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ABSTRACT

This research examined the effects of sustainable supply chain management (i.e.
internal sustainable management and external sustainable collaboration) on
sustainability performance in the port context. Structural equation modeling was
employed in this study using survey data collected from 135 respondents holding the
position of supervisor or above in three major international port corporations in
Taiwan (i.e. Keelung, Taichung and Kaohsiung). Results indicated that external
sustainable collaboration is positively associated with internal sustainable
management, and internal sustainable management positively influences sustainability
performance. This research also found that internal sustainable management mediates
the effects of external sustainable collaboration on sustainability performance. The
theoretical implications from the research findings are that the relationships between
supply chains and sustainability performance, an empirical result that has not been
found in current port literature. The practical implications are that port managers need
to develop sustainable management strategies that incorporate the development of
specific internal sustainable management such as resources, competences, capabilities,
and supply chain collaboration with external stakeholders (i.e. carriers and service
suppliers), in order to improve sustainability performance.

Keywords: port; sustainable supply chain; sustainability performance; structural
equation modeling

1. Introduction

Ports are key nodes in the supply chain and transportation network. While efficient
ports are vital to the economic development of a particular country or area, their
development should be balanced against environmental protection and social issues.
In recent decades, port sustainability has become an increasing focus of attention for
port policy makers (The Port of Los Angeles, 2013), maritime reports (UNCTAD,
2014), and journals in various management fields (Darbra et al. 2009; Acciaro et al.,
2014). For example, the Port of Los Angeles has highlighted major goals to increase
sustainability in port operations and has emphasized five major sustainability areas,
namely, community investment, land use and infrastructure, public health, energy and
resource conservation and financial strength (The Port of Los Angeles, 2013).
Increases in container throughput and trade volume intensify noise, air and oil
pollution. Such pollution threatens public health and safety, so port sustainability is
increasingly being advocated by ocean carriers, terminal operators, stevedores,



government, communities, and the general public.

Sustainability was defined as “development that meets the needs of the present
without compromising the ability of future generations to meet their own needs” by
the World Commission on Environment and Development (WCED, p. 43) in 1987,
and this definition is widely used in several articles (Brundtland, 1987). Sustainability
refers to the right of human beings to enjoy health and wealth and live harmoniously
together in a way that meets the development needs of the present while protecting the
environment for the generations to come (UNCSD, 1993). Sustainability also can be
defined as increasing the welfare of the present generation while simultaneously not
decreasing the welfare of the next generation (Pearce and Warford, 1993). Pronk and
Haqg (1992) explained sustainability as a fair opportunity for all human beings, not
only particular interest groups, to achieve economic growth without further depleting
natural resources and environmental capacity. These definitions of sustainability
highlight three principal components of sustainability, namely: environmental
sustainability, economic sustainability, and social sustainability (Glavic and Lukman,
2007; Quak and Koster, 2007). They also explore the widespread perception that
negative influences on environment and society are trade-offs with economic
development (Behrends et al., 2008).

A growing body of previous studies has discussed sustainability measures and green
policy in the port sector (Gilman, 2003; Peris-Mora et al., 2005; Darbra et al., 2009).
Peris-Mora et al. (2005) developed a system of sustainable environmental
management for use by port authorities. Shiau and Chuang (2015) proposed a variety
of port sustainability indicators including environmental, economic, and social aspects
using social construction of technology based on a case study of Keelung Port. Thirty-
six port sustainability indicators were suggested for port operators. Acciaro et al.
(2014) developed an innovative conceptual framework for evaluating the
environmental sustainability of ports. They found that objectives of sustainability
linked to regulatory and landlord port functions seem to prevail. Lam (2015)
discussed a sustainable maritime supply chain based on the Quality Function
Deployment and Analytical Network Process approaches. The use of green-designed
ships, engines and machinery was found to be the most important design requirement
in major container shipping lines. Notably, the difference between the terms
sustainability and green is significant. Sustainability consists of the issues of economy,
environment and society, whereas green is only based on the exploitation of the
environment. That is, green does not include the prosperity or welfare of a society
(Zervas, 2012).



In particular, several studies have found that port sustainability should be
implemented within an organization and in collaboration with port partners across key
members of the supply chain, such as ocean carriers, terminal operators, truck
companies, stevedoring companies, and depot operators (Gul and Cimen, 2012;
Linton et al., 2007; Lu et al., 2010). Linton et al. (2007) stated that sustainability
should be implemented by integrating all production functions throughout the
manufacturing process. Port corporations are major operators at ports; however, the
major sources of pollutants are their users or suppliers such as ocean-going vessels,
harbor craft, cargo handling equipment, and trailers. Therefore, effective
implementation of sustainability in ports needs to take into account sustainable
management both within organizations and in partnership with external members,
including terminal operators, stevedoring companies and trucking and warehousing
operators (Lu et al., 2010).

While several researchers and port operators recognize the need to measure
sustainable management across the supply chain, it seems that there are relatively few
empirical studies which discuss the impact of sustainable port supply chains on
sustainability performance (Peris-Mora et al., 2005). To fill this gap, this study aims
to examine the relationships between sustainable supply chains (i.e. internal
sustainable management and external sustainable collaboration) and sustainability
performance in the context of port operations in Taiwan. Taiwan is an island-
economy which is highly dependent on foreign trade. According to the Ministry of
Transportation and  Communications  (Ministry of  Transportation and
Communications, 2014), more than 99 % of annual trade in Taiwan is carried by
maritime transport and handled through sea ports. There are three major container
ports in Taiwan: Kaohsiung, Keelung and Taichung. Container traffic in Taiwan
slightly increased from 10,427,714 TEUs (twenty foot equivalent units) to 14,046,868
TEUs in the period from 2001 through 2013 (Ministry of Transportation and
Communications, 2014). Among these ports, the Port of Kaohsiung is the largest
container port in Taiwan, accounting for 70.7% of total container traffic in 2013, and
ranked in the top 14 container ports in the world (Breet, 2014). With this significant
growth of cargo volume, the issue of sustainability in ports has become increasingly
important and of concern to port corporations and agencies in Taiwan.

