
 

Abstract 

This article identifies empirically the effects of environmental collaboration in the supply chain on 

operational and financial performance of manufacturing firms. Self-reported survey data is combined 

with financial reporting data on 135 manufacturing firms operating in Finland. Environmental 

collaboration within the firm and externally with customers and suppliers is studied against measures 

of firm performance by applying descriptive analysis, confirmatory factor analysis and generalised 

linear modelling. The novelty in this research is the combination of self-reported survey data with 

financial reports-based data in analysing the effects of three dimensions of environmental 

collaboration on firm performance. The findings suggest that while external collaboration had mostly 

positive effects, internal collaboration seems to be more problematic. The results highlight the need 

for supply chain focus in environmental issues. Manufacturing firms should not consider 

environmental efforts merely as an extra burden: there seem to be ways of putting in more effort 

without jeopardising performance.  
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1. Introduction 

Environmental sustainability has attracted growing interest in the political discussion over the last 

few decades. The Brundtland Report for the UN, published under the title of ‘Our Common Future’ 

in 1987 (United Nations, 1987) claims that there are sustainability-related limits on economic growth. 

Such limits are of great relevance to firms seeking profitable growth within the constraints of scarce 

resources. Sustainability is often conceptualised using the triple bottom line (Elkington, 1997), 

suggesting that firms need to engage in environmentally and socially responsible behaviour, which 

can result in positive economic gains in the process (Gimenez et al., 2012).  

This research examines the economic and environmental dimensions of sustainability, particularly in 

the context of green supply chain management (GSCM). 

Supply chain activities, especially transportation, are acknowledged as a major source of 

environmental impact (Wu et al., 1995). Using resources for economic activities causes 

environmental issues that are not borne by the users and hence they cannot be managed within 

organisational boundaries (Linton et al., 2007). Integrating the supply chain might produce 

environmental benefits (Beamon 1999a). GSCM integrates environmental thinking into supply chain 

management, including product design, material sourcing, manufacturing processes, customer 

deliveries, and end-of-life management (Srivastava, 2007), which provides an excellent foundation 

for improving sustainability (Linton et al., 2007). Because of this, GSCM is attracting more and more 

attention in business and academia. 

The adoption of GSCM practices in organisations can be encouraged by external factors, which are 

mostly linked to stakeholder pressure for environmentally sustainable products and processes, and 

internal factors stemming from business-led strategic processes (e.g. Walker et al., 2008; Testa & 

Iraldo, 2010; Green et al., 2012; Zhu et al., 2013; Chavez et al., 2014). 

The traditional view is that firms engage in environmental activities due to external pressure from 

stakeholders, such as customers, employees, shareholders, governments and non-governmental 

organisations (NGOs) (Kim & Lee, 2012). Due to pressure from stakeholders, for example, managers 

are challenged to determine how to incorporate environmental-management principles into their daily 

decision-making (Wu and Dunn, 1995). However, there are barriers, such as costs, lack of legitimacy 



and poor supplier commitment that are frequently mentioned to inhibit more proactive stance towards 

environmental issues (Walker et al., 2008). 

Recently many authors have challenged this traditional view that firms are forced into environmental 

action, claiming that in fact “being green” pays off. Walker et al. (2008) mention several internal 

drivers, such as desire to reduce costs, improve quality, values of the owner and employee 

involvement that have been found to be positively related to the implementation of green initiatives. 

Building on the resource based view Shi et al. (2012) argue that organisations implementing internal 

environmental practices create causally ambiguous resources while external environmental practices 

create socially complex resources that can be translated into improved environmental and operational 

performance and further lead to improvements in financial performance. Moreover, the positive 

effects on image and reputation can be considered a significant resource (Sarkis et al., 2011). Prior 

research suggests that GSCM adoption improves environmental performance (e.g. Rao & Holt, 2005; 

De Giovanni & Esposito Vinzi, 2012; Zhu et al., 2013), quality, delivery, flexibility and cost 

performance (Vachon & Klassen 2008; Chavez et al., 2014), and financial performance (King & 

Lenox, 2001; Rao & Holt, 2005; De Giovanni & Esposito Vinzi, 2012; Yang et al., 2013; Zhu et al., 

2013). Nevertheless, it is still unclear how the specific types of GSCM practices translate into 

strategic resources which might eventually bring about performance improvement and competitive 

advantage (Shi et al., 2012). 

There is a lack of empirical research that examines GSCM from a holistic and integrated supply chain 

perspective, including both upstream and downstream sides as well as the internal processes (Green 

et al. 2012; Yu et al., 2014). The focus of this article is on a specific type of GSCM, i.e. environmental 

collaboration. Collaboration is necessity for firms wishing to minimise their environmental impacts, 

since their ability to do so is to a large extent dependent on their relationships with external supply 

chain partners (Darnall et al., 2008). In order to get a better understanding of the phenomenon, the 

current research addresses collaborative actions within the firm, and with customers and suppliers, 

especially on environmental questions.  

Even though GSCM has attracted its fair share of attention during the past few years, its benefits have 

not been widely tested on empirical level, which could be used as a foundation for theory building 

and theory testing (Green et al. 2012). Given the inconclusiveness of the existing body of research, it 

remains unclear if firms with higher level of GSCM perform better (Rao & Holt 2005; Green et al. 

2012; Lai & Wong 2012; Zhu et al. 2013).The lack of clear relationship between GSCM practices 

and performance improvements is an obstacle for manufacturers seeking to justify GSCM 

implementation (Zhu et al., 2012). 

The aim in this article is to present evidence about the effects of environmental collaboration on the 

intra-firm supply chain performance and financial performance of manufacturing firms. Previous 

literature refers to performance from the supply-chain perspective, but the analyses focus mainly on 

the impact of environmental activities on performance on the plant level. Much of the previous 

literature within GSCM has utilized self-reported measures from a single source (Wang & Sarkis, 

2013; Seuring & Muller, 2008). Although there are some studies that have combined data from 

multiple sources (e.g. Markley & Davis, 2007; Wang and Sarkis, 2013), the samples have a tendency 

to be biased towards environmentally proactive companies. Furthermore, Hervani et al. (2005) call 

for future research on GSCM beyond single dyadic relationship. The novelty in this research is that 

it combines self-reported survey data with data from financial reports, and further contributes in 

analysing the effects of internal and external environmental collaboration with suppliers and 

customers on intra-firm supply chain performance and financial performance.  

There are five sections in this article. The introduction is followed by a review of previous literature, 

on the basis of which the research hypotheses are postulated. Section three describes the research 

design, including sampling techniques, measures and data analysis. Section four presents the results 



of the empirical analysis. Finally, the theoretical and managerial implications of the findings are 

discussed in section five. 

