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Abstract:



This study investigates the impacts of three dimensions of green supply chain integration (GSCI) on operational and financial performance, from both a contingency and a configuration perspective. From the contingency perspective, we used hierarchical regression to determine the impacts of individual GSCI dimensions (green internal, customer and supplier integration) and their interactions on firm performance. From the configuration perspective, we used cluster analysis to develop patterns of GSCI, which were analyzed in terms of GSCI strength and balance. Analysis of variance was used to examine the relationship between GSCI pattern and firm performance. We used data collected from manufacturing firms in Shanxi, Shandong, Beijing, Guangdong and Jiangsu to test hypotheses. The findings from both the contingency and configuration perspective indicate that GSCI was related to both operational and financial performance. Furthermore, the interaction between green internal integration and green customer integration was positively related to both operational and financial performance, while the interaction between green internal integration and green supplier integration was negatively related to financial performance. The interaction between green customer integration and green supplier integration was positively related to financial performance.
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1. Introduction


Facing increasingly serious environmental pollution, sustainable development is becoming an important challenge for firms [1,2,3]. However, it may be difficult for an individual firm to deal with the challenges of environmental issues [4]. Firms need to integrate the resources and information possessed by different supply chain partners into its green practices to achieve environmental goals [5]. Although the importance of green supply chain integration (GSCI) has long been recognized, our understanding on its impact on firm performance is mixed. While some scholars found GSCI has positive influence on firm performance [6,7,8], others argued that GSCI may be detrimental to firm performance [9].



Thus, how GSCI influences firm performance should be well addressed to advance our understanding. In this study, we attribute the inconsistent previous findings to incomplete and evolving definitions and dimensions of GSCI. While some research focuses on the individual dimensions of GSCI [5,6], others use various synthetic definitions [10], examining GSCI as a unidimensional construct. In addition, many conceptualizations of GSCI are incomplete, leaving out the important role of green internal integration in implementing GSCI. This study will define GSCI systematically and divide it into three dimensions: green internal, customer and supplier integration.



Furthermore, findings from a contingency perspective and a configuration perspective may be complementary, which is likely to help us interpret the inconsistency in existing literature. To fully understand GSCI and its performance effect, there is a need to investigate GSCI from both a contingency and a configuration perspective. In specific, this study aims to examine both how individual dimensions of GSCI are related to different types of firm performance, as well as how patterns of GSCI are related to different types of firm performance. It is particularly important to integrate both perspectives within a single study, in order to determine whether the findings are due to the relationship between GSCI and firm performance or are an artifact of the data collection and survey design. To examine these relationships, we collected survey data from manufacturing firms in Shaanxi, Shandong, Beijing, Guangdong and Jiangsu.



From a contingency perspective, we examine the impacts of three dimensions of GSCI (green internal, customer and supplier integration) on operational and financial performance. We propose that green customer and supplier integration moderate the relationship between green internal integration and firm performance. The findings from a contingency perspective may contribute to both theory and practice by drawing more nuanced conclusions.



From a configuration perspective, we explore how different dimensions of GSCI work together to better understand how various GSCI patterns are linked with both operational and financial performance. This allows us to consider whether GSCI patterns that are either strong or balanced are more strongly related to specific performance measures, or whether organizations that have value creation processes that are well involved (strength) across the board (balance) will have better performance on all dimensions. These questions are important to decision makers because they provide insights about strategies for implementing GSCI.



The remainder of this study is structured as follows. Section 2 defines GSCI and develops research hypotheses from both a contingency and a configuration perspective. Section 3 describes the research method, and the analysis results are presented in Section 4. Following this, research findings are discussed in Section 5. Finally, theoretical contributions, managerial implications, and research limitations are presented in Section 6.




2. Theoretical Foundations and Hypotheses


2.1. Definition and Dimensions of GSCI


Previous research on GSCI has offered numerous definitions characterizing the concept. Although these studies touch many of the critical elements of GSCI, they are broad in focus. In addition, most fail to consider the strategic nature of GSCI. Consideration of the dimensionality of GSCI is also important for understanding the way that the individual dimensions operate, as well as how they function jointly. Building upon the existing literature on GSCI [3,4,5], we conceptualize GSCI as consisting of the three dimensions of green customer, supplier and internal integration. Thus, GSCI involves both inter-organizational (green customer and supplier integration) and intra-organizational (green internal integration) interfaces that integrating flows of products/services, information, capital and decisions, with the ultimate goal of providing maximum value to multiple stakeholders of the manufacturer.



Green customer and supplier integration are commonly referred to as green external integration. Green customer integration is defined as the environmental collaboration, information sharing and jointly environmental problem solving activities with major customers that provide the firm with rich information and knowledge related to green practices [3,4]. Green supplier integration involves environmental collaboration, information sharing and jointly environmental problem solving activities with major suppliers that provide the firm with core information and resources related to green practices [3,4]. In contrast, green internal integration is defined as the degree of interaction and communication, the extent of information and resource sharing, and the level of coordination across different functions and departments in the environmental management practices [3,4].



Green internal integration and green external integration may play different roles within a firm. While green internal integration recognizes that the departments and functions within a manufacturer should communicate, coordinate and share information with each other, green external integration recognizes the importance of establishing close and interactive relationships with major customers and suppliers. Both perspectives are important in allowing supply chain members to solve environmental problems jointly and co-create value, to maximize the value of different stakeholders.




