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Abstract: Built on the idea that supply chain integration (SCI) and green supply chain management
(GSCM) are both multidimensional constructs, this paper empirically investigates the impact of
different dimensions of SCI on different practices of GSCM and the contribution of different practices
of GSCM to business performance. The aim is to uncover the distinctive role of each dimension in
achieving environmental sustainability along the supply chain. A conceptual model is proposed
to link supplier and customer integration to both internal GSCM within the company and external
GSCM with the suppliers as well as business performance. The study is based on a survey of Chinese
manufacturing companies. The results show that integration with suppliers only supports external
GSCM while integration with the customer supports both internal and external GSCM. It also finds that
external GSCM has no positive relationship with business performance but supports internal GSCM,
which positively influences companies’ business performance. The results suggest that considering
construct multidimensionality brings the opportunity of closely scrutinizing the relationships between
SCI, GSCM, and business performance. Different dimensions have different effects in achieving
environmental sustainability by integrating different partners along the supply chain. The separation
of internal and external GSCM and the exploration of the result of the multidimensionality of the
proposed constructs may be contributions to this field. The implications of supporting a green supply
chain are explored.

Keywords: green supply chain management; supply chain integration; business
performance; multidimensionality

1. Introduction

The attainment of environmental sustainability is relevant to the coordination and collaboration
between partners of the entire supply chain [1]. Supply chain activities such as design, purchasing,
production, transportation, and packaging are all related to sustainability. Green supply chain
management (GSCM) has accordingly gained increasing popularity recent years as it aims to integrate
environmental sustainability into the management of the supply chain, including the internal issues
within a company and external relationships across partners [2]. To this end, deep and close partnerships
between supply chain stakeholders are essential [3,4]. Managing environmental sustainability beyond
corporate boundaries and integration with different stakeholders, such as suppliers and customers,
are the core concepts of green supply chain research.
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The core concept of GSCM raises the importance of supply chain integration (SCI) in achieving
environmental sustainability. At the core of the SCI concept is the strategic coordination and
collaboration of a company with its suppliers and customers to streamline core business process
to fulfill customers’ and other stakeholders’ needs [5]. Over the previous two decades, SCI has
been a hot subject of research in operations and supply chain fields [6,7] and has been proven to
have positive and significant impacts on business performance [8,9]. SCI is also gaining growing
significance in the fields of sustainable/green supply chains to coordinate and aid in the collaboration
of suppliers and customers in achieving environmental sustainability. Recently coined terms such
as green supply chain integration [10] and sustainable supply chain management integration [11]
explicitly demonstrate the growing awareness of the significance of integration along the supply chain
to achieve environmental sustainability.

However, little effort has been made in empirically testing the influence of SCI on the adoption
of GSCM practices or its potential impact on business performance. SCI and GSCM are both
multidimensional constructs [12]. SCI typically involves upstream integration with suppliers and
downstream integration with customers [13], and GSCM involves external green supply chain
management practices with suppliers and internal green supply chain management practices within
the boundary of a focal company [14]. Multidimensionality may cause relationship complexity [15].
Each dimension has its distinctive role due to the involvement of different functions and stakeholders,
or the requirement of investment in various resources and capabilities. For example, Zhu et al.
(2012) [16] examined the sequential relationship between internal GSCM and external GSCM and
found that internal GSCM mediated the impacts of external GSCM on performance in most occasions.
Flynn et al., (2010) [17] found that different dimensions of SCI have different effects on firm performance
as they involve different supply chain partners. Golicic and Smith (2013) [18] found that working
closely with the supplier on environmental sustainability would have a more significant impact on firm
performance than working with the customer. Therefore, the manner by which different dimensions of
SCI affect those of internal and external GSCM is an important question for scrutiny. These relationships
may differ depending on the specifics of both SCI and GSCM. Exploring such nuanced relationships
can bring sophisticated insights into the management of supply chain activities.

Besides this, the specific economic consequence of GSCM remains ambiguous, although many
pieces of evidence support a positive contribution [19–21]. Implementing initiatives of GSCM may
incur economic costs, resulting in a negative effect on business performance. However, a green
supply chain is only sustainable when it is economically viable and financially justified. There has
been a misgiving about the potentially negative relationship between sustainability and business
performance [11]. As internal and external GSCM practices involve different functions and partners,
they may have a specific impact on business performance. The consideration of the multidimensionality
of GSCM thus offers a more nuanced investigation into how different dimensions of GSCM relate
to business performance and hence provides a novel way to explore the contribution of GSCM to
business performance.

