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Abstract

:

Logistics service providers (LSPs) are under tremendous pressure in the fight against global climate change. While existing research has examined the operational importance of LSPs in decarbonizing supply chains, the strategic perspective of LSPs on low carbon supply chains has not received enough attention. Motivated by the evolving role of LSPs from a service provider to a resource integrator in the supply chain, drawing on the relational view of inter-organizational competitive advantage, this paper focuses on LSPs’ low-carbon supply chain integration (SCI) and empirically investigates its drivers and outcomes. Data from 124 Chinese LSPs shows that LSPs’ corporate environmental responsibility and customer environmental requirement have positive relationships with LSPs’ low-carbon SCI, and that LSPs’ low-carbon SCI is positively related to LSPs’ environmental and financial performance. In addition, LSPs’ environmental performance is found to have a positive relationship with LSPs’ financial performance. These findings not only provide new insights for LSPs’ low-carbon supply chain initiatives, but also highlight the importance of SCI as a strategic approach in low-carbon supply chain management.
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1. Introduction


Climate change has been a global challenge. According to the United Nations, weather events are becoming more extreme and greenhouse gas emissions are now at their highest levels in history [1]. As countries around the world have brought climate action to the top of their economic agenda, there is growing pressure on reducing carbon emissions from supply chain management (SCM). The logistics industry, characterized by enormous energy consumption and carbon emissions, is under tremendous pressure in the fight against global climate change [2].



Despite the challenge of low-carbon supply chain initiatives, an opportunity for the logistics industry lies in the evolving role of the logistics service providers (LSPs), from a service provider to a resource integrator in supply chains [3]. In addition to providing traditional logistics management activities (e.g., transportation, warehousing, order processing, and related IT support), LSPs have evolved into a leadership role and have taken on a more proactive manner for customers by organizing networks, sharing information, managing assets, and reducing inventory [4]. A typical example is United Parcel Service, Inc. (UPS), who has evolved from a provider of simple delivery services to offering complete distribution management and network design [4]. Although previous research has examined the operational importance of LSPs in decarbonizing supply chains [5], the strategic role of LSPs in low carbon supply chains has not received enough attention.



Further, the increase of logistics outsourcing requires management of the relationship between LSPs and logistics users. In this background, external supply chain integration (SCI) between LSPs and their customers has drawn increasing attention from SCM researchers [6,7,8]. It has been shown that SCI between LSPs and their customers can help maintain a stable logistics resource provision and contribute to the relationship between LSPs and their customers [7]. Despite the substantial amount of research on SCI between LSPs and their customers, the majority of these researches focus on manufacturer-initiated SCI, and there is a dearth of research on the antecedents and effectiveness of SCI from the perspective of LSPs, let alone in the research on low-carbon supply chains. To fill the gap of SCI from the perspective of LSPs, this paper considers SCI as LSPs’ strategic low-carbon initiatives in the supply chain, and investigates the drivers and outcomes of LSPs’ low-carbon SCI.



Based on the relational view of inter-organizational competitive advantage [9], we argue that the corporate environmental responsibility (as an internal driver) and the customer environmental requirement (as an external driver) have positive relationships with LSPs’ low-carbon SCI, since both drivers can shape the buyer–supplier relationship in the collaboration paradigm of supply chains [10]. Further, we propose a positive relationship between LSPs’ low-carbon SCI and LSPs’ firm performance, including the environmental performance and financial performance.



The findings of this research contribute to the literature in two aspects. First, this research contributes to the research on low-carbon SCM by providing empirical evidence that SCI can be an effective approach to achieve the goals of environmental and financial performance simultaneously. Second, it also extends the existing research on SCI by focusing on the perspective of LSPs rather than manufacturers in the supply chain, which enriches the growing research on SCI as a low-carbon supply chain initiative.



The remainder of this article is structured as follows. In the next section, we review the literature on low-carbon SCM and SCI. In Section 3, we build on the existing research to derive five research hypotheses. In Section 4, we introduce our data collection approach, including sampling and measures. Subsequently, we present our analysis and results, followed by a discussion of results. The last section concludes with a discussion of limitations and future research.