2.2. Contingency Perspective of GSCI


Contingency theory is often employed to understand organizational issues from a contextual perspective [11]. Contingency theory suggests that organizations should align their structures and processes with environment to enhance performance [12]. In a supply chain, customers and suppliers can be deemed as important parts of a firm’s environment. According to structural contingency theory, the performance of an organization is influenced by how its practices are aligned [11]. Suggested by structural contingency theory, the individual dimensions of GSCI should be aligned to enhance firm performance.



2.2.1. Performance Effect of Green Internal Integration


The importance of green internal integration has been increasingly emphasized in improving firm performance. Green internal integration breaks down the hierarchical and spatial barriers and improves the linkages among different functions [4,13]. The improvement of horizontal linkages allows for information and resource sharing and cooperation among employees from different departments within the firm [14]. Green internal integration also increases the amount and variety of information available to the manufacturer [5]. These advantages from green internal integration provide the basis for sound decision making when dealing with environmental issues. In addition, frequent interactions and confrontation with different perspectives may reduce mistakes and wastes, acquire opportunities for simplification and achieve concurrent engineering [15]. In this sense, green internal integration is the base for GSCI and will be positively related to operational and financial performance.



Furthermore, green internal integration can help firms acquire knowledge related to environmental issues and achieve a balance between environmental protection and economic profits [5]. Previous studies have found that the components of green internal integration, such as cross-functional collaboration and environmental management systems have positive impacts on firm performance [3,4,5,16]. Thus, we propose:

	H1a:

	
Green internal integration is positively related to operational performance of the manufacturer within a supply chain.




	H1b:

	
Green internal integration is positively related to financial performance of the manufacturer within a supply chain.










2.2.2. Performance Effect of Green Customer and Supplier Integration


From the contingency perspective, manufacturers need to achieve the fit between green internal and external integration. This is consistent with the concept of “fit” between information processing capabilities and needs in information processing theory [16,17]. We can consider green internal integration as information processing capacities and consider green external integration as information processing needs [18]. To gain better performance, green internal integration should be appropriately fit with green external integration. Thus, green internal integration serves as a base for implementing green customer and supplier integration.



Since value is realized in the customer usage process rather than in the supplier value chain, green customer integration contributes to the process of marketing, consumption and delivery of products and services [19]. Green customer integration also offers opportunities for enabling manufacturers to develop environmentally friendly products in a more effective and efficient way. Moreover, green customer integration helps to build mutual understanding between a manufacturer and its customers. Thus, the manufacturer and its customers can establish international problem-solving routines to deal with environmental issues [5].



Considering suppliers sit at the intersection of many firms, they maintain extensive social ties and networks. Integrating suppliers into green practices provides manufacturers with opportunities for accessing valuable information, core resources and green technologies, which can improve their responsiveness, flexibility and customer service [5,15]. Furthermore, green supplier integration allows manufacturers to be more efficient in quality and cost management, which, in turn, helps the manufacturers improve their financial performance [20].



Green internal integration is important for effective green customer and supplier integration [21]. To implement green customer and supplier integration successfully, manufacturers need to be well internally integrated because green internal integration functions as coordination and learning mechanisms for green customer and supplier integration [22]. Green customer and supplier integration extend green internal integration by establishing a cross-functional team integrating external organizations. Accordingly, we propose:

	H2a:

	
Green customer and supplier integration are positively related to operational performance of the manufacturer within a supply chain, given the relationship between green internal integration and operational performance.




	H2b:

	
Green customer and supplier integration are positively related to financial performance of the manufacturer within a supply chain, given the relationship between green internal integration and financial performance.










2.2.3. Interaction Effects


Contingency theory also suggests that individual dimensions of GSCI will interact to influence firm performance. Suggested by the work of [22], there are four different relationships between green internal and external integration: (1) Green internal integration serves as a coordination capability for facilitating green external integration; (2) Green internal integration norms are similar to green external integration norms; (3) Green external integration may stimulate green internal integration; (4) Green internal integration represents an organizational capability for learning from external partners. Luo et al. [23] found that internal coordination capability moderates the relationship between supplier involvement and product development performance. Feng et al. [24] addressed that the interaction between customer involvement and internal integration is related to time to market of new products. According to the above arguments, we hypothesize:

	H3a:

	
The two- and three-way interactions between green internal, customer and supplier integration are positively related to operational performance of the manufacturer within a supply chain.




	H3b:

	
The two- and three-way interactions between green internal, customer and supplier integration are positively related to financial performance of the manufacturer within a supply chain.











2.3. Configuration Perspective of GSCI


Since contingency perspective views GSCI in a reductionist way, the complicated relationships among three dimensions of GSCI are not explored holistically. To complement the findings of contingency perspective, we also investigate GSCI from configuration perspective. Configuration theory argues that organizational elements tend to cluster together to form distinct configurations [25]. Thus, in a large sample of firms, a relatively small number of configurations will arise, where various green supply chain practices are aligned. Performance results from the co-alignment or fit among organizational elements [26]. This implies that to be maximally effective, organizations must have configurations that are consistent with each other among multiple GSCI dimensions. A configuration perspective might provide an opportunity to gain a deeper understanding of the link between GSCI and firm performance.



