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A B S T R A C T   

Building on transaction cost economics theory and social network theory, we investigate the impact of di-
mensions of buyer-supplier network (BSN) complexity (horizontal, vertical, and spatial) on firms’ environmental 
performance, specifically, greenhouse gas (GHG) emissions. Using secondary data from diverse sources on the 
supply networks of 319 firms, extending to the Tier-2 level, we present and test a robust empirical model that 
also accounts for potential endogeneity effects. To understand this key relationship between BSN complexity and 
environmental performance at a deeper level, we further test the moderating influence of BSN members’ reach 
on this key relationship. We also test the moderating effects of a focal firm’s control over its BSN on this key 
relationship. We find that both the vertical complexity dimension and the horizontal complexity dimension of 
BSNs had a U-shaped relationship with the participating firms’ GHG emissions. In contrast, the spatial 
complexity dimension of BSNs had a positive impact on the participating firms’ GHG emissions. With respect to 
the moderating effects, we found that firms’ control over their BSN negatively influenced these relationships, 
whereas the reach of the BSN members positively influenced these relationships. Taken together, this set of 
mixed-pattern findings casts new light on the broad literature of multitier BSNs, environmental sustainability, 
and the effective management of supply chains. The managerial implications of our findings are also discussed.   

1. Introduction 

A quote from a recent article published in McKinsey Quarterly high-
lights the importance of sustainability in supply chains: “by working 
closely with their suppliers, consumer companies can lessen their environ-
mental and social impact, and position themselves for strong growth”.1 

Environmental sustainability has been a focal point of discussion among 
practitioners, academics, and policymakers for a substantial length of 
time (Rau et al., 2018; Geng et al., 2017; O’Rourke, 2014). One way to 
achieve a sustainable environment involves a conscious effort to cut or 
reduce greenhouse gas (GHG) emissions. While multiple studies have 
attempted to report on specific institutional strategies for reducing GHG 
emissions (or increasing environmental performance) (Gualandris et al., 
2015; Wilhelm et al., 2016), an overarching understanding of how 

buyer-supplier networks (BSNs) can help firms achieve environmental 
sustainability goals has not been obtained. Even global corporations 
such as Disney, Target, Walmart, and 3 M2fn2 struggle with achieving 
their sustainability goals. One reason for this limitation is the lack of 
information and transparency with respect to supply chain partners 
(Orlitzky et al., 2011). Even firms that attempt to influence or work with 
their suppliers to minimize GHG emissions are likely to run into chal-
lenges as many large firms do not directly deal with their Tier-2 supply 
chain partners. Tier-1 suppliers routinely subcontract a large portion of 
their business to other firms (i.e., Tier-2 suppliers), assigning such firms 
to what has been termed a ‘secondary agency’ role (Wilhelm et al., 
2016). This has prevented most focal firms from having a comprehen-
sive view of their supply chain network; therefore, these focal firms are 
unable to determine the type and extent of sustainability practices that 
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are prevalent in their BSN. As has also been identified in the work of Luo 
et al. (2017), supply base complexity is one of the key factors influencing 
the management of low carbon supply chains. 

The discussion above prompts the following broad research question: 
How can a firm enhance its environmental sustainability (i.e., reduce its GHG 
emissions) by managing its BSN? Scholars have documented relationships 
between BSN complexity and operational performance (plant perfor-
mance, responsiveness, and delivery speed) (Choi and Krause, 2006; 
Vachon and Klassen, 2002), financial performance (Lu and Shang, 
2017), and innovation performance (Sharma et al., 2019b), respectively. 
Research has also revealed relationships between BSN complexity and 
supply chain disruptions (Bode and Wagner, 2015; Brandon-Jones et al., 
2015). Apart from these relationships, a simulation-based study has 
documented that BSN complexity affects BSN performance (Giannoc-
caro et al., 2018). Although the literature cites multiple strategies that 
can enhance environmental sustainability, the issue of how the 
complexity of a BSN within a multitier structure could affect environmental 
sustainability has not received sufficient attention in the sustainability 
literature. Moreover, the research that investigates firms’ GHG emission 
does not include the focal firms’ supplier network in the investigation 
(Tate et al., 2013). Studies that touch on dyadic relationships (Miemczyk 
et al., 2012) or triadic relationships (Choi and Wu, 2009) do not include 
the complexities of those relationships. These gaps are also critical from 
a theoretical perspective. Specifically, the perspectives of social network 
theory (SNT) and transaction cost economics (TCE) that influence the 
types of complexities and their roles. In addition, these perspectives also 
influence the cost involved in managing these complexities, which in 
turn, affects GHG emissions. BSN complexity has been reported to be a 
multidimensional construct comprising the facets of multiplicity, di-
versity, and interrelatedness (Jacobs and Swink, 2011). Depending on 
the number of members in a network, their interactions, and the type of 
network members, BSN complexity can vary. 

The complexity of a BSN may be the result of multiple factors. 
Reliance by a focal firm on multiple suppliers for the same component is 
referred to as horizontal complexity. Reliance on different tiers of sup-
pliers is referred to as vertical complexity. Reliance on suppliers located 
in multiple geographical regions is referred to as spatial complexity. 
These three complexity dimensions3 may influence multiple aspects of 
coordination within a supply chain (Lu and Shang, 2017), which could 
substantially affect a firm’s GHG emissions. 

Therefore, a key objective of this study is to address the challenges 
relating to the varying roles of structural complexity of a BSN as it in-
fluences GHG emissions. Specifically, we seek to answer the following 
two questions:  

A. How do the different dimensions of complexity, namely, horizontal 
complexity, vertical complexity, and spatial complexity, of a firms’ 
multitier BSN influence the firms’ GHG emissions?  

B. How do the proposed relationships between the dimensions of BSN 
complexity on GHG emissions change according to the levels of firm 
control over BSNs and according to the BSN members’ reach? 