2. Literature Review


2.1. Low-Carbon Supply Chain Management


Low-carbon SCM is defined as “a strategy that integrates CO2 or CO2 equivalent or greenhouse gas (GHG) emissions, either as a constraint or as an objective in supply chain design and planning” [11] (p. 399). It is considered as the combination of low-carbon operations management and SCM in response to climate change, focusing on activities that reduce the carbon footprint in supply chains [12], such as low-carbon products, production, processes, and logistics. A substantial amount of research has been conducted on low-carbon SCM, mainly focusing on the functional and operational aspects of SCM concerning carbon performance and emission issues, as well as the measurement issues of carbon footprint [13].



Low-carbon SCM is closely related to green SCM which is defined as “integrating environmental thinking into supply-chain management” [14] (p. 54). While green SCM is concerned with a broad scope of environmental problems such as pollution control, natural resource conservation, and waste management, low-carbon SCM mainly focuses on GHG emission reduction [11]. Although some researchers argue that the drivers, barriers, and performance outcomes of low-carbon SCM should be similar to those of green SCM [12], the empirical findings on the determinants and effectiveness of low-carbon SCM have been inconclusive. For instance, although environmental regulation has been shown to be a determinant of low-carbon initiatives [12], they are not found to motivate extended supply chain practices for energy saving and emission reduction [15], and are not found to determine inter-firm collaborations on carbon emission reduction either [16].



In addition, there exists a stream of literature on low-carbon SCM which specifically focuses on the logistics industry [17,18,19,20]. For example, Colicchia et al. [18] developed a framework for LSPs’ initiatives towards environmental sustainability, and identified collaboration with customers as a critical inter-organizational environmental practice. Herold and Lee [20] provided a comprehensive review on carbon management research in the logistics and transportation sector, and called for research on a strategic management approach to improve carbon management in the logistics industry. Although attempts of research have been made on carbon disclosure strategies of LSPs [21,22,23], there has been no research considering SCI as a carbon management strategy of LSPs.




2.2. Supply Chain Integration


SCI refers to “the degree to which a manufacturer strategically collaborates with its supply chain partners and collaboratively manages intra- and inter-organization processes” [6] (p. 59), where the inter-organization (or external) SCI includes collaboration that takes place between a focal firm and its suppliers and customers. With the evolving strategic importance of LSPs in supply chains, there is a rapidly growing amount of research on the effectiveness of SCI between a focal firm and its LSPs on firm performance. For example, Jayaram and Tan [24] point out the importance of a firm integrating with third-party logistics providers in SCM, showing that firm performance was positively related to information integration, 3PL selection criteria, performance evaluation, and relationship building. Huo et al. [7] empirically examined the roles of dependence and trust when firms integrate their third-party logistics providers. The common feature of these researches is that they all take the perspective of the focal manufacturing firms in the supply chain; the amount of research on SCI from the perspective of LSPs is limited [25,26,27].



Vachon and Klassen [28] are among the first who explored the relationship between SCI and green supply chain practices. They found empirical evidence for the positive relationship between technological integration and collaborative green practices in the supply chain. Using a survey of North American manufacturers, Vachon and Klassen [29] show the benefits of collaborative green practices in the supply chain. Drawing on research on low-carbon SCM and SCI, Mao et al. [8] define low-carbon SCI as “the extent to which a firm integrates with its suppliers and customers as well as internal sources and capabilities in order to green production processes and reduce environmental impacts” (p. 355). They empirically show that external low-carbon SCI improves both environmental performance and financial performance, whilst internal low-carbon SCI helps to improve a firm’s environmental performance but hinders a firm’s financial performance. Nevertheless, to the best of our knowledge, there has been no research on low-carbon SCI from the perspective of LSPs, and the drivers and outcomes of LSPs’ low-carbon SCI remain unclear.





3. Hypothesis Development


Drawing on the relational view of inter-organizational competitive advantage [9], we propose that customer environmental requirement and corporate environmental responsibility may act as external and internal drivers of LSPs’ low-carbon SCI, respectively, and that LSPs’ low-carbon SCI may increase the LSPs’ environmental and financial performances. The conceptual framework and the hypothesized relationships are shown in Figure 1.