2.3.1. Configurations of GSCI


Suggested by configuration theory, the alignment of strategies and/or practices for an organization is reflected in the patterns of different practices [27]. Thus, there is a need to empirically develop an emergent taxonomy of GSCI. A taxonomy study of GSCI contributes to both theory and practice by providing strategic choices from the operational perspective for manufacturers. Although research from the configuration perspective has been widely conducted in the domain of strategy management [28,29], research in the field of GSCI is still lacking.



Since firm may face differing levels of resource constraints and business environments, few firms treat all three dimensions of GSCI equally. Firms tend to place different degrees of emphasis on the individual dimensions of GSCI according to their actual situations [3,30]. Thus, various configurations of GSCI may exist. With reference to the work of supply chain integration by Flynn et al. [27], these patterns can be described in terms of GSCI strength and balance. SCI strength refers to the extent to which GSCI activities are carried out. In contrast, GSCI balance refers to the extent to which a company pays equal attention to all three dimensions of GSCI. The existing literature suggested that manufacturers may not place equal emphasis on each dimension of GSCI. Thus, an organization may take several steps to implement GSCI [31]. While some firms may have well implemented green internal integration, these firms may not have integrated their customers and suppliers into green practices. Other firms may be strong in green customer or supplier integration, but weaker in their green internal integration.



To have better insights about the relationship between GSCI patterns and performance, there is a need for developing a taxonomy based on significant gaps between the groups. In addition, the taxonomy of GSCI that incorporates green internal integration, as well as green customer and supplier integration has not been well studied in previous literature. We thus propose that:

	H4:

	
An emergent taxonomy of manufacturers can be developed, based on their patterns of green internal, customer and supplier integration.










2.3.2. Performance Effect of GSCI Patterns


Performance is the most important consideration when assessing the suitability of supply chain practices [32]. Configuration perspective suggests that organizations will perform better when they develop better configurations of interconnected elements [27,33]. Therefore, the emergent patterns of GSCI will be related to both operational and financial performance. For example, a GSCI pattern that is higher in green customer integration is likely to have a stronger relationship to responsiveness and customer service than a pattern that is higher in green supplier integration. The faster response and better customer service will, in turn, lead to better financial performance [34]. Furthermore, the performance effect of GSCI may be determined by the GSCI pattern, in terms of the strength and balance of the three dimensions. For example, manufacturers with the strongest overall GSCI will have the best operational and financial performance (strength). Manufacturers with higher degrees of green internal, customer and supplier integration are likely to have better performance than manufacturers with higher degrees of green customer and supplier integration, but lower degree of green internal integration (balance). Thus, we propose:

	H5a:

	
The patterns of GSCI are related to operational performance of the manufacturer within a supply chain.




	H5b:

	
The patterns of GSCI are related to financial performance of the manufacturer within a supply chain.












3. Research Method


3.1. Sampling and Data Collection


As an important manufacturing base, manufacturers in China play important roles in global supply chains, and as such provide a good opportunity for supply chain research [35]. We collected data from five provinces (or municipality) in China: Shaanxi, Shandong, Beijing, Guangdong and Jiangsu. They represent industry centers of Western China, Bohai Sea region, Pearl River Delta and Yangtze River Delta, respectively, and are representative of the Chinese economic development with different degrees of market economy.



The research unit of this study was the manufacturing company and its supply chain. To obtain a representative sample, we developed our sampling pool using the government directories of firms in the manufacturing sector in China. For each randomly selected manufacturer, we identified a key informant, who typically had a title such as CEO/president, vice president or director, supply chain manager, and was knowledgeable about the green supply chain management. We contacted the key informants by phone to obtain their preliminary agreement to participate.



According to the name list of manufacturers, we mailed 750 questionnaires to manufacturers who cover a wide range of industries, including food and beverage, non-metallic mineral products, mechanical and engineering, electronics and electrical, instruments and related products, etc. A cover letter explaining our research objectives and assuring confidentiality was also provided. As an incentive, our aggregate survey results would be made available to the respondents if they returned a completed questionnaire. To improve the response rate, both follow-up calls and mailings were used. With three rounds of reminders, we received 226 replies, of which 214 questionnaires were complete and acceptable, yielding a response rate of 28.5%. Table 1 presents the descriptive statistics of the respondents.



Table 1. Demographic data for the respondents.







	
Sample Size

	
Total

	
Shandong

	
Shanxi

	
Beijing

	
Guangdong

	
Jiangsu




	
214

	
53

	
50

	
39

	
38

	
34






	
Industry (%)




	
Food and beverage

	
2.80

	
0.00

	
6.00

	
2.56

	
0.00

	
5.88




	
Textile and apparel

	
3.27

	
0.00

	
2.00

	
5.13

	
5.26

	
5.88




	
Paper and printing

	
1.40

	
0.00

	
2.00

	
2.56

	
0.00

	
2.94




	
Chemicals and petrochemicals

	
5.14

	
9.43

	
4.00

	
5.13

	
5.26

	
0.00




	
Rubber and plastics

	
1.40

	
3.77

	
0.00

	
0.00

	
2.63

	
0.00




	
Non-metallic mineral products

	
6.54

	
13.21

	
4.00

	
5.13

	
2.63

	
5.88




	
Smelting and pressing

	
5.14

	
15.09

	
4.00

	
0.00

	
2.63

	
0.00




	
Metal products

	
9.81

	
16.98

	
10.00

	
2.56

	
2.63

	
14.71




	
Mechanical and engineering

	
19.16

	
13.21

	
34.00

	
10.26

	
10.53

	
26.47




	
Electronics and electrical

	
25.70

	
16.98

	
20.00

	
28.46

	
34.21

	
23.53




	
Instruments and related products

	
12.15

	
5.67

	
10.00

	
12.82

	
21.05

	
14.71




	
Others

	
7.48

	
5.67

	
4.00

	
15.38

	
13.16

	
0.00




	
Number of employees (%)