Building on precepts from TCE theory (Williamson, 1979) and SNT 
(Borgatti and Halgin, 2011; Kim et al., 2011), we construct a conceptual 
framework and subsequently test our hypotheses on the relationships 
between multiple dimensions of BSN complexity and firms’ GHG emis-
sions. An embedded influence of the precepts of TCE and SNT is the 

arguments of coordination theory, which also influence these key re-
lationships (Malone et al., 1999). Given the lack of prior empirical ev-
idence, we take a guarded approach and propose that the effects of the 
dimensions of BSN complexity on GHG emissions can vary depending on 
the type of complexity dimension being considered. On a broad level, a 
complexity dimension may have a positive or negative effect on a certain 
outcome measure, and the net effect of the dimension could depend on 
the magnitude of the dimension. Furthermore, these effects can be 
enhanced or reduced according to the levels of network members’ reach, 
and focal firms’ control over the network. 

We propose and estimate a robust empirical model accounting for 
potential endogeneity within the dimensions of BSN complexity by 
utilizing a large secondary dataset that includes the GHG emissions data 
of 319 firms located in 26 different countries in nine different industry 
sectors. Our dataset captures supplier information up to the Tier-24 

level, thereby enabling us to examine in-depth complexity related issues 
in a multitier network structure. Our data analyses reveal that both 
horizontal complexity and vertical complexity had a U-shaped rela-
tionship with GHG emissions. In contrast, spatial complexity had a 
positive relationship with GHG emissions. The reach of network mem-
bers in the BSN positively moderated the relationships between BSN 
complexity dimensions and GHG emissions. However, as the level of the 
focal firms’ control increased, the effects of BSN complexity dimensions 
on GHG emissions decreased. 

In summary, this study makes four major contributions to the extant 
literature. First, this study contributes to the interdisciplinary theory of 
sustainable supply chain management and network complexity by 
extending our understanding of structural complexity within BSNs. 
Second, this study helps explain why firms facing similar levels of 
complexity in their BSNs could experience entirely different levels of 
environmental performance. In particular, we explore this issue by 
investigating the moderating roles of network member reach and focal 
firm control over their complex BSNs. Third, our study makes method-
ological contributions to the literature by carefully collecting secondary 
data (from multiple sources) on BSN complexity and by considering the 
tiered structure (up to the Tier-2 level) of the BSN relationships of each 
firm. In addition, our proposed empirical model accounts for endoge-
neity, thereby addressing the concern that each firm’s BSN complexity 
can differentially influence its GHG emissions. Finally, our study helps 
managers by outlining strategies to become environmentally sustain-
able. For instance, contrary to popular wisdom, we show that horizontal 
and vertical complexity may not always negatively affect environmental 
sustainability. In fact, the relationship is nonlinear in nature. By man-
aging control over the supply network, a focal firm can monitor infor-
mation and material flows that in turn reduce GHG emissions, even 
when complexity is high. Further, based on the positive moderating 
impact of reach on the BSN-complexity–to-GHG-emissions relationship, 
one can deduce that firms carefully calibrate their levels of reach within 
their BSN to obviate the adverse effects on GHG emissions. This is 
because isolated members in the periphery could be tempted to resort to 
opportunistic behavior with respect to compliance with sustainability 
efforts. We provide the details of all four major contributions in a sub-
sequent section (please see the Discussion Section). 

The manuscript is organized in the following manner. In the next 
section, we discuss the related literature on complexity and environ-
mental sustainability followed by the theoretical background of the 
study and hypotheses development. The third section discusses data and 
methodology. In the fourth section, we discuss the contributions of the 

3 “Consideration of a multitier network is vital because lower-tier suppliers 
may engage in unsustainable behavior; in addition, unsustainable behavior is 
magnified because the focal firm can rarely impose any criteria for selecting 
lower-tier suppliers, and there is no contractual relationship between the focal 
firm and lower-tier suppliers. Finally, processing information and monitoring 
material flow from lower-tier suppliers may increase bounded rationality con-
cerns, further increasing the cost of transactions” (Sharma et al., 2019b; pg. 23). 

4 In this study, we are interested only in the structural complexity dimensions 
and not the relational complexity dimensions. Although capturing the relational 
complexity dimensions may provide additional insight, given the technical and 
trust issues associated with capturing such dimensions from the data and 
empirical perspectives (due to the consideration of the multitier nature of 
BSNs), we suggest that scholars explore this issue in the future. 
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study followed by conclusions in the sixth section. 

2. Related literature, theoretical background and hypotheses 

2.1. Complexity in buyer-supplier networks 

A BSN can be defined as a complex network if it consists of numerous 
buyers and suppliers that interact with each other in “nonsimple” ways 
(Simon, 1972). This embedded definition of complexity captures the 
following two key aspects: structural complexity and behavioral 
complexity. Structural complexity has been defined as the total number 
of diverse elements that describe a system (Bode and Wagner, 2015). 
Behavioral complexity has been defined as the set of interactions among 
the elements that describe a system (Bodin and Crona, 2009). Several 
studies have explored BSN complexity, and a summary of the different 
studies that have examined various complexity dimensions is provided 
in Web Appendix Table 1 (see Column 3 in WA Table 1). 

In this study, we consider only the structural complexity di-
mensions.5 Consistent with the works of Lu and Shang (2017) and Bode 
and Wagner (2015), we investigate the following three major structural 
complexity dimensions: horizontal complexity, vertical complexity, and 
spatial complexity (Giannoccaro et al., 2018; Bode and Wagner, 2015). 
Based on the extant literature, we argue that the total number of Tier-1 
(direct) suppliers represent horizontal complexity (Bode and Wagner, 
2015; Bozarth et al., 2009; Choi and Hong, 2002), whereas the average 
number of Tier-2 suppliers per Tier-1 supplier represents vertical 
complexity (Lu and Shang, 2017). Finally, the geographical dispersion of 
BSN is representative of spatial complexity (Lu and Shang, 2017; Bode 
and Wagner, 2015). 

Most studies in the research domain of BSN have examined the 
impact of the structural characteristics of firms’ networks on various 
aspects of firm performance. For example, Bellamy et al. (2014) exam-
ined how a firm’s single-tier (ego) network influenced the innovation 
performance of the firm. Kim et al. (2011) investigated the impact of 
network centrality, centralization, and network density on material 
flows to focal firms. Lu and Shang (2017) explored the impact of the 
various dimensions of BSN complexity on firms’ financial returns. 

