behaviour patterns. In other words, 

positionally embedded partners not only receive valuable information from the network 

that is useful to increase cooperation results, but their position also provides the power to 

diffuse the knowledge created in the cooperation across the network, amplifying in this 

way the effect of cooperation on performance. As suggested by Ahuja, Polidoro and 

Mitchell (2009), the most decentralized companies or companies with low centrality tend 

to collaborate with highly centralized companies in order to improve their position in the 

network. Hence, buyer-supplier dyads with strong positional embeddedness can 

encourage mimetic behaviours from the most decentralized first-tier suppliers. This latter 

group might adopt environmental innovation in order to improve their position in the 

network and avoid exclusion from the buyer’s portfolio; amplifying in this way the overall 

effects of buyer-supplier R&D cooperation on performance:  
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Hypothesis 2a: Buyer-supplier positional embeddedness (combined supply network 

centrality) amplifies the effects of environmental R&D cooperation on the production of 

low-carbon products. 

 

Whereas the positional embeddedness of partners in the supply network structure can 

boost benefits resulting from collaboration, increasing environmental R&D cooperation 

with partners highly embedded in the supply network structure may provide decreasing 

marginal benefits on performance. Ahuja et al (2009) indicate that increasing cooperation 

with highly embedded partners may lead to redundant information. In particular, when 

partners need to master a new technology, cooperation with peripheral partners that 

manage these technologies might be desirable in terms of performance (Gulati and 

Gargiulo, 1999). Extending these arguments in our context, this implies that increasing 

environmental R&D cooperation between a buyer and a supplier that is highly embedded 

in the network structure may undermine the possibility of accessing new knowledge and 

the technology needed to develop environmental innovation, thereby generating 

decreasing marginal effects on performance. This is possibly because increasing R&D 

cooperation with highly embedded partners involves in most cases incumbent suppliers, 

and they are likely to be more central than new entry suppliers. Hence, increasing R&D 

cooperation with highly embedded suppliers might provide a redundant and insufficient 

knowledge base, which may in turn further undermine improvements in environmental 

performance. 

 

Hypothesis 2b: Buyer-supplier positional embeddedness (combined supply network 

centrality) amplifies the effects of environmental R&D cooperation on the production of 

low-carbon products up to a threshold, after which if environmental R&D cooperation 

increases, the moderation effect is reduced.  

 

3.4.2 Complexity  

Another relevant issue in this field is the management of supply network complexity. 

From a structural perspective, the supply chain is a network of firms that directly and 

indirectly are engaged in the manufacturing and assembly of parts to create a finished 

product (Choi, Dooley and Rungtusanatham, 2001; Choi and Hong, 2002). According to 
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Choi and Hong (2002), when a product relies on a large number of parts, complexity in 

the supply network tends to increase because the number of relationships between a focal 

company and suppliers grows; and hence the efforts to consolidate these relationships 

(Choi and Hong, 2002). Complexity in the supply chain network therefore increases with 

the number and variety of members in each tier (horizontal complexity), with the number 

of tiers (vertical complexity), and/or the geographic distance between a focal firm and its 

suppliers (spatial complexity) (Choi and Hong, 2002). Structural complexity often 

involves operational complexity, which is related to the growing interactions between the 

members of the network and to the variety of interdependent behaviours (Bozarth et al., 

2009; Bode and Wagner, 2015).  

According to recent literature, complex supply networks will inevitably lead to 

loss of visibility (Carter, Rogers and Choi, 2015; Busse et al., 2017), and thus to potential 

risks for buying firms of not being able to detect ‘sustainability misconduct’ lurking in 

the complexity of the supply network (Meinlschmidt, Foerstl and Kirchoff, 2016). These 

studies reveal undesired effects for buying companies resulting from complex supply 

networks, such as lower operational and environmental performance (Bozarth et al., 

2009; Tachizawa and Wong, 2015), increasing transaction costs (Choi and Krause, 2006), 

disruptions (Bode and Wagner, 2015) and sustainability risks (Busse et al., 2017).  

Some researchers have proposed that key factors for successful SCM is that 

buying firms re-conceptualize who is in the supply chain (Pagell and Wu, 2009) and 

reduce their supplier base (Choi and Krause, 2006). These approaches assume that even 

though there are some aspects of the complexity that are outside the managerial purview 

of the focal company, it can manage its  first-tier suppliers (Choi and Krause, 2006). By 

only managing these suppliers, the buying firms can contribute to mitigating complexity 

in the SCM and thereby reduce any potential misconduct (Vurro, Russo and Perrini, 

2009). 

Looking at the supply network derived from multiple sourcing strategies, the 

advantage of interconnections among suppliers, which would facilitate the spread of 

innovation across the supply network, could be counterbalanced by increasing complexity 

in the supply network structure. Multiple sourcing leads to inherently complex network 

structures because the buying companies have to rely on more than one supplier for the 

same component. In this scenario, the complexity of the structure can derive from an 

increasing supply base (vertical complexity), as well as, from increasing interconnections 
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among suppliers (horizontal complexity) or even from both: vertical and horizontal 

complexity. In all these cases, we suggest that the increasing complexity of the supply 

network structure entails the risk that information might be located in a particular area of 

network, limiting the flow of information and consequently the spread of innovation 

across the entire supply network. If the buying company increases its supply base but not 

interconnection among suppliers, the number of positionally embedded buyer-suppliers 

increase due to the creation of multiple unconnected subnetworks (or ‘ego-network 

weakness’)2, which according to recent research would mitigate any effects on innovation 

(Carnovale and Yeniyurt, 2015). Indeed, ‘ego-network weakness’ relies on the capacity 

of focal firms to act as a broker in diffusing information among the subnetworks. 

Increasing bridges can either facilitate or restrict the flow of information (Carnovale and 

Yeniyurt, 2015). Applied to our context, if the number of bridges increases, the 

advantages of interconnection between suppliers generated by multiple sourcing strategy 

might be neutralized by excessive coordination costs that the buyer has to bear.  