There are five sections in this paper. Following this introduction is a review of
previous literature as a theoretical basis to evaluate the effects of internal operations
and external collaboration on sustainability performance. Several research hypotheses
are formulated in this section. Section 3 discusses the research methodology,
including the survey questionnaire, sampling techniques, and data analysis methods.



Section 4 presents the analytical results of factor analysis and structural equation
modeling. The discussion and conclusion drawn from the research findings and their
implications for port policy-makers are discussed in Section 5 and Section 6.

Literature review and hypotheses

As mentioned earlier, there are a number of reports and articles that have discussed
sustainable management in the port sector (Gilman, 2003; Peris-Mora et al., 2005;
Darbra et al., 2009). However, the techniques and measures described in the literature
focus on developing sustainable management for an organization and do not capture
the key concerns of the supply chain in total or how each organization affects overall
sustainable management performance. Some researchers recognize the need to
measure sustainability across the supply chain and provide a framework for
developing sustainable supply chains to drive sustainable management performance
(Gul and Cimen, 2012; Lu et al., 2010).

2.1 Sustainable Supply Chains in the Port Sector

The term “supply chain” has a number of definitions. The Council of Supply Chain
Management Professionals (CSCMP) (2010) defines supply chain management as
encompassing the planning and management of all activities involved in sourcing and
procurement, conversion, and all logistics management activities. Importantly, it also
includes coordination and collaboration with channel partners, which can be suppliers,
intermediaries, third party service providers, and customers. In essence, supply chain
management integrates supply and demand management within and across companies.
Mentzer et al. (2001) defined supply chain management as the systemic, strategic
coordination of traditional business functions and tactics across these business
functions within a particular company and across businesses within the supply chain,
for the purposes of improving the long-term performance of the individual companies
and the supply chain as a whole. In their view, supply chain management includes: (1)
a systematic approach to reviewing the supply chain as a whole, and to managing the
total flow of goods inventory from the supplier to the ultimate customer; (2) a
strategic orientation toward cooperative efforts to synchronize and converge intra firm
and inter firm operational and strategic capabilities into a unified whole; and (3) a
customer focus aiming to create unique and individualized sources of customer value,
leading to customer satisfaction.

Supply chain management has also been seen as the integration of key business
processes from the end user through original suppliers that provides products, services,
and information that add value for customers and other stakeholders (Lambert and
Cooper, 2000). Over the past two decades, the focus on optimizing operations has



moved from a specific organization to the entire supply chain. A focus on the supply
chain is a step towards the broader adoption and development of sustainability, since
the supply chain considers the product from the initial processing of raw materials to
delivery to the customer. However, sustainability must also integrate issues and flows
that extend beyond the core of supply chain management (Linton et al., 2007). Supply
chain management should consider the effect of functions other than logistics on
business processes spanning multiple organizations. Thus, research on sustainable or
environmental management needs to view a whole supply chain as one entity and any
management systems should span the entire supply chain.

Lambert et al. (2006) defined a sustainable supply chain as one that integrates the
business flow from initial suppliers to end customers, and provides stakeholders with
valued-added products and services by employing a sustainable operating concept. A
sustainable supply chain has also been defined as one that strategically integrates
external supply chain members and undertakes internal organizational reform in order
to increase long-term profits and achieve the goal of environmental, economic and
social development (Linton et al., 2007).

A number of previous studies have demonstrated the importance of suppliers, focal
companies, customers, the government and stakeholders when exploring the impact of
sustainable supply chain management on firm performance (Seuring and Muller,
2008). Various types of collaboration have been proposed in the extant literature, such
as internal collaboration, customer collaboration, and supplier collaboration (Lambert
et al. 2006). Consideration of the dimensionality of sustainable supply chains is
important to understand the way that the individual dimension influence sustainable
performance, as well as how they influence each other. While some studies propose
sustainable supply chain as a unidimensional construct (e.g. Carter and Rogers, 2008;
Linton et al., 2007; Pagell and Wu, 2009), others divide sustainable supply chain into
internal collaboration and external collaboration (Flynn et al., 2010; Stank et al.,
2001). While each of these dimensions reflect an important attribute of sustainable
supply chain, there is a great deal of similarities between them. Sustainable port
supply chains in this study can be defined as those which integrate external port
supply chain members (e.g. shipping companies, port services providers) and
undertake internal sustainable management in order to achieve the goal of
sustainability in three major aspects: environmental, economic and social (Gul and
Cimen, 2012; Lu et al., 2010; Seuring and Muller, 2008; Shang et al, 2010; Zhu et al,
2007). As a result, we focus specifically on internal sustainable management,
customer/carrier collaboration, and supplier collaboration in this study.