	
Less than 50

	
11.68

	
1.89

	
18.00

	
20.51

	
7.89

	
11.76




	
50–99

	
18.69

	
26.42

	
12.00

	
17.95

	
23.68

	
11.76




	
100–299

	
27.10

	
41.51

	
24.00

	
23.08

	
26.32

	
14.71




	
300–999

	
18.69

	
20.75

	
10.00

	
17.95

	
21.05

	
26.47




	
1000–1999

	
9.35

	
1.89

	
16.00

	
2.56

	
10.53

	
17.65




	
2000–4999

	
8.88

	
3.77

	
14.00

	
7.69

	
5.26

	
14.71




	
More than 5000

	
5.61

	
3.77

	
6.00

	
10.26

	
5.26

	
2.94










This study evaluated non-response bias in two ways. First, we compared the differences in number of employees and annual sales between the responding and non-responding firms. The results were not significant at the 0.05 level, suggesting that non-response bias is not an issue. Second, the responses of early and late waves of received surveys were compared to all variables using t-test [36]. No significant differences were found, providing further indication of non-response bias. These results suggest that non-response bias is not serious.



To assess potential single-respondent bias, we selected two informants in each of the ten responding firms and then interviewed them separately with the same questionnaire. For practical reasons, these ten firms were selected according to their geographic proximity to our university. The reliability test suggested a high level of internal consistency between two sets of answers, which suggests common method variance is not serious. Additionally, Harman’s one-factor test of common method variance identified five distinct factors, which indicates that common method variance is unlikely to be serious. As a third test of common method variance, a measurement model including only the traits and one including a method factor in addition to the traits were tested [37]. The results of the method factor model marginally improved the model fit indices (NNFI by 0.01 and CFI by 0.01), with the common method factor accounting for 2.5% of the total variance. Moreover, the factor loadings of the trait factors and their significance were similar between the two models, suggesting that the model was robust, despite the inclusion of a method factor [27]. This provides additional evidence that the common method variance is not a serious issue.




3.2. Questionnaire Design


The questionnaire included questions relating to the demographic profile of the company and questions about green internal integration, green customer integration, green supplier integration, operational performance and financial performance. An English version of the questionnaire was initially developed. Then, with the aid of operations management researchers well versed in both languages, the translation back-translation method was used to develop a Chinese version. The Chinese version of the questionnaire was used in the final survey. We pre-tested the questionnaire using a sample of eight companies, resulting in final additional modifications and clarifications to ensure it was understandable and relevant to the practices in China.



To generate measurement items for our constructs, we extensively reviewed previous research. The measurement items for the related constructs are listed in Appendix A. Green internal integration, green customer integration and green supplier integration were measured using four, five and five items, respectively, which were adapted from Wu [5]. The scale of operational performance, measured using four items, was similar to the one used by Flynn et al. [27]. The five-item financial performance scale was largely derived from Li et al. [38] and Flynn et al. [27]. All items were measured on a seven-point Likert scale.




3.3. Reliability and Validity


Cumulative normal probability plots reveal that each of the measures appeared to be approximately normally distributed. Content validity of the construct was ensured by grounding it in existing literature whenever possible. The scales were all reliable, with alpha values ranging from 0.863 to 0.938 and composite reliability (CR) values ranging from 0.866 to 0.939 (see Table 2). The exploratory factor analysis (EFA) results reveal that five factors with eigenvalues above 1.0 emerged, explaining 79.3% of the total variance. In addition, all items have strong factor loadings on the construct they were supposed to measure, but lower factor loadings on the constructs they were not supposed to measure, thereby establishing construct unidimensionality.



Table 2. Construct measures validity and reliability analysis.







	
Construct

	
Item

	
Factor Loading

	
Cronbach’s α

	
AVE

	
CR






	
Green internal integration

	
II1

	
0.73

	
0.863

	
0.620

	
0.866




	
II2

	
0.83




	
II3

	
0.87




	
II4

	
0.71




	
Green customer integration

	
CI1

	
0.90

	
0.938

	
0.747

	
0.936




	
CI2

	
0.78




	
CI3

	
0.84




	
CI4

	
0.89




	
CI5

	
0.91




	
Green supplier integration

	
SI1

	
0.87

	
0.938

	
0.756

	
0.939




	
SI2

	
0.91




	
SI3

	
0.85




	
SI4

	
0.88




	
SI5

	
0.84




	
Operational performance

	
OP1

	
0.93

	
0.912

	
0.742

	
0.919




	
OP2

	
0.93




	
OP3

	
0.64




	
OP4

	
0.91




	
Financial performance

	
BP1

	
0.63

	
0.922

	
0.713

	
0.924




	
BP2

	
0.82




	
BP3

	
0.94




	
BP4

	
0.95




	
BP5

	
0.85








AVE: average variance extracted; CR: composite reliability.








