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 Environmental sustainability can require extensive investment from suppliers as well as firms. 
Previous studies on this topic focused on the direct relationship between supplier collaboration 
and environmental performance, yet these studies did not investigate the mechanism behind the 
relationship. Our study examines the mediating role of innovation on the relationship between 
supplier collaboration and environmental performance. We tested this model using a sample of 
597 Korean firms and found that innovation positively mediated the collaboration effect with 
suppliers through measurements of strategic, operational, and product development 
collaboration. These results help us identify the process through which supplier collaboration 
leads to better environmental performance. 
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1. Introduction 

The intensifying interest in environmental performance from diverse stakeholders such as customers, governments, and 
suppliers has increased the importance of environmental management to most firms (Henriques & Sadorsky, 1999). To 
address this concern, firms have expanded the scope of environmentally-focused activities from internal initiatives to 
external projects, including environmentally-friendly supply chains (Rao & Holt, 2005) and reverse logistics (Prahinski & 
Kocabasoglu, 2006). Since these activities require firms to interact with external stakeholders like suppliers, customers, and 
competitors, policymakers must understand how firms collaborate with external stakeholders to encourage more sustainable 
processes. In this study, we investigate the effect of supplier collaboration on environmental performance and explore the 
mechanism between the two. Environmental performance innovation tends to be more complex than general innovation and 
thus needs more interdependency among technologies (Gimenez & Tachizawa, 2012; De Marchi, 2012); supplier 
collaboration can play a vital role in better understanding how to best utilize complex and difficult technology. While these 
previous studies have focused on the direct effect of supplier collaboration on environmental performance, demonstrating 
that suppliers can provide complementary experience, we extend this argument by revealing how supplier collaboration is 
positively related with environmental performance.  

The rationale for the mediating effect is that firms improve innovation capabilities by collaborating with suppliers and then 
the increased innovation capabilities lead to high environmental performance. For example, De Marchi (2012) argued that 
supplier collaboration is beneficial for environmental performance due to absorptive capacity; Vachon and Klassen (2008) 
echoed the importance of resources and capabilities in explaining the positive relationship between supplier collaboration 
and environmental performance. Many researchers supported the positive impact of supplier collaboration on environmental 
performance using the innovation capability concept, yet little research has been attempted to prove the mediating role of 
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innovation capability and clarify the specific mechanism by which supplier collaboration improves environmental 
performance.  

This research contributes to the current literature by examining the mediating effect of innovation between supplier 
collaboration and environmental performance. The mediating effect of innovation can provide a better understanding of 
environmental performance. In addition, we consider three types of supplier collaboration: strategic, operational, and joint 
product development; these levels are sufficiently uncorrelated to support different theoretical backgrounds. Our intent is 
to help firms understand these different approaches to collaboration and enable firms to build good collaborative 
relationships with their suppliers.  

The paper is organized as follows. First, we explain the relationship between the three types of supplier collaboration and 
environmental performance, the effect of innovation on environmental performance, and the mediating effect of innovation. 
Next, we describe the data, empirical model, and the interpretation of results. To conclude, we address the contributions 
and limitations of this study. 

2. Literuare review and hypothese development 

Environmental innovation is typically categorized into managerial, process, and product innovations (Chen, 2008; Chiou et 
al., 2011). Similarly, we classify supplier collaboration into strategic, operational, and product development collaboration. 
Strategic collaboration refers to leaders sharing business issues and goals with each other to maintain and grow the 
relationship (Srivastava, 2007). Operational collaboration leads to modified manufacturing processes that decrease negative 
impacts on the environment (Klassen & Whybank, 1999), whereas product development collaboration involves designing 
new products or refining existing products that inherently reduce negative environmental impacts (Klassen & Whybank, 
1999). We have distinguished these three types of collaboration because each is derived from different theoretical 
backgrounds using different approaches.  