2. Research concepts and hypotheses  

2.1. Environmental collaboration 

Manufacturers have increasingly adopted a supply chain-wide management approach for 

environmental management in the form of green supply chain management (GSCM) (Zhu et al., 

2013). Rao and Holt (2005) define GSCM as promoting efficiency and synergy among business 

partners, and helping to improve environmental performance, minimise waste, and achieve cost 

savings. Within this context, one should distinguish between GSCM and the closely related concept 

of sustainable supply chain management (SSCM), which Carter and Rogers (2008) define as: “the 

strategic, transparent integration and achievement of an organization’s social, environmental, and 

economic goals in the systemic coordination of key inter-organizational business processes for 

improving the long-term economic performance of the individual firm and its supply chains”. While 

the integration of environmental thinking into supply chain management (SCM) practices is focal in 

almost all of the definitions of GSCM, the definitions of SSCM adopt a broader triple bottom line 

perspective (Ahi & Searcy 2013). Together they will be components of the broader SSCM concept 

(Wang & Sarkis, 2013). The GSCM practices can be implemented at a strategic, tactical or 

operational level and they can be related to the supply process, the product itself, the delivery process 

or advanced actions involving some kind of innovation (Azevedo et al., 2011).  

The approach of this article is environmental management from the perspective of environmental 

collaboration, which Vachon and Klassen (2008) define as “the direct involvement of an organization 

with its suppliers and customers in planning jointly for environmental management and 

environmental solutions”. Environmental collaboration includes a mutual willingness to learn about 

each other’s operations and exchanging technical information (Vachon & Klassen, 2008), to access 

the expertise of partners in the supply chain and to gain synergies from the combined operations 

(Stank et al., 2001b). 

Grekova et al. (2013) argue that environmental sustainability is an important theme for supply chain 

collaboration, and thus environmental collaboration is closely related to more general supply chain 

collaboration/integration, addressed by an ample number of studies (see e.g. Sanders and Premus, 

2005; Wu et al., 2006; Fabbe-Costes et al., 2009; Flynn et al., 2010; Cao and Zhang, 2011).  

However, Kuik et al. (2011) suggest that managing sustainable collaboration in manufacturing is in 

many ways more complex and requires more efforts than traditional supply chain collaboration, in 

areas ranging from forecast and demand activities to the stance towards environmental concerns. 

The concepts of supply chain integration and supply chain collaboration have been used 

interchangeably in earlier literature (see e.g., Fabbe-Costes & Jahre, 2008; Lorentz, 2008; Leuschner 

et al., 2013). Integration means the unified control (or ownership) of several successive or similar 

processes formerly carried on independently (Webster's Third New International Dictionary, 1966; 

Flynn et al., 2010), the emphasis being on central control, ownership, or process integration governed 

by contract (Cao & Zhang, 2011). According to transaction cost analysis (TCA) theory, collaboration 

is the intermediate form of governance between vertical integration and market exchange (Nyaga et 

al., 2010). Hence, as Cao and Zhang (2011) suggest, collaboration seems to be a better construct to 

describe the cooperative relationship between autonomous partners in the supply chain. 

Several authors have distinguished between two broad categories: internal collaboration (or intra-

organisational coordination) and external collaboration (or inter-organisational coordination; see e.g., 

Stank et al., 2001a; Barratt, 2004). Flynn et al. (2010) argue that many extant studies have focused 



solely on customer and supplier side while ignoring the internal dimension. In this research, 

environmental collaboration in the supply chain is categorised first as internal or external, and 

external collaboration is further categorised as collaboration with customers or suppliers. 

Whereas Vachon and Klassen concentrate on environmental collaboration in a manufacturing 

environment, this research extends the focus to a broader supply chain perspective. Following Yang 

et al. (2013) and Martinsen and Björklund (2010), internal environmental collaboration is defined in 

this research to involve green policy (e.g. well-defined environmental policy statement,  commitment 

and support of staff for environmental projects, and cross-functional cooperation for environmental 

protection), green transport (e.g. fuels, vehicle technologies, modal choice, behavioural aspects, 

logistics systems design, transport management, supply chain partner selection, environmental 

management systems and emissions and energy data) and green marketing (e.g. providing customers 

with information on green services, larger budget on green advertising, using resource and energy 

conservation arguments in marketing, enticing customers with green initiatives and eco-services, and 

publishing environmental information in the company website) working together across different 

functions in environmental process improvement. External environmental collaboration is defined as 

working jointly with suppliers and customers to set and achieve environmental goals to reduce the 

environmental impact of the coordinated activities (Vachon & Klassen, 2006; Green et al., 2012).  

Stank et al. (2001a) explored general supply chain collaboration and found that internal and external 

collaboration were strongly and positively connected. Similar results have been reported in the 

context of green supply chain management. According to Rao and Holt (2005), greening the firm’s 

internal activities can lead to greening its external activities. De Giovanni and Esposito Vinzi (2012) 

and Zhu et al. (2013) found strong support for notion that internal environmental activities in the 

supply chain enhance the level of external environmental activities. De Giovanni and Esposito Vinzi 

(2012) suggest firms whose internal processes are environmentally sustainable can achieve 

sustainability along the whole supply chain, since internal environmental programmes provide 

competences and knowledge concerning how external environmental collaboration should work. 

Yang et al. (2013) postulate that internal green activities and integration enhance external green 

integration through organizational capabilities. A high level of internal communication and 

coordination increases the likelihood of a firm achieving a high level of external integration, 

evaluating new knowledge acquired from supply chain partners and understanding their business to 

facilitate external integration.  

Hence, it is posited that: 

Hypothesis 1. As internal environmental collaboration increases, external environmental 

collaboration also increases 

2.2. Linkage between environmental collaboration and firm performance  

2.2.1 Environmental collaboration and financial performance   

Research on the linkage between environmental sustainability and firm performance have been 

increasing, yet the findings from these studies have been contradictory, giving practitioners no clear 

answers as to what actions would be beneficial to pursue (Golicic &Smith, 2013). In this research 

firm performance means intra-firm supply chain performance and financial performance. The concept 

intra-firm supply chain performance emphasizes how the properties of the inter-firm supply chain 

affect performance in the focal firm (measurement inside a firm) (Lorentz et al., 2012.) 