On the other hand, in line with studies by Uzzi (1997) and Ajuja et al. (2009), if 

the buying company maintains the supply base and increases interconnection among 

suppliers, the number of positionally embedded buyer-suppliers increase due to the 

creation of redundant ties, which after a certain point might have marginal effects on 

collaboration behaviours and then on to performance. Paradoxically excessive 

embeddedness of companies can lead firms to became isolated from information that 

exists beyond their network (Uzzi, 1997), introducing possible rigidities into cooperation 

and hindering the ability of firms to pursue outstanding results (Ahuja, Polidoro and 

Mitchell, 2009).  

Hence, we posit that increasing buyer-supplier positional embeddedness can on 

the one hand restrict the possibility of spreading innovation outside the pool of highly 

embedded partners and, on the other hand, access external information that can benefit 

cooperation. This effect is also present in the case of increasing environmental R&D.  

 

Hypothesis 3a: Buyer-supplier positional embeddedness (combined supply network 

centrality) amplifies the effects of environmental R&D cooperation on the production of 

                                                
2 The supply network structure will assume a shape similar to a windmill, where there will be many 
suppliers with high positional embeddedness.   
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low-carbon products up to a threshold, after which if the positional embeddedness 

increases, the moderation effect is reduced. 

 

Hypothesis 3b: Buyer-supplier positional embeddedness (combined supply network 

centrality) amplifies the effects of environmental R&D cooperation on the production of 

low-carbon products up to a threshold, after which if the positional embeddedness and 

environmental R&D increase, the moderation effect is reduced. 

 

4. Method 

4.1 Data and sample 

We test our model using panel data on R&D cooperation, supply structure and 

environmental performance in the automotive industry for the period 2001-2008. We 

focus on this timeframe because in 2009 carbon emission reductions from passenger cars 

became mandatory (EC 443/2009).3 During this time the industry experienced high 

regulatory uncertainty (Rothenberg and Ettlie, 2011) and huge barriers to incorporating 

carbon constraints into supply chain strategies (Lee, 2011), making environmental R&D 

cooperation particularly challenging. Therefore, we analyse the efforts of supply chain 

partners in reducing carbon emissions from products in a still unregulated context. 

The panel dataset is drawn from different sources (see table 1 in the appendix). 

We rely on data from the Community Research and Development Information Service 

(CORDIS) to measure environmental R&D cooperation. CORDIS is an official data 

source of the European Commission that collects information on projects in which 

organizations cooperate to carry out specific themes defined in the European Framework 

Programmes. IHS SupplierBusiness is used to understand the sourcing strategy of a buyer, 

and consequently the positional embeddedness (network centrality) of each organization 

in the supply chain structure. IHS SupplierBusiness provides detailed information about 

production relationships between buyers and suppliers in the automotive industry. It 

covers approximately 83% of the total car models produced in Europe, and is the most 

comprehensive database available in the market. Information concerning supplier parks 

is collected by Automotive News and financial information is based on Amadeus and 

                                                
3 This time frame also ensures our results to be safe from manipulation emission tests concerning to the 
Volkswagen’s scandal. 
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Worldscope datasets. Finally, carbon emissions from vehicles are computed by using data 

from the Vehicle Certification Agency (VCA). This latter organization is a Vehicle Type 

Approval authority that provides vehicle certifications applying the European Union 

Directive 80/1268/EEC.  

 After merging these sources, a total of 205 dyadic relationships between 

automakers and their first-tier suppliers are retained, obtaining an unbalanced panel 

database of 1,201 dyad-year observations. The automakers included in the study are 

BMW, Citroën, Fiat, Ford Europe, Mercedes, Opel-Vauxhall, Peugeot, Porsche, Renault, 

Volkswagen and Volvo. We consider 81 suppliers including Grupo Antolin, Autoliv, 

Bosch, Delphi, DENSO, Freudenberg, Johnson Controls, Magna International, 

Mondragon, Philips, TRW, Valeo, VARTA, and ZF among others.  

 

4.2 Measures 

4.2.1 Supply chain structure  

Before computing the variables of the model, IHS SupplierBusiness data is used to build 

the supply chain structure per automaker in each year. We first identified all relationships 

between an automaker and its first-tier suppliers (all vertical ties) and all the relationships 

in the supply network (all horizontal ties among first-tier suppliers). The vertical ties were 

established due to the material flow existing between an automaker and a supplier, 

whereas horizontal ties were established when two or more suppliers  pertained to  the 

same material flow (e.g. Kim et al., 2011). The vertical ties were computed by counting 

the number of components delivered by suppliers to a specific buyer. The horizontal ties 

were computed by counting the number of shared components delivered by two or more 

suppliers to a same automaker. The number of components therefore captured the strength 

of ties between a buyer and a supplier and among suppliers (e.g. Granovetter, 1973). 

In our sample, the analysis revealed that the supply chain structure changed over 

time. New suppliers came in and others left the supply chain due to: the launching of new 

vehicle models; a new generation of existing vehicle models or to the end of the 

production of particular vehicle models. Hence, we obtained an unbalanced panel dataset.  
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4.2.2 Dependent variable 

The variable low-carbon product is the average of CO2 emissions of all vehicle models 

that are produced by a specific buyer-supplier dyad from 2001 to 2008. We first identified 

the CO2 emissions for all vehicle models produced by each dyad and year. The CO2 

emissions for each vehicle model was estimated as the average of CO2 emissions of all 

vehicle versions of that model in each year, as listed in the VCA dataset. Since automakers 

offer different versions of the same vehicle model across time, this measure captures the 

full spectrum of CO2 emissions per year. Then, the average of CO2 emissions of all vehicle 

models produced by a dyad-year was computed as follows:  

CO2 emissions dyad-year = 
∑ 𝐶𝐶𝐶𝐶2 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑁𝑁
𝑖𝑖=1

𝑁𝑁
 

where “i” stands for the number of different versions of vehicle models and N the total 

number of models produced by the dyad. Low levels of this variable indicates that 

companies are producing low carbon products.  

 

4.2.3 Independent variables 

All independent variables refer to the period 2000-2007 (i.e. one year lagged). In line with 

other studies on alliance formation (Ahuja, 2000; Ahuja, Polidoro and Mitchell, 2009; 

Yeniyurt et al., 2009), the variable environmental R&D cooperation is measured as the 

cumulative R&D linkages formed by an automaker and its suppliers in a given year. 