2.2 Sustainability performance



Previous studies on sustainable supply chains have usually emphasised green supply
chain management, and have therefore mostly focused on social and environmental
aspects. (Seuring and Muller, 2008; Marlow, 2008). With the increasingly awareness
of public participation, the stakeholders’ attitude has been notable issue in the
development of a port (Shiau and Chuang, 2015). Hence, all three areas of
sustainability (including environmental, economic, and social aspects) need to be
considered simultaneously when evaluating sustainability performance (Larson et al.,
2011; Rohacs and Simongati, 2007; Seuring and Muller, 2008; Shiau and Chuang,
2015). Environmental dimensions consisted of air quality, greenhouse gas emissions,
soil and land resources, debris, light and noise problems, water and climate change,
all of which need to be taken into consideration. Economic dimensions included
benefits to port users, fair competition, employment, local area economic
development, tourism, and port investment (Ryan and Throgmorton, 2003; The Port
of Long Beach Green Port, 2005; Sydney Ports, 2007; Department of Transport,
2010). Social dimensions consisted of population growth, port area availability,
security and safety, and neighboring relationships (Abbott and Monsen, 1979; Holmes,
1978; Peris-Mora et al., 2005; Shiau and Chuang, 2015). Based on previous studies,
nine performance items were selected in this study to measure sustainability
performance (see Table 4).

2.3 Sustainable Supply Chain and Sustainability Performance

Several studies have examined sustainability in ports from a supply chain perspective
(Acciaro et al., 2014; Lam, 2015; Lam and Notteboom, 2014; Leone and Iris, 2015;
Shiau and Chung, 2015; Zhang et al., 2014). For example, Lam and Notteboom (2014)
studied management tools related to sustainable management activities in ports
including pricing, monitoring and measuring, market access control and
environmental standard regulation. Acciaro et al. (2015) found that several sustainable
management attributes were linked to green objectives for the function of a landlord
port. These attributes included: protection of port ecosystems, ensuring environmental
sustainability of economic activities linked to the port, optimal space allocation and
creation of green recreational areas, provision of adequate waste reception facilities,
attention to sustainable construction methods when building infrastructure,
monitoring of pollution, etc. Accordingly, this study hypothesizes the following:

Hypothesis 1 : Internal sustainable management will be positively related to
sustainability performance in the port context

In addition, previous studies have suggested that partner relationships among supply
chain system members can increase environmental protection performance (Handfield
et al., 1997; Sarkis, 2001). Koufterous et al. (2007) used the dimensions of internal



integration, and supplier integration to examine the effects of product innovation on
firm profits. Flynn et al. (2010) analyzed the effects of supply chain integration on
firm performance by classifying supply chain dimensions as customer integration,
supplier integration and internal integration. Testa and Iraldo (2010) indicated that
external members of a firm had a positive effect on environmental performance when
a firm adopted a green supply chain management strategy. Hence, to achieve
sustainable development, ports need to collaborate with external members in the
supply chain system.

Collaboration is the process of decision-making among supply chain members. It
involves joint ownership of decisions and collective responsibility for sustainable
development (Stank et al., 2001). A port that seeks to attain effective sustainable
supply chain management through external collaboration with service suppliers and
customers should focus on internal sustainable management, so that it may better
respond to environmental management requirements and achieve the objective of
sustainable development. An effective implementation of a sustainable supply chain
will be developed when port partners are willing to work together, understand other
points of view, share information and resources, and achieve collective goals (Stank et
al.,, 2001). Prior research has indicated that collaboration leads to improved
environmental performance in small-and medium-sized suppliers (Lee and Klassen,
2008). With regard to previous studies on sustainable collaboration in ports, Parola et
al. (2014) indicated that service supplier collaboration and customer collaboration are
important factors in enhancing port sustainability performance. Acciaro et al. (2015)
showed the importance of certain sustainable activities related to external sustainable
collaboration with port partners including rewarding or punishing port operators for
reaching or failing to reach environmental goals, sharing information with delegated
agencies or the public, considering environmental factors in the selection and
management of subcontractors, and so on. Gul and Cimen (2012) and Lu et al. (2010)
also studied the influence of supply chain stakeholders on sustainability in ports.
Accordingly, this study hypothesizes the following:

Hypothesis 2: External sustainable collaboration will be positively related to
sustainability performance in the port context

A majority of previous studies have discussed collaboration or integration among
members in the supply chain (Handfield et al., 1997; Mentzer et al., 2001; Kleindorfer
et al., 2005; Seuring and Muller, 2008; Lam, 2015). Gydngyi (2005) stated that firms
should collaborate with their suppliers, customers and stakeholders to achieve the goal
of sustainable development among supply chain members when facing a fast
changing operating environment. Stank et al. (2001) found that internal collaboration



and external collaboration are positively related. Interviews we conducted in
preparation for this research raise concerns regarding this relationship. The shipping
industry is an international industry. Shipping operations should comply with the
international shipping conventions or regulation from the International Maritime
Organization, International Labor Organization and governments. These shipping
conventions include international Convention for the Prevention of Pollution from
Ships (MARPOL), International Safety Management Code (ISM Code), International
Convention for the Safety of Life at Sea (SOLAS), Maritime Labour Convention
(MLC), Port State Control, and so on. However, port corporations in Taiwan are a
government owned organization. Therefore, the wupdated information or
implementation of international conventions related to sustainability for ocean carriers
will be earlier than port corporations. Although there is a lack of findings on the
relationships between external collaboration and internal sustainable management in
the literature, we argue that external collaboration with ocean carriers could positively
influence internal sustainable management. Thus, this research postulates that:

Hypothesis 3: External sustainable collaboration will be positively related to internal
sustainable management in the international port context

3. Methodology
3.1 Sample

Data for the study were collected from a survey questionnaire according to the stages
outlined by lacobucci and Churchill (2010), which include the type of questionnaire,
its method of administration, content of individual questions, form of response to, and
wording of, each question, question sequence, and physical characteristics of the
questionnaire. The sample comprised those who had the position of supervisor or
above in three major international port corporations in Taiwan (i.e. Keelung,
Taichung, and Kaohsiung). A four-page questionnaire was sent to them in June 2012,
A follow-up mailing was sent in July after the initial mailing. The potential effective
sample size of 300 was reduced to 294 as six supervisors had left their position. The
total number of usable completed questionnaires was 135, of which 62 were from
Kaohsiung Port and 37 and 36 from Keelung Port and Taichung Port, respectively.
The overall response rate for this study was therefore 45.91%.