Prior related studies have independently explored the influence of 
firm control and BSN member reach on various performance measures of 
focal firms. For instance, BSN member reach has been reported to in-
fluence innovation performance, because reach facilitates information 
diffusion as well as the novel recombination of skills and resources 
(Schilling and Phelps, 2007). Similarly, control over the supply base 
helps firms achieve better environmental and social performance (Par-
migiani et al., 2011). The control of a focal firm over its network exerts 
an influence because a firm with higher control over its BSN can attain 
superior performance compared to that of a firm with less control over 
its BSN. 

2.2. Environmental sustainability 

With more than 6.4 billion tons of carbon dioxide emissions world-
wide, production processes (accounting for more than 20% of global 
emissions) are among the most important contributors to global pollu-
tion levels (O’Rourke, 2014). Recognizing the importance of this issue, 
multiple countries have enacted different regulations to force firms to 
become more environmentally sustainable (Lee and Tang, 2017; Tang 
and Zhou, 2012). Despite multiple regulations at the country level, 
achieving environmental sustainability remains challenging for firms 
largely due to the spread of firms’ supply chains across multiple coun-
tries (Tang and Zhou, 2012). Some scholars have suggested that sus-
tainable supply chain management practices (SSCM) are merely 
symbolic (Chowdhury et al., 2018), which could influence the 
achievement of true gains in environmental sustainability. However, the 
structure of BSNs may also be responsible for the lack of progress in 
environmental sustainability. Due to limited prior research on the topic, 
no tangible evidence is available to support this claim. 

WA Table 1 summarizes the most relevant studies pertaining to our 
research objective. Based on this table, we isolated the gap filled by this 
research and underlined the unique contributions of our study. Although 
the extant literature has investigated the impact of various complexity 
dimensions on different outcomes, our study is the first to empirically 
investigate the impact of BSN complexity dimensions on firms’ envi-
ronmental performance. Our study taps into the same complexity di-
mensions as reported in Lu and Shang (2017) and in Sharma et al. 
(2019b). However, the dominant research focus and ensuing insights 
from our study substantially differ from those of the prior studies 
because: i) our emphasis is on environmental performance; ii) we 
explore the contingency effects of reach and control; iii) we use 
multi-industry, multi-country, and multi-tier data; and iv) we use a 
robust empirical approach that includes checks for endogeneity bias and 
numerous other robustness checks as described in a subsequent section. 
For these reasons, and taken together, our study fills a major gap in the 
literature. We do so by exploring the impact of dimensions of BSN 
complexity on environmental sustainability on a holistic and compre-
hensive basis. 

2.3. Theoretical background 

In this study, we rely on the precepts of TCE theory and SNT to 
propose relationships between dimensions of BSN complexity and firms’ 
environmental performance. The prominent arguments of TCE (i.e., 
bounded rationality and uncertainty) are particularly important to our 
research context. Challenges traced to bounded rationality arise as firms 
in BSN tend to have their own culture and organizational strategies 
(Flynn et al., 2016), which could increase transaction costs. The way in 
which members in a firm’s supply network are embedded (precept of 
SNT) could govern the flow of materials and information in the network. 
A firm’s ability to manage material and information flows could depend 
on its ability to manage its network partners (Kim et al., 2011). This 
ability and interaction among network partners could influence the 
transaction costs in the network (precept of TCE). This leads us to 
conclude that there is promise of tapping into a complementary 

Table 1 
Summary of the data collection process.  

Steps Source No. of firms 

Step 1: Identification of firms reporting emissions data Engaged Tracking index (ET Index) 1510 
Step 2: Identification of firms whose data are “public, complete, and third-party assured” ET Index 486 
Step 3: Collection of environmental performance data Bloomberg ESG, Company Sustainability reports 412 
Step 4: Identification of buyer-supplier relationship data Bloomberg SPLC 326 
Step 5: Collection of control variable data Company annual reports, Bloomberg FA database 319  

5 https://www.theguardian.com/sustainable-business/blog/complian 
ce-collaboration-supply-chain-apple. 
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explanatory power by integrating concepts from both SNT and TCE. For 
example, per SNT, reach (measured by average number of steps required 
for a firm to access any other firm in the network) increases the volume 
of information accessed by a firm. TCE suggests that with increases in 
reach, more interactions will occur, which will increase overall trans-
action costs. Hence, both TCE and SNT work in a complementary fashion 
to explain inter-organizational interactions. 

The structural complexity of a BSN tends to reduce visibility beyond 
Tier-1 suppliers (O’Rourke, 2014). Despite a firm’s best efforts, it may 
not be able to control the flow of materials, which could affect sus-
tainability efforts (Wilhelm et al., 2016). However, an increase in visi-
bility across the supply chain gives a firm access to both material and 
information flows within the network, which in turn, increases control 
over the supply chain. SNT also suggests that such control and reach in a 
BSN positively affect performance because a firm gains access to a 
diverse set of resources, including information. The extant literature in 
SNT highlights the fact that a focal firm can achieve a brokerage position 
(Saunders et al., 2019; Ellram and Tate, 2017) if members in their 
network lack connections (Lu and Shang, 2017). The position of a focal 
firm in the network provides the firm access to novel insights. For 
instance, the presence of a structural hole (Burt, 1995) increases infor-
mation asymmetry, and hinders information and material flows. 
Therefore, firms that exploit structural holes stand a chance of devel-
oping idiosyncratic insights and routines. SNT enhances our under-
standing of why some networks with similar complexity levels may 
encounter higher levels of transaction costs compared to other networks. 
Similarly, TCE explains why high level of transaction costs arises in the 
first place. By blending these two perspectives, there is a promise of a 
richer insight into our main research relationship. 