Supply chain collaboration has traditionally been associated with performance gains, such as better 

customer service, lower inventory levels, more accurate forecasting (Kahn & Mentzer, 1996), 

responsiveness and flexibility (Stank et al., 1999, Flynn et al., 2010), and ultimately better financial 

performance and competitiveness in the market (Biehl et al., 2006; Chen et al., 2007, Flynn et al., 



2010). Environmental collaboration is expected to bring about similar benefits. The resource-based 

view and its extension, the natural-resource-based view (NRBV) are widely used in explaining the 

relationship between environmental management and performance. The NRBV maintains that 

strategy and competitive advantage stem from capabilities facilitating environmentally sustainable 

economic activities (Hart, 1995). Hart (1995) argues that for a resource to be valuable, rare, inimitable 

and non-substitutable, it must possess three characteristics: it must be 1) causally ambiguous (or tacit), 

2) socially complex and 3) firm-specific. On the other hand, another extension of the resource-based 

view, the relational view, posits that organisational capabilities can be developed by combining 

resources existing in different supply chain members (Dyer & Singh, 1998), hence creating causally 

ambiguous and socially complex resources that are difficult to duplicate by the competitors (Shi et 

al., 2012).  Numerous researchers have studied the effects of environmental management, GSCM and 

environmental collaboration on firm performance. The results indicate negative or positive effects, or 

a mixture of both. One of the earliest studies is by Klassen and McLaughlin (1996) who argue that 

environmental management would have positive effects on environmental performance, and 

eventually on financial performance. Anderson et al. (2005) identified cost increases in employing 

sustainable policies in urban transport. Quak and de Koster (2007) also report cost increases in 

relation to retailers’ sensitivity to local sustainability policies. Quariguasi Frota Neto et al. (2008) 

conclude that in the European paper and pulp industry, “The adoption of cleaner solutions is generally 

bounded by an increase in costs.” 

On the other hand, De Giovanni and Esposito Vinzi (2012) employed structured equation modelling 

in testing a set of hypotheses concerning the influence of internal and external environmental 

management on environmental and financial performance. They found that the effects of 

environmental management could be either positive or negative, depending on the model and 

measures of performance used and that internal environmental management has a larger impact than 

external activities on environmental and economic performance. Zhu and Sarkis (2004), in turn, 

identified a positive economic performance associated with GSCM, but stress that their results were 

based on the assumptions of the survey respondents, and that there was no supporting evidence from 

actual financial numbers. Aronsson and Huge-Brodin (2006) propose four types of change in relation 

to decision-making and the environment: standardisation, consolidation, a flexible understanding of 

warehousing and transportation, and visibility (new and better IS), which they claim lead to both 

positive environmental effects and lower costs.  Zhu et al. (2008) also list enhanced economic 

performance as one of the potential advantages of GSCM. 

King and Lenox (2001) studied 652 manufacturing firms over the time period of 1987-1996, and 

concluded that there was evidence of an association between lower pollution and higher financial 

valuation, using performance metrics such as Tobin’s Q, Return on Assets (ROA), Return on Equity 

(ROE) and Return on Investment (ROI). They also acknowledge that the firms’ characteristics and 

strategic position might be the cause, rather than active environmental management. Nakao et al. 

(2007) report similar results based on Japanese data, whereas Rao and Holt (2005) also identified a 

positive connection between GSCM and the firm’s economic performance in a survey set-up.  

There has been a growing need for firms to look beyond their organisational boundaries and to find 

partners to ensure that the supply chain is efficient and responsive to dynamic market needs (Cao & 

Zhang, 2011). Firms can form highly collaborative relationships with some supply chain members 

and arm’s length relationships with others (Gimenez and Ventura, 2005). Environmental 

collaboration with external supply chain partners indicates that the firm is capable to effectively 

integrate internal and external expertise, skills and technology (Yang et al., 2013). Azevedo et al. 

(2011) emphasize that environmental collaboration with suppliers produces the same benefits as other 

non-green supply chain practices by increasing the level of supply chain integration, whereas 

environmental collaboration with customers increases the level of environmental awareness, reduces 

business waste and environmental costs, increases customer satisfaction and responsiveness while 



maximizing the return volumes. Hollos et al. (2012) found that while sustainable supplier co-

operation did not have a significant direct effect on performance, green practices positively influence 

cost reduction. 

A number of empirical studies (e.g. Rao & Holt, 2005; De Giovanni & Esposito Vinzi, 2012; Zhu et 

al., 2013) in the manufacturing sector have identified a positive connection between environmental 

practices in the supply chain and economic performance. Zhu et al. (2013), found that customer 

collaboration CC could either directly or indirectly through environmental and operational 

performance, bring economic benefits. The results of Yang et al. (2013) on performance outcomes of 

environmental activities among container shipping companies are in line with those conducted in the 

manufacturing context. The meta-analysis of over 20 years of research on environmental supply chain 

practices by Golicic and Smith (2013) found that accounting-based performance was less affected by 

GSCM practices that operational- or market-based performance. Yet the effect was not negative or 

nonsignificant. 

Given these findings, the following hypothesis is posited: 

Hypothesis 2. As environmental collaboration increases, the firm's financial performance improves 

 

2.2.2 Environmental collaboration and intra-firm supply chain performance 

Many concepts related to supply chain performance may or may not be included in the wide range of 

studies on the phenomenon. Constituents of supply chain performance mentioned in previous 

academic work include cost efficiency, for example (Beamon, 1999b; Schramm-Klein & Morschett, 

2006). Chow et al. (1994) identify several measures of logistics performance, both hard and soft, such 

as financial and cost statistics and quality measures. Other authors also include operational variables 

such as service quality (Stank et al., 2001a; Gunasekaran et al., 2004). Morgan (2004) adds time-

related factors to the list, whereas Whicker et al. (2009) measure performance as time, but end up 

with measures that overlap previous concepts by calculating costs and other monetary values. Fawcett 

and Cooper (1998) include a wide range of operational measures such as cash-to-cash cycle time with 

its various components, perfect order fulfilment, order-fulfilment cycle time and supply-chain 

response time. Morgan (2004) also includes financial performance, cost performance, customer 

service and productivity as different aspects of supply chain performance. In this research however, 

financial performance and intra-firm supply chain performance are considered separate. Following 

the example of Lorentz et al. (2012) intra-firm supply chain performance is considered to consist of 

operational measures and further divided into the following three dimensions: logistics costs, 

customer-service performance and asset utilisation, whereas financial performance is considered to 

consist of accounting based measures.   

Empirical research on the effect of environmental collaboration on intra-firm supply chain 

performance is still scarce. According to the results reported by González-Benito and González-

Benito (2005), implementing environmental practices related to internal production processes has a 

negative effect: these practices, which are control-oriented rather than preventive, may not be optimal 

in terms of costs or time. However, they also found that environmental practices related to the 

transformation of logistics processes contributed positively to lean operational performance in terms 

of quality, reliability and volume flexibility.  