Looking at R&D projects listed under the Fifth, Sixth and Seventh Framework 

Programme (FP5, FP6 and FP7) and collected in the CORDIS database,4 we identified 

all linkages between a buyer and its suppliers, excluding reverse-ordered pairs (see Ahuja, 

Polidoro and Mitchell, 2009). Hence, we retained all those projects where at least one 

automaker and a first-tier supplier cooperated. A total of 205 dyads were identified as 

R&D cooperation. Within R&D linkages, then, two distinct forms of collaboration were 

identified: environmental and non-environmental. R&D linkages were coded as 

‘environmental cooperation’ if they were related to FP5 “Energy, Environment and 

Sustainable Development”, FP6 “Sustainable Development” or FP7 “Environment 

(including climate change)” projects. Otherwise, R&D linkages were coded as non-

                                                
4 FP5, FP6 and FP7 set out the priorities for the European Union's research, technological development and 
demonstration (RTD) activities for the period 2000-2007 and are a reference point for understanding the 
strategic orientation of companies that wish to innovate in a particular field and, at the same time, cooperate 
with different organisations (Minin, Frattini and Piccaluga, 2010). 
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environmental cooperation. Following previous studies, for each dyad-year observation, 

we then computed the intensity of environmental R&D cooperation by accumulating the 

projects in which the automaker and the first-tier supplier cooperated until each year  

(Yeniyurt et al., 2009; Hottenrott and Lopes-Bento, 2016). To test for the expected non-

linear effects of high levels of intensity, the square of environmental R&D cooperation is 

also added into the models. 

The variable positional embeddedness (combined centrality) is calculated using 

Bonacich’s (1987) eigenvector centrality scores (Gulati and Gargiulo, 1999; Polidoro et 

al., 2011). Eigenvector centrality gives greater weight to a node that is connected to other 

highly connected nodes. In other words, a node connected to five high-scoring nodes will 

have higher eigenvector centrality than a node connected to five low-scoring nodes. This 

measure perfectly fits with our study because it takes into account that a supplier has 

greater scope for disseminating information when it is linked to a greater number of 

suppliers and when these suppliers are, furthermore, connected with many other suppliers. 

For each year, we computed the eigenvector measure of the network centrality of each 

buyer and supplier in the supply chain structure using R project software. The resulting 

scores were then normalized relative to the most central firm in that year5. A high value 

of this measure indicates a high similarity in centrality of the organizations in the dyad. 

This means that the closer the dyadic score is to 1, the more similar is the supplier’s 

position in the network to the buyer’s position. To test for the expected non-linear effects 

of high levels of complexity in the supply chain structure, the square of positional 

embeddedness is also included in the corresponding models. 

  

4.2.4 Control variables  

We also control for several variables that can affect the production of low-carbon 

products: supplier parks, product portfolio, supplier segment specialization, supplier 

base, buyer base, supplier size and buyer’s size. The variable supplier parks was 

computed as the percentage of presence of a supplier in the automaker’s supplier parks. 

We first identified the number of automakers’ plants associated to a supplier park. Then, 

we counted the number of supplier parks where the supplier was present. The dyadic 

value was calculated as the ratio between the number of supplier parks, where the supplier 

                                                
5 Since we have a supply chain network, the buyer always has the maximum score. 
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was present, over the automaker’s total suppliers parks. A high value for this variable 

indicates a high supplier’s presence in the automaker’s supplier parks. Product portfolio 

was estimated as the number of vehicle models shared by an automaker and a supplier 

over the automaker’s total vehicle models. A high value for this variable indicates a high 

degree of participation in the automaker’s total vehicle models portfolio. Supplier 

segment specialization was calculated as the difference between the average of the weight 

of the automaker’s total vehicle models and average weight of vehicle models shared by 

an automaker and a supplier. A high value for this variable reflects the high level of 

specialization of the supplier in small vehicle models. Supplier base is the number of 

suppliers with which an automaker has procurement relationships (i.e. its supplier 

portfolio). A high value for this variable indicates that an automaker managed a large 

number of suppliers for procurement services. Buyer base is the number of automakers 

that were clients of a particular supplier. A high value for this variable indicates that a 

supplier was shared among several automakers, and that potential indirect effects from 

other supply chain relationships may occur. Lastly, the size of the automaker and of the 

supplier was calculated as the logarithm of the total asset. 

All these control variables were computed for the period 2000-2007. Controls for 

the time effects through dummy variables for the years 2000 to 2007 were also included 

in the model, omitting the year 2000 dummy to avoid over-determination. 

 

5. Findings 

The descriptive statistics and the correlation matrix of the variables used in the analysis 

are showed in Table 2 and Table 3 of the Appendix.  

To select the best fitting model, we use the Lagrange multiplier test (Breusch and 

Pagan, 1980), finding that panel estimation is more appropriate than pooled OLS 

estimation. Under panel regression specification, Hausman’s test (1978) indicates that the 

estimated coefficients through fixed effects regression models are more consistent and 

efficient than those obtained through random effects regression modelization. Tables 1 to 

5 display the models with the estimated effects of R&D cooperation, the positional 

embeddedness, and the interplay between both on the production of low-carbon products. 

For these effects, we also test for model misspecification by applying Ramsey’s (1969) 
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Regression Specification Error Test (RESET)6 with two power orders as regressors (i.e. 

squared and cubed fitted values). Using the conventional threshold of 0.05 (see Lee, 

White and Granger, 1993), the null hypothesis of correct specification (i.e. Ho: the model 

has no omitted variable) is not rejected in all proposed models (see Table 4 in the 

Appendix).  

Table 1 exhibits the results of testing the hypotheses associated with the direct 

effects of environmental R&D cooperation on product environmental performance. 

Model 1I shows the outcomes of the regression including only the control variables, and 

serves as a baseline model. Model 1II displays the linear effects of environmental R&D 

cooperation on product performance (Hypothesis 1a) and Model 1III the presence of non-

monotonic relationships (Hypothesis 1b). The variable environmental R&D cooperation 

is negative and significant (p < 0.05), supporting the hypothesis that buyer-supplier 

environmental R&D cooperation fosters the production of low-carbon vehicles. In other 

words, the vehicle models produced by a buyer and a supplier engaged in environmental 

R&D cooperation emit on average less levels of carbon emissions over time. Therefore, 

the results support Hypothesis 1a. However, the weakness of the RESET test for this 

hypothesis (p-value=0.0704) and the theoretical arguments about the presence of non-

monotonic relationships lead us to treat this result with caution.  