The questionnaire sought to obtain a profile of respondents by seeking information
relating to their job title, work department, age and years of working experience. The
importance of 33 internal sustainable management items and 16 external sustainable



collaboration items was elicited by asking respondents to indicate their level of
agreement/disagreement with the items using a five-point Likert scale ranging from

“1 = strongly disagree” to ““ 5 = strongly agree”.

Although the response rate in this research was higher than 45%, it was necessary to
conduct a non-response bias test as suggested by Armstrong and Overton (1977). Late
respondents were assumed to be similar to non-respondents. The Chi-square statistics
technique was used to examine differences in responses to questionnaire items
between the first and second mailing based on respondents’ job title, age, years of
working experience, and work department. There were no statistically significant
differences in response at the 0.05 level of significance. The information collected
from the respondents could therefore be generalized to the target population.

3.2 Data analysis methods

Several research methods were used in this study, including descriptive statistics and
exploratory factor analysis. The latter was conducted in order to identify and
summarize a large number of internal sustainable management and external
sustainable collaboration attributes into a smaller, manageable set of underlying
factors or dimensions (Hair et al., 2010). A reliability test was conducted to assess
whether these dimensions were adequate.

The assessment of content validity typically involves an organized review of a
questionnaire’s content to ensure it includes everything it should and does not include
anything it should not. The content validity of the questionnaire used in this study was
assessed through a review of the literature and interviews with practitioners; in other
words, questionnaire questions were based on previous studies and judged to be
relevant by 10 supervisors who worked at international port corporations in Taiwan.
Confirmatory factor analysis was then conducted to verify measurement models. This
involved the use of structural equation modeling software AMOS 6.0 to analyze the
measurement models, assess psychometric proprieties, and to specify relationships
among the latent variables and the proposed measures.

4. Results of Empirical Analyses
4.1 Characteristics of respondents

Table 1 shows the respondents’ profile. More than half of respondents were directors
(53.3%), while (29.6%) and (14.1%) were supervisors and senior directors,
respectively. Few respondents (1.5%) were Presidents/ Vice presidents or Chief
Secretaries or Chiefs. As regards respondents’ age, more than half (54.9%) were aged
between 31-40 years, and 24.1% and 21% were aged 30 or less and 41 or more,



respectively. Over 90% of respondents had worked in the port for more than 10 years.
A much lower percentage (8.6%) had worked in the port for ten years or less.
Specifically, the ports of Kaohsiung, Keelung and Taichung were successfully
awarded a certification of EcoPort in November 2015 under the rules and regulations
of the European Sea Ports Organization (ESPO). The Ecoport certification is an
important, internationally recognized criteria of port sustainability (Taiwan
International Ports Corporation, 2015). This suggesting that respondents had abundant
practical experience of sustainability to answer questions. Table 1 also shows
respondents’ work departments. Nearly half of respondents (40.8%) worked in the
operations department, 12.6% worked in the warehousing department, 11.1% worked
in the secretarial department, and 9.6%, 8.9%, 6.7%, 4.4%, 3.7% and 2.2% worked in
harbor affairs, information technology, harbor construction, human resource,
navigation, and research and development departments, respectively.

< Insert Table 1 about here >
4.2 Factor analysis results

Factor analysis with VARIMAX rotation was employed to reduce 33 internal
sustainable management items and 16 external sustainable collaboration items to
smaller sets of underlying factors. This helped to detect the presence of meaningful
patterns among the original variables and to extract the main internal and external
factors as shown in Table 2 and Table 3.

< Insert Table 2 about here >
< Insert Table 3 about here >

To aid interpretation, only variables with a factor loading greater than 0.5 were
extracted, which is a conservative criterion based on Kim and Muller (1978). Hence,
variables with a factor loading less than 0.50 were eliminated. Four factors were
found to underlie the internal sustainable management items in the international port
context. They were labeled and are described below:

(1) Factor 1 consisted of 12 items related to sustainability participation. This factor
was therefore labeled a sustainability participation dimension. It accounted for
24.53% of the total variance. The sustainable development goals setting had the
highest factor loading on this factor.

(2) Factor 2 comprised 12 items which were practice related activities. This factor
was therefore labeled a sustainability practice dimension. Mitigating emissions of
CO: and noise from berthing ships had the highest factor loading on this factor.



Factor 2 accounted for 22.44% of the total variance.

(3) Factor 3 consisted of five items which were associated with policy activities. This
factor was therefore designated a sustainability policy dimension. Publishing
written sustainable development policies had the highest factor loading on this
factor. Factor 3 accounted for 13.35% of the total variance.

(4) Factor 4 comprised four items relating to training activities. This factor was
therefore designated a sustainability training dimension. Sustainable development
courses being applied effectively in staff's work had the highest factor loading on
this factor. Factor 4 accounted for 11.57% of the total variance.

A reliability test based on a Cronbach Alpha statistic was used to test whether these
factors were consistent and reliable. Cronbach Alpha values for each dimension
shown in Table 2 revealed that the reliability value of each dimension was greater
than 0.80, which is considered adequate for a satisfactory level of reliability
(Carmines, 1979; lacobucci and Churchill, 2010; Litwin, 1995; Nunnally, 1978).