Vachon and Klassen (2008) concentrated on the effects of environmental collaboration on 

manufacturing performance, finding that the benefits of collaboration with suppliers were the 

broadest, whereas in the case of customers the results were mixed. Zhu et al. (2013) used path analysis 

to examine the relationship between internal and external GCSM practices and performance. One of 

the dimensions they addressed was operational performance, measured in terms of an increase in the 

number of goods delivered on time and in the product line, a decrease in inventory levels and in the 



scrap rate, and improved product quality and capacity utilisation: they found a positive link from 

operational performance and internal environmental practices to external environmental collaboration 

with customers.  

Zhu et al. (2008) constructed a model measuring the implementation of GSCM practices, which 

includes internal environmental management, green purchasing, cooperation with customers, eco-

design and investment recovery. They also list a set of performance outcome measures that include 

not only emissions and waste, but also decrease in costs and environmental fees, operational 

performance, increases in perfect order fulfilment and timeliness, and decreased inventory levels. The 

meta-analysis by Golicic and Smith (2013) revealed that nearly any environmental supply chain 

practice influenced operational efficiency and effectiveness.  

Porter and van der Linde list benefits associated with environmental process improvement, such as 

reduction of material and storage handling costs, reduction of the cost of activities involved in waste 

handling and transportation. Transport costs constitute the largest logistics cost item (Engblom et al., 

2012), and given that environmentally responsible logistics system usually favors fewer shipments, 

more direct shipping routes and better space utilization (Wu & Dunn, 1995), environmental 

collaboration within the firm and with key supply chain partners is expected to reduce logistics costs. 

Hence, it is proposed that: 

Hypothesis 3. As environmental collaboration increases, the firm's logistics cost performance 

improves  

Vachon and Klassen (2008) found that environmental collaboration with suppliers was linked with 

speed and delivery reliability. Azevedo et al. (2011) argue that environmental collaboration with 

suppliers produces the same benefits as non-green supplier collaboration due to increased level of 

integration. However, Hollos et al. (2012) point out that sustainable supplier co-operation leads to 

superior performance if the buying firm not only collaborates with the supplier on environmentally 

friendly practices, but combines the supplier’s efforts with its internal efforts.  

Improvements in the ability to coordinate operations across different supply chain members to 

respond to changes in customer requirements increase customer satisfaction (Gunasekaran et al., 

2008). On the other hand, environmental collaboration with major customers was found to affect 

product quality positively in terms of conformance to specifications and durability.  (Vachon & 

Klassen, 2008). For example, working with customers in eco-design contributes to customer 

satisfaction as it reduces the rejection rate (Azevedo et al., 2011).  

Hence, it is posited that: 

Hypothesis 4. As environmental collaboration increases, the firm's service performance improves 

GSCM is often associated with quality improvements and efficiency (e.g. Porter & van der Linde, 

1995; Rao & Holt, 2005; Vachon & Klassen 2008). Porter and van der Linde (1995) suggest that 

environmental improvements reduce downtime due to more careful monitoring and maintenance. 

Eliminating non-value adding time in the supply chain the firm will be able to lower its needs for 

working capital (Christopher and Ryals, 1999). Traditional supply chain collaboration is likely to 

improve asset utilisation (Zacharia et al., 2009). For example, better information sharing can improve 

asset utilisation, cash flow and cycle times (Patnayakuni et al., 2006). The same principle can be 

expected to apply to environmental collaboration.  

Thus, it is posited: 

Hypothesis 5. As environmental collaboration increases, the firm's asset utilisation improves 

 

Figure 1 below illustrates the above hypotheses derived from the literature. 



INSERT FIGURE 1 HERE 

3. Research design 

3.1. Construct measurement  

Previously, Vachon and Klassen (2008) have measured environmental collaboration in the supply 

chain with two composite measures each consisting of five individual items. The original measures  

of Vachon and Klassen (2008) included identical dimensions of environmental goals, mutual 

understanding of responsibilities, and planning and co-operation in environmental questions, with 

one of the composite measures concentrating on environmental collaboration with key suppliers and 

the other focused on collaboration with customers.    

Adding to these two measures, a third set of questions was constructed for this research by replicating 

the dimensions of composite measures by Vachon and Klassen (2008) to measure the extent of 

collaboration in these dimensions within the firm. 

The composite measures and the individual items are presented in Table 1.  These items were further 

subjected to confirmatory factor analysis with the a priori assumption that the items measuring 

environmental collaboration with suppliers, customers and within the firm would load on their 

corresponding factors, creating composite measures as assumed. Based on the results of confirmatory 

factor analysis (Appendix 1) three composite measures (INTER, SUPPL, CUST) were formed by 

summing up the scores individual items.     Here, firm performance means intra-firm supply chain 

performance comprising the following dimensions: logistics costs, customer-service performance and 

asset utilisation, and financial performance. Customer-service performance is defined as perfect order 

fulfilment and order-fulfilment cycle time. Asset utilisation includes the elements of cash-to-cash 

cycle time and inventory days of supply, as defined by Lorentz et al. (2012). 

The survey respondents were asked to provide information on a set of various key figures: 1) the 

perfect-order-fulfilment rate, 2) the order-delivery time in days for the perfect-order-fulfilment rate, 

3) the average payment time among the customers in days (days of sales outstanding), 4) the time in 

days that materials were in the possession of the firm (inventory days of supply), 5) the supplier’s 

delivery accuracy, 6) the average payment time in the firm in days (days of payables outstanding), 

and 7) the average payment time among the suppliers in days (days of sales outstanding). The cash-

to-cash cycle time was calculated based on measures 3), 4) and 6).   

Logistics costs were divided into five components as classified by Engblom et al. (2012) 1) 

transportation and packing costs, 2) warehousing costs, 3) inventory carrying costs, 4) logistics 

administration costs and 5) other logistics costs. These were measured as self-reported, open-field 

responses as a percentage of the firm’s turnover. According to Stewart (1995), this provides a robust 

basis for analysis. The estimate for the total logistics cost comprised the sum of the individual 

components. 

Financial performance was measured in terms of Return on Assets (Watson et al., 2004), Return on 

Capital Employed and the EBIT percentage (Wagner, 2005), combining the data from the financial 

reports with the survey data. The financial-performance metrics used in the analysis comprised (1) 

the return on total assets (ROA) in the year 2011, (2) the return on capital employed (ROCE) in the 

year 2011, and (3) the earnings before interest and taxes percentage (EBIT%) in the year 2011. The 

EBIT percentage was included in order to check whether profitability behaved differently compared 

to asset-based measures. The research variables are summarised in Table 1. 