3.1. Drivers of LSPs’ Low-Carbon SCI


Two streams of research are related to the drivers of LSPs’ low-carbon SCI. One is on the internal and external drivers of green or low-carbon initiatives in the supply chain. Previous literature on green SCM has identified a variety of drivers of green supply chain initiatives, such as clear environmental vision and policy statement [30], customer pressure [12,31], and regulatory pressure [18,32]. Damert et al. [12] empirically show that buyer requests to reduce GHG emissions (as a source of normative and coercive forces) and climate change regulation can motivate the suppliers to implement low-carbon initiatives. The other stream of research is on the antecedents of SCI, such as selection criteria [24], organizational cultures [33], strategic supply chain relationship [34], and dependence [7].



As an extension of the resource-based view of the firm which focuses on rare, valuable, non-substitutable, and difficult-to-imitate resources within the firm [35], the relational view of inter-organizational competitive advantage argues that the critical resources of a firm may extend beyond firm boundaries [9,36]. Building on the relational view, Chen and Paulraj [10] propose a collaborative paradigm stating that the supply chain is a network of interdependent relationships developed and fostered through strategic integration. In this collaborative paradigm, SCI not only serves as an effective strategy to establish and strengthen the buyer–supplier relationship, but also can be the outcome of enhanced buyer–supplier relationships [30]. This is also confirmed by empirical research in green SCM that the buyer–supplier relationship influences green supply chain collaboration through asset specificity, volume uncertainty, transaction frequency, and competitive environment [37].



Some researchers have shown that in the outsourcing of logistics service, the buyers can put high values on the LSPs’ capabilities in meeting the environmental requirement [5,38]. Based on the relational view, we propose that customer environmental requirement exerts external pressures on LSPs, which motivate the LSPs to adopt the strategy of low-carbon SCI, in order to establish, maintain, and foster the relationships with their customers. Thus, we hypothesize that customer environmental requirement can act as the external driver of LSPs’ low-carbon SCI.



H1. 

As customer environmental requirement increases, LSPs’ low-carbon SCI increases.





Further, we propose corporate environmental responsibility as the internal driver of LSPs’ low-carbon SCI. Environmental responsibility has been considered as one the most prominent aspects of corporate social responsibility [39,40], representing voluntary commitment to sustainable development and a long-term relationship with the stakeholders. Although corporate responsibility has traditionally been considered within the boundaries of a firm, some scholars have extended it to the inter-organizational network in the supply chain [18,40,41]. For instance, Kovács [41] reveals that the supplier takes more environmental responsibility and engages in more environmental collaborations in the supply chain when the role of the supplier becomes more important in the supply chain.



There also exists empirical evidence showing that environmental responsibility acts as an internal driver of the green supply chain initiatives, such as green purchasing, design for environment, and reverse logistics [29,42]. Hsu et al. [42] show that environmental responsibility motivates firms in Malaysia to produce products with reduced material consumption and energy during use. From the relational view, we propose that LSPs’ corporate environmental responsibility can motivate the initiatives of low-carbon SCI, in order to establish environmental reputations and foster a long-term relationship with the stakeholders in the supply chain. Hence, we propose the following hypothesis:



H2. 

As LSPs’ corporate environmental responsibility increases, LSPs’ low-carbon SCI increases.






3.2. Outcomes of LSPs’ Low-Carbon SCI


Similar to the drivers of LSPs’ low-carbon SCI, there also exist two streams of research related to the outcomes of LSPs’ low-carbon SCI. One is on the effects of green or low-carbon supply chain initiatives on firm performance. While many studies show that the green supply chain initiatives positively affect firms’ environmental performance and economic performance [32], some researchers have shown that green supply chain initiatives may improve the environmental performance but not the economic performance [43], or improve the economic performance indirectly through their effects on environmental performance [44]. The other stream of research is on the effect of SCI on firm performance. Although SCI does not necessarily improve all aspects of firm performance [8], many researchers have found positive relationships between SCI and firms’ operational performance [24], logistics performance [45], service performance [27], supply chain relationship [26], and financial performance [7,25].