2.1. The relationship between supplier collaboration and environmental performance 
 
2.1.1. Strategic collaboration with suppliers  

Strategic collaboration with suppliers refers to leaders sharing business issues, information, and goals to keep the 
relationship (Srivastava, 2007). Strategic collaboration with suppliers can enhance environmental performance by 
increasing the depth of understanding between partners and improving trust. Eco-friendly technology tends to be very 
complex and is constantly evolving, requiring skills and knowledge best provided by smaller, nimbler suppliers 
(Rothenberg, 1999). In addition, environmental innovations rely on cospecialized complementary assets for successful 
implementation; these assets and the accompanying tacit knowledge are difficult to transfer across companies (Teece, 1986). 
Strategic collaboration therefore enables firms to obtain important processes and best practices from suppliers and more 
smoothly incorporate complex and co-specialized technology. Geffen and Rothenberg (2000) demonstrated that when firms 
openly share strategies and goals with their supply chain, their suppliers provide more expertise and knowledge, resulting 
in better environmental performance. In addition, strategic collaboration increases trust, forming long-term partnerships that 
enable firms to address diverse environmental issues. Therefore, we suggest the following hypothesis. 

Hypothesis 1-1: Strategic collaboration with suppliers is positively associated with environmental performance. 
 
2.1.2. Operational collaboration with suppliers 

Leveraging relationships with suppliers to improve operations also enhances environmental performance. Suppliers can 
contribute to improvements in product quality, costs, and schedules (Primo & Amundson, 2002; Song & Thieme, 2009), 
which reduces rework, scrap, emissions, and energy consumption. The complementary knowledge provided by suppliers 
plays an important role in improving current processes and resolving existing operational problems (Bonaccorsi & 
Lipparini, 1994) as well as identifying and implementing new operational technologies. Firms are most successful when 
they continually improve environmental performance and stay ahead of regulations (Green et al., 1998).  The 
implementation of new operational systems also requires supplier knowledge and experience. Thus, we suggest the 
following hypothesis. 

Hypothesis 1-2: Operational collaboration with suppliers is positively associated with environmental performance. 
 
2.1.3. Product development collaboration with suppliers 

Collaborating with suppliers during product development also increases environmental performance. Environmental 
performance literature has so far been focused on environmentally friendly products for cleaning technologies and pollution 
prevention (Bakker et al., 2002). Similarly, Dangelico and Pujari (2010) argued that firms are paying more attention to the 
environmental performance of their products because environmental policies emphasize those product characteristics. 
Regardless, developing environmentally friendly products requires complex skillsets and a strong foundation in materials 
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science. To successfully reduce the environmental footprint of their products, firms must access the external complementary 
knowledge that their suppliers have obtained by working with varied manufacturers (Clark & Fujimoto, 1991). For example, 
automakers improved their paint processes by combining new environmentally-friendly paint chemistries suggested by 
suppliers with the knowledge and skills of their automobile assembly teams (Geffen & Rothenberg, 2000). Geffen (1998) 
further proved this point by analyzing paint industry patents and finding that suppliers are the main source of innovative 
products that reduce environmental impact through new materials and chemical design. We expect that the knowledge and 
experience that suppliers provide will help firms use new material and components to develop more environmentally 
friendly products, so we suggest the following hypothesis. 

Hypothesis 1-3: Product development collaboration with suppliers is positively associated with environmental 
performance. 
 
2.2. The impact of innovation on environmental performance 
 

We have seen a stream of literature supporting a positive relationship between innovation and environmental performance, 
where innovation can directly and indirectly influence environmental performance. An example of a direct influence is 
when innovations reduce labor, material, and energy usage and thereby improve productivity and processes. Mondéjar-
Jiménez et al. (2015) empirically showed that a company focusing on enhancing productivity through innovation will 
improve its environmental performance. In addition, quality management innovations also benefit environmental 
performance by reducing waste and rework. For example, King and Lenox (2001) showed that quality improvement is 
complementary to waste and pollution reduction, which implies that innovations can enhance environmental performance 
by increasing productivity and lowering defects. Jakobsen and Clausen (2016) found that process innovation reduces labor 
and material costs, demonstrating that manufacturing process innovation also has a positive effect on environmental 
performance. In conclusion, innovation designed to improve productivity, whether through quality management or process 
improvement, directly enhances environmental performance. Innovation can also indirectly improve environmental 
performance since most inventions will facilitate and complement environmental innovation (Rothenberg & Zyglidopoulos, 
2007).  As Rogers (1983) demonstrated, many environmental innovations require compatible systems, in which case firms 
need related product technologies to successfully adopt the new innovations. Innovation capabilities increase the ability to 
adopt new knowledge and technology, raising the likelihood that firms have the required level of compatibility for a given 
new technology (Cohen & Levinthal, 1990). Therefore, highly-innovative firms can adopt new environmental technologies 
quickly and smoothly to improve environmental performance and meet shifting environmental regulations.  