The above issues are particularly pressing for Chinese manufacturing firms. The rapid economic
growth in China over the past 40 years has caused serious sustainability challenges for the country [22].
Government agencies are enforcing rigorous regulations in an attempt to mitigate the undesirable
effects of industrial activities on the natural environment [23]. Community and market stakeholders are
putting increasing pressure on companies to implement environmental initiatives [24,25]. This trend
forces companies to find ways to balance economic benefits with environmental performance [22,26].
There are important issues which are still to be addressed by Chinese manufacturing firms regarding
how they can be more proactively involved in sustainability development; i.e., whether costly
sustainability activities are only carried out to meet regulatory requirements but at the expense of
business performance, and how businesses can collaborate with different stakeholders to achieve their
green objectives. Chinese manufacturing firms are ideal subjects to examine these urgent questions.
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This study focuses on the impact of different dimensions of SCI on the adoption of GSCM
practices and the impact of different dimensions of GSCM on business performance. The aims are
(1) to explore the effect of both supplier integration and customer integration on external GSCM
beyond a company and internal GSCM within a company, and (2) to examine the impact of GSCM on
business performance. We attempt to determine how companies might use supply chain integration to
achieve environmental sustainability along the supply chain and eventually improve their business
performance. Considering the multidimensionality of both SCI and GSCM constructs and the still
mixed relationship between GSCM and business performance, this study offers a nuanced insight of
the effects of different dimensions to uncover the role of different partners (i.e., supplier and customer)
and different relationships (i.e., internal and external) in achieving a green supply chain. These are the
contributions of this study.

The paper is structured as follows: After the introduction, a brief review of SCI and GSCM literature
presents the nature of multidimensionality and its effect on construct relationships. Hypotheses are
then proposed to elaborate on the relationships between SCI, GSCM, and business performance.
Survey data from Chinese manufacturing companies are analyzed using partial least square structural
equation modeling, and Section 4 presents the results. Theoretical and practical implications are then
discussed. The paper ends with a discussion about limitations and suggestions for future research.

2. Literature Review

2.1. Supply Chain Integration (SCI)

Flynn et al., (2010) [17] define SCI as the degree to which a manufacturer strategically collaborates
with its supply chain partners to achieve effective and efficient flows of products and services,
information, money, and decisions. Flynn et al., (2010) [17] also elucidate three important SCI
characteristics that are relevant to GSCM. First, SCI entails both strategic collaboration and operational
coordination between partners. SCI highlights the importance of mutual trust, long contracts,
efficient conflict resolution, and information sharing between the partners [27]. These collaborative
and coordinative characteristics are essential for achieving environmental sustainability along the
whole supply chain [4,28], as a green supply chain involves operational and strategic ongoing
partnerships between different parties [20]. Second, SCI emphasizes the streamlining of intra- and
inter-organizational processes. SCI can encompass both internal and external practices of green supply
chain management during partner coordination and collaboration [10]. Third, the purpose of SCI
is to maximize customer value. Providing environmentally friendly offerings to customers is thus
one of its objectives, as customers are exerting increasing pressure upon the supply chain to do so.
Therefore, SCI, at its core, facilitates the implementation of GSCM.

It is important to identify different dimensions of SCI. Although some authors (e.g., [29])
propose a unidimensional perspective of SCI, SCI is usually treated as a multi-dimensional construct.
Several classifications exist to suggest dimensions of SCI, such as forms of integration (i.e., delivery vs.
information integration), directions of integration (i.e., upstream vs. downstream integration), and the
extent of integration [13]. In general, supply chain partners refer to the suppliers and customers
of a company. Upstream integration with suppliers and downstream integration with customers
are therefore essential and are two widely accepted dimensions of SCI [7,30]. Research related to
supplier integration is common in the fields of logistics, purchasing, and product development
studies [31]. However, the stakeholder theory suggests that the awareness of customers’ desire for
more environmentally friendly products and services is a compelling incentive for the green supply
chain [32]. Future research should, therefore, consider the influence of both customers and supplier
integration on the green supply chain.

Strengthening the distinct dimension of SCI would have a distinctive impact on the efficiency
and effectiveness of supply chain management. This proposition is specifically addressed by the
contingent view of the significance of SCI. For example, Frohlich and Westbrook (2001) [13] empirically
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demonstrate that different directions of integration (i.e., toward suppliers or customers) and the
degree of integration have different effects on performance. Vachon and Klassen (2006) [33] find that
logistic integration with suppliers enhances environmental monitoring, while customer integration
does not have such an effect. Flynn et al., (2010) [17] found that the strength of customer integration
would significantly affect firm performance. Therefore, examining the distinctive role of different
SCI dimensions can bring useful insights into the improvement of firm performance by integrating
with supply chain partners. However, most previous studies focus on operational and business
areas, marketing, and innovation performance [34,35]. The effect of SCI on sustainability (e.g., GSCM)
requires further study.

2.2. Green Supply Chain Management (GSCM)

GSCM is a set of practices that aim to integrate environmental concerns into the inter- and
intra-organizational process of the supply chain [36]. GSCM refers not only to the internal issues of
a company but also relates to external suppliers and customers. In this vein, practices of GSCM broadly
include internal practices that can be deployed independently within the boundary of focal company and
external practices that entail some extent of collaboration and coordination across boundaries of supply
chain partners [33]. Typical internal GSCM practices include waste reduction, material conservation,
and internal communication and education of environmental issues, while typical external GSCM
practices include green purchasing, green supply, eco-design or reverse logistics [37].