Furthermore, Table 3 shows the results of employing factor analysis to reduce the 16
external sustainable collaboration items to smaller sets of underlying factors. Two
factors were found to underline the sustainable collaboration items in the international
port context. They were labeled and are described below.

(1) Factor 1, a carrier collaboration dimension, comprised eight items. This factor
accounted for 40.76% of the total variance. Carriers that were requested to acquire
ISO 14001 or an equivalent certificate had the highest factor loadings on this
factor.

(2) Factor 2 comprised eight items. These were supplier related activities. This factor
was accordingly labeled a supplier collaboration dimension. Port service suppliers
that are requested to undertake sustainable development evaluation of their
contractors had the highest factor loading on this factor. Factor 2 accounted for
39.60% of the total variance.

The supplier collaboration dimension had the highest average mean scores
(mean=3.62), while the carrier collaboration dimension’s average mean score was
3.50. A reliability test based on a Cronbach Alpha statistic was used to test whether
these factors were consistent and reliable. The Cronbach Alpha value for each
dimension was above 0.90, which is considered to represent a satisfactory level of
reliability.

Factor analysis was also used to detect the presence of meaningful patterns in nine



self-reported sustainability performance items in the international port context (see
Table 4). Results showed that two sustainability performance dimensions were found
to underlie these items. These two dimensions (factors) accounted for 74.64% of the
total variance. They were labeled and are described below.

< Insert Table 4 about here >

(1) Factor 1 was called the environmental performance dimension since it consisted
of five items related to environmental performance. This factor accounted for
63.42% of the total variance. “I perceive that traffic accidents in port areas have
significantly reduced” had the highest factor loading on this factor.

(2) Factor 2 consisted of four items. Since these items were social and economic
related items, the factor was therefore called a social and economic performance
dimension. “I perceive that port corporations’ service quality has improved” had
the highest factor loading on this factor. Factor 2 accounted for 11.22% of the
total variance.

Exploratory factor analysis (EFA) and estimations of reliability using Cronbach’s
alpha were employed to develop and evaluate measurement scales in this study. While
these traditional techniques are useful in the early stages of empirical analysis, where
theoretical models do not exist and the basic purpose is exploration, they do not,
however, assess unidimensionality (Segars, 1997; O’Leary-Kelly, 1998), nor can
unidimensionality be demonstrated by either mathematical or practical examinations
(Gerbing and Anderson, 1988; Koufteros, 1999). Several researchers have therefore
suggested the use of confirmatory factor analysis (CFA) with multiple-indicator
measurement models to assess unidimensionality (Anderson and Gerbing, 1988;
Segars, 1997; Lu and Yang, 2010).

4.3 Confirmatory Factor Analysis

Before testing the hypotheses, confirmatory factor analysis, CFA, using AMOS, was
performed to ensure the validity of the measurement scales (Anderson and Gerbing,
1988). A number of goodness-of-fit indices recommended by many researchers were
used to assess the fit and unidimensionality of the measurement model (Bagozzi and
Yi, 1988). The results, as shown in Table 5, revealed an adequate model fit (x?/df =
1.74; GF1 = 0.95; AGFI =0.88; TLI =0.98; NFI=0.97; RMR = 0.01; RMSEA =0.07),
indicating that the proposed model was purified and credible (Bollen, 1989; Hair et al.,
2010).

< Insert Table 5 about here >



Convergent validity can be tested by t-values that are all statistically significant on the
factor loadings. The t-value in the AMOS output result indicates the critical ratio
(C.R.), which represents the parameter estimate divided by its standard error. As a
rule of thumb, the C.R. value needs to be greater than 2.00 or smaller than -2.00 for
the estimate to be acceptable (Byrne, 2001). Results showed that all C.R. values were
significant at the 0.05 level, confirming that all indicators measured the same
construct and provided satisfactory evidence of the convergent validity and
unidimensionality of each construct (Anderson and Gerbing, 1988). Item reliability
(R?) can be used to measure the reliability of a particular observed variable or item
(Koufteros, 1999). Results revealed that all R? values were greater than 0.4, providing
evidence of convergent validity (Car, 1999).

Discriminant validity was assessed by comparing the average variance extracted
(AVE) with the squared correlation between constructs. Discriminant validity exists if
items share more common variance with their respective construct than any variance
that the construct shares with other constructs (Fornell and Larcker, 1981). As shown
in Table 6, the results indicated that the highest squared correlation was 0.490, which
was observed between carrier collaboration and supplier collaboration. This value was
significantly lower than their individual AVE value of 0.619 and 0.661, respectively.
The results therefore demonstrated evidence of discriminant validity for the study
variables.

Composite reliability provides a measure of the internal consistency and homogeneity
of the items comprising a scale (lacobucci and Churchill, 2010). This means that a set
of latent indicators of a construct are consistent in their measurement. The reliability
of a construct can be estimated using AMOS output results. Such reliability is the
degree to which a set of two or more indicators share the measurement of a construct.
Highly reliable constructs are those in which the indicators are highly inter-correlated,
indicating they are all measuring the same latent construct. The range of values for
reliability is between 0 and 1. Results in this study revealed that the reliability of the
sustainability  participation, sustainability  practices, sustainability policy,
sustainability training, carrier collaboration, supplier collaboration, environmental
performance and social and economic performance constructs was greater than 0.8.
All constructs therefore exceeded the recommended level of 0.60 (Bagozzi and Yi,
1988; Sanchez-Rodriguez et al., 2005).