Hypothesis 2: Innovation is positively related to environmental performance. 
 
2.3. The mediation effect of innovation on the relationship between supplier collaboration and environmental performance 

Firms can improve innovation through deeper collaboration with their suppliers. Strategic collaboration provides a long-
term relationship that leads to deep trust (Chiou et al., 2011), which provides the foundation for long-term support and 
cooperation with suppliers. This collaboration helps firms meet quality targets, budgets, and schedules (Primo & Amundson, 
2002; Song & Thieme, 2009) and enables firms to more effectively implement innovations. Suppliers also play an important 
role in identifying new technologies and material components that could enhance innovation performance. Strong 
collaboration with suppliers during product development encourages suppliers to share information (Ragatz, Handfield, & 
Petersen, 2002; Takeishi, 2001), reducing unnecessary changes and rework (Loch & Terwiesch, 1998) as well as redundant 
tasks (Tannenbaum, Beard, & Salas, 1992).  

This type of openness also improves the accuracy with which firms can schedule new product development, which is critical 
to successfully launching modern products. Collaboration enables interdependent communication between the firm and 
supplier about technical and organizational realities, allowing both to more readily adjust the timing of new product 
development (Campion, Medsker, & Higgs, 1993; Hoegl & Gemuenden, 2001). Overall, the three types of supplier 
collaboration help firms reach higher innovation.  

Firms can utilize improved innovation by collaborating with suppliers to increase environmental performance. Although 
most firms are structured to quickly respond to changing stakeholder needs through strong innovation (Cooper & de 
Brentani, 1991), environmental performance is unique in requiring technologies that are quite complex, so firms need to 
incorporate additional requirements from even more stakeholders to improve environmental performance (De Marchi, 
2012). This implies that firms reach a high level of environmental performance through strong innovation capabilities, 
including quick response and absorptive processes, which can handle complex technologies and combine multiple 
technology domains (Goldenberg, Lehman, & Mazursky, 1999; Colarelli O’Connor, 1998). Figure 1 illustrates our proposed 
research model. 

Hypothesis 3: Innovation mediates the relationship between supplier collaboration and environmental performance. 
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Fig. 1. Research model. 

 
3. Methodology and measurement  

3.1. Data Collection 

We used data from the Korean manufacturing panel survey in 2013 for testing hypotheses. The sample contains 601 
responses out of the 2,000 firms contacted, of which we used 597 after screening for missing data. Most (80%) were small 
and medium-sized firms and belonged to four industries: automobile, machine, shipbuilding, and telecommunication. Our 
sample set worked well for this study because each of these firms needs to conform to environmental regulations including 
Waste Electric and Electronic Equipment.  

3.2. Measures 

Environmental performance. We measured the dependent variable, environmental performance, by evaluating the 
quantitative reduction in four categories (non-renewable resources, emissions to air and water, energy, and inputs), similar 
to the approach used by Wagner and Schaltegger (2004). Our respondents conveyed the amount to which their firms reduced 
their environmental footprint using a scale of one (no reduction) to seven (significant reduction).   

Innovation. We captured the mediating variable, innovation, using the number of patents during the preceding three years. 
We used a log scale to transform this variable due to the data distribution’s skewness. 

Strategic collaboration with suppliers. We measured strategic supplier collaboration, an independent variable, with three 
questions using a seven-point Likert scale. For example, one question asked “Does your firm share or discuss important 
business issues with your suppliers?” and another asked “Does your firm share business goals with suppliers?” Cronbach’s 
alpha was .83 in the results, indicating relatively high reliability.  

Operational collaboration with suppliers. We measured operational supplier collaboration, an independent variable, with 
four questions using a seven-point Likert scale. For example, one question asked “Does your firm share information about 
customers and markets with suppliers?” and another asked “Does your firm share information about inventory?” Cronbach’s 
alpha was .90 for this variable, indicating high reliability. 

Product development collaboration with suppliers. We measured product development collaboration with suppliers, the 
final independent variable, using four items that also used using a 7-point Likert scale of 1 (very low) to 7 (very high). For 
example, one question asked “Does your firm’s product development system link with a supplier’s system?” and another 
asked “Does your firm encourage suppliers to suggest new technology or knowledge?” Cronbach’s alpha was .90 for this 
variable, indicating high reliability. 