The cross influence between different GSCM practices, especially between internal and external
GSCM, has received a great deal of attention. Due to multidimensionality, the conclusion about this
relationship is far from established. Some authors argue that internal commitment and capabilities
development is the antecedent of external green practices [38]. When a focal company has a high-level
adoption of green practices internally, and it would include high-level commitment and capabilities
which are developed to cooperate with suppliers and other partners to engage in across-organizational
green practices [39]. Thus, external GSCM is the extension of internal GSCM, and the adoption
of internal GSCM practices would positively affect the application of external GSCM practices.
For example, Zhu et al., (2012) [16] argue that internal GSCM and external GSCM should be adopted
in a specific sequence to effectively achieve performance benefits. They propose that internal GSCM
mediates the effect of external GSCM on economic performance. However, this proposition lacks
substantial theoretical underpinning and is largely a data-driven conclusion. In another study, Zhu et al.,
(2013) [14] propose that external GSCM mediates the effect of internal GSCM on economic performance.
Mitra and Datta (2013) [40] reviewed a large number of studies and concluded that there is no consensus
with respect to the causality and the direction of causality between internal and external GSCM in the
existing literature. They also propose that external GSCM positively affects the application of internal
GSCM. Therefore, the effect of the cross-influence between dimensions of GSCM is not conclusive and
needs further investigation.

Another core topic of GSCM study is to ascertain the contribution to business performance.
Multidimensionality also matters. Miroshnychenko et al., (2017) [41] find that different dimensions
of GSCM have different effects on financial performance. While pollution prevention (an internal
GSCM) is the primary driver of financial performance, green product development (an external
GSCM) only plays a secondary role, and the adoption of ISO 14001 even negatively affects financial
performance. Khaksar et al., (2016) [42] find that green suppliers have a negative effect on a firm’s
competitive advantage, while green innovation has a positive effect on both competitive advantage
and environmental performance.

Although multidimensionality is critical to exploring the efficiency and effectiveness of GSCM,
its importance is far from fully recognized. Some treat GSCM as one construct without considering the
importance of separated internal and external GSCM practices [43,44], while others do not explore the
relationship between different dimensions of GSCM. although the nature of multidimensionality is
noticed [45]. Although there are a few studies that separate internal and external GSCM, their conceptual
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models are very different. For example, Wong et al., (2011) [46] conducted research which contains
both internal and external GSCM. The internal GSCM covers product and process stewardship while
external GSCM refers to the environmental management capability of suppliers. The study investigates
the relationship between internal environmental issue and performance. However, external GSCM was
a moderating factor. Its relationship with internal GSCM and performance was not investigated. On the
contrary, Rao and Holt’s (2005) [45] internal GSCM refers to green production, and external GSCM
covers both inbound green practices from suppliers and outbound green practices to the customers
and stakeholders. They tested the contribution of external GSCM to performance, whereas the effect of
internal GSCM on performance was not tested but was regarded as a factor that positively influences
external GSCM, which contributes to business performance. Chan et al., (2012) [47] include both
internal and external GSCM, but they only test the relationship between green purchases and business
performance. Therefore, the relationship between internal and external GSCM and its impact on
business performance needs further investigation. This paper aims to empirically investigate the
impact of supply chain integration on both internal and external GSCM and business performance in
Chinese manufacturing companies.

3. Hypothesis Development

3.1. The Impact of SCI on GSCM

The literature implies that there is a positive relationship between supply chain integration
and environmental cooperation between partners and that the collaborative behavior of businesses,
suppliers, and customers is an essential component of the green supply chain [48].

Complexity, problems of coordination, and insufficient communication are frequently identified
as obstacles when implementing a green supply chain [28]. Cooperation between supply chain
partners can help control the associated costs [49]. Strong supply chain integration implies a good
understanding of the capabilities and goals of partner organizations in achieving environmental
sustainability. This increases the possibilities of collective solutions, which can reduce undesirable
environmental impacts, such as the processing and transportation of materials [50].

The pressure to achieve environmental sustainability usually comes from external stakeholders
transferring this from end customers to the company, then to suppliers. Ongoing information exchange
and trust-building between the focal company, its upstream suppliers, and its downstream customers
are required. This level of integration along the supply chain can effectively support internal and
external GSCM.

For successful external GSCM, suppliers must transform their production processes to become
more environmentally friendly, train their personnel, redesign their products to meet the environmental
standards required by the focal company, and implement a completely sustainable strategy.
This transformation requires broad cooperation with the focal company and trust between the
two sides. Long-term integration may assist this. Pagell and Wu (2009) [51] suggest that businesses
need to educate their suppliers and persuade their suppliers to educate each other. The integration of
upstream suppliers improves the environmental sustainability of a manufacturing company.

Hypothesis 1a (H1a). Supplier integration (SI) has a positive impact on the adoption of external GSCM.

Hypothesis 1b (H1b). Supplier integration (SI) has a positive impact on the adoption of internal GSCM.

The impacts of internal sustainability and supplier integration are the subjects of comprehensive
research in the GSCM field, while the effect of customers has not been fully explored [52].
However, consumer pressure is a significant incentive in implementing practices of GSCM [53],
and the regard of customers for environmental conservation is a crucial incentive for transformation.
Customers can require their suppliers to consider environmental issues when offering products and
materials. Suppliers must, therefore, work closely with customers to understand their requirements
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early in the product development stage so that they can select the appropriate materials and packaging.
Closer integration with customers can facilitate information sharing, which helps the focal company to
better understand the environmental requirements of its customers and implement internal practices to
meet customer requirements. It can also help the focal company to extend environmental practices to its
suppliers when inbound materials would affect the environmental performance of the end product [10].
Therefore, customer integration will improve the adoption of both the internal and external GSCM of
a manufacturing company.