Since LSPs’ low-carbon SCI represents a combination of low-carbon supply chain initiatives and external SCI initiated by LSPs, we consider its effect on both the environmental performance and financial performance of LSPs. From the relational view, Vachon and Klassen [29] point out two direct outcomes of environmental collaboration (i.e., the development of knowledge-sharing routines and the development of the capability to integrate external resources) and argue that such a combination of resources can lead to a competitive advantage. Thus, low-carbon SCI concentrates on the generation and development of inter-organizational environmental resources and capabilities through interaction and knowledge-sharing with customers, which fosters the buyer–supplier relationship, emission reduction, environmental reputation, inter-organizational learning and know-how, and technologies, all of which can bring competitive advantage to the LSPs [9,28,45].



Specifically, when LSPs integrate carbon emission issues in supply chain design and planning at the inter-organizational level, it can help reduce unnecessary energy use, waste emissions, and GHG emissions, not only in logistics activities but also in extended activities along the supply chain [2,16]. Further, as the inter-firm collaboration fosters long-term buyer–supplier relationships, customers could provide LSPs with access to critical resources such as materials, environmental standards, or technologies [41], which enables inter-organizational learning and knowledge transfer. The inter-organizational learning is a resource that can instill additional capabilities in organizations [29] and develop other resources, such as environmental reputation or trusted brands [46]. In addition, there has been empirical evidence showing that collaborative green supply chain initiatives are positively associated with environmental performance [36,46]. Thus, we propose a positive relationship between LSPs’ low-carbon SCI and LSPs’ environmental performance.



H3. 

As LSPs’ low-carbon SCI increases, LSPs’ environmental performance increases.





Further, LSPs’ inter-organizational integration enables LSPs to improve their financial performance through increased efficiency and cost advantage. With the LSPs’ low-carbon SCI, the inter-organizational coordination can increase the operational efficiency of processes and recycling of wastes, and reduce disposal costs, penalties, and future costs of compliance [47]. Operational efficiency can also be gained from increased information sharing, knowledge transfer, and relationship building with the customers [24], as well as enhanced inter-organizational learning capability [27]. Thus, we propose a positive relationship between LSPs’ low-carbon SCI and LSPs’ financial performance.



H4. 

As LSPs’ low-carbon SCI increases, LSPs’ financial performance increases.





A positive relationship between environmental performance and economic performance has been proposed and tested in previous empirical research on green supply chain initiatives [16,44,48], mainly from two perspectives. First, the environmental reputation from low-carbon SCI can improve the environmental image of LSPs, which can increase market share, market opportunities, as well as support from the society and government, leading to increased financial performance [47]. Second, enhanced environmental performance is associated with environmentally sustainable product design and logistics, which can also improve economic performance by improving resource efficiency [48]. Based on the above analysis, we propose the following hypothesis:



H5. 

As LSPs’ environmental performance increases, LSPs’ financial performance increases.







4. Research Design


4.1. Data and Sample


To test our theoretical hypotheses, a survey link was randomly sent to 450 3PLs in Guangdong, China through collaboration with local professional logistics institutions. Guangdong province is one of the most developed industrial provinces in South China, with the highest GDP (9730 billion yuan in 2018) and the most highly developed logistics industry (2,016,000 logistics companies in 2017) in China [49]. A total of 124 valid responses were received, representing a response rate of 27.6%. To examine the possibility of nonresponse bias, we tested the difference in the responses of early and late waves (80 and 44 responses, respectively) of returned surveys [50]. The t-test showed no significant difference between random subsamples of the early and late responses at the p > 0.05 level, suggesting that nonresponse bias should not be a serious problem in this study. The possibility of common method bias was also examined using Harman’s single-factor test. No single factor emerged from the factor analysis, and the first factor accounted for 41.83% of the variance, which was lower than 50% of the total variance. Hence, the common method bias was not a problem here.



Table 1 shows the sample distribution of the number of employees and turnover. As to the firm size in the sample, the majority of the LSPs were small and medium-sized enterprises (SMEs) with less than 200 employees and a turnover of less than 20 million yuan; only 21.77% of the LSPs had more than 500 employees and only 20.97% had a turnover higher than 100 million yuan.