An increase in the reach of network members may cause some firms 
to become isolated on the periphery (Kenis and Knoke, 2002), thereby 
increasing their possible opportunistic behavior with respect to envi-
ronmental sustainability (Villena and Gioia, 2018). This situation could 
subsequently increase transaction costs (Li, 2014). SNT scholars have 
shown that the presence of “structural holes” in the network could help a 
firm gain access to novel resources. This access in turn helps govern the 
network in a manner that facilitates the efficient flow of information and 
materials, thus helping reduce transaction costs (Ellram and Tate, 2017; 
Bodin and Crona, 2009). For example, occupying this vantage position 
may help in the selection of new materials that are environmentally 
friendly, and in identifying suppliers who can provide these new 
materials. 

In summary, by combining arguments from TCE theory and SNT, we 
postulate that the dimensions of structural complexity in a firm’s mul-
titier BSN influence the focal firm’s environmental sustainability. 

3. Hypotheses development 

3.1. Dimensions of BSN complexity: horizontal complexity 

Horizontal complexity is the “width” of a BSN (Bode and Wagner, 
2015). To reduce dependence on a particular supplier, many firms 
engage with multiple suppliers for the same component or product, 
which increases horizontal complexity (Lu and Shang, 2017). Higher 
levels of horizontal complexity also provide cost advantages (Holcomb 
and Hitt, 2007), and help reduce the safety stock level (Kelle and Silver, 
1990). However, building on arguments from TCE, an increase in hori-
zontal complexity could increase coordination and administrative costs 
as well as the chance of frequent disruptions (Bode and Wagner, 2015). 
In the context of sustainability, as horizontal complexity increases, focal 
firms’ dependence on individual suppliers’ decreases, and thus, such 

firms can insist on more stringent sustainability standards throughout 
the supply chain. Since multiple suppliers provide similar products, 
suppliers lack the collective power to resist the adoption of environ-
mentally sustainable practices that are aligned with standards imposed 
by focal firms. In contrast, the presence of supplier power could serve as 
a hindrance to the focal firms’ ability to achieve sustainability (Lee et al., 
2014). In a qualitative study of a multinational UK company dealing 
with small agriculture growers (suppliers), Touboulic et al. (2014) 
report that power as a dependence mechanism largely explains why 
compliance to standards of sustainable supply chains happen. Therefore, 
implementing sustainability under varying degrees of supplier power 
presents itself as a challenge for focal firms. 

From the TCE perspective, the presence of multiple suppliers reduces 
the uncertainty levels faced by the focal firm. A focal firm may easily 
switch suppliers, if a supplier engages in any opportunistic behavior; 
therefore, it is in the suppliers’ best interests to become more trans-
parent (Joshi and Stump, 1999). Because of such transparency and 
because of dependence of the suppliers on the focal firm for business, the 
quality of products (material flow) tends to be better, resulting in a 
decrease in GHG emissions. Note that one of the reasons for higher GHG 
emission levels is a poor quality of products, information, and produc-
tion processes (Sabaliauskait _e and Kliaugait _e, 2014). Thus, increases in 
horizontal complexity may initially have a negative effect on GHG 
emissions. However, a further increase in horizontal complexity above a 
certain threshold, creates multiple challenges for focal firms. First, with 
an increase in the number of Tier-1 suppliers, a focal firm must manage a 
considerable amount of information, thereby increasing bounded ra-
tionality concerns. Bounded rationality reduces communication har-
mony and provides firms with conflicting information (Vachon and 
Klassen, 2002). This conflicting information could pertain to the type of 
material being used, new technological developments, or supplier 
behavior, all of which contribute to further deviation from the desirable 
environmental performance of focal firms or an increase in hazardous 
gas emissions. Second, increases in horizontal complexity create moni-
toring challenges in the supply chain (Bode and Wagner, 2015). A focal 
firm’s lack of monitoring capability increases the chance that suppliers 
will engage in unsustainable behavior, especially with reference to 
lower-tier suppliers who typically tend to be non-contractual in nature 
(Tachizawa and Wong, 2015). This opportunistic behavior restricts a 
firm’s control over the supplied products leading to higher GHG emis-
sions. Because increases in horizontal complexity may initially decrease 
GHG emissions, but could increase GHG emissions after a certain 
threshold level, we hypothesize the following: 

H1. There is a U-shaped relationship between horizontal complexity 
and firms’ GHG emissions. 

3.2. Dimensions of BSN complexity: vertical complexity 

Vertical complexity is the “depth” of a BSN, and it is indicative of the 
hierarchical levels within the supply base (Tolbert and Hall, 2009). 
Vertical complexity provides firms with the following three types of 
benefits: specialized expertise, unique insights, and assistance in pre-
venting technological obsolescence (Flynn et al., 2016). From the 
perspective of environmental sustainability and SNT, increases in ver-
tical complexity generate multiple sources of expertise from various 
multi-tiered suppliers that facilitate efficiency in production processes, 
the flow of information and materials, and, consequently, a reduction in 
overall waste. As vertical complexity increases, suppliers increasingly 
provide unique knowledge of the market, consumers, competition, and 
technological advancements in other industries. This source of novel 
insights, if implemented properly, can lead to efficient production 
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processes resulting in fewer GHG emissions (Flynn et al., 2016). In 
addition, with an increase in the level of vertical complexity, firms have 
better access to multiple sources of expertise that can help protect them 
against technological obsolescence, poor product quality, and inefficient 
production processes, all of which help in lowering GHG emissions (Lu 
and Shang, 2017). Such protection not only reduces transaction costs, 
but also enhances the effectiveness of technological knowledge, which 
can be tapped to further reduce GHG emissions. 