In contrast, the Hypothesis 1b is partially supported. Environmental R&D 

cooperation squared is significant (p < 0.01) but still negative, indicating that the 

relationship between environmental R&D cooperation and performance is not linear, but 

that the production of low-carbon product does not present decreasing marginal effects 

when environmental R&D cooperation increases. The absence of an inflexion point in 

fact means that product performance continues to benefit from increasing R&D 

cooperation. 

--------------------------------- 

Insert Table 1 about here 

--------------------------------- 

                                                
6 This test is typically done in OLS models, but modified versions can be done in fixed effects models. 
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Table 2 shows the result of adding the direct effects of positional embeddedness 

and the moderation effects of positional embeddedness on the relationship between 

environmental R&D cooperation and product environmental performance (Hypothesis 

2a). The variable positional embeddedness is negative and significant (p < 0.01), 

indicating that when buyer-supplier dyads occupy a central position in the supply network 

structure, on average they produce low-carbon products. The interaction term is also 

negative and significant (p < 0.05). This implies that when these dyads cooperate for 

environmental innovation, thanks to their central position, they are also able to amplify 

the effects of their cooperation on performance. Therefore, Hypothesis 2a is supported. 

--------------------------------- 

Insert Table 2 about here 

--------------------------------- 

Table 3 shows the results of testing the moderation effects of positional 

embeddedness for environmental R&D cooperation (Hypothesis 2b). The interaction term 

squared is positive, but not significant. This implies that for increasing R&D cooperation, 

non-significant effects are produced by the positional embeddedness of partners on 

product performance. In other words, the marginal effects produced by excessive R&D 

cooperation on environmental performance are neither neutralized, nor counterbalanced, 

by positional embeddedness. Hence, the Hypothesis 2b is not supported.  

--------------------------------- 

Insert Table 3 about here 

--------------------------------- 

Table 4 and Table 5 show the results of testing the moderation effects of increasing 

positional embeddedness (i.e. complexity) on the relationship between environmental 

R&D cooperation and product performance (Hypothesis 3a) and  the non-monotonic 

effects of both positional embeddedness and R&D cooperation (Hypothesis 3b). In both 

tables, the variable positional embeddedness squared (i.e. complexity) is positive and 

significant (p < 0.01). This implies that high complexity supply chain structure works 

against the production of low-carbon vehicles. However, this opposite effect is not 

transferred to the moderated interplay. In other words, none of the interaction terms 
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squared are significant. This means that the excessive positional embeddedness of 

partners engaged in R&D cooperation has no significant impact on environmental 

performance. Consequently, our findings do not support the idea that after a threshold, 

complexity in the supply chain structure plays a counterbalancing role on the relationship 

between environmental R&D cooperation and product performance (Table 4). This 

finding also holds under the presence of excessive R&D cooperation (Table 5). Therefore, 

Hypothesis 3a and 3b are not supported. 

--------------------------------- 

Insert Table 4 about here 

--------------------------------- 

--------------------------------- 

Insert Table 5 about here 

--------------------------------- 

With regard to the control variables, supplier segment specialization is negative 

and significant (p < 0.01). This means that suppliers that specialize in small vehicle 

models are associated with lower CO2 emissions levels. Supplier base and buyer base are 

both positive and significant (p < 0.01 and 0.10 respectively). Having a large number of 

suppliers leads to the production of vehicles with higher carbon emissions, and similarly, 

when a supplier has a large number of buyers, the vehicles in which it is involved tend to 

emit, on average, higher carbon emissions over time. Finally, while the size of the 

automaker matters for environmental performance, the size of the supplier does not seem 

to be linked with the production of low-carbon vehicles. 

 

6. Discussion and implications 

6.1 Results discussion 

The literature has largely stressed the positive impact of R&D cooperation on 

performance. This study, however, casts doubts on the effectiveness of environmental 

R&D cooperation if it is assessed alone, suggesting that a comprehensive understanding 

of the success of supply chain environmental R&D cooperation relies on how partners 
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are positionally embedded in the supply network structure. Specifically, in a period of 

technology transition, environmental R&D cooperation requires strong collaboration 

from partners, which makes embeddedness critical in the supply network. Given the 

complexity that sustainability introduces in the supply chain, effective environmental 

R&D cooperation depends highly on the willingness of partners to restructure their 

production processes and to integrate new competence and knowledge derived from 

cooperation. Through assessing the role of the positional embeddedness of partners in the 

supply chain network, this study extends the knowledge about the dynamics that lead 

R&D cooperation to successful outcomes.  

Our results show that environmental R&D cooperation between a buyer and its 

suppliers contributes to reducing carbon emissions from vehicles. This first outcome is 

consistent with previous research findings. Buyers and suppliers who cooperate on R&D 

projects foster innovations that contribute to enhanced environmental performance 

(Klassen and Vachon, 2003; Vachon and Klassen, 2007; De Marchi, 2012). In line with 

the relational view, in R&D cooperation, partners share competence, expertise and 

manufacturing knowledge, which can be especially crucial to the development of new 

technology (Dankbaar, 2007). R&D cooperation between buyers and suppliers in fact 

offers the opportunity to exploit the suppliers’ manufacturing expertise in the early stages 

of technology development. Suppliers know the characteristics of their materials and the 

machinery and equipment used to work with these materials, as well as different methods 

to connect parts together. Thus, they are able to anticipate if production is going to be 

easy or difficult, leading to effective innovation processes (Dankbaar, 2007). In this sense, 

R&D cooperation between buyers and their suppliers can significantly contribute to 

improving the environmental sustainability of products over time.  