INSERT TABLE 1 HERE 

Four dummy variables were used to control for the following characteristics: firm size was measured 

as turnover and divided between small and medium-sized firms and large firms; manufacturing 



strategy as firms employing mainly push and pull strategies; industry orientation, based on whether 

or not the firm belonged to the Finnish “technology industries” interest group (manufacturers of 

electronics, machinery and basic metals), and value added based on whether the average value-added 

percentage was above or below that of Finnish manufacturing.  

3.2. Dataset 

The analysed dataset comprised of (1) survey data collected in Finland and (2) financial-reporting-

based data from the Orbis database.  

Finland could be considered an interesting source of survey data for various reasons. First, as 

evaluated by international freight forwarders and other logistics professionals, Finland was ranked 

third among 155 countries in the World Bank’s Logistics Performance Index (Arvis et al., 2012). 

Second, Finland is a highly industrialised open economy, with the 15th highest GDP per capita 

(approximately USD 49,400 in 2011) in the world (World Bank, 2012). Third, Finland was ranked 

third after Switzerland and Singapore in the World Economic Forum’s Global Competitiveness Index 

2012-2013 (World Economic Forum, 2013).  

The survey data was collected as part of the Finland State of Logistics 2012 survey (Solakivi et al., 

2012) during January-February 2012, by means of a web-based questionnaire. The sample frame was 

all non-student members of the Finnish Association of Purchasing and Logistics (LOGY), members 

of the Finnish Transport and Logistics association (SKAL), and members of the Federation of Finnish 

Enterprises, active in the industries covered in the survey. In total, 2,732 responses from 

manufacturing, trading and logistics firms were received, the overall response rate being seven per 

cent. The majority (78%) of the respondents identified themselves as in the top management of the 

firm, whereas eight per cent were among middle management and four per cent were logistics experts. 

The remaining 10 per cent of respondents represented other tasks in the supply chain.  

This particular research, however, focuses on manufacturing firms that provided complete responses 

for the research variable, and for which financial-reporting-based data was available from the Orbis 

database. Micro-sized firms were omitted from the analysis on the basis of the turnover criterion in 

the European Commission’s definition; i.e., firms with a turnover of less than two million euros. In 

total the analysed sample consisted of 135 firms.  

The sample comprises 33 large firms (25%), 32 medium-sized firms (23%) and 70 small firms (52%). 

Of all manufacturing firms in Finland, 0.2 per cent is considered to be large, whereas the share of 

medium-sized firms is 0.9 per cent and that of small firms is 5.5 per cent (Statistics Finland, 2010). 

As a result, the sample used in this article is biased towards larger firms if compared to the entire 

population of Finnish firms.   

3.3. The distributions of the dependent variables and used research methods  

One of the key assumptions of linear regression analysis is the multivariate normality of the analysed 

variables. Neglecting this assumption may lead to biased results (Gujarati and Porter, 2009). With 

this in mind, the normality of the distributions of the dependent and independent variables were 

assessed. Some of the dependent variables turned out to be positively skewed in such an order of 

magnitude that regular regression analysis was considered unsuitable. This applied to the individual 

components of logistics costs (Transportation, Warehousing, Inventory carrying, Logistics 

administration and Other costs) and the total logistics costs (the sum of these five components) as a 

percentage of the firm’s turnover. As the measures of logistics costs were defined to be non-normally 

distributed, the ordinary regression analysis was abandoned and generalised linear models were used 

for the analysis.  



Generalized linear models are a generalisation of ordinary regression that also allows distributions 

other than normal distribution. These models are all linear models, where 

 

𝒀 = 𝝁 + 𝜺.       
       (1) 

 

Linear dependency between the dependent and independent variables is assumed through a link 

function (η) where 

 

𝜂(𝝁) = 𝑿𝜷       

       (2) 

 

and X stands for the independent variables and the β slope estimates of the model. The starting model 

is (in scalar form): 

 

𝜂 = 𝛼1 + 𝛽1𝐼𝑁𝑇𝐸𝑅1 + 𝛽2𝑆𝑈𝑃𝑃𝐿2 + 𝛽3𝐶𝑈𝑆𝑇3 + 𝑆𝐼𝑍𝐸4 +𝑀𝐴𝑁𝑆𝑇𝑅𝐴𝑇5 + 𝑇𝐸𝐶𝐻6 + 𝑉𝐴𝐿𝑈𝐸7
 (3) 

 

, where η represents the link function used in the analysis and is model-dependent.   

 

Dodd et al. (2006) have argued that Gamma distribution is the most suitable for cost analysis, whereas 

Engblom et al. (2012) used Beta distribution. Following the examples of both the distributions of the 

cost variables were further studied, and on the basis of Schwarz’s Information Criteria (Schwarz, 

1978) Beta distribution was considered to be more suitable for the analysis. Beta distribution is 

defined between 0 and 1, which is well in line with the fact that the costs were measured as shares of 

turnover, normally varying between 0 and 1. Because the survey methodology also allowed responses 

equal to zero, a small number (10-8) was added to all the responses in the data in order to transform 

the distribution to include only positive values. To check the stability of the chosen distribution, the 

analysis was also performed by using a small number of (10-3), which resulted in similar results.  

Dependent variables other than logistics costs turned out either to be normally distributed, or to be 

transformable into a normally distributed variable. 

 

SAS 9.3 proc. GLIMMIX was used for the analyses. Logistics costs were analysed on models 

assuming Beta distribution and a logarithmic link function, whereas the other dependent variables 

were analysed on models assuming normal distribution and an identity link function. The independent 

variables INTERNAL and EXTERNAL refer to internal environmental collaboration and external 

environmental collaboration, respectively, and SIZE, TECH, VALUE and MANSTRAT refer to the 

control variables. 

 

3.4. Validity and reliability 

Given that the variables used in this analysis concentrate only on environmental collaboration, the 

content validity of the used constructs hast to be acknowledged. The constructs of environmental 

collaboration were derived from previous research (Vachon and Klassen, 2008), which provides 



evidence of content validity.  Further, a possibility exists that the respondents perceived the measures 

of environmental collaboration as elements of general collaboration in the supply chain. Previously, 

two sets of questions measuring internal and external collaboration in the supply chain were used in 

the Finland State of Logistics 2010 survey (Solakivi et al. 2010), but were not included in the Finland 

State of Logistics 2012 survey (Solakivi et al. 2012), which were used in this article. In order to check 

the validity of the measures a total of 100 respondents to Finland State of Logistics 2010 and 2012 

were identified, and the correlations between the responses related to supply chain collaboration and 

environmental collaboration were compared. The correlations turned out to be small (0.26 for internal 

collaboration and 0.32 for external collaboration), which indicates that the measures used here do, in 

fact, measure environmental collaboration, and do not merely act as proxies for supply chain 

collaboration on a more general level. 