Hypothesis 2a (H2a). Customer integration (CI) has a positive impact on the adoption of external GSCM.

Hypothesis 2b (H2b). Customer integration (CI) has a positive impact on the adoption of internal GSCM.

3.2. The Impact of External GSCM on Internal GSCM

Although there is no consensus about the relationship between internal and external GSCM,
we propose that the adoption of external GSCM facilitates the adoption of internal GSCM.
Although internal commitment and capability is essential in developing external practices, we argue
this proposition is only effective in the short term or at its start. In the long run, the inputs from external
partners’ (i.e., suppliers’) services are the prerequisites of internal green practices and outcomes.
Suppliers provide raw materials and components, which influence the environmental standards and
operations of the company; that is, a company is no greener than its supply chain [54]. Specifically, as the
contribution of GSCM to financial performance is one of our research questions, we assume that
external GSCM facilitates the adoption of internal GSCM, which will then contribute to financial
performance. Hollos et al., (2012) [55] propose that supplier cooperation enhance internal green
practices. Mitra and Datta (2013) [40] assume that green purchasing practices positively relate to
green manufacturing practices, and empirical evidence supports this. Rao (2002) [43] tests the positive
effect of green suppliers on internal sustainability. Seuing and Gold (2013) [4] argue that suppliers
are a crucial consideration when businesses move toward sustainability. Therefore, the sustainability
of suppliers’ operations will directly affect the environmental considerations of the focal company.
The following hypotheses are proposed.

Hypothesis 3 (H3). External GSCM has a positive impact on the adoption of internal GSCM.

3.3. The Impact of GSCM on Business Performance

The impact of GSCM practices on business performance has been debated for many years.
Green supply chain activities are often initiated by environmental regulation rather than by performance
improvements. Compliance with environmental regulations compels firms to act regarding the
environmental effects of their activities [56]. Theoretical analyses argue that there is no given automatic
economic (positive or negative) effect of GSCM on competitiveness and economic performance [57,58].
However, the supply chain is not sustainable if it cannot produce a positive economic result, and to
be genuinely green, it must achieve its operational objectives within a realistic financial structure
and provide environmental benefits [59]. A nature resource-based view (NRBV) might be the widely
accepted theory that explains how green activities can bring competitive advantages [60]. NRBV argues
that the natural environment has increased the severity of constraints on business, and environmental
sustainability fits well with the profit motive of business because the competitiveness of business is
rooted in the capabilities to conduct business activities that are green [61]. Internal GSCM can not
only reduce the environmental damage of business activities but also provides innovative products
or processes to protect the natural environment. Therefore, internal GSCM can produce a number of
resources that together improve the competitiveness of a focal company by offering a more innovative
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or low-cost product. Similar to internal GSCM, external GSCM can also bring about competitive
advantages by providing valuable, rare, inimitable, and non-substitutable resources and capabilities [62].
Besides this, relational rent, which derives from cross-boundary resources and capabilities between
partners, is another source of competitive advantage [63]. Recent empirical evidence identifies
a positive relationship between GSCM practices and performance [64–66]. Wong et al., (2015) [67]
suggest that manufacturers can reap financial and environmental benefits through GSCM. Therefore,
the green supply chain leads to competitiveness and improved business performance. We propose the
following hypotheses:

Hypothesis 4a (H4a). External GSCM has a positive impact on business performance (BP).

Hypothesis 4b (H4b). Internal GSCM has a positive impact on business performance (BP).

However, as we propose that external GSCM has a positive effect on internal GSCM, we assume
that the effect of external GSCM on business performance is mediated by internal GSCM. This is
obvious considering the value-added sequence of supply chain activities. External GSCM serves as the
inbound function of internal GSCM, which then contributes to business performance. From a supply
chain standpoint, the effect of external GSCM is only valid after all the inbound activities and materials
go through the internal process of a focal company. Therefore, we propose the following hypothesis:

Hypothesis 4c (H4c). External GSCM does not have a direct effect on business performance. Internal GSCM
mediates the effect of external GSCM on business performance.

The hypotheses can be summarized in a conceptual model, as shown in Figure 1.

Figure 1. Conceptual model and hypotheses. GSCM: green supply chain management.

4. Methodology

4.1. Measurement

The measurement instrument is mostly based on two sets of literature. The first set is about supply
chain integration, and the second set is about the green supply chain. The measurement instrument is
listed in the Appendix A.

Following Frohlich and Westbrook (2001) [13], supply chain integration was operationalized
based upon eight different kinds of activities that manufacturers commonly employ to integrate their
operations with suppliers and customers, such as sharing inventory and production information,
order tracking, dedicated capacity, and vendor management inventory. These activities happen with
both the supplier and customer in order to investigate their distinctive effect on GSCM. Thus, they are
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used to measure supplier integration and customer integration. Frohlich and Westbrook (2001) [13]
tested the reliability and validity of the measurement.

The measurement of external GSCM and internal GSCM followed the instrument of Zhu et al.,
(2012) [16] used to include different practices of GSCM. External GSCM was operationalized as
environmental practices with suppliers and was measured including three kinds of practices, such as
monitoring a supplier’s environmental performance or collaborating with a supplier to improve
environmental performance. Internal GSCM was operationalized as environmental practices conducted
within the focal company, and the measurement of internal GSCM included four kinds of practices:
improving the environmental performance of the product and process, improving the environmental
impacts of products by appropriate design measures, monitoring the environmental performance
improvement, and using a business strategy with environmentally sound products and processes.