Increasing intensity in environmental R&D cooperation, however, does not have 

linear effects on the production of low-carbon product in a period of technological 

transition. Although it does not have counterbalanced effects on performance, if partners 

excessively increase the number of projects they work on, they might not have sufficient 

time to assimilate and implement new knowledge, consequently exploiting mostly 

incremental environmental innovation, which would derive in reduced marginal effects 

on product performance. Therefore, in the short term, increasing the number of 

cooperative relationships might not contribute to further improvements in product 

environmental performance for reasons linked to limited absorptive capacity and to 
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technological boundaries of incremental innovation. Furthermore, in contrast to our 

predictions, the absence of a concave relationship between excessive environmental R&D 

cooperation and the production of low-carbon products can be due to the regulatory 

uncertainty that characterizes the period under analysis. Studies show that regulatory 

uncertainty does not necessarily have significant effects on reducing investments in 

abatement measures (Hoffmann, Trautmann and Hamprecht, 2009; De Stefano, Montes-

Sancho and Busch, 2016; Rodriguez Lopez, Sakhel and Busch, 2017). Rather, regulatory 

uncertainty can contribute to maintaining a certain level of cooperation for environmental 

innovation in order to mitigate future institutional actions and competition. Increasing 

environmental R&D cooperation, therefore, could provide the knowledge needed to 

maintain the progress achieved over time in terms of carbon emission reduction.  

Findings also suggest that the positional embeddedness of partners triggered by 

multiple sourcing strategy matters for improving product environmental performance.  

The positional embeddedness of a buyer and a supplier is positively associated with the 

production of low-carbon products. In line with the relational view, companies that 

occupy a central position in a network have the opportunity to collect and exploit valuable 

information and resources and obtain, as a consequence, increasing relational rents from 

cooperation. Consistently, when positional embeddedness is analysed together with 

participation in environmental R&D projects, it can be seen that the effects of cooperation 

are amplified. Partners engaged in environmental R&D cooperation that benefit from 

positional embeddedness in the network structure, have not only the advantage of 

accessing valuable resources and knowledge from the network that facilities the 

cooperation, but also the power to encourage other suppliers to adopt innovative practices 

to avoid being excluded from the network. This result is in line with studies that show 

that despite its costs, multiple sourcing is an optimal strategy in risky environments 

(Costantino and Pellegrino, 2010). In a context where the priority is to reduce carbon 

emissions from a product, the implementation of multiple sourcing is a tool in the buyer’s 

hand that can alter the positional embeddedness of suppliers, putting them under greater 

competitive and cooperative pressures, with the benefit of amplifying the effects of R&D 

cooperation on product performance. However, the results also show that an increasing 

number of R&D projects carried out with positionally embedded suppliers do not seem 

to amplify the effects of R&D cooperation on product environmental performance. When 

companies do not know what the dominant market standards might be, the joint effects 
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of excessive R&D cooperation and embeddedness may lead to possible limitations in 

experimenting with new and different technologies that might be especially necessary in 

a period of technological transition, as in our context. Also, if buyers increase their 

cooperation with embedded suppliers, it is possible that they would reach a point in which 

potential further cooperation would not lead to further improvements because of 

redundancies in the information and limits in the technological competence of these 

partners. Thus, nothing additional would be transmitted in the supply network with the 

consequence that marginal indirect effects on environmental performance would no 

longer be present.   

Interestingly, increasing levels of embeddedness (i.e. complexity) are associated 

with the production of pollutant products. In agreement with Ahuja et al (2009), we 

suggest that the same mechanisms that generate high positional embeddedness can also 

act as resistors to the introduction of environmental innovation, which in turn can reduce 

opportunities to produce low-carbon products. However, with environmental R&D 

cooperation, high positional embeddedness is not able to counterbalance the beneficial 

effects of R&D cooperation on performance.  

It is interesting to read the above results together with the positive effect that a 

reduced supply base can have on environmental performance (i.e., contributing to the 

reduction in carbon emissions from vehicles). This means that buyers need to manage 

their portfolio in such a way that they have more than one supplier delivering the same 

component; while ensuring that their overall number of suppliers is not too high. This 

result is coherent with the idea of having selective portfolio strategies to obtain optimum 

supplier relationships (Wagner and Johnson, 2004), to enhance new product development 

(Goffin, Lemke and Szwejczewski, 2006), and to achieve objectives of service degree 

and cost savings (Morrison et al., 2004; Pfohl and Gareis, 2005). Indeed, as suggested by 

Choi and Krause (2006), the management of the supply base is a complex issue because 

it involves not only the number of suppliers in the supply base, but also how they interact. 

These authors emphasize that although narrow supply base may lead to increased supplier 

responsiveness and efficiency, sharp reductions may increase supply risk and reduce the 

willingness of suppliers to innovate with the result of reducing  the buying company’s 

overall competitiveness (Choi and Krause, 2006). These arguments are coherent with our 

results, which suggest balancing the need to have more than one supplier to provide the 
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same component, in order to promote interactions among suppliers, while but containing 

the number of suppliers in the supply chain to reduce complexity and costs.  

 

6.2 Theoretical contributions 

According to Choi and Wu (2009) “dyadic relationships should be fully addressed only 

in a broader relationship context that includes relationships with other suppliers”. In line 

with this argument, we offer a study in which the main objective is to understand how 

dyadic relationships involved in environmental R&D cooperation work while their 

relationships in the supply network structure are also considered. In this context, our 

contribution to the SCM literature is twofold. By extending the relational view (Dyer and 

Singh, 1998), we analyse whether the interaction between dyads involved in 

environmental R&D cooperation and their positional embeddedness amplify the effects 

of R&D cooperation that lead to the production of low-carbon products. The positional 

embeddedness of partners can contribute to the effectiveness of R&D cooperation by 

facilitating collaborative behaviours in the supply chain and the spreading of innovation 

to the rest of the supply network. Possible drawbacks of R&D cooperation are explored 

by combining perspectives from the alliance and supply chain literature.    

The second contribution of this work is that it offers a more comprehensive 

application of the relational view. This theoretical perspective discusses different types 

of collaborations and their effects on performance. It also identifies the types of 

mechanisms that increase the effects of collaboration on performance. Integrating 

arguments from network theory and specifically of embeddedness, this paper captures 

this standpoint in a more extensive way with respect to previous studies, which focus on 

fewer relationship characteristics, or do not offer interaction analyses. Furthermore, this 

paper extends the triadic approach by assessing the effects that supplier relationships and 

their interactions can have upon one another. There are still only a limited number of 

studies that take an integrated view of connections and interdependencies among 

suppliers in a network (Roseira, Brito and Henneberg, 2010).  