However, an increase in vertical complexity beyond a certain level, 
may create challenges in monitoring multiple tiers, especially lower-tier 
suppliers. These challenges include limiting a firm’s control over prod-
ucts, production lead times, and quality of output. The costs of 
communication and monitoring could exceed the savings generated by 
supplier specialization. Because lower-tier suppliers could resort to 
opportunistic behavior, specifically behaviors relating to sustainability 
(Lee et al., 2014), we argue that an increase in vertical complexity 
beyond a certain level leads to a decrease in environmental performance 
of focal firms. In addition, vertical complexity is harmful due to bounded 
rationality concerns. With substantial increases in vertical complexity, 
multiple tiers tend to interact with each other. This phenomenon creates 
information ambiguity, especially for the focal firm, which must process 
information from multiple sources, some of which could be inconsistent 
with one another (Lu and Shang, 2017). In such a context of 
decision-making uncertainty, making changes to supply chain processes 
to achieve superior sustainability outcomes may become even more 
difficult. Hence, we hypothesize the following: 

H2. There is a U-shaped relationship between vertical complexity and 
firms’ GHG emissions 

3.3. Dimensions of BSN complexity: spatial complexity 

Spatial complexity highlights the geographical dispersion of mem-
bers in a BSN (Vachon and Klassen, 2002). Firms configure geographi-
cally dispersed chains in order to gain access to cheaper inputs for 
production (Bode and Wagner, 2015), and to explore knowledge outside 
the home country (Zhou, 2007). Researchers have argued that access to 
such diverse sources of knowledge, resources, and inputs helps firms 
exploit country-specific advantages (Rugman and Verbeke, 2001), 
thereby enhancing the focal firms’ financial performance (Bode and 
Wagner, 2015). With respect to sustainability, access to a rich experi-
ence base of success stories on sustainability programs could lead to 
opportunities for cross-fertilization of knowledge pertaining to 
sustainability. 

We posit that increasing spatial complexity may actually be harmful 
to achieving environmental sustainability. First, monitoring a BSN with 
high levels of geographical diversity poses an important practical chal-
lenge for focal firms, and in many cases, this challenge may lead to 
opportunistic behaviors (i.e., poor quality of products and equipment) 
(Obloj and Zemsky, 2015). This situation is especially true because the 
regulatory and social pressures encountered by suppliers may differ 
across countries (Damert and Baumgartner, 2018). Additionally, sup-
pliers in certain countries may be less obligated to engage in sustain-
ability, typically for economic reasons (Damert and Baumgartner, 
2018). Second, increases in spatial complexity could be accompanied by 
inconsistent quality of inputs from suppliers, increasing the cost of 
managing information and material flows (Lu and Shang, 2017) and 
therefore resulting in a decrease in environmental performance. Third, 
global value chains also enhance the uncertainty associated with 
transactions because firms become exposed to multiple sources of de-
mand, competitiveness, and technological uncertainty (Patel et al., 
2012). Under such situations, focal firms may have to make trade-offs 
between environmental sustainability goals and profitability targets. 
Fourth, challenges associated with logistics due to unpredictable events 
(disruptions) increase as spatial complexity increases in the BSN (Lu and 
Shang, 2017). Under unpredictable situations, a firm may rely on 

materials that are not environmentally friendly and could increase 
emissions. Finally, as the level of spatial diversity increases, firms must 
manage suppliers from different cultures and contexts, creating further 
challenges related to bounded rationality (Connelly et al., 2011). For 
instance, because of language differences, there could be communica-
tion gaps, delays and misunderstanding about sustainability programs 
including meeting expected levels of quality of supplies. Although in-
creases in levels of spatial complexity can sometimes generate novel 
information, especially pertaining to sustainability, we argue that the 
costs of increasing spatial complexity outweigh the benefits derived 
from reducing GHG emissions. Hence, we postulate the following: 

H3. There is a positive relationship between spatial complexity and 
firms’ GHG emissions. 

3.4. Moderating effects 

While the previous section considered the direct effects of BSNs on 
environmental performance, these effects cannot explain how some 
firms facing high levels of complexity are still able to achieve their 
environmental sustainability goals. For example, both Wesfarmers Ltd. 
and Woolworths Ltd. have a similar level of BSN complexity (for Wes-
farmers, the horizontal complexity is 45, vertical complexity is 137.36, 
and spatial complexity is 930837.26 whereas for Woolworths, the hor-
izontal complexity is 40, vertical complexity is 152.73, and spatial 
complexity is 903941.73). However, Wesfarmers had 4099.88 thou-
sands of metric tonnes of CO2-equivalent GHG emissions on an average 
between 2013 and 2015, which is significantly higher than the emissions 
of Woolworths, which had 3031.83 thousands of metric tonnes of CO2- 
equivalent emissions during the same period. Such discrepancies 
prompted us to investigate whether any moderating effects might 
explain how firms like Woolworths reduced the effect of BSN on their 
GHG emissions as compared with firms like Wesfarmers. In addition, 
practitioners have asked scholars to explore how the elements of a 
complex BSN affects firms’ sustainability performance.6 Given the 
motivation from the prior literature (academic and practitioner sources) 
and by relying on the tenets of TCE, we argue that the a) reach of firms in 
a BSN that captures the costs of transactions within the network and b) 
control of focal firms over their BSNs moderate the relationships between 
BSN complexity and environmental sustainability. 

3.5. Reach of firms in the network (transaction costs within the network) 

The reach of firms within a BSN captures the ease with which one 
firm in the network can connect with (or reach) another. Increases in 
reach among network members may cause some firms to become iso-
lated on the periphery (Kenis and Knoke, 2002), which can enhance the 
cost of coordination and monitoring. This could lead to an increase in 
opportunistic behavior (i.e., providing poor quality of products and 
equipment) with respect to environmental sustainability (Lee et al., 
2014). For instance, these firms may shirk their responsibility to comply 
with environmental standards as imposed by the focal firms. As the level 
of reach increases, the ability to gain credible information, access 
products with good integrity and quality, and achieve environmental 
compliance are likely to suffer (Schilling and Phelps, 2007). The lack of 
information integrity implies that interventions to mitigate sustain-
ability concerns could become even more cumbersome for focal firms. 
This means that focal firms must invest in additional monitoring efforts, 
which could further increase transaction costs (Hill, 1990). Such efforts 
may also increase the focal firms’ bounded rationality concerns (which 

6 A firm’s facilities can be located across countries; however, we have 
considered the location of the head quarter country and the latitude and 
longitude of that country to calculate the spatial complexity. This is consistent 
with the prior literature (Bode and Wagner, 2015; Sharma et al., 2019b). 
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also increases costs) because the firms will be restricted by the infor-
mation that they otherwise need. The cognitive limitations of their 
organizational memory, as well as the time taken to make decisions 
relating to sourcing environmentally sustainable materials, will also 
increase. 