< Insert Table 6 about here >
4.4 Results of hypotheses testing

After confirming the fit of the measurement model, the study proceeded to assess the



proposed structural model and examine the hypothesized relationships. Figure 1
shows that the data adequately supported the estimated model. The Chi-Square
statistic (2 =29.586, df =17) at 0.029 was slightly above the 0.05 level of
significance. In addition, the goodness of fit index was calculated to be 0.945 and the
adjusted goodness-of-fit index yielded 0.884 after adjustment was made for degrees of
freedom relative to the number of variables. This indicated that 88.4% of the variance
and covariance in the data observed were predicted by the estimated model. Moreover,
the results of fitting the structural model to the data revealed that the model had a
good fit as indicated by the normed fit index (NFI= 0.966), comparative fit index
(CF1=0.985), root mean square residual (RMR= 0.013) and root-mean-square error of
approximation (RMSEA =0.07).

< Insert Figure 1 about here >

Table 7 summarizes the hypotheses testing results which indicated that all
hypothesized relationships were significant and in the expected direction, except for
the path from external sustainable collaboration to sustainability performance, which
was shown to be insignificant. As shown in Figure 1, internal sustainable management
was found to have a significant relationship with sustainability performance (estimate
= 0.81, C.R. = 3.23), and external sustainable collaboration was significantly
associated with internal sustainable management (estimate = 0.91, C.R. = 11.68).
Thus, hypotheses H1 and H3 were supported. As regards the relationship between
external sustainable collaboration and sustainability performance, the results indicated
that there was no direct impact of external sustainable collaboration on sustainability
performance in this study. Hypothesis H2 was therefore not supported. Nevertheless,
the results suggested that external sustainable collaboration had an influence on
internal sustainable management and indirectly affected the port corporations’
sustainability performance.

Hair et al. (2010) suggested that a mediating effect exists if the relationship between
independent and dependent variables is reduced in magnitude and becomes
insignificant. Accordingly, further analysis was conducted to examine whether
internal sustainable management plays an intermediary role between external
collaboration and sustainability performance.

< Insert Table 7 about here >

As shown in Figure 2, external sustainable collaboration was used as an independent
variable in order to examine whether it had a positive influence on sustainability
performance. While the study findings did not provide evidence that external
sustainable collaboration had a positive influence on sustainability performance, they



suggested that it had an indirect influence via internal sustainable management and
mediated the relationship between external sustainable collaboration and
sustainability performance.

< Insert Figure 2 about here >
5. Discussions

While prior research has suggested that supply chain management has a positive
influence on performance (Klassen and McLaughlin, 1996; Christopher and Ryals,
1999; Wolf, 2011), few studies have examined the relationship between a port’s
internal sustainable management and external sustainable collaboration with
customers and suppliers (Pagell and Wu, 2009; Wolf, 2011) and the potential of such
collaboration to make the supply chain more sustainable. Applying the notion of
collaboration to sustainability may help us to better understand the practices which
make the supply chain more sustainable and to assess the impact of such practices on
sustainability performance (Wolf, 2011). To the best of the authors’ knowledge, no
earlier research has examined sustainable supply chain management in the port
context.

Several implications can be drawn from the findings of this study for port decision-
makers, corporations, managers and sustainable development. First, port-decision
makers in sustainable management need to integrate external customers (i.e. carriers)
and supply chain partners (i.e. terminal operators, truck companies, and stevedoring
companies) with internal sustainable management to improve their sustainability
performance. Second, with respect to internal sustainable management items, setting
sustainable development goals and participating in sustainable development programs
had the highest mean scores (see Table 2). This suggests that port corporations should
pay attention to setting sustainable development goals, having regulations and a clear
organization of responsibility, and encouraging staff participation in training
programs, in order to implement sustainable development. Third, the study results
indicated that internal sustainable management was positively associated with
sustainability performance, including environmental, social and economic
performance. These findings are consistent with those reported in prior studies
(Mentzer et al., 2001; Zhu et al., 2008; Azevedo and Carvalho, 2011). Fourth, while
the study findings did not provide evidence that external sustainable collaboration had
a positive influence on sustainability performance, they did suggest that it had an
indirect influence via internal sustainable management. Internal sustainable
management plays a pivotal role in the international port operations context and is
greatly improved by both carrier collaboration and collaboration with port service



suppliers. Finally, this study found external sustainable collaboration to be positively
associated with international sustainable management. It should be noted that these
two dimensions were significantly correlated. This implies that the establishment of
effective sustainable management to improve sustainability performance requires a
combination of these two dimensions (Stank et al., 2001; Wolf, 2011).

6. Conclusions

Given the social pressures put on ports to be more environmentally responsive,
knowledge of how to respond to these pressures more easily and effectively should be
useful. This study’s findings have important implications for port managers and the
sustainable development sector. Port managers should develop sustainable
management strategies that incorporate the development of specific internal resources,
competences, and capabilities, that can be deployed in the introduction of sustainable
management initiatives based on the supply chain management approach. Managers
should also learn how to develop supply chain collaboration with external
stakeholders, who include carriers and service suppliers, in order to facilitate the
implementation of sustainable supply chain management and further improve
sustainability performance.

This study provided empirical evidence on the influence of sustainable supply chain
management on sustainability performance in the international port context. However,
a number of limitations of the study have to be noted, and these also suggest
directions for future research. First, this study specifically focused on international
ports in Taiwan. Different port supply chain members may have different levels of
port sustainability concerns. This may affect the generation of the conceptual model.
Future research would profit from more diverse viewpoints, such as the perspective of
carriers, stevedoring companies, truck companies, terminal operators, and other
groups (Bell et al., 2012). If port partners (i.e. carriers and terminal operators) could
collaborate with port corporations or agencies to improve sustainability at ports, they
could obtain benefits such as a potential increase in business due to green reputation,
cost savings (on fines, lawsuits, clean-up costs, claims, and increased premiums),
efficient use of raw materials (fuel oil consumption/ engine), fewer inspections, and
faster turnaround in ports.