Control variables. We created three variables at the firm level: we used the total annual R&D budget to control for the basic 
capability of innovation, we controlled for maturity through the years an organization has operated, and we used the number 
of employees to control for firm size.  

 

Innovation 
Strategic collaboration with 

suppliers 

Operational collaboration with 
suppliers 

Environmental 
performance 

Product development 
collaboration with suppliers 
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4. Results  

Table 1 contains descriptive statistics and correlations. We found significant correlations among the variables, showing that 
all three of supplier collaboration approaches that we chose (strategic, operational, and product development) were 
associated with both innovation and environmental performance. We used variance inflation factors (VIF) to check multi-
collinearity. The range of VIF was between 1.28 and 1.31, below the commonly-accepted maximum of 10, indicating that 
our results were not affected by multi-collinearity.  

Table 1 
Mean, standard deviation, and correlation coefficient. 

No Variable Mean S. D. 1 2 3 4 5 6 7 8 
1 Environmental performance 4.21 0.91 1        

2 Innovation 4.24 1.09 0.26* 1       

3 Strategic collaboration  4.84 0.99 0.19* 0.14* 1      

4 Operational collaboration  4.79 1.16 0.17* 0.17* 0.69* 1     

5 Product development collaboration  4.54 1.16 0.2* 0.25* 0.66* 0.67* 1    

6 Firm age 18.53 11.31 0.08* 0.07 0.06 0.01 0.07 1   

7 Firm size 4.65 0.88 0.05 0.07 0.13* 0.15* 0.16* 0.34* 1  

8 R&D 1.50 0.91 0.06 0.32* 0.03 0.01 0.11* 0.2* 0.11* 1 
*p<.05, sample size=597 
 

Table 2 shows the ordinary least squares (OLS) regression analyses, where Model 1, the baseline model, includes control 
variables. We examine the effects of collaboration using Model 2, 3, and 4, which shows that strategic collaboration 
(β=0.169, p<0.001), operational collaboration (β=0.131, p<0.001), and product development collaboration (β=0.151, 
p<0.001) are each positive and significant, supporting hypothesis 1.1, 1.2, and 1.3. Using Model 5, we show that innovation 
is associated with environmental performance (β=0.224, p<0.001) positively and significantly, supporting hypothesis 2.  

Table 2  
Results of OLS regression analyses 

  Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
DV Environmental performance 

Firm age 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.004    
 (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)    

Firm size 0.026 0.019 0.014 0.013 0.012 0.006 0.004 0.004    
 (0.05) (0.05) (0.05) (0.05) (0.04) (0.04) (0.05) (0.05)    

R&D 0.024 0.016 0.020 0.002 -0.051 -0.050 -0.047 -0.057    
 (0.04) (0.04) (0.04) (0.04) (0.04) (0.04) (0.04) (0.04)    

Strategic 
collaboration 

 0.169*** 
(0.04) 

   0.141*** 
(0.04) 

              

Operational 
collaboration 

  0.131*** 
(0.03) 

   0.101** 
(0.03)              

Product 
development 
collaboration 

   
0.152*** 

(0.03) 

   
0.114*** 

(0.03) 

Innovation      0.224*** 0.208*** 0.207*** 0.198*** 
     (0.04) (0.04) (0.04) (0.04)    

_cons 3.993*** 3.213*** 3.391*** 3.383*** 3.217*** 2.618*** 2.804*** 2.844*** 
  (0.23) (0.28) (0.27) (0.26) (0.25) (0.29) (0.28) (0.27)    

 adj. R2 0.014 0.044 0.037 0.046 0.076 0.096 0.089 0.092    
N 572 572 572 572 572 572 572 572 

†p< 0.10, *p<0.05, **p<0.01, ***p<0.01; sample size=597; Standard errors are in parentheses. We controlled for industry effects, but do not include that data 
in this table. 

We conducted two tests to examine the mediating effect of innovation on the relationship between supplier collaboration 
and environmental performance. We begin by testing the mediating effect using three-step analysis of Baron and Kenny 
(1986). In the first step, we find that the three types of supplier collaboration are positively and significantly related with 
environmental performance, supporting hypotheses 1.1, 1.2, and 1.3. In the second step, we find that the mediator, 
innovation, is also positively and significantly related with environmental performance. In the third step, we test the effect 
of the mediator on the dependent variable while controlling for the three types of supplier collaboration. We find significant 
influence of innovation on environmental performance with a significant effect from the three types of supplier 
collaboration: innovation β=0.208, p<0.001 with strategic collaboration β=0.141, p<0.001; innovation β=0.207, p<0.001 
with operation collaboration β=0.101, p<0.001; innovation β=0.198, p<0.001 with product development collaboration 
β=0.114, p<0.001. The results imply a partial mediation effect of innovation and support hypothesis 3.  