Following O’Leary-Kelly and Vokurka [39], we conducted confirmatory factor analysis (CFA) to assess convergent validity. Each measurement item was linked to its corresponding construct, and the covariance among the constructs was freely estimated. The model fit indices were χ2 (220) = 632.56 (χ2/d.f. = 2.9), RMSEA = 0.092, NNFI = 0.96, CFI = 0.97 and SRMR = 0.068. Thus, the model was acceptable [40], indicating convergent validity. Furthermore, all factor loadings were higher than 0.60 and the t-values were all greater than 2.0, further demonstrating convergent validity [27]. The estimates for the average variance extracted (AVE) were higher than 0.50 for all the five constructs. Therefore, our constructs have satisfactory convergent validity.



Finally, discriminant validity was assessed by building a constrained CFA model for each possible pair of latent constructs, in which the correlations between the paired constructs are fixed to 1.0. Subsequently, we compared this model with the original unconstrained model, in which the correlations among constructs were freely estimated. A significant difference of the Chi-square statistics between the fixed and unconstrained models would indicate high discriminant validity [41]. In this study, all the differences are significant at the 0.001 level, and thus discriminant validity is ensured. Furthermore, the AVE value for each construct is greater than the squared correlation between that construct and the other constructs. Thus, the measurement items share common variance with their hypothesized constructs more than with the other constructs, which provides further evidence of discriminant validity.





4. Analysis Results


4.1. Contingency Perspective of GSCI


Hierarchical regression analysis was employed to test H1–H3. In Model 1, the direct impact of green internal integration on operational and financial performance was examined. In Model 2, we assessed the effects of green customer and supplier integration on operational or financial performance, given the effect of green internal integration on operational or financial performance. Model 3 examined the impacts of two- and three-way interactions of green internal, customer and supplier integration on operational or financial performance, in order to determine whether there was a moderating effect.



The results of the hierarchical regression analysis for operational and financial performance are presented in Table 3 and Table 4, respectively. Table 3 indicates that green internal integration has a significant direct effect on operational performance, supporting H1a. Adding green customer and supplier integration to Model 1 yielded a significant change in R2, indicating that the addition of green customer and supplier integration contributed significantly to the predictive power of the model. The coefficients for both green customer and supplier integration were statistically significant, indicating that green customer and supplier integration have direct impacts on operational performance, given the effect of green internal integration on operational performance. Therefore, these results supported H2a.



Table 3. Regression results for operational performance.







	
Model

	
Independent Variables

	
β

	
t

	
R2

	
F

	
∆R2






	
1

	
Green internal integration

	
0.554

	
9.689 ***

	
0.307

	
93.869 ***

	
-




	
2

	
Green internal integration

	
0.323

	
5.526 ***

	
0.464

	
60.711 ***

	
0.158 ***




	
Green customer integration

	
0.252

	
3.507 ***




	
Green supplier integration

	
0.249

	
3.541 ***




	
3

	
Green internal integration

	
0.267

	
3.903 ***

	
0.496

	
28.943 ***

	
0.031 *




	
Green customer integration

	
0.260

	
3.625 ***




	
Green supplier integration

	
0.208

	
2.798 **




	
GII × GCI interaction

	
0.157

	
2.289 *




	
GII × GSI interaction

	
−0.029

	
−0.401




	
GCI × GSI interaction

	
0.057

	
1.022




	
GII × GCI × GSI interaction

	
0.079

	
1.090








*** p < 0.001; ** p < 0.01; * p < 0.01.








Table 4. Regression results for financial performance.







	
Model

	
Independent Variables

	
β

	
t

	
R2

	
F

	
∆R2






	
1

	
Green internal integration

	
0.403

	
6.408 ***

	
0.162

	
41.065 ***

	
-




	
2

	
Green internal integration

	
0.192

	
2.864 **

	
0.293

	
29.071 ***

	
0.131 ***




	
Green customer integration

	
0.226

	
2.745 **




	
Green supplier integration

	
0.230

	
2.853 **




	
3

	
Green internal integration

	
0.141

	
1.802 +

	
0.346

	
15.541 ***

	
0.052 **




	
Green customer integration

	
0.220

	
2.691 **




	
Green supplier integration

	
0.276

	
3.262 **




	
GII × GCI interaction

	
0.136

	
1.745 +




	
GII × GSI interaction

	
−0.200

	
−2.459 *




	
GCI × GSI interaction

	
0.205

	
3.200 **




	
GII × GCI × GSI interaction

	
0.023

	
0.273








*** p < 0.001; ** p < 0.01; * p < 0.01; +p < 0.10.








Adding the interaction terms further significantly increased the predictive power of the regression model. However, only the interaction between green customer integration and green internal integration was statistically significant, while the interaction between green supplier integration and green internal integration was not. This indicates that green customer integration moderates the relationship between green internal integration and operational performance, and H3a was partially supported.



Table 4 indicates that green internal integration positively influences financial performance, supporting H1b. The addition of green customer and supplier integration in Model 2 significantly increased the predictive power of the model, and the change in R2 was significant. Both green customer and supplier integration have significant impacts on financial performance, given the effect of green internal integration on operational performance, supporting H2b.



Similarly, the addition of the interaction terms in Model 3 contributed significantly to the predictive power of the model. While all the two-way interactions of green internal, customer and supplier integration have significant effects on financial performance, the effect of three-way interaction was not significant. However, the impact of the interaction between green supplier integration and green internal integration on financial performance was negative. Thus, H3b was partially supported and partially rejected.