Second, this study found that internal sustainable management mediated the
relationship between external sustainable collaboration and sustainability performance.
Therefore, if port operators want to improve sustainability performance through
collaboration with external customers and suppliers, they need to enhance internal
collaboration. Future research is needed to understand how port managers can



accomplish this and to identify what factors contribute to meaningful relationships
with external port partners, suppliers, and customers. Notably, this research views
sustainable port supply chains as being specifically based on the integration of
external customers and supply chain partners. This can become very complex as many
different supply chains (e.g. information flows and physical flows) tend to resemble a
network rather than a linear supply chain through a port (Bichou and Gray, 2004). The
findings may vary significantly if the supply has partial vertical integration as this
would enable the sustainability issue to be ‘pushed’ through a supply chain. Third,
this study was based only on a cross-sectional survey in 2012 and sought to develop a
model of sustainable port supply chains in explaining sustainability performance.
However, sustainability performance may have improved or changed in the last three
years. Future research could conduct a longitudinal study to assess sustainable supply
chain management and sustainability performance at different time points and
therefore more accurately determine their efficacy within an organization. Finally, the
collected data obtained from respondents’ perceptions of sustainability performance
in international port operation may have been subject to bias due to respondents’
reluctance to report actual performance because of potential repercussions and an
interest in avoiding lawsuits being brought against them by their employing
department. Therefore, further research might measure port sustainability
performance by actual observation or quantitative methods.
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Table 1 Profile of respondents

Characteristic

Number of respondents

Percentage of respondents

Job title
President/Vice president
Chief secretary/Chief
Engineer/Harbor master
Senior director
Director
Supervisor

Age
30 years or less
31-40 years
40 years or more

Years of working experience
10 years or less
11-20 years
20 years or less

Work Department
Operations
Warehousing
Secretarial
Harbor Affairs
Information Technology
Harbor Construction
Human Resource
Navigation
Research and Development

2
2

19
72
40

33
74
28

12
43
80

55
17
15
13
12

9

6
5
3

1.5
1.5

14.1
53.3
29.6

24.1
54.9
21

8.6
31.9
59.5

40.8
12.6
111
9.6
8.9
6.7
4.4
3.7
2.2




Table 2 Factor analysis of internal sustainable management items

ltems Factor

1 2 3 4
Sustainability participation
Setting sustainable development goals 0.80 0.35 0.11 0.23
Participating in sustainable development programs 0.79 0.27 017 0.23
Attending relevant sustainable development conferences 0.79 032 0.28 0.17
Discussing sustainable development issues with staff 0.77 033 025 0.22
Following strict procedures to implement sustainable development 0.77 032 030 0.25
Responding to sustainable development questions promptly 0.74 036 0.25 0.24
Establishing sustainable development communication channel 0.71 038 0.21 0.30
Convening sustainable development conferences periodically 0.67 0.34 0.28 0.31
Encouraging green power operations (e.g. electric vehicles) 0.65 0.36 0.15 0.19
Providing sustainable development information to staff 0.63 034 0.38 0.34
Advising staff of relevant risk with regard to developing sustainability 0.60 0.40 0.37 0.30
Improving sustainable development through cross section coordination 056 044 0.25 0.29
Sustainability practices
Mitigating emission of Co2 and noise from berthing ships 0.36 0.75 0.07 0.23
Collecting most recent information about sustainable development 0.29 0.71 0.28 0.28
regulation
Mitigating emission of Co2 and noise from port operations 0.32 071 0.14 0.28
Establishing evaluation criteria for sustainable development 0.27 0.70 0.33 0.17
Employing a variety of plans for mitigating emission of Co2 from 041 068 0.22 0.25
vehicles in port area
Sustainable development has the highest priority of all issues 0.23 0.68 0.43 0.23
Port operations strictly follow 15014001 0.28 0.63 0.26 0.16
Beautifying port area and sea view 0.20 0.61 0.26 0.08
Expanding green space in port area 0.30 0.60 0.28 0.04
Using pipeline and warehousing operation for decreasing pollution from 0.28 0.58 0.13 0.02
ore bulk cargo carriers
Efforts to achieve sustainable development exceed legal requirements 0.36 0.57 0.34 0.27
Using green materials in design and building of port construction 0.37 057 0.24 0.20
Sustainability policy
Publishing a written sustainable development policy 0.31 0.33 0.78 0.08
Clear division of responsibility for implementing sustainable 0.25 0.34 0.76 0.19
development
Advocacy of sustainable development regulations 0.36 029 0.69 0.31
Setting sustainable development codes of practice 0.36 0.33 0.67 0.31
Establishing evaluation indicators for recycling, greenhouse gas 0.13 0.34 061 0.35
mitigation, and resources saving.
Sustainability training
Sust;linable development courses should be applied effectively in staff's 0.29 0.22 0.16 0.77
wor
Providing sufficient sustainable development training courses 0.24 0.14 0.19 0.76
Sustainable development programs should have excellent course design 0.34 020 0.14 0.74
Periodically holding port accident drills 0.22 0.16 0.29 0.58
Means 362 367 373 3.72
Standard Deviation 091 0.88 093 0.71
Eigenvalues 8.09 741 441 382
Percentage variance % 2453 22.44 13.35 11.57