4.2. Measures


The measures of constructs were developed based on a comprehensive review of extant literature in low-carbon SCM, SCI, and logistics research. For each construct in this study, we developed a multiple-item measure to increase the construct validity. The measurement scale of LSPs’ low-carbon SCI was comprised of 8 items adapted from [8,24]. Customer environmental requirement was measured by a 4-item scale adapted from [38]. The measurement scale of corporate environmental responsibility contained 6 items adapted from [32,44]. Environmental performance was measured by 6 questions adapted from [31,48]. Finally, financial performance was measured using a 6-item scale adapted from [8]. All scales were 5-point Likert-type scales, where “1” indicated “strongly disagree” and “5” indicated “strongly agree.”



Since most scales were adapted from measures in previous literature that were written in English, they were first translated into Chinese and then translated back into English by professional researchers. Then both versions of measures were compared item by item to ensure conformity. In addition, the survey was pre-tested on experts from both the industry and the academia and carefully revised according to their feedback on the clarity and face validity of the measures.





5. Research Results and Discussions


5.1. Analysis and Results


To test the construct reliability, we performed exploratory factor analysis (EFA) in SPSS24.0 to assess unidimensionality of the scales and calculated the Cronbach’s α value for each construct to evaluate internal consistency. Table 2 presents the measurement items and the overall reliability and validity of the measures.



As shown in Table 2, the Cronbach’s α values of all constructs ranged from 0.85 to 0.94, suggesting high reliability and internal consistency of the measures. Further, the composite reliability (CR) estimation of each construct exceeded the recommended threshold of 0.70, thereby indicating good reliability of the multi-item scale.



To test the construct validity, both convergent validity and discriminant validity were assessed. As to the convergent validity, the confirmatory factor analysis (CFA) model fit indices were χ2 = 623.986, χ2/df = 1.617, CFI = 0.921, NNFI = 0.911, RMSEA = 0.071, indicating good model fit. The average variance extracted (AVE) estimates exceeded the threshold value of 0.5 so that the convergent validity was ensured. The standardized factor loadings ranged from 0.688 to 0.917, and t-tests showed that all the factor loadings were higher than 0.6 at the p < 0.001 level, indicating that all items were strongly loaded on the constructs that they were expected to measure.



Further, the descriptive statistics and correlations of these constructs are presented in Table 3. It is clear that all square roots of the AVE values were higher than the corresponding correlations, indicating good discriminant validity. In addition, none of the correlation coefficients exceeded 0.7, suggesting that multicollinearity should not be a serious problem in this study.



Then the structural equation model (SEM) was estimated using the maximum likelihood estimation method in AMOS 22.0. The overall fits of the SEM were χ2 = 655.859, df = 388, χ2/df = 1.690 < 3, CFI = 0.911, IFI = 0.912, TLI = 0.900, RMSEA = 0.075 < 0.08, indicating good overall fit. As shown in Figure 2, the SEM results indicate that corporate environmental responsibility (β = 0.493, p < 0.001) and customer environmental requirement (β = 0.228, p < 0.05) have positive relationships with LSPs’ low-carbon SCI, thereby supporting H1 and H2, respectively. Further, LSPs’ low-carbon SCI had a positive effect on LSPs’ environmental performance (β = 0.302, p < 0.01) as well as financial performance (β = 0.169, p < 0.05), thereby supporting H3 and H4, respectively. In addition, it was found that the LSPs’ environmental performance had a positive relationship with financial performance (β = 0.661, p < 0.001), thereby supporting H5.




5.2. Discussion of Results


Our results showed that LSPs’ corporate environmental responsibility was a critical internal driver of LSPs’ low-carbon SCI. From the relational view, corporate environmental responsibility represented voluntary commitment to sustainable development and a long-term relationship with the stakeholders, which lead to more environmental collaborations, including low-carbon SCI. Our finding is consistent with previous research on corporate social responsibility (CSR) in the logistics research [40], which maintains that the more social responsibility LSPs have, the more they value environmental sustainability, and hence the more willing they are to commit to environmentally-friendly activities. In this sense, our finding highlights the importance of corporate environmental responsibility in low-carbon supply chain initiatives and low carbon SCM.