 

6.3 Managerial implications 

This study provides a number of practical insights for managers in the automotive 

industry. It suggests that managers of focal companies have to map and strategically 
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manage their “visible” network, i.e. the relationships with their first-tier suppliers and the 

relationships that their first-tier suppliers have with other first-tier suppliers. Managers 

do not need to assess trust or commitment of suppliers when they engage in R&D 

cooperation. Managers who implement strategies such as multiple sourcing can design 

supply network structures that enable them to generate commitment from suppliers thanks 

to the network dynamics that these strategies produce.  

In this context, we suggest that multiple sourcing strategy is a tool in the buying 

company’s hands to promote relational equity in environmental R&D cooperation. 

Relational equity is  “the wealth-creating potential that resides in the firm’s relationships 

with its stakeholder” (Sawhney and Zabin, 2002, p. 313). Following Sawhney and Zabin’s 

line of thought, we recommend that managers consider the idea that effective 

management of relational equity relies on thinking about their suppliers not in isolation 

but embedded in the network structure. Managers have to consider that suppliers’ 

relationships work as a systemic whole to form the value network. Thus, they need to 

carefully analyse the supply network to improve R&D cooperation results.  

This study also highlights the fact that focal companies do not need to cooperate 

with many suppliers to improve the environmental performance of products but just with 

those suppliers who are positionally embedded in the network structure. Through these 

suppliers the focal companies have the possibility to extend environmental innovations 

and associated best practices across the supply network. Managers therefore also have to 

manage the supply network and continually adapt it to improve relational equity through 

the diffusion of innovation across the supply chain. Notwithstanding this, in order to 

enhance the environmental performance of a product, managers must test varied supply 

network structures because increasing network complexity might neutralize the beneficial 

effects of R&D cooperation on performance. In these terms, this study provides a practical 

tool for their decision-making process. 

Finally, our findings also indicate that increasing cooperation with highly 

embedded suppliers might not always be good for exploring new technologies. This 

strategy can provide a good starting point, but it can also hugely limit the possibility of 

exploring new technologies to enhance product environmental performance in 

technological transition periods. Managers have therefore to assess their levels of 

cooperation, even with firms from outside the automotive industry. Recent studies show 

that new market entrants can strongly contribute to the development of environmental 

innovation (Birkinshaw, Bessant and Delbridge, 2007; Golembiewski et al., 2015; Nair 
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et al., 2016). Managers could use environmental R&D cooperation to improve the 

dialogue with other stakeholders such as government institutions and NGOs. Private-

public cooperation in environmental innovation can help  to design feasible carbon 

emission standards, since the current ones do not seem  to work in the automotive industry 

(Puko, Spector and Chester Dawson, 2018).  

 

6.4 Concluding remarks, limitations and opportunities for future research 

Although this study has offered a novel perspective that has combined insights from 

qualitative studies, conceptual approaches and other theories, there is room for 

improvement. First, the timeframe is limited to the period 2001-2008 when companies 

were not subject to CO2 emission regulations. Future studies could verify the 

effectiveness of environmental R&D cooperation and its interactions on performance 

under the new regulated context. Second, the type of environmental technology that R&D 

cooperation addresses (i.e. radical or incremental) is not identified. Further studies should 

explore how suppliers collaborate and contribute to the development of different types of 

technologies to improve the sustainability of product environmental performance over 

time. Third, complex components are not distinguished from simple components, nor are 

different weights attributed to particular components. Some components probably have a 

greater impact on vehicle carbon emission than others.  

Finally, researchers have shown that the positive benefits of multiple sourcing in 

the production stage can be amplified by implementing a strategy of split sourcing instead 

of parallel sourcing. This strategy entails involving two or more suppliers that share 

component sourcing in the production of the same model. It has been shown that split 

sourcing strategies increase production efficiency more than parallel sourcing (Aláez-

Aller and Longás-García, 2010). This study does not control this aspect. Hence, further 

research should explore the impact of different multiple sourcing strategies on improving 

the sustainability of product performance.  
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Table 1. Panel fixed-effects regression analysis: testing linear and quadratic 
environmental R&D cooperation 
 
Variables Low carbon products  

(CO2 emissions from passenger cars) 
 Model 1I Model 1II 

(H1a) 
Model 1III 

(H1b) 
    
Env R&D cooperation   -2.492** 1.399 
  (1.068) (1.658) 
Env R&D cooperation squared   -1.869*** 
   (0.611) 
Supplier parks -0.016 -0.017 -0.020 
 (0.015) (0.015) (0.015) 
Product portfolio -0.011 -0.016 -0.018 
 (0.028) (0.028) (0.028) 
Supplier segment specialization -0.037*** -0.037*** -0.035*** 
 (0.005) (0.005) (0.005) 
Supplier base 0.137*** 0.136*** 0.139*** 
 (0.023) (0.023) (0.023) 
Buyer base 0.288** 0.237* 0.258* 
 (0.137) (0.138) (0.138) 
Size (Automaker) -7.496*** -7.728*** -7.869*** 
 (1.746) (1.745) (1.738) 
Size (Supplier) 0.535 0.865 0.536 
 (1.465) (1.469) (1.466) 
    
F-value 52.87*** 50.13*** 48.13*** 
R-squared (within) 0.4470 0.4501 0.4553 
    

Note: The sample size is 1,201 dyad-year observations for 205 dyads (i.e. automaker and first-
tier supplier). The standard errors are in parentheses. The dependent variable is the average of 
CO2 emissions levels from passenger cars produced by each dyad-year. The independent variables 
are environmental R&D cooperation (linear effect) and its squared (curvilinear effect). Dummy 
variables for years are included in all the models, but they are not reported. 
* Significance level: p < 0.1.; ** Significance level: p < 0.05.;*** Significance level: p < 0.01. 
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Table 2. Panel fixed-effects regression analysis: testing interaction between 
positional embeddedness and environmental R&D cooperation  
 
Variables Low carbon products  

(CO2 emissions from passenger 
cars) 

 Model 2I Model 2II 
(H2a) 