Further, the items were subjected to confirmatory factor analysis. The composite reliabilities and 

average variances extracted of the constructs in the CFA are presented in Appendix 1. The CR’s are 

over .9 and the AVE’s over .6, which exceed the threshold values commonly used in the literature 

(see for example Fornell and Larcker 1981, Hair et al. 1998) and indicate the reliability of the 

constructs. Discriminant validity of the constructs was tested with the nested model test by first 

constraining the correlation parameter between the two constructs into 1 and then performing a chi-

square difference test on the values obtained from the constrained and unconstrained models, as 

suggested by Jöreskog (1971). Further the test was performed for each pair of factors individually, as 

suggested by Anderson and Gerbing (1988). 

The relatively low response rate raises concerns about non-response bias. Wagner and Kemmerling 

(2010) give a detailed summary of 229 survey studies in the field of logistics, which includes the 

respective response rates. Compared to their findings, the response rate of the Finland State of 

Logistics 2012 survey is well in line with other surveys on a similar scale. In addition, following the 

example of Armstrong and Overton (1977), the extrapolation technique was applied by considering 

the responses of the last response wave as closely resembling the “non-respondents”. The responses 

of the first and last response wave were compared with Mann-Whitney U –test, which indicated that 

the profiles of the two groups did not significantly differ from each other. Thus, the risk of non-

response bias was considered moderate. Given that most of the research variables were collected from 

the same source, e.g., through the same survey, a set of procedural remedies were implemented, as 

suggested by Podsakoff et al. (2003). In order to avert the possible consistency motive, the dependent 

and the independent variables were separated by placing them in different phases of the survey, using 

different scales, and assuring the respondents of confidentiality in order to avoid the social-

desirability motive. Harman’s single factor test was applied to these variables during the analysis, 

according to which the single factor explained only 17.4 per cent of the variance, which is below the 

critical value of 50 per cent, thereby excluding possible same-source bias.    

4. The results of the analysis 

Several statistically significant correlations emerged between the dependent and the independent 

variables. As hypothesised, there was a positive correlation between the measures of environmental 

collaboration, thus supporting Hypothesis 1. The correlations are presented in Table 2. 

INSERT TABLE 2 HERE 

Table 3 summarises the results of the models, presenting the statistically significant coefficients. The 

effect of environmental collaboration on logistics costs seems to depend on whether the collaboration 

is within the firm, with customers or with suppliers.  No statistically significant effects between 

internal environmental collaboration and logistics costs could be identified.  



Environmental collaboration with customers and suppliers on the other hand were found to be 

connected with logistics costs. More precisely, increasing environmental collaboration with 

customers was found to be associated with higher inventory carrying costs, logistics administration 

costs and other logistics costs. In addition, the connection between increased environmental 

collaboration was found to be connected with higher total logistics costs. Unlike in the case of 

collaboration with customers, collaboration with suppliers was found to be connected with lower 

inventory carrying costs, partly supporting hypothesis 3. The results of hypotheses testing are 

presented in Table 4. 

 

INSERT TABLE 3 HERE 

 

The effects of environmental collaboration on service performance are also dependent on whether the 

collaboration takes place within or outside the firm. Collaboration within the firm was found to be 

positively connected with supplier delivery time, which would indicate that increasing collaboration 

within the firm would be associated with longer supplier delivery time. Environmental collaboration 

was found to be negatively connected with supplier delivery accuracy. Taking into account the fact 

that a reflected transformation was used with the distribution of supplier delivery accuracy, the 

interpretation of the identified connection is the opposite. In fact, the results indicate that increasing 

collaboration with suppliers is associated with higher supplier delivery accuracy. Thus, Hypothesis 4 

is also partly supported.  

As with logistics costs and service performance, also the results concerning asset utilisation depend 

on whether the environmental collaboration takes place within the firm, or with suppliers or 

customers. Increasing collaboration with customers was found to be associated with less inventory 

days of supply. At the same time, increasing collaboration with suppliers was found to be associated 

with increased days of sales outstanding. The results concerning environmental collaboration within 

the firm were found to be mixed. Internal environmental collaboration was found to be associated 

with more inventory days of supply, more days of payables outstanding and longer cash to cash –

cycle time. From the firm’s perspective, expanding the days of payables outstanding could be 

considered positive, whereas the other two connections could be considered negative. Thus, 

hypothesis 5 is also partly supported.   

 

INSERT TABLE 4 HERE 

 

Three measures were used to assess the effects of environmental collaboration and financial 

performance: Return on Capital Employed; Return on Sales; and Return on Assets. As in the case of 

logistics costs, the effects of environmental collaboration on financial performance seemed to depend 

on whether the collaboration was within the firm, or with suppliers and customers. The results indicate 

a negative effect of internal environmental collaboration on ROA, whereas increased collaboration 

with suppliers was found to have a positive effect on EBIT-% and increased collaboration with 

customers was found to be positively associated with ROA. Thus, Hypothesis 2 is also partly 

supported. 

5. Discussion and conclusions 

The focus in this article is on the effects of environmental collaboration on the performance of 

manufacturing firms. Even though previous literature has touched on performance from the supply 

chain perspective (see e.g. Vachon and Klassen, 2006), most of the analyses thus far concentrate on 



the effects of collaboration on the plant level and utilises only self-reported data. This research 

combines self-reported survey data with financial report-based data. Furthermore, previous research 

(e.g. Vachon & Klassen, 2008) on environmental collaboration has concentrated on collaboration 

with suppliers and customers. Hence, this article extends previous literature by adding measures on 

internal environmental collaboration in order to address all dimensions of collaboration, as suggested 

by Flynn et al. (2010). 

The results of the confirmatory factor analysis confirmed the a-priori assumption that environmental 

collaboration comprises of three dimensions, collaboration within the firm and external collaboration 

further divided into collaboration with suppliers and customers. Previous literature posits a potential 

positive effect of environmental management and environmental collaboration on firm performance 

(e.g. Rao & Holt, 2005; De Giovanni & Esposito Vinzi, 2012; Yang et al., 2013; Zhu et al., 2013). 

On this basis, a set of hypotheses were derived addressing the connections between environmental 

collaboration and the different aspects of firm performance. The results of the analysis do not 

unambiguously support or reject such a positive effect. More precisely, it would seem that the nature 

of these effects depends on the nature of the collaboration, whether it is internal or external, and on 

the performance metric used.  