Business performance measurement includes sales, return on sales, return on investment,
and market share by asking the respondents to indicate the extent of performance variation compared
with three years ago. The measurement includes both financial and nonfinancial performance indicators
and is sufficient to measure business performance by including growth, profitability, and market share
dimensions [68].

4.2. Sample and Data Collection

The data collection was conducted in Eastern China, the most developed region in China,
which faces severe environmental challenges. The target respondents were the director of operations
and supply chain management or an equivalent position to ensure their professionalism regarding
GSCM activities. The respondents were asked to rate their firm’s level of implementation of SCI and
GSCM during the last three years and the change of business performance compared with three years
ago on a 5-point Likert scale, in which 1 represents a “low level of implementation or performance
decreases,” and 5 represents a “high level of implementation or performance increases.” Under the
support of China Association of Management, a national organization devoted to management research
and diffusion which helped to provide a list of Eastern Chinese manufacturing firms, 500 companies
were contacted to participate in the study, and 220 companies agreed. The questionnaire was sent
by mail or email. A total of 184 samples were received, but after carefully checking for missing data,
22 cases were excluded in the late study, resulting in a valid sample size of 162 and a valid response rate
of 73.6%. These excluded cases were treated as non-response samples. To examine the non-response
bias, we conducted a t-test, and the results showed that there was no significant difference between
these missing data cases and other cases in term of company size (number of employees: t = −0.658,
and sales: t = 1.453). Therefore, the non-response bias was not a severe problem of the study.

4.3. Common Method Bias

The data collection method took some steps to reduce the problem of common method bias: (1) The
questionnaire was completed by operations/supply chain directors or equivalent positions, and (2) the
confidentiality of the respondents’ information was guaranteed and protected. However, as the data
were collected in the same session and from single sources, the problem of common method bias had
to be scrutinized. To this end, a Harman’s single-factor test was conducted following the traditional
procedure of loading all items into an exploratory factor analysis [69]. The total variance explained by
factors with eigenvalues greater than 1 was 65.96%, while the largest eigenvalue factor accounted for
12.27% of variance. Therefore, no single factor accounted for the majority of the covariance among the
measures. The common method bias is not a severe problem of the current research.

4.4. Analysis and Results

Partial least squares structural equation modeling (PLS-SEM) was used by applying the SmartPls
package. This analysis technique is applied because of the following methodology advantages [70]:
(1) Minimum requirements of sample size and residual distribution to have enough statistical power
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and robustness; (2) tolerance of non-normal data; and (3) maximization of the variance of the dependent
variables explained by the independent ones instead of reproducing the empirical covariance matrix.
Considering the relatively small size of 162 valid samples, the possibility of the non-normal distribution
of a 5-point Likert scale, and the aim of explaining the effects of SCI on GSCM and business performance,
PLS-SEM is an appropriate data analysis approach. The minimum sample size for robust PLS-SEM is
ten times the maximum number of paths leading to endogenous constructs [71]. This rule leads to
a minimum sample size of 30 for this study. Therefore, our sample size of 162 was adequate for the
analysis. The following analysis and results evaluation procedure follow the procedure recommended
by Hair (2013) [70].

4.5. Measurement Model Results

The reliability evaluates the consistency of the measurement. First, we evaluate the internal
consistency using Cronbach’s alpha (α) and composite reliability (CR). Cronbach’s alpha is universally
used but has the limitation of assuming that all indicators are equally reliable and generally
underestimating the internal reliability [70]. Therefore, CR is recommended as a supplementary
and preferable evaluation in PLS-SEM. The α and CR values (Table 1) are all above the recommended
level of 0.7, except for the α value of external GSCM, which is close to 0.7, so we accept that the
internal consistency of the measurement is substantial. Then, we use standardized loading to evaluate
the indicator reliability to assess convergent validity. The values of all loadings are greater than 0.7,
except for six indicators which are all above 0.6 and greater than the normally accepted value of
0.5 [72]. We then examine the values of average variance extracted (AVE), which are all greater than
0.5. Therefore, the measurement has substantial convergent validity. The discriminant validity is
evaluated by examining the value of cross loading and the Fornell–Larcker criterion. First, the loading
of each indicator on its associated construct is greater than all its loadings on other constructs (Table 2).
Second, each construct’s square root value of AVE is greater than all the correlations of this construct with
other constructs, indicating that each construct shares more variance with its associated indicators than
with any other constructs. Therefore, the measurement model shows adequate discriminant validity.

Table 1. Reliability and validity evaluation. CR—composite reliability, AVE—average
variance extracted.

Constructs CR α AVE IG EG SI CI BP

Internal GSCM (IG) 0.820 0.707 0.536 0.732
External GSCM (EG) 0.821 0.694 0.605 0.633 0.778

Supplier integration (SI) 0.879 0.852 0.576 0.508 0.509 0.759
Customer integration (CI) 0.890 0.837 0.549 0.506 0.47 0.705 0.741
Business performance (BP) 0.862 0.803 0.610 0.244 0.162 0.219 0.077 0.781
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Table 2. Partial least square (PLS) loadings and cross-loadings of indicators.