   
Env R&D cooperation  -2.387** -3.313*** 
 (1.063) (1.121) 
Positional embeddedness  -0.124*** -0.114*** 
 (0.039) (0.039) 
Env R&D coop. x P. embeddedness  -0.056** 
  (0.022) 
Supplier parks -0.016 -0.018 
 (0.015) (0.015) 
Product portfolio -0.042 -0.045 
 (0.030) (0.029) 
Supplier segment specialization -0.037*** -0.034*** 
 (0.005) (0.005) 
Supplier base 0.129*** 0.128*** 
 (0.023) (0.023) 
Buyer base 0.243* 0.244* 
 (0.138) (0.139) 
Size (Automaker) -8.308*** -8.397*** 
 (1.746) (1.742) 
Size (Supplier) 1.292 1.224 
 (1.468) (1.464) 
   
F-value 48.23*** 46.16*** 
R-squared (within) 0.4558 0.4593 

Note: The sample size is 1,201 dyad-year observations for 205 dyads (i.e. automaker and first-
tier supplier). The standard errors are in parentheses. The dependent variable is the average of 
CO2 emissions levels from passenger cars produced by each dyad-year. The independent variables 
are environmental R&D cooperation, positional embeddedness and the interaction term between 
both. Dummy variables for years are included in all the models, but they are not reported. 
* Significance level: p < 0.1.;** Significance level: p < 0.05.;*** Significance level: p < 0.01. 
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Table 3. Panel fixed-effects regression analysis: testing interaction between 
positional embeddedness and curvilinear environmental R&D cooperation  
 
Variables Low carbon products  

(CO2 emissions from passenger cars) 
 Model 3I Model 3II 

 
Model 3III  

(H2b) 
    
Env R&D cooperation  1.184 -0.213 -0.416 
 (1.653) (1.830) (2.224) 
Env R&D cooperation squared -1.719*** -1.372** -1.314* 
 (0.610) (0.641) (0.734) 
Positional embeddedness  -0.115*** -0.109*** -0.112*** 
 (0.039) (0.039) (0.043) 
Env R&D coop. x P. embeddedness  -0.041** -0.048* 
  (0.018) (0.026) 
Env R&D coop. squared x P. embeddedness   0.002 
   (0.015) 
Supplier parks -0.018 -0.019 -0.019 
 (0.015) (0.015) (0.015) 
Product portfolio -0.042 -0.044 -0.045 
 (0.029) (0.029) (0.030) 
Supplier segment specialization -0.035*** -0.033*** -0.034*** 
 (0.005) (0.005) (0.005) 
Supplier base 0.132*** 0.130*** 0.130*** 
 (0.023) (0.023) (0.023) 
Buyer base 0.224* 0.250* 0.250* 
 (0.136) (0.138) (0.139) 
Size (Automaker) -8.395*** -8.443*** -8.431*** 
 (1.740) (1.739) (1.741) 
Size (Supplier) 0.958 0.976 0.957 
 (1.468) (1.466) (1.471) 
    
F-value 46.31*** 44.13*** 41.89*** 
R-squared (within) 0.4601 0.4619 0.4620 
    

Note: The sample size is 1,201 dyad-year observations for 205 dyads (i.e. automaker and first-
tier supplier). The standard errors are in parentheses. The dependent variable is the average of 
CO2 emissions levels from passenger cars produced by each dyad-year. The independent variables 
are environmental R&D cooperation and its squared (curvilinear effect), positional embeddedness 
and the interaction terms between them. Dummy variables for years are included in all the models, 
but they are not reported. 
* Significance level: p < 0.1.; ** Significance level: p < 0.05.;*** Significance level: p < 0.01. 
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Table 4. Panel fixed-effects regression analysis: testing interaction between 
curvilinear positional embeddedness and environmental R&D cooperation 

Variables Low carbon products  
(CO2 emissions from passenger cars) 

 Model 4I Model 4II 
 

Model 4III 
(H3a) 

    
Env R&D cooperation  -3.070*** -4.475*** -5.599*** 
 (1.057) (1.120) (1.975) 
Positional embeddedness -0.029 -0.001 -0.009 
 (0.042) (0.043) (0.044) 
Positional embeddedness squared 0.006*** 0.006*** 0.006*** 
 (0.001) (0.001) (0.001) 
Env R&D coop. x P. embeddedness  -0.080*** -0.078*** 
  (0.022) (0.022) 
Env R&D coop. x P. embeddedness squared   0.001 
   (0.001) 
Supplier park -0.014 -0.017 -0.016 
 (0.015) (0.015) (0.015) 
Product portfolio -0.043 -0.046 -0.047 
 (0.029) (0.029) (0.029) 
Supplier segment specialization -0.038*** -0.034*** -0.035*** 
 (0.005) (0.005) (0.005) 
Supplier base 0.123*** 0.120*** 0.120*** 
 (0.023) (0.023) (0.023) 
Buyer base 0.349** 0.427*** 0.421*** 
 (0.139) (0.140) (0.140) 
Size (Automaker) -9.103*** -9.333*** -9.227*** 
 (1.730) (1.720) (1.728) 
Size (Supplier) 1.413 1.332 1.324 
 (1.449) (1.440) (1.440) 
    
F-value 48.30*** 47.01*** 44.66*** 
R-squared (within) 0.4706 0.4776 0.4778 
    

Note: The sample size is 1,201 dyad-year observations for 205 dyads (i.e. automaker and first-
tier supplier). The standard errors are in parentheses. The dependent variable is the average of 
CO2 emissions levels from passenger cars produced by each dyad-year. The independent variables 
are environmental R&D cooperation, positional embeddedness and its squared (curvilinear 
effect), and the interaction terms between them. Dummy variables for years are included in all 
the models, but they are not reported. 
* Significance level: p < 0.1.; ** Significance level: p < 0.05.; *** Significance level: p < 0.01. 
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Table 5. Panel fixed-effects regression analysis: testing interaction between 
curvilinear positional embeddedness and environmental R&D cooperation 

Variables Low carbon products  
(CO2 emissions from passenger cars) 

 Model 5I Model 5II 
 

Model 
5III 

Model 
5IV (H3b) 