With respect to horizontal complexity, focal firms’ primary chal-
lenges are associated with monitoring efforts and addressing bounded 
rationality concerns in a manner such that the flow of materials, infor-
mation and supplier products is seamless. For instance, the lack of 
traceability implies that monitoring behavior is reduced due to intrac-
tability (Marconi et al., 2017). Similarly, information-seeking costs 
could increase, resulting in bounded rationality issues (Tate et al., 
2011). As the levels of reach increase, both concerns could be further 
elevated. In addition to these complications due to increases in hori-
zontal complexity, multiple suppliers are left on the periphery because 
of increases in reach, which could lead to additional sets of challenges 
for focal firms. When reach increases, to access another firm in the 
network, a firm must proceed through numerous other firms. Thus, an 
increase in reach also increases transaction costs, which may lead to a 
focal firm not having timely access to information and materials. The 
lack of timely access to information and material could lead to a decline 
in product quality (Li, 2014), which, in turn, can increase GHG emis-
sions. Hence, we hypothesize the following: 

H4a. Increases in the reach of BSN members positively moderate the 
relationship between horizontal complexity and firms’ GHG emissions. 

Multiple tiers are introduced in the supply chain with an increase in 
vertical complexity, which, in turn, increases the challenges to moni-
toring lower-tier suppliers. Increases in reach could further increase the 
challenges of monitoring lower-tier suppliers. A lack of monitoring 
could result in the production of products that could increase emissions 
of hazardous gases. Moreover, acquiring information across distant 
connections and links could place an additional burden on focal firms 
that are bounded rationally. This information could be relevant for 
minimizing waste generation and emission quantities. Thus, the flow of 
materials and information could be delayed or be of inferior quality, 
leading to higher rates of waste generation and emission quantities. Both 
of these adverse outcomes are important to track and control. Further-
more, increases in reach could create issues relating to the coordination 
of information and materials across different tiers, which not only in-
creases costs but also restricts the proper implementation of sustain-
ability practices across tiers (Malone et al., 1999; Wilhelm et al., 2016). 
Finally, an increase in reach could increase transaction costs within and 
across tiers. Thus, the overall efficiency of the network in providing 
good quality information and materials is compromised, which could 
result in higher GHG emissions. Because an increase in reach increases 
both monitoring costs and bounded rationality concerns, we speculate 
that the following hypothesis may be true: 

H4b. Increases in the reach of BSN members positively moderate the 
relationship between vertical complexity and firms’ GHG emissions. 

With respect to spatial complexity, an increase in reach may create 
multiple challenges. Because suppliers are distributed globally, in-
creases in reach create additional challenges in coordinating with sup-
pliers for information. Similarly, troubleshooting tactics tend to be 
difficult to execute due to spatial and cultural distance (Power et al., 
2015). As gaining access to information could play a central role in 
achieving environmental sustainability, increases in reach could slow 
information acquisition, reduce the pace and quantity of information 
and material flow, and, therefore, increase costs. Similarly, increases in 
reach could further enhance the costs of monitoring and the costs 

associated with checking for opportunistic behavior in terms of a poor 
quality of products and delayed supply. When spatial complexity is high, 
monitoring and transaction costs are already very high. Therefore, in-
creases in reach could further increase these costs and render the 
monitoring and implementation of sustainability goals economically 
challenging. Considering these notions, we propose the following 
hypothesis: 

H4c. Increases in the reach of BSN members positively moderate the 
relationship between spatial complexity and firms’ GHG emissions. 

3.6. Control of the focal firm in a BSN 

The difficulties faced by focal firms with respect to information and 
material flows due to complexities in a BSN can be overcome if the firms 
have the capabilities to regulate such flows. The prior literature has 
shown that firms with high control over their BSNs can properly manage 
the flow of information and materials within these networks (Mehra 
et al., 2001; Lee and Billington, 1993). Increases in control over a 
network can also assist a firm in ensuring that suppliers provide products 
and services that are of high quality and delivered in a timely manner. 
Therefore, we propose that focal firms’ control over their networks can 
be an effective strategic lever to monitor opportunistic behavior among 
lower-tier suppliers and to help achieve environmental sustainability 
goals. 

From the perspective of horizontal complexity, a firm’s control over 
its BSN addresses two major issues. First, such control helps mitigate the 
possible opportunistic behavior of suppliers such as the temptation of 
suppliers providing a poor quality of materials and information. Because 
of this mitigation, environmental performance can be enhanced. Sec-
ond, as there are multiple suppliers for the same component, focal firms 
can transfer the learning accrued from one supplier to another. This 
ability may help firms establish environmental standards and influence 
other suppliers who may otherwise not have been inclined to pursue 
environmental sustainability. This ability also helps reduce uncertainty 
among suppliers in similar businesses who were not previously inter-
ested in making investments toward becoming more serious about 
environmental sustainability. When horizontal complexity increases, it 
is necessary for focal firms to have better control over their network 
members to help regulate the flow of information and materials more 
efficiently. As their control increases, focal firms can efficiently 
orchestrate information and material flows, increase their command 
over suppliers to obtain better product quality, and reduce unnecessary 
transaction costs that the firm may need to incur, which in turn can 
reduce the firm’s GHG emissions. Hence, we hypothesize the following: 

H5a. Increases in focal firms’ control over their network negatively 
moderate the relationship between horizontal complexity and the firms’ 
GHG emissions. 

In a vertically complex environment, firms’ control over their BSNs 
not only mitigates possible opportunistic behavior but also helps 
transfer learning from one tier to another. As different tiers have 
different sources of domain knowledge, firms can transfer novel sus-
tainability practices that are isolated in one context across the tiers. For 
instance, this domain knowledge can be traced along the value chain 
from raw materials to components, subsystems and full systems. Because 
of the way in which value chains are structured along the tiered struc-
ture, the locus of raw material knowledge resides with the upstream 
supplier (Narasimhan et al., 2015). At the other end of the spectrum, the 
locus of systems knowledge resides with the first-tier supplier. This 
separation of a specialized body of knowledge also has a ripple effect on 
sustainability. In particular, when the focal firm has control over its BSN, 
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this specialized base of knowledge can be isolated, channeled and 
monitored up and down the BSN. 