Accumulated Percentage variance% 24.53 46.97 60.32 71.89
Cronbach o, 0.97 0.95 0.93 0.85

Table 3 Factor analysis of external sustainable collaboration items

Factor
Items
1 2
Carrier collaboration
Carriers are requested to acquire 1SO 14001 or equivalent certification 0.82 0.46
Carriers are requested to implement sustainable development programs 0.82 042
Sustainability indicators are used as crucial criteria for evaluating carriers' 0.82 041
operational performance
Carriers are requested to provide written sustainable development 0.81 043
specifications
Carriers are requested to undertake sustainable development evaluation of 0.80 0.44
their contractors
Port corporations give assistance to carriers to set sustainable development 0.80 0.42
policy
Carriers set sustainable development indicators with port authorities 0.79 0.37
Carriers work together with port authorities to reduce impacts on port areas 0.78 0.30
Supplier collaboration
Port service suppliers are requested to undertake sustainable development 0.34 0.81
evaluation of their contractors
Port corporations give assistance to suppliers to set sustainable development 0.37 0.81
policy
Port service suppliers set sustainable development indicators with port 0.38 0.81
authorities
Sustainability indicators are used as crucial criteria for evaluating port 0.38 0.80
service suppliers' operational performance
Port service suppliers are requested to implement sustainable development 044 0.78
programs
Port service suppliers are requested to acquire 1SO 14001 or equivalent 043 0.76
certification
Port service suppliers are requested to provide written sustainable 043 0.76
development specifications
Port service suppliers work together with port authorities to reduce impacts 039 0.71
on port areas
Mean 350 3.62
Standard Deviation 0.89 0.85
Eigenvalues 6.52 6.33
Percentage variance % 40.76  39.60
Accumulated Percentage variance% 40.76 80.37
Cronbach a 0.97 0.96




Table 4 Factor analysis of self-reported sustainable performance items

Factor
Items
1 2

Environmental performance

| perceive that traffic accidents in port areas have significantly reduced 0.89 0.17
| perceive that industrial accidents in port areas have significantly reduced 0.82 0.26
| perceive that oil pollution in port areas has significantly reduced 0.75 0.47
| perceive that air quality in port areas has significantly improved 0.73 0.44
| perceive that noise in port areas has significantly reduced 0.71 0.45
Social and economic performance

I perceive that port authorities’ services quality has improved 0.28 0.84
| perceive that the relationship between neighboring residents and port 0.24 0.79
authorities is getting better

| perceive that port authorities actively cooperate with industrial and economic 5309 (.78
development

I perceive that the economic development of the area surrounding the port is 0.39 0.73
getting better

Mean 3.83 4.00
Standard Deviation 0.77 0.77
Eigenvalues 571 101
Percentage variance % 63.42 11.22
Accumulated Percentage variance% 63.42 74.64
Cronbach o 0.92 0.877




Table 5 Goodness of fit indicators

SEM indicators Criteria Results

¥2(Chi-square) - 29.57

v2/df <2 1.74

P value > 0.05 0.03

GFlI >0.9 0.95

AGFI >0.9 0.88

TLI >0.9 0.98

NFI >0.9 0.97

RMR Close to 0 0.01

RMSEA <0.08 0.07
Note: GFI: goodness of fit index; AGFI: adjusted goodness-of-fit index; TLI: Tucker-Lewis index;
NFI: normed fit index; RMR: root mean square residual; RMSEA:_root mean square error

of approximation -



Table 6 Assessment of discriminate validity

s o o — Carrier . . Social and
Dimensions AVE? Sust_al_nab_lllty Susta_mablllty Sus_tamablllty Sugtgmablllty collaboratio Supplier _ Environmental economic
participation practices policy training collaboration  performance
n performance
Sust.al_nab'lllty 051 1
participation
Sustainability 0.66**
practices 050 (0.33)° !
- . 0.66** 0.76**
Sustainability policy  0.50 (0.38) (0.43) 1
Sustainability 0.52 0.55** 0.60** 0.62** 1
training ' (0.23) (0.24) (0.29)
. . 0.62** 0.77** 0.66** 0.65**
Carrier collaboration  0.66 (0.36) (0.43) (0.44) (0.30) 1
Supplier 061 0.56** 0.71** 0.59** 0.55** 0.80** 1
collaboration ' (0.30) (0.37) (0.36) (0.24) (0.49)
Environmental 0.61 0.55** 0.63** 0.52** 0.41** 0.50** 0.52** 1
performance ' (0.26) (0.29) (0.28) (0.6) (0.27) (0.26)
Social and economic 0.62 0.65** 0.62** 0.56** 0.45** 0.59** 0.50** 0.70** 1
performance ' (0.30) (0.28) (0.30) (0.17) (0.31) (0.24) (0.30)

a: Average variance extracted (AVE) = (sum of squared standardized loadings)/[(sum of squared standardized loadings) + (sum of indicator measurement error)];

b: Squared correlation

** Correlation is significant at the 0.01 level.



Table 7 Structural equation modeling results

Estimates
Paths

Standardizedp S.EX2 C.RP P

H1 (Internal sustainable management) —

**C
( Sustainable performance ) 0.81 019 323
H2 (External sustainable collaboration) —
( Sustainable performance ) -0.03 020 -0.14 0.89
H3 (External sustainable collaboration) — 0.91 068 1168 ~

(Internal sustainable management)

Note: a. S.E. is an estimate of the standard error of the covariance.

b. C.R. is critical ratio which obtained by dividing the covariance estimate by its standard

error.

c. ** P value is significant at the 0.05 level.
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