In terms of logistics costs, internal environmental collaboration turned out to have no significant 

effects on any of the individual components, or on total costs. With regard to external environmental 

collaboration, the effect on logistics costs was found to be dependent on whether the environmental 

collaboration takes place with suppliers or customers. Increasing environmental collaboration with 

customers was found to be associated with higher inventory carrying costs, logistics administration 

costs, other logistics costs and total logistics costs. On the contrary, environmental collaboration with 

suppliers was found to be connected with lower inventory carrying costs. One reason might be that 

demand for environmentally friendly products and operations is transmitted through the supply chain: 

environmental compliance is required from the suppliers in order to address customer pressure. The 

results imply that environmental proactivity might be an additional cost and the actors in the supply 

chain try to reduce the negative financial effects by passing the additional costs upstream to their 

suppliers.  

Vachon and Klassen (2008) and Zhu et al. (2008), for example, suggest that environmental 

collaboration should have positive effects on service performance and asset utilisation. While Vachon 

and Klassen (2008) observed that environmental collaboration with suppliers was linked with speed 

and delivery reliability, the results of this study only confirmed the latter: more extensive 

collaboration with suppliers resulted in higher delivery accuracy. Supplier delivery time, on the other 

hand, was found to be increased by internal collaboration. In order to achieve internal environmental 

goals, the focal firm might prefer slower and less polluting transport modes or consolidation of 

shipments, which in turn lengthens the delivery time. More extensive internal environmental 

collaboration was found to have a negative effect on asset utilisation, measured as cash-to-cash cycle 

time, as well as on one of its components - inventory days of supply. However, days of payables 

outstanding were increased. With regard to external environmental collaboration, supplier 

collaboration increased days of sales outstanding while customer collaboration decreased inventory 

days of supply. More frequent and accurate information sharing with customers might explain lower 

inventory days of supply. In terms of operational performance, firms should recognize the danger of 

concentrating too much on internal operations and simultaneously neglecting the supply chain 

perspective.  

While Vachon and Klassen (2008), Yu et al. (2014) and Chavez et al. (2014) found that GSCM 

practices had a positive impact on flexibility, delivery, quality and cost, the results of this analysis 

were more mixed as both positive and negative connections were found. However, the results of 

Vachon and Klassen (2008), Yu et al. (2014) and Chavez et al. (2014) are based on samples of large 

North-American and Chinese manufacturers, whereas the present sample include also smaller firms. 



The reason for the contradictory results might be that the small Finnish firms do not have similar 

resources to commit to environmental collaboration and hence the improvements in operational 

performance are also more limited. Considering this “liability of smallness”, the results would 

indicate that in order to successfully enjoy the benefits of increased collaboration, the firms should 

allocate sufficient resources for it. 

In line with the findings from operational performance measures, the effects of environmental 

collaboration on financial performance would also seem to depend on whether the collaboration is 

within the firm or with suppliers and customers. Even more interestingly, the effects of customer 

collaboration on financial performance would seem to be the opposite than in the case of logistics 

costs. On the one hand, the results indicate that higher financial performance is associated with higher 

levels of supplier collaboration, measured as EBIT percentage, and customer collaboration, measured 

as ROA. On the other hand, lower financial performance measured as ROA is associated with higher 

levels of internal collaboration. This complements previous findings reported by King and Lenox 

(2002), Nakao et al. (2007), Clarkson et al. (2011) and Zhu et al. (2013) in further specifying the 

potentially beneficial and harmful effects of environmental efforts on financial performance.     

In conclusion, the results of this research give no definite answer to the question of whether or not 

engaging in environmental collaboration pays off. Some of the hypotheses are fully supported, while 

support for some of the hypotheses depends on the type of the collaboration. Although internal 

environmental collaboration seems to have more negative than positive effects, the results by no mean 

indicate that internal environmental collaboration should be abandoned. The findings highlight the 

danger of neglecting the broader supply chain perspective. Environmental collaboration with 

suppliers and customers has mostly positive effects, thus supporting the results from traditional 

supply chain collaboration. 

Moreover, this article focuses on the connections between environmental collaboration and firm 

performance in terms of either operational or financial measures, deliberately excluding 

environmental performance. One might assume that the goals of environmental collaboration relate 

more strongly to environmental performance than the more traditional measures of firm performance. 

Even though the results of this research do not contribute to the discussion on whether or not 

environmental collaboration is successful from the environmental perspective, they do indicate that 

there are ways in which firms can collaborate more intensively on environmental matters without 

compromising their cost competitiveness or financial performance. For the practitioners, the findings 

indicate that financial performance of the firms can be improved while addressing the environmental 

challenges. Especially this would seem to be the case, when the GSCM practices are expanded 

towards customers and suppliers. At the same time, further research is needed to analyse the 

effectiveness of environmental collaboration on the environmental performance of the firm. 

In addition, environmental actions often impose costs in the short term while it might take a longer 

time horizon for the benefits to realize. Future research could address the effects of environmental 

collaboration on firm performance on a longitudinal basis. Further, just as most of the previous 

research, also this article is approaching the question of environmental collaboration and performance 

from a perspective of an individual firm. As such, the results provide recommendations for a focal 

firm on what to do and what to avoid in case an attempt to increase environmental performance 

through collaboration is made. At the same time, one has to acknowledge the limitation that the 

perspective is mainly limited to the focal firm, and merely suggest what the effects of collaboration 

for the entire supply chain might be. The question of whether environmental collaboration is truly 

beneficial for the entire supply chain or whether environmental collaboration is just a way to pass the 

costs of environmental efforts upstream the supply chain remains to be revealed by future research. 
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Figure 1. Summary of the research hypotheses  

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 1. Research variables 

 

Constructs   Operationalisation of variables   Variable name 

Dependent: Intra-firm supply chain performance  

Logistics costs 

 

Transportation costs (% of turnover) 

Warehousing costs (% of turnover) 

Inventory costs (% of turnover) 

Logistics administration costs (% of turnover) 

Other logistics costs (% of turnover) 

Total logistics costs (% of turnover) 

TRAN 

WARE 

INV 

ADMIN 

OTHER 

TOTAL 

Service 

performance  

Perfect order fulfilment (% of orders) 

Order delivery cycle time (average days from order to delivery) 

Supplier delivery accuracy 

Supplier delivery time 

POF  

OFCT 

SDA 

SDT 

Asset utilisation Inventory days of supply (average days material owned, from purchase to sale) 

Cash-to-cash cycle time (in days; inventory days of supply + days of sales outstanding  

- days of payables outstanding) 

DOS 

 

CCC 

Dependent: Financial performance 

 Return on Capital Employed 

Return on Assets 

Earnings Before Interest and Taxes (%) 

ROCE 

ROA 

EBIT -% 

 