Furthermore, due to the focal firms’ enhanced control, the suppliers 
are forced to follow norms that facilitate reductions in operational costs, 
increases in the efficiency of information and material flows, and 
cultivate avoidance in strategic misalignments that may occur across 
different tiers. The full and complete information that is made available 
to focal firms can be used to improve their environmental sustainability 
performance (Connelly et al., 2011). When vertical complexity is high, it 
is difficult to coordinate between and within tiers. However, higher 
control helps focal firms reduce coordination and transaction costs as 
most materials and information flow through focal firms. Hence, we 
hypothesize the following: 

H5b. Increases in focal firms’ control over their networks negatively 
moderate the relationship between vertical complexity and the firms’ 
GHG emissions. 

Finally, geographically dispersed BSNs can also be effectively 
managed via firms’ control over their BSNs. Control over the supply 
network further aids coordination among distant members, which is a 
major strategy used to achieve environmental sustainability. For 
example, consider two networks with 50 suppliers that are geographi-
cally dispersed over 10 regions. In the case of the first network, infor-
mation and materials from 20 suppliers flow through only the focal firm; 
the remaining 30 suppliers are connected to one another such that they 
can access each other. In the case of the second network, information 
and materials from 40 suppliers flow through only the focal firm; the 
remaining 10 suppliers are connected to one another. Due to higher 
control in the second network, the focal firm could be able to leverage 
the information and material flows within the network more efficiently. 
This control could increase the focal firm’s visibility and monitoring of 
the suppliers (Wilhelm et al., 2016), leading to a higher sustainability 
performance (or lower GHG emissions). Based on these considerations, 
we speculate the following: 

H5c. Increases in focal firms’ control over BSN members decrease the 
positive effect (negative moderation) of spatial complexity on the firms’ 
GHG emissions. 

Fig. 1 summarizes our conceptual model and associated hypotheses. 

4. Data and methodology 

4.1. Data 

A major challenge in conducting research that investigates the 
structural properties of real-world BSNs is the lack of availability of data. 
We overcame that challenge in this study by collecting data from a 
privately subscribed Bloomberg supply chain analysis database 
(Bloomberg SPLC), which collects the buyer-supplier relationship data 
of more than 100,000 companies worldwide. While our study appears to 
be closely aligned with the work of Sharma et al. (2019a), we differ from 
that study across multiple dimensions. The Sharma et al. (2019a) study 
explored the relationship between structural characteristics of entire 
BSNs on a firm’s international business performance; while we investi-
gate the impact of supply network structural complexity on a firm’s 
environmental performance. We collected environmental performance 
data from several sources. The primary source of environmental per-
formance data was Bloomberg’s ESG (Environmental, Social, and 
Governance) database. We matched the data collected from the 
Bloomberg ESG database with available sustainability reports from 
firms, the GRI (Global Reporting Initiative), and the CDP (Carbon 
Disclosure Project) database. 

To measure the environmental performance of the firms, we 
collected GHG emissions data and data related to waste generated by the 
firms (see WA-Section A for details of data sources, processes of 
collection and computations). We collected data for computations of 

BSN complexity dimensions from the Bloomberg SPLC database (see 
WA-Section B for details of data sources, processes of collection and 
computations). To calculate the BSN complexity variables, we first 
constructed the BSNs using relationship information obtained from the 
Bloomberg SPLC database. The relationships were divided into four 
categories: COGS, SG&A, R&D, and Capital Expenditure (CAPEX). Most 
of the relationships were COGS relationships (average of 68%). To 
capture the complexity of actual supply networks, we considered all 
types of relationships in the main analyses. However, as the firms’ day- 
to-day business activities and, hence, GHG emissions are substantively 
associated with COGS suppliers, we constructed the networks and 
associated complexity dimensions using COGS relationships. We con-
ducted a separate robustness analysis with data based on the COGS re-
lationships and discuss these results in a subsequent section. As the 
supply relationship data of firms from the US and EU are well docu-
mented, the complexity measures tend to be more reliable for firms 
originating from the US and EU. However, these measures may not be 
very reliable for firms originating from other continents (as the docu-
mentation of relationships is not properly governed by regulations in 
many African, Asian, and Latin American countries). Therefore, we also 
conducted a separate robustness analysis with data from firms origi-
nating in the US and Europe as discussed in a subsequent section. The 
sector-wise and region-wise BSN complexity data are reported in WA 
Table 4 and WA Table 5, respectively. We collected financial and 
industry-related control variable data from annual financial reports and 
the Bloomberg Financial Analysis (FA) database. After collecting data on 
the control variables, our final sample size was 319 firms. Table 1 
summarizes the data collection process. 

5. Operationalization of variables 

5.1. Dependent variable 

Firm GHG emissions (scope 1 and scope 2) represent an appropriate 
measure of firms’ environmental performance (Miemczyk et al., 2012; 
Telle, 2006). The unit of GHG emissions is thousands of metric tonnes of 
CO2 equivalent (Chaabane et al., 2012). GHG emissions include carbon 
emissions and emissions of sulfur oxides, nitrous oxides, methane and 
fluorinated gases. Environmental performance is a multidimensional 
construct, and we also considered waste generated by firms as an 
alternate dependent variable (Horv�athov�a, 2010). 

5.2. Independent variables 

The BSN complexity construct was measured along three di-
mensions, i.e., horizontal, vertical, and spatial complexity. Based on the 
extant literature, we operationalize horizontal complexity as the total 
number of Tier-1 (direct) suppliers (mean ¼ 73.76; SD ¼ 90.06) (Bode 
and Wagner, 2015), whereas the average number of Tier-2 suppliers per 
Tier-1 supplier represents vertical complexity (mean ¼ 113.73; SD ¼
57.83) (Lu and Shang, 2017). Finally, we operationalized spatial 
complexity7 as the “total geographical distance between the focal firm 
and its BSN members who were located in different countries” (Sharma 
et al., 2019b; pg.13). The operationalization is as follows.    