We also revealed that customer environmental requirement is an important external driver of LSPs’ low-carbon SCI. From the relational view, when the customers had stricter environmental requirement, to establish, maintain, and foster the buyer–supplier relationships, the LSPs would face more external pressure and, thereby, be more motivated to adopt the strategy of low-carbon SCI. This result is also consistent with previous research in low-carbon SCM showing that buyer requests or environmental criteria may have positive effects on suppliers’ decisions of green supply chain practices or low-carbon initiatives in supply chains [12,38].



Further, our results showed that LSPs’ low-carbon SCI was positively related to LSPs’ environmental performance as well as their financial performance, indicating that with the strategy of low-carbon SCI, it is feasible for LSPs to achieve the goal of improving environmental and financial performances simultaneously. This finding is consistent with previous research on the effect of external low-carbon SCI from the perspective of manufacturers (rather than the LSPs) [8]. When the LSPs adopt the strategy of low-carbon SCI, such as helping the customers with the plan, design, and implementation of low-carbon logistics integration as well as the information sharing, knowledge transfer, and technical support, the LSPs can obtain higher environmental performance and financial performance simultaneously, from the strengthened relationship with the customers, as well as enhanced inter-organizational capabilities.



In addition, this study revealed a positive relationship between LSPs’ environmental performance and their financial performance, suggesting that pursuing environmental performance is not necessarily in conflict with financial performance for LSPs; rather, environmental performance can be a source of financial performance in the logistics industry. On the one hand, this finding provides empirical evidence that logistics companies can improve their operational efficiency and financial performance by committing to environmentally-sustainable product design and logistics. On the other hand, this finding highlights the importance of the environmental reputation of LSPs in their SCM.





6. Conclusions


Motivated by the increasing challenge of climate change on SCM and the evolving role of LSPs as the resource integrator in supply chains, this study takes the perspective of LSPs and investigates the drivers and outcomes of LSPs’ low-carbon SCI. A conceptual framework based on the relational view was proposed and tested using survey data from 124 Chinese LSPs. The results show that corporate environmental responsibility and customer environmental requirement are critical drivers of LSPs’ low-carbon SCI, and that LSPs’ low-carbon SCI has a positive effect on LSPs’ environmental performance and financial performance. In addition, LSPs’ environmental performance is shown to be positively related to LSPs’ financial performance.



By investigating the drivers and outcomes of LSPs’ low-carbon SCI, this research not only reveals internal and external factors that motivate LSPs to adopt the strategy of low-carbon SCI, but also shows that LSPs can improve environmental performance and financial performance simultaneously to achieve sustainable development. Our findings highlight the importance of SCI as a strategic approach in low-carbon SCM.



As to the managerial implications, our findings indicate that with external pressure from the customers on low carbon logistics, as well as internal pressure of corporate environmental responsibility, logistics companies are able to and should actively adopt the strategy of low-carbon SCI as a practice towards carbon emission reduction and sustainable development. This strategy will not only improve LSPs’ environmental and financial performance in the short term, but also contribute to the management of customer relationship for LSPs in the long run.



As the first attempt of research on low-carbon SCI from the perspective of LSPs, rather than from the manufacturers, this research is limited in several aspects. First, we only considered two drivers of LSPs’ low-carbon SCI (i.e., corporate environmental responsibility and customer environmental requirement) and did not consider other factors which may also have an effect, such as climate change regulation [12] and organizational cultures [33]. Second, the sample companies were from one province in China, with a sample size of 124, due to the difficulty in data collection. The generality could be improved by collecting data with a larger sample size from multiple regions [7]. Third, due to the availability of data, we were not able to consider the effect of LSPs’ low-carbon SCI on the environmental performance and financial performance of the entire supply chain. In addition, we did not consider different dimensions of LSPs’ low-carbon SCI, such as internal integration, supplier integration, and customer integration [6]. It would be ideal for future research to investigate the roles of more drivers of LSPs’ low-carbon SCI and the effects of various dimensions of LSPs’ low-carbon SCI on firm performance, or even supply chain performance, using a sample with a larger size from more regions.
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