4.2. Configuration Perspective of GSCI


4.2.1. Emergent Taxonomy of GSCI


In H4, we hypothesize that an emergent taxonomy can be developed, based on the degrees of green internal, customer and supplier integration. We used cluster analysis to classify the responding firms into different GSCI patterns. Hierarchical clustering procedures determined the number of clusters that should be formed, and then non-hierarchical clustering was applied to produce the final clusters [40]. Finally, the cluster solution was validated. We used the agglomeration coefficient to determine the similarity of clusters. A large increase in the change of agglomeration coefficient suggests the merger of dissimilar clusters and therefore can be seen as a good cutoff point. The percentage of change in the agglomeration coefficient was highest when the number of groups changed from four to three, suggesting that four clusters were sufficient (see Figure 1). To ensure the cluster solution established is stable, another two cluster analyses with different starting centroids were conducted. The results reveal that the solutions are stable with almost the same number of manufacturers in each cluster. The significant gap in the means of the constructs between the clusters further provides support for the stability of cluster solution. Thus, using four clusters represents the best solution.


Figure 1. Change of percentage in agglomeration coefficient.
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To interpret the results in Table 5 and Figure 2, we examined GSCI strength and balance. Two of the GSCI patterns were stronger in green internal integration than they were in green customer and supplier integration. We labeled these the High Green Internal Integration and Medium Green Internal Integration patterns and describe them as unbalanced GSCI patterns. The other two GSCI patterns were balanced, with similar degrees of green customer, supplier and internal integration within each pattern. We labeled these the High Uniform and Medium Uniform patterns, reflecting their balance among green customer, supplier and internal integration. We conducted canonical discriminant analysis to identify the underlying dimensions that defined the clusters. Table 6 presents three functions, but only the first one had eigenvalue greater than 1, explaining 87.9% of the variance. Since the second function explains 11.1% of the variance, we include it in the following analysis. Table 7 reveals that all three dimensions of SCI were important in forming Function 1, which divided the clusters into those with high GSCI (High Uniform), medium GSCI (High Green Internal Integration and Medium Uniform) and low GSCI (Medium Green Internal Integration). Thus, Function 1 represents GSCI strength, and it was the greatest differentiator between the patterns.


Figure 2. Taxonomy of green supply chain integration.
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Table 5. Cluster centroids.







	

	
Green Internal Integration

	
Green Customer Integration

	
Green Supplier Integration

	
n






	
High uniform

	
5.47

	
5.84

	
5.47

	
68




	
High green internal integration

	
5.16

	
4.55

	
3.69

	
44




	
Medium uniform

	
4.08

	
4.56

	
4.33

	
59




	
Medium green internal integration

	
4.09

	
3.21

	
3.30

	
43




	
F

	
102.68 ***

	
181.40 ***

	
178.26 ***

	








*** p < 0.001.








Table 6. Discriminant analysis.







	
Function

	
Eigenvalue

	
% of Variance

	
Cumulative %

	
Canonical Correlation






	
1

	
5.876

	
87.9%

	
87.9%

	
0.924 ***




	
2

	
0.739

	
11.1%

	
99.0%

	
0.652 ***




	
3

	
0.068

	
1.0%

	
100.0%

	
0.253 ***








*** p < 0.001.








Table 7. Standardized canonical discriminant function coefficients.







	

	
Function 1

	
Function 2






	
Green internal integration

	
0.432

	
0.857




	
Green customer integration

	
0.698

	
0.048




	
Green supplier integration

	
0.578

	
−0.609










Function 2 reflects GSCI balance, indicated by the positive loading of green internal and customer integration and negative loading of green supplier integration. It grouped the patterns into those with greater (High Uniform and Medium Uniform) and less (High Green Internal Integration and Medium Green Internal Integration) GSCI balance. However, these differences between the patterns were relatively weaker than their difference in GSCI strength. Figure 3 indicates that four clusters were differentiated from each other by the discriminant functions representing GSCI strength and GSCI balance. Between 95.3% and 100% of the respondents were correctly classified, indicating very high predictive ability. Therefore, these patterns of GSCI are independent and are not prone to misclassification. We conclude that manufacturers can be clustered into groups with differing levels of GSCI strength and balance, based on green customer, supplier and internal integration, supporting H4.


Figure 3. Cluster centroids.
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4.2.2. Performance Effect of GSCI Patterns


We applied analysis of variance to test the performance effect of GSCI patterns. Table 8 shows that there were statistically significant differences in operational performance between the GSCI patterns, supporting H5a. Scheffe post hoc analysis was used to determine differences between specific patterns. The High Uniform pattern had the best operational performance, and Medium Green Internal Integration pattern had the worst operational performance. This indicates that GSCI strength was more strongly related to operational performance than GSCI balance. Interestingly, there was not a significant difference in operational performance among the High Green Internal Integration, Medium Uniform and Medium Green Internal Integration patterns of GSCI.



Table 8. Analysis of variance.