Additionally, we used a Sobel test to examine the mediation effect (Sobel, 1986). We use the product of coefficients because 
of the lower Type I error rate and higher statistical power (Preacher and Hayes, 2004). Table 3 displays the significant 
mediating effect of innovation on the relationship between the three types of supplier collaboration (Z = 2.95, p<0.001 with 
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strategic collaboration; Z = 3.36, p<0.001 with operation collaboration; Z = 4.07, p<0.001with product development 
collaboration), confirming hypothesis 5.  The effect ratio of each suggests a full mediation effect (Jose, 2008).  

Table 3 
Results of Sobel test of the mediating effect of innovation 

Mediator c a σa b  σb  Z  Effect ratio 
Innovation  

over strategic collaboration 0.17 0.15 0.00 0.2 0.00 2.95*** 0.18 

Innovation  
over operational collaboration 0.13 0.15 0.00 0.2 0.00 3.36*** 0.24 

Innovation  
over product development collaboration 0.17 0.23 0.00 0.19 0.00 4.07*** 0.28 

Note: Z = a ×b / √a2 σa
 2 + b2 σb

 2, effect ratio = a × b / c. a is an independent variable’s effect on a mediator,  
b is a mediator’s effect on a dependent variable, and c is an independent variable’s effect on a dependent variable.  
***p < .001 (two-tailed). 
 

5. Conclusion  

The study examined the effects of supplier collaboration on environmental performance and focused on the mediating effect 
of innovation capabilities. Previous studies have focused on the direct relationship between supplier collaboration and 
environmental performance, arguing that collaboration helps firms deal with complex technologies that need a high level 
of cooperation and complementarity assets; researchers have given less attention to the mechanism between supplier 
collaboration and environmental performance.  

We found that three types of supplier collaboration (strategic, operational, and product development) are beneficial for 
environmental performance (H1.1, H1.2, and H1.3). We also found that innovation capabilities are positively and 
significantly associated with environmental performance (H2). Furthermore, innovation capabilities mediated the 
relationship between the three types of supplier collaboration and environmental performance (H3).  

Our results contribute to the current literature in two ways. First, we investigated multiple types of supplier collaboration 
and showed that each of the three types we chose has positive effects on environmental performance. Operational and 
product development collaboration with suppliers help firms solve practical problems in pursuing environmental 
performance, while strategic collaboration provides a foundation on which firms can efficiently and effectively work with 
suppliers through a long-term partnership.  

In addition, we revealed a mechanism through which supplier collaboration provides a positive effect on environmental 
performance. More specifically, we demonstrated the mediating effect of innovation on the three types of supplier 
collaboration and environmental performance. Efforts to collaborate with suppliers for environmental performance also lead 
to increased innovation, enabling firms to manage more complex and diverse technologies. Finally, increased innovation 
capabilities positively influence environmental performance. These results describe how supplier collaboration increases 
environmental performance.  

Our study provides practical implications for environmental performance. Firms deciding whether to pursue environmental 
initiatives may consider these efforts as burdensome because of failing to understand the link between environmental 
performance and profits. Our findings can help these firms understand why environmental initiatives contribute to stronger 
innovation capabilities as well as environmental performance, implying that these initiatives are complementary to other 
profit-generating activities. Second, supplier collaboration can be categorized into multiple dimensions, of which we 
considered strategic, operational, and product development. While all three dimensions are beneficial for environmental 
performance, the rationale differs; firms need to find balance among the three dimensions to optimize environmental 
performance.  

One limitation of our study is that our sample of Korean manufacturing firms may lack generalizability since the relatively 
strong pressure and legal environment has encouraged environmental performance in Korean firms. Future studies should 
be conducted in other geographic areas to confirm the external validity of our study. Although we focus on supplier 
collaboration given the important role of supply chains, different targets of collaboration like customers, research 
organizations, and competitors are likely to reveal other relationships with environmental performance.  
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