Indicators IG * EG SI CI BP t-Value a

IG1 0.65 0.436 0.227 0.333 0.196 10.270
IG2 0.627 0.318 0.355 0.292 0.236 9.006
IG3 0.806 0.583 0.456 0.423 0.131 21.387
IG4 0.824 0.479 0.428 0.417 0.178 25.770
EG1 0.437 0.794 0.372 0.349 0.066 14.902
EG2 0.338 0.708 0.276 0.205 0.007 11.213
EG3 0.623 0.826 0.502 0.47 0.233 26.237
SI1 0.379 0.374 0.723 0.495 0.144 11.359
SI2 0.347 0.333 0.777 0.545 0.168 18.437
SI3 0.362 0.344 0.756 0.484 0.164 14.240
SI4 0.411 0.453 0.74 0.54 0.192 17.540
SI5 0.378 0.361 0.745 0.479 0.18 19.016
SI6 0.275 0.294 0.641 0.492 0.165 8.596
SI7 0.500 0.469 0.826 0.598 0.167 34.205
SI8 0.304 0.399 0.708 0.539 0.157 13.695
CI1 0.296 0.27 0.481 0.685 -0.025 10.061
CI2 0.292 0.218 0.374 0.658 -0.042 9.103
CI3 0.353 0.253 0.481 0.74 0.062 15.311
CI4 0.385 0.353 0.498 0.723 0.137 14.948
CI5 0.345 0.274 0.5 0.751 0.074 18.197
CI6 0.324 0.285 0.484 0.658 0.048 10.261
CI7 0.497 0.513 0.665 0.862 0.101 53.526
CI8 0.431 0.473 0.607 0.817 0.072 22.479
BP1 0.113 0.027 0.145 0.023 0.694 4.753
BP2 0.281 0.182 0.234 0.131 0.849 9.226
BP3 0.155 0.106 0.163 0.021 0.791 5.922
BP4 0.126 0.134 0.109 0.014 0.783 5.192

Note: * IG: internal GSCM; EG: external GSCM; SI: supplier integration; CI: customer integration; BP: business
performance. a t-value indicates t-test results for indicator factor loadings on respective constructs; all the italic
factor loadings are significant at the p < 0.01 level.

4.6. Structural Model Results

First, the collinearity of the structural model was examined. The maximum value of the variance
inflation factor (VIF) is 2.138, and other VIF values are below 2.0—all are below the threshold of 5.0,
indicating that the collinearity between the exogenous variables is not a severe problem.

Then, we examine the path coefficients (Table 3). Supplier integration has a positive effect on
external GSCM (coefficient = 0.372; t = 3.665). However, supplier integration has no significant effect
on internal GSCM (coefficient = 0.123; t = 1.378). Customer integration has a positive effect on external
GSCM (coefficient = 0.208; t = 2.146) and internal GSCM (coefficient = 0.195; t = 2.069). External GSCM
has a positive effect on internal GSCM (coefficient = 0.477; t = 0.7446). External GSCM has no significant
effect on business performance (coefficient = 0.014; t = 0.112), while internal GSCM has a positive effect
on business performance (coefficient = 0.235; t = 2.145).

Table 3. Path coefficients, significance, and hypotheses test results.

Hypotheses Paths Coefficients t-Value p-Value Result

H1a SI→ EG 0.372 3.665 0.000 Supported
H1b SI→ IG 0.123 1.378 0.169 Rejected
H2a CI→ EG 0.208 2.146 0.032 Supported
H2b CI→ IG 0.195 2.069 0.039 Supported
H3 EG→ IG 0.477 7.426 0.000 Supported

H4a EG→ BP 0.014 0.112 0.914 Rejected
H4b IG→ BP 0.235 2.145 0.043 Supported

The determination coefficient R2 value is a measure of the model’s predictive accuracy. It indicates
the variance of the endogenous variable explained by its predictors in the structural model. As shown
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in Table 4, the model explains 46.3% of the variance of the internal GSCM and 29% of the variance of
the external GSCM. However, the predictors only explain 6% of the variance of business performance.
R2 values of 0.25, 0.5, and 0.75, respectively, represent weak, moderate and substantial values [70].
Therefore, internal GSCM and external GSCM are well predicted by their predictors, while the model
only predicts a very small variance percentage of business performance. This is understandable,
as many factors would affect business performance. However, our model shows that GSCM has
a significant influence on business performance, although with little effect. The value of the f2 effect
size is also examined. The f2 effect size measures the impact of a specified exogenous variable on an
endogenous variable. The values of 0.02, 0.15, and 0.35, respectively, represent small, medium and
large effects. Therefore, external GSCM has a large impact on internal GSCM. Customer integration
has a small-to-medium impact on both external and internal GSCM. Supplier integration only has
a small impact on external GSCM, while the impact of external GSCM on business performance and of
supplier integration on internal GSCM is very small.

Table 4. R2 and f2 effect size.

Construct Business Performance External GSCM Internal GSCM

R2 0.060 0.290 0.463
Customer integration 0.031 0.035

External GSCM 0.000 0.301
Internal GSCM 0.035

Supplier integration 0.098 0.013

4.7. Testing the Mediating Effect of Internal GSCM

We assume that internal GSCM mediates the effect of external GSCM on business performance.
To test this meditating effect, we apply the bootstrap method, setting the resampling size to n = 1000.
Bootstrapping is a popular method to test indirect effects and has a methodological advantage over the
traditional Sobel test [73].