     
Env R&D cooperation  -0.680 -1.607 -2.089 -1.925 
 (1.633) (1.816) (2.705) (3.087) 
Env R&D cooperation squared -1.811*** -1.264** -1.228* -1.331* 
 (0.602) (0.630) (0.648) (0.732) 
Positional embeddedness -0.018 0.001 -0.001 -0.001 
 (0.042) (0.043) (0.044) (0.044) 
Positional embeddedness squared 0.006*** 0.006*** 0.006*** 0.006*** 
 (0.001) (0.001) (0.001) (0.001) 
Env R&D coop. x P. embeddedness  -0.065*** -0.065*** -0.067** 
  (0.023) (0.023) (0.027) 
Env R&D coop. x P. embeddedness squared   0.001 0.001 
   (0.001) (0.002) 
Env R&D coop. squared x P. embeddedness     0.000 
Squared    (0.001) 
Supplier parks -0.016 -0.018 -0.018 -0.018 
 (0.015) (0.015) (0.015) (0.015) 
Product portfolio -0.043 -0.046 -0.046 -0.046 
 (0.029) (0.029) (0.029) (0.029) 
Supplier segment specialization -0.036*** -0.034*** -0.034*** -0.034*** 
 (0.005) (0.005) (0.005) (0.005) 
Supplier base 0.126*** 0.123*** 0.122*** 0.123*** 
 (0.023) (0.023) (0.023) (0.023) 
Buyer base 0.374*** 0.430*** 0.428*** 0.429*** 
 (0.139) (0.140) (0.140) (0.140) 
Size (Automaker) -9.208*** -9.365*** -9.326*** -9.333*** 
 (1.723) (1.718) (1.726) (1.728) 
Size (Supplier) 1.063 1.102 1.106 1.099 
 (1.447) (1.442) (1.443) (1.445) 
     
F-value 46.61*** 45.00*** 42.82*** 40.83*** 
R-squared (within) 0.4755 0.4797 0.4798 0.4798 
     

Note: The sample size is 1,201 dyad-year observations for 205 dyads (i.e. automaker and first-
tier supplier). The standard errors are in parentheses. The dependent variable is the average of 
CO2 emissions levels from passenger cars produced by each dyad-year. The independent variables 
are environmental R&D cooperation and its squared (curvilinear effect), positional embeddedness 
and its squared (curvilinear effect), and the interaction terms between them. Dummy variables for 
years are included in all the models, but they are not reported. 
* Significance level: p < 0.1.; ** Significance level: p < 0.05.; *** Significance level: p < 0.01.
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APPENDIX  

Table 1: Variable description 

Variable Description  Database  

Low-carbon vehicle Average CO emissions [levels of g/km] from all vehicle models in which 
a buyer-supplier dyad is involved. 

VCA 

Environmental R&D cooperation Cumulative number of R&D projects wherein buyer-supplier dyads are 
engaged. 

CORDIS 

Positional embeddedness Bonacich (Bonacich, 1987) eigenvector measure of the network centrality 
of buyer-supplier dyads. 

IHS SupplierBusiness 

Supplier parks (%) Number of supplier parks wherein a supplier is present/ Total number 
of supplier parks held by an automaker 

IHS SupplierBusiness & 
Automotive News 

Product portfolio (%) Number of models produced by a supplier /Total number of 
automaker’s vehicle models 

VCA & IHS 
SupplierBusiness 

Supplier segment specialization Average of automaker’s model vehicle weight - Average of supplier’s 
model vehicle weight  

VCA & IHS 
SupplierBusiness 

Supplier base Number of suppliers with which the automaker has procurement 
relationships  

IHS SupplierBusiness 

Buyer base Number of automakers with which the supplier has procurement 
relationships 

IHS SupplierBusiness 

Size (Automaker) Natural logarithm of automaker’s total assets (euros) Amadeus and 
Worldscope 

Size (Supplier) Natural logarithm of supplier’s total assets (euros) Amadeus and 
Worldscope 
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Table 2. Descriptive statistics 
 
Variables Mean SD Min Max 

Low carbon products 

(CO2 emissions from passenger cars) 

193.07 34.58 132.04 296.07 

Environmental R&D cooperation 0.27 0.61 0 8 

Positional embeddedness 46.63 32.26 1.15 98.22 

Supplier parks 61.10 41.98 0 100 

Product portfolio 63.41 32.99 8.33 100 

Supplier segment specialization -7.92 144.85 -916.11 421.07 

Supplier base 252.99 53.04 59 344 

Buyer base 13.12 5.77 1 24 

 18.34 0.75 14.53 22.01 

Buyer base 15.05 2.47 1 19.55 

N=1,201 observations.  
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Table 3. Correlation matrix 
Variables 1 2 3 4 5 6 7 8 9 10 

1. Low-carbon products                         

(CO2 emissions from passenger cars) 

 

1.00 

         

2.   Environmental R&D cooperation -0.06 1.00         

3.   Positional embeddedness -0.08 0.11  1.00        

4.   Supplier parks -0.13 0.04  0.38 1.00       

5.   Product portfolio 0.04 0.03  0.57 0.55 1.00      

6.   Supplier segment specialization -0.36 -0.01  0.09 0.03 -0.03 1.00     

7.   Supplier base  0.07 0.07  -0.01 0.14 0.02 0.03 1.00    

8.   Buyer base -0.08 -0.06  0.29 0.32 0.51 0.09 -0.31 1.00   

9.   Size (Automaker) 0.02 0.08  0.02 0.04 -0.03 -0.09 0.30 -0.08 1.00  

10. Size (Supplier) 0.04 0.06  0.17 0.12 0.21 -0.08 0.10 0.23 -0.07 1.00 

 
N=1,201 observations. Correlations with values in bold are significant at 5%. 
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Table 4. Ramsey RESET test results 
 

Hypothesis F-statistic p-value 

H1a: Environmental R&D cooperation  (linear model) 2.61 0.0704 

H1b: Environmental R&D cooperation (quadratic model)  2.12 0.1210 

H2a: Environmental R&D cooperation & Positional 

embeddedness (linear model)  

1.36 0.2586 

H2b: Environmental R&D cooperation (curvilinear 

effects) & Positional embeddedness  

1.24 0.2898 

H3a: Environmental R&D cooperation & Positional 

embeddedness (curvilinear effects) 

1.43 0.2398 

H3b: Environmental R&D cooperation & Positional 

embeddedness (both curvilinear effects) 

1.27 0.2812 
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