	

	
High Uniform (Cluster 1)

	
High Green Internal Integration (Cluster 2)

	
Medium Uniform (Cluster 3)

	
Medium Green Internal Integration (Cluster 4)

	
F






	
Operational performance

	
5.816 (2, 3, 4)

	
4.796 (1)

	
4.703 (1)

	
4.576 (1)

	
47.703 ***




	
Financial performance

	
5.703 (2, 3, 4)

	
4.655 (1)

	
4.664 (1)

	
4.581 (1)

	
28.910 ***








Numbers in parentheses indicate the cluster(s) from which that cluster is significantly different at p < 0.05. *** p < 0.001.








Table 8 also shows the impact of GSCI pattern on financial performance, revealing that the High Uniform, followed by the High Green Internal Integration pattern and Medium Uniform, supporting H5b. The Medium Green Internal Integration pattern of GSCI had the worst financial performance. Similarly, the difference in financial performance among the High Green Internal Integration, Medium Uniform and Medium Green Internal Integration patterns was not significant. GSCI strength was more important than GSCI balance in influencing financial performance.






5. Discussion


We found that most of our hypotheses were supported or partially supported, indicating that GSCI is important for enhancing firm performance. From the contingency perspective, we found that green internal, customer and supplier integration were all related to firm performance both directly and indirectly. Specifically, green internal, customer and supplier integration were directly related to both financial and operational performance. In addition, the interaction between green internal integration and green customer integration was positively related to both operational and financial performance, while the interaction between green internal integration and green supplier integration was negatively related to financial performance. Although the interaction between green customer integration and green supplier integration was positively related to financial performance, it was not related to operational performance.



When we compare our results with those from previous research on GSCI, our finding that green internal integration was significantly related to operational and financial performance is consistent with Droge et al. [42] and Luo et al. [23]. Thus, our research reinforces the importance of green internal integration in improving firm performance. This is an important finding, since much of the existing literature on GSCI does not include green internal integration as an independent dimension. Our finding that green customer integration was directly related to operational and financial performance is consistent with Singh and Power [43], and Zhu et al. [44]. Our finding that green supplier integration was significantly related to operational and financial performance is also consistent with the findings of several previous studies [45]. However, some scholars argued that GSCI may be detrimental to financial performance in some circumstances [9,46].



Although green internal, customer and supplier integration were all directly related to firm performance, their indirect effects on firm performance were different. While green customer integration was indirectly and positively related to both operational and financial performance through its interaction with green internal integration, green supplier integration was only indirectly and negatively related to financial performance. This suggests that implementing GSCI is not free, and the cost of GSCI may outweigh its benefits in some conditions [31]. Since the objective of GSCI is to provide maximum value customers through reducing and preventing pollution, implementing green internal and customer integration simultaneously may not influence financial performance negatively. However, implementing green internal and supplier integration simultaneously may counteract their profits in some degree, which is reflected in the negative coefficient for the interaction between green internal integration and green supplier integration. This study also suggests that the interaction between green customer integration and green supplier integration was positively related to financial performance. This may be because firms usually have strong collaborative arrangements with both demand and supply sides [43]. Overall, to fully understand the relationship between GSCI and firm performance, all three dimensions of GSCI should be considered in an integrated model. Studies considering only one or two dimensions of GSCI or aggregate green internal, customer and supplier integration in a single construct may be drawing inaccurate conclusions.



From the configuration perspective, we found that the GSCI patterns were related to both operational and financial performance. Because GSCI strength was more strongly related to firm performance than GSCI balance, manufacturers that were strong across the board in green internal, customer and supplier integration achieved the best performance. However, the Medium Green Internal Integration pattern was indistinguishable from the Medium Uniform pattern, in terms of its relationship with firm performance. This means that both patterns have a similar effect on firm performance. Our findings also reveal that improvements in GSCI will not lead to improved operational and financial performance, when the level of GSCI is relatively low (from Medium Green Internal Integration to High Green Internal Integration or Medium Uniform). However, once a threshold level of GSCI has been achieved, further improvements in GSCI, even small improvements, will be associated with significantly improved performance. Thus, findings from the configuration perspective indicate that the performance effect of GSCI may be cumulative, providing significant insight for companies in pursuing it. This finding is consistent with supply chain integration research [27].



The findings from the contingency perspective and those from the configuration perspective are complementary. First, the contingency perspective reveals that green internal, customer and supplier integration were directly related to firm performance. These findings are further confirmed by the significant performance differences between High Uniform pattern and other three patterns. Second, the contingency perspective found that the interaction between green internal integration and green supplier integration was negatively related to financial performance. The non-significant difference between the financial performance of the High Green Internal Integration pattern and that of the Medium Uniform pattern in the configuration perspective echoes this contingent finding. Third, the contingency perspective found that each dimension of GSCI and the interactions between them are related to firm performance, which was overlooked by the configuration perspective. However, the configuration perspective found that GSCI patterns are related to firm performance and the performance effect of GSCI is cumulative, which was not revealed by the contingency perspective. Thus, it is important that investigating GSCI continues to apply both a contingency and a configuration perspective to uncover all of the important relationships.




6. Conclusions and Limitations


6.1. Theoretical Contributions


Our study contributes to the GSCI literature in several important ways. The first contribution consists in extending and enriching the literature by empirically examining the effect of GSCI on firm performance. By incorporating green internal, customer and supplier integration and their two- and three-way interactions, and including both operational and financial performance, this research adds greater richness and comprehensiveness to the GSCI literature and enhances our understanding toward the performance effect of GSCI.