The result is shown in Table 5. The direct effect of external GSCM on business performance is 0.014
(t = 0.112) and is not significant at the p < 0.05 level. The indirect effect of external GSCM on business
performance via internal GSCM is significant at the p < 0.05 level (0.112, t = 1.995). Examining the
97.5% confidence interval for the indirect effect, the low-level value is 0.004, which is above zero.
The data analysis result supports the conclusion that external GSCM does not have a direct effect on
business performance. The effect of external GSCM on business performance is mediated by internal
GSCM. This result supports the argument that different dimensions of GSCM have distinctive roles in
the supply chain.

Table 5. Test of the mediating effect of internal GSCM on the relationship between external GSCM and
business performance.

Predictor
Variable Mediator Dependent

Variable Direct Effect Indirect Effect Total Effect
97.5% Confidence

Interval for the
Indirect Effect

EG IG BP 0.014 (t = 0.112) 0.112 (t = 1.995) 0.126 (t = 1.352) 0.004, 0.223

5. Discussions and Implications

This paper empirically tests the impact of supply chain integration on internal and external GSCM
practices and business performance in Chinese manufacturing companies. The results show that
integration with suppliers only supports external GSCM, while integration with the customer supports
both internal and external GSCM. It is also found that external GSCM has no direct relationship
with business performance, but it supports internal GSCM, which positively influences a company’s
business performance. This study pays a great deal of attention to the multidimensionality of both SCI
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and GSCM and explores the distinctive role of each dimension, which may be a new contribution to
the GSCM field with further implications and trigger new future research.

5.1. The Impact of SCI on GSCM

The results show that integration with upstream and downstream partners would have different
roles in applying GSCM. Supplier integration positively affects the implementation of external GSCM
practices between a company and its suppliers, while customer integration positively affects both
internal GSCM practices within the boundary of the focal company and external GSCM practices
across the interface of the focal company and its supplier.

This result shows that customer integration is essential and has a distinctive role in GSCM practices.
Although the initiation of environmental sustainability commonly starts with governmental regulations
on environment protection, environmental issues are ultimately evaluated by customers who use
the products. Government regulations usually address only pollution issues, whereas customers
are concerned with safety, cost, and reputation from an environmental perspective. The customer is
therefore essential in improving levels of sustainability and in upholding environmental sustainability
standards. Through intensive customer integration, manufacturing companies gain more awareness
of the environmental issues of their customers and will consequently implement environmental
programs in internal operations processes to meet customers’ requirements, such as product or
process stewardship. Besides this, as the value to the customer is supplied via a supply chain,
the requirement from customers will then transfer upstream to its suppliers to implement collaborative
green practices [74]. Therefore, as our results showed, customer integration has positive effects on both
internal and external GSCM. Customers may therefore be the critical force steering manufacturing
companies toward environmental sustainability. Previous studies of GSCM have focused primarily
on the role of the upstream supplier [75,76]. The impact of downstream customer engagement on
sustainability initiatives is a potential area for further investigation.

The result also implies that integration with suppliers leads to collaborative green practices
between a focal company and its upstream partners. However, supplier integration does not affect the
practices of internal GSCM. This means that suppliers may not be involved when a focal company starts
to implement internal GSCM. This result is consistent with previous conclusions that internal GSCM
starts as an internal strategic imperative and top-management commitment [77]. Internal GSCM is then
extended to the interface with suppliers. Then, integration with a supplier is essential to implement
external GSCM.

Comparing the different effect of supplier and customer integration, we find that the
multidimensionality of SCI matters in affecting the adoption of GSCM. The customer is the driving force
in adopting GSCM, as some authors argue that customer pressure is the primary driver to stimulate
firms to engage in sustainability [78]. This driving force can also translate into external practices with
suppliers. Integration with customers therefore facilitates information sharing and trust-building that
stimulates the focal company to implement internally oriented green practices. Supplier integration,
however, is important when adopting external GSCM.

5.2. The Impact of GSCM on Business Performance

The relationship between GSCM and business performance has been tested empirically,
and internal GSCM has a positive and significant impact on business performance. This gives hints to
the manufacturing companies that environmental sustainability should not only be implemented for
environmental protection but also helps companies to improve their business performance, such as
their market share and return on sales. Hence, the business performance and competitiveness of
manufacturing companies could be enhanced. This supports the argument that “greener is cheaper”.

Sustainable initiatives are often seen as social responsibility initiatives that do not necessarily
lead to financial rewards [1], and thus the evidence that “greener is cheaper” may provide managers
with a clear framework to incorporate business performance into sustainable management. At the
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core of sustainability is the intersection of environmental, economic, and social performance [79],
which explicitly illustrates that engagement in GSCM need not be simply a reactive action designed
to meet regulations, but should be proactively planned as a strategic action to gain sustainable
competitive advantages.