Independent: Environmental collaboration 

Internal 

environmental 

collaboration 

Sum of: 

We have set environmental goals to ourselves 

There is a mutual understanding of responsibilities regarding environmental 

performance 

We have worked together to reduce environmental impact of our activities 

We have conducted joint planning to anticipate and solve environmental-related 

problems 

We have worked together to reduce environmental impact of our products  

 

INTER 

Collaboration with 

suppliers  

Sum of: 

We’ve worked together to achieve environmental goals collectively with our key 

suppliers 

There is a mutual understanding of responsibilities regarding environmental 

performance 

We have worked together to reduce environmental impact of our activities 

We have conducted joint planning to anticipate and solve environmental-related 

problems 

We have worked together to reduce environmental impact of our products 

Collaboration with customers 

 

SUPPL 

Collaboration with 

customers 

Sum of:  

We’ve worked together to achieve environmental goals collectively with our key 

customers 

There is a mutual of responsibilities regarding environmental performance 

We have worked together to reduce environmental impact of our activities 

We have conducted joint planning to anticipate and solve environmental-related 

problems 

We have worked together to reduce environmental impact of our products 

CUST 

Control 

Firm size 

Manufacturing 

strategy 

Industry orientation 

Value added  

 0= turnover from 2 to €50 million , 1= turnover more than €50 million  

 0= push/ MTS, 1=pull/ ATO, MTO, ETO 

 

0= technology industry, 1= other industries 

Average value added percentage of the industry 0= below Finnish average, 1 above 

Finnish average 

 

SIZE 

MANSTRAT 

 

VALUE 

TECH 

 

 

 



Table 2. Pearson correlation coefficients of the independent and dependent variables 

 

 

Table 3. Model-based results 

 

 

 

 

 

 

 

 

 

 

Mean SD 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

1 Internal environmental collaboration
a 19.6 4.4

2 Environmental collaboration with suppliers
a 16.1 5.2 ,679

**

3 Environmental collaboration with customers
a 16.5 5.4 ,606

**
,838

**

4 Transportation costs 6.7 6.8 .149 ,170
* .100

5 Warehousing costs 3.1 3.5 .040 .070 .076 ,231
**

6 Inventory carrying costs 5.1 7.5 .013 -.047 .035 .119 ,470
**

7 Logistics administration costs 2.0 3.4 .076 .094 ,202
*

,250
**

,495
**

,440
**

8 Other logistics costs 2.1 4.4 .012 .085 ,175
* .117 ,297

**
,312

**
,578

**

9 Total logistics costs 19.0 15.5 .126 .125 .150 ,578
**

,562
**

,717
**

,610
**

,518
**

10 Perfect order fulfillment 88.3 20.9 .054 .014 -.062 -.013 .016 -.096 -.140 -.091 .014

11 Order-delivery cycle time 49.9 128.4 -.078 .009 .085 -,203
*

-,188
* -.118 -.155 -.063 -,291

**
-,198

*

12 Supplier delivery accuracy 85.2 22.6 -.132 -.116 -.133 -.059 -.016 .029 -.059 -.003 .058 ,510
**

-,266
**

13 Supplier delivery time 24.7 38.1 ,231
** .126 .106 -,195

* -.014 -.047 -.083 -.060 -.148 -.077 ,403
**

-,204
*

14 Days of sales outstanding 32.7 18.1 ,262
**

,184
*

,189
* .014 .082 .053 .071 .003 .021 -.092 .067 -.137 ,376

**

15 Inventory days of supply 51.7 56.6 .137 .020 -.005 -.132 -.063 -.103 -.136 -.156 -,217
* -.104 ,335

**
-,219

*
,558

**
,332

**

16 Days of payables outstanding 27.8 16.2 ,184
* .167 .155 -.054 -.035 -,196

* .047 -.097 -,177
* .015 .088 .072 ,351

**
,462

**
,209

*

17 Cash to cash -cycle time 57.1 61.2 .158 .022 .015 -.102 .026 .005 -.108 -.139 -.144 -.104 ,326
**

-,226
**

,503
**

,489
**

,921
** .070

18 Return on Capital Employed 14.2 34.1 -.062 -.071 -.024 -,199
* -.057 -.130 -.042 .076 -.121 .010 -.054 -.080 -.039 .130 .016 -.190 .083

19 Ebit-% 5.2 9.4 .011 .077 .043 -,231
* -.010 -.153 -.072 -.053 -,179

* .100 .033 -.074 .014 ,235
* .137 -.033 ,232

*
,803

**

20 Return on Assets 8.1 17.3 -.033 -.009 -.029 -.152 -.038 -.119 -.017 .039 -.106 .041 -.050 -.072 -.055 .162 .063 -.135 .149 ,915
**

,880
**

** Correlation is significant at the 0.01 level. * Correlation is significant at the 0.05 level,
 a
 indicates independent variable 

INTERNAL SUPPL CUST SIZE MANSTRAT TECH VALUE

Beta Transportation costs Logit - **

Beta Warehousing costs Logit - ** **

Beta Inventory carrying costs Logit - -0.10** 0.12** **

 Beta Logistics administration costs Logit - 0.08**

Beta Other logistics costs Logit - 0.06** *

Beta Total logistics costs Logit - 0.03** **

Normal Perfect order fulfillment Identity logref **

Normal Order delivery cycle time Identity log ** ** **

Normal Supplier delivery accuracy Identity logref -0.04** *

Normal Supplier delivery time Identity log 0.02** ** **

Normal Days of sales outstanding Identity log 0.01** ** ** **

Normal Inventory days of supply Identity log 0.03** -0.01* **

Normal Days of payables outstanding Identity log 0.007* ** *

Normal CashTo Cash Identity - 2.14* *

Normal ROCE Identity - **

Normal EBIT-% Identity - 0.277*

Normal ROA Identity - -0.8* 0.71* *

** significant on 0.05 level

* significant on 0,1 level

Used 

distribution
Dependent variable

Link 

function

Transform

ation

Coefficients.

Lo
gi

st
ic

s 
co

st
s
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u

st
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m
er

 s
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vi
ce

 

p
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fo
rm

an
ce
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Table 4. Summary of the research hypotheses 

 

Supported

Partly 

supported

Not 

supported

Hypothesis 1. As internal environmental collaboration increases, 

external environmental collaboration also increases
X

Hypothesis 2. As environmental collaboration increases, the 

firm's financial performance improves
X

Hypothesis 3. As environmental collaboration increases, the 

firm's logistics cost performance improves 
X

Hypothesis 4. As environmental collaboration increases, the 

firm's service performance improves
X

Hypothesis 5. As environmental collaboration increases, the 

firm's asset utilization improves
X