The second contribution lies in dividing GSCI into three dimensions, green internal, customer and supplier integration, and finding that green internal integration forms the foundation upon which building green customer and supplier integration. Patterns of GSCI were further developed based on green internal, customer and supplier integration. This is one of the few empirical efforts to systematically examine the performance effect of GSCI from both a contingency and a configuration perspective. Our findings provide preliminary evidence of the links between GSCI patterns and firm performance, and the moderating effects of green customer and supplier integration on the relationship between green internal integration and firm performance. Green internal integration provides a vital link between green customer and supplier integration, without which firms are unable to reap the full benefits of their GSCI efforts.



The third contribution derives from extending the GSCI literature by revealing the importance of GSCI practices across industries in China. Previous related research has focused on other contexts, such as US [15] and Canada [47]. China plays an important role in global supply chains and most Fortune 500 firms have built their manufacturing bases here [48]. Effective GSCI can make Chinese companies even more environmentally friendly, which will, in turn, enable them become more attractive supply chain partners. Chinese manufacturers can improve their operational and financial performance through enhancing their green internal and external (customer and supplier) integration.




6.2. Managerial Implications


This study also provides several implications for managers. First, the significantly and positively direct impacts of three dimensions of GSCI on both operational and financial performance suggest that managers should not overlook the importance of GSCI. Second, we conclude that green internal integration forms the foundation upon which green customer and supplier integration is built from the contingency perspective. This suggests that manufacturers should begin GSCI with green internal integration in order to lay the foundation for green customer and supplier integration. This finding is particularly important, since much of the previous research has failed to include green internal integration, instead focusing only on green customer and/or supplier integration. This suggests that the best approach of implementing GSCI is to start from green internal integration and then to green external (customer and supplier) integration. Third, the finding that the emergent GSCI patterns are related to different levels of firm performance provides significant implications for managers attempting to enhance firm performance through better GSCI configuration. For example, there is no significant difference in firm performance between the Medium Green Internal Integration pattern and the Medium Uniform pattern, which suggests possible steps for implementing GSCI. If a manufacturer has limited resources or is early in its GSCI efforts, it can start by establishing a foundation of green internal integration, then follow on by pursuing high degree of green customer and supplier integration.




6.3. Research Limitations


Although this study provides several new insights into understanding the performance effect of GSCI, it has several limitations. First, since the data were only collected from manufacturers, some measurement inaccuracy may be generated. Future studies can broaden the research scope by collecting data from all supply chain partners, including manufacturers and their customers and suppliers. Second, this study derives results using a cross-sectional design, which means causality cannot be established. Because GSCI is developed over time, it will be fruitful for future research to examine how GSCI patterns may evolve over time into creating a more effective climate for co-creating value. Third, although this research provides some interesting findings about the relationship between GSCI and firm performance in China, it is not clear whether these relationships will be the same in other contexts. As with most research, generalization beyond the sample frame must be undertaken with care. The findings may be limited to the institutional and business culture context of China, since it could be argued that different relationships between GSCI and firm performance might exist in alternative settings. Future research should examine cross-cultural differences in the relationship between GSCI and firm performance, and include national-level factors such as economic development, social norms and business cultures in an integrated analysis. Fourth, by focusing on various firm sizes, ownership types, industries and regions, we developed a broad picture of the relationship between GSCI and firm performance. However, this relationship may be different across different firm sizes, ownership types, industries or regions. Future efforts should be made to examine the differences in the relationship between GSCI and firm performance across different firm sizes, ownership types, industries or regions. Finally, besides the contingency and configuration analysis of GSCI, an inquiry into the antecedents of the degree of green internal, customer and supplier integration might also be an interesting research topic. For example, organizational strategies for pursuing GSCI may be influenced by some antecedents (such as business environment, relationship commitment, trust and organizational culture).
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Appendix A. Measurement items


Green internal integration [5]


	II1:

	
Cross-functional cooperation for environmental improvements




	II2:

	
Environmental issues are well communicated among departments




	II3:

	
Environmental knowledge is accumulated and shared across departments




	II4:

	
An environmental management system exists








Green customer integration [5]


	CI1:

	
Achieving environmental goals through joint planning with major customer




	CI2:

	
Cooperating with major customer to reduce environmental impact of our products




	CI3:

	
Cooperating with major customer for cleaner production, green packaging, or other environmental activities




	CI4:

	
Collaborating with major customer to implement environmental management system




	CI5:

	
Implementing environmental audit for major customer’s internal management








Green supplier integration [5]


	SI1:

	
Collaborating with major supplier to set up environmental goals




	SI2:

	
Implementing environmental audit for major supplier’s internal management




	SI3:

	
Providing major supplier with environmental design requirements related to design specifications and cleaner production technology




	SI4:

	
Requiring major supplier to implement environmental management or obtain third-party certification of environmental management system (e.g., ISO 14001)




	SI5:

	
Selecting suppliers according to environmental criteria








Operational performance [27]


	OP1:

	
Our company can quickly modify products to meet our major customer’s requirements




	OP2:

	
Our company can quickly respond to changes in market demand




	OP3:

	
Our company has an outstanding on-time delivery record to our major customer




	OP4:

	
Our company provides a high level of customer service to our major customer








Financial performance [27,38]


	BP1:

	
Return on investment




	BP2:

	
Return on sales




	BP3:

	
Growth in sales




	BP4:

	
Growth in profit




	BP5:

	
Growth in market share
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