External GSCM does not directly contribute to business performance but enhances internal GSCM.
Its effect on business performance is fully mediated by internal GSCM. Therefore, working with
suppliers to achieve firm-level sustainability is necessary but not sufficient in improving business
performance. Supply-side sustainability should be absorbed by internal operations and contribute
to demand-side value creation. The mediating effect of internal GSCM on the external supplier
relationship is an often-mentioned and explored topic [16]. Nevertheless, the direct impact of
supply-side sustainability on business performance is assumed by neglecting the mediating effect [2,6].
Our findings supplement previous wisdom, offering a more profound understanding of the role of
supply-side activities. More research is therefore needed to more rigorously explore the relationship
between supply-side sustainability, internal operations and business performance.

5.3. Managerial Implications

The results also present several useful management suggestions for firms and managers in
advancing towards a green supply chain. First, the results suggest managers should build a substantial
relationship with customers in green advancement. Firms are usually reactive to customer’s green
requirements; however, as the role of the customer is recognized by this study and others (e.g., [74]),
an active or even proactive strategy to integrate customers will help firms in their green journey.
The integration with customers can start with information sharing with respect to products, production,
and logistics. Firms should then collaborate with customers in product and process design to
incorporate green objectives into supply chain management. Second, our results remind managers
to pay a good deal of attention to the distinctive role of different partners in achieving a green
supply chain. The supplier can offer supply-side advantages, while a customer’s influence can move
upstream to contribute to the whole supply chain. Therefore, managers should be aware of the different
improvement opportunities provided by different partners and tactically manage these relationships
for effective performance improvement. Third, firms should invest first in internal operations to
achieve green objectives. Internal GSCM provides the basis of the green supply chain in that firms will
have the capability to absorb upstream green outcomes from suppliers. Without a substantial internal
capability, firms will find it difficult to transfer benefits from external collaboration to contribute to
the green supply chain. Fourth and finally, we suggest a proactive strategy in the green supply chain
since the contribution of the GSCM to business performance is supported by the results. A proactive
strategy means rethinking the product and process compared with the requirements of sustainable
development and redesigning the product and process (or even business model) strategically to
capitalize on green-related opportunities.

6. Limitations and Future Research

Our paper also has some limitations which may offer new opportunities for future research.
First, the conceptualizations of sustainability cover three dimensions: Economic, social and
environmental. Like most existing GSCM studies, this paper focuses only on the environmental
dimension. Future research can be extended to the other two dimensions or all three dimensions.

Second, the previous results were controversial regarding the impact of GSCM on business
performance. This paper reveals that internal GSCM has a positive relationship with business
performance while external GSCM has no direct effect on business performance. There is literature
reporting a nonlinear and/or conditional relationship or a bi-directional relationship between
environmental sustainability and business performance (e.g., [80]). Therefore, the relationship between
GSCM and business performance might be complex and based on contingent factors. This should be
investigated further with more advanced methods such as non-linear correlation.
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Third, in the past ten years, supply chain management has been studied from several perspectives,
such as the manufacturing process, new product development, quality management, and technology
transfer. Environmental sustainability will be a new trend in supply chain management research
and will be enhanced in the future. The external GSCM may even be separated from supplier and
customer perspectives and may provide insight into upstream and downstream environmental issues.
Multidimensionality in supply chain management and specifically GSCM should be further explored.
Recently, some authors have started to examine the role of customers [74,78,81]. More studies are
needed to explore the different roles of suppliers and customers in GSCM.

Finally, this paper is based on data from Chinese manufacturing companies, and the results may
not be able to be extended to other countries. For example, it is found that supplier integration only
influences the external GSCM but has no direct impact on internal GSCM; is this because Chinese
companies do not involve suppliers in internal environmental issues yet, or is it a generic pattern for
all companies? Considering that Chinese companies are only beginning to implement GSCM [82],
this result may only apply to the start-up stage when companies start their internal commitment to
green practices. A comparison between developed and developing countries or emerging economies
may provide more nuanced insights, especially for joint ventures and global companies which produce
in one country, purchase raw materials in another and sell products in others.
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Appendix A

Table A1. Measurement Instrument.

Internal green supply chain management (Zhu et al., 2012)
A business strategy with environmentally sound products and processes
Improving the environmental impact of products by appropriate design measures, e.g., design to recycle
Improving the environmental performance of processes and products (e.g., environmental management system, Life-Cycle
Analysis, Design for Environment, environmental certification)
Overall monitoring of environmental performance improvement

External green supply chain management (Zhu et al., 2012)
Collaborating with suppliers to improve the environmental performance
Monitoring and auditing suppliers’ environmental performance using established guidelines and procedures
Improving the environmental impact generated by transportation of materials/products and outsourcing of process steps

Supplier integration (Frohlich and Westbrook, 2001) (The implementation of the following activities with suppliers)
Share inventory level information
Share production planning and demand forecast information
Order tracking
Agreements on delivery frequency
Dedicated capacity
Vendor management inventory or consignment stock
Plan, forecast and replenish collaboratively
Just-in-time replenishment

Customer integration (Frohlich and Westbrook, 2001) (The implementation of the following activities with customers)
Share inventory level information
Share production planning and demand forecast information
Order tracking
Agreements on delivery frequency
Dedicated capacity
Vendor management inventory or consignment stock
Plan, forecast and replenish collaboratively
Just-in-time replenishment

Business performance (Venkatraman and Ramanujam, 1986)
Market share
Return on sales
Sales
Return on investment
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