7 Our operationalization does not suffer from any issues in contrast to 
Schilling and Phelps (2007), who consider the average distance-weighted reach 
due to the presence of some disconnected members in their networks (infinite 
path problem). Their operationalization captures the speed of information 
transfer rather than the distance covered by a firm. Our networks do not have 
any disconnected members. We also considered directionality of buyer and 
supplier relationships. 
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where j refers to the different regions where the network members of 
each focal firm i are located at time t. lat and lon represent the latitude 
and longitude of the region as measured in degrees. The radius of Earth r 
was 6371 km. The specific operationalization of spatial complexity in 
our context captures the actual distance of all BSN members from the 
focal firm. The mean value of the geographical distance was 456,164.65 
km (SD ¼ 152113.09 km). 

6. Moderating variables 

6.1. Control of focal firm over BSN members 

We operationalized control of focal firms over BSN members using 
the betweenness centrality measure. When two firms in a network 
interact, the betweenness centrality of the focal firm captures whether 
the other members must proceed through the focal firm. Consistent with 
the literature Freeman (1977), we operationalized betweenness cen-
trality as follows: 

Betweenness CentralityðBCÞit ¼
X

j<k
gjkðniÞ

,

gjk (2)  

where gjkðniÞ refers to the number of shortest paths connecting firms j 
and k that contain firm i, and gjk is the total number of the shortest paths 
connecting firms j and k (Schilling and Phelps, 2007). To compare across 
different industries, we normalized the betweenness centrality. The 
values range between 0 and 1, where 0 indicates no control and 1 in-
dicates that the focal firm has complete control over its network. 

6.2. Focal Firm’s reach 

A firm’s reach captures how far that firm can send or receive infor-
mation. Consistent with the past literature, we operationalized “reach” 
as the average path length8 (Simpson et al., 2018). 

Reach ðAverage path lengthðAPÞÞit ¼
P

j6¼klðj; kÞ
nðn � 1Þ

(3)  

where lðj; kÞ represents the length of the shortest path between two 
nodes j and k, and j6¼k; n is the total number of firms in the network. This 
representation helps capture both the time and distance costs of the 
transactions among firms and overall network efficiency (Li, 2014). 

Fig. 1. Conceptual model and hypotheses.  

Spatial Complexity ðSCÞit ¼
Xn
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i
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8 The control function approach relies on the same types of identification 
conditions as in the instrumental variable approach when models are linear in 
parameters (http://www.nber.org/WNE/lect_6_controlfuncs.pdf). In most 
cases, when an endogenous variable appears linearly in a model, the estimates 
obtained from CF and IV approaches are largely the same (CF approach leads to 
2SLS estimator). However, a difference can arise when there are non-linear 
terms (even if in a parameter) in the models: usually the CF approach offers 
some benefits over the IV approach. If the model includes two terms of hori-
zontal complexity (linear and quadratic) and if we use the IV approach, we will 
need two sets of instruments, one for the linear term of horizontal complexity 
and the other for the quadratic term of horizontal complexity. If we use the CF 
approach, with proper theoretical relevance of the instrument, we can estimate 
the linear term of horizontal complexity as a function of the instrument and use 
the residuals from the model as an independent variable in the second stage 
regression as shown in our context. Although the CF approach provides this 
unique benefit, it imposes extra assumptions not imposed by the IV approach. 
Further, while the CF approach is likely more efficient than a direct IV 
approach, it is less robust. 
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6.3. Control variables 

In addition to the main effects (i.e., the complexity dimensions) and 
the moderating effects (i.e., reach and control), other factors may drive 
firms’ GHG emissions. Hence, we must control for all possible and 
reliable factors. After a detailed review of the extant literature, we found 
that firms’ GHG emissions can be affected by the following three sets of 
factors: firm-specific characteristics, network-specific characteristics, 
and market-specific characteristics. Regarding firm-specific character-
istics, the extant literature suggests that small-sized firms are more 
susceptible to external pressures and can easily adhere to changing 
environmental sustainability issues. Thus, small-sized firms may be 
sufficiently proactive and practice environmental-friendly strategies, 
thus reducing GHG emissions (Darnall et al., 2010). Accordingly, we 
controlled for firm size, which was operationalized as the natural log-
arithm of the number of employees (Wang et al., 2009). Firms’ envi-
ronmental performance could also be affected by disclosure scores; firms 
with high environmental disclosure scores (EDSs) tend to exhibit good 
environmental sustainability performance (Al-Tuwaijri et al., 2004). 
Thus, we controlled for EDS in our study. It is also relevant to argue that 
mature firms (compared to young firms and start-up firms) generally 
rely on existing equipment and older assets and technology, and they are 
therefore expected to have higher GHG emissions (Sørensen and Stuart, 
2000). We control for age, which was operationalized as the difference 
between the year of establishment and the focal year of interest 
(2013–2015), plant and production equipment (PPE), and average asset 
age in our study (Konar and Cohen, 2001). We also control for firms’ 
reputation because reputed firms are likely to attempt to showcase 
environmental sustainability by lowering GHG emissions. Firm reputa-
tion is operationalized as a dummy variable on the basis of whether the 
firm is featured among the top 100 firms in the “Fortune’s Global Most 
Admired Companies” (Lange et al., 2011). If the firm is in the list, the 
variable is coded as 1 and 0 if the firm is not present in the list. A 
resource-rich firm is likely to have more benefits from implementing 
advanced technologies in support of its environmental sustainability 
initiatives. Thus, we control for financial power, which was operation-
alized in our model as ROA (Orlitzky et al., 2011). Regarding the 
market-level factors, consistent with the extant literature, which sug-
gests that the competitive structure of an industry may influence BSN 
complexity and focal firms’ GHG emissions, we included competition as 
a control variable (Modi and Mishra, 2011). The Herfindahl-Hirschman 
(HHI) index is used to measure the competition within an industry. 
Finally, we control for network diameter, a network-level characteristic. 
Prior research has shown that an increase in the network diameter may 
increase transaction costs, such as monitoring costs, and presents chal-
lenges to the flow of information, which may adversely affect environ-
mental performance (Perera et al., 2017). Hence, we control for this 
effect in our paper. 

6.4. Model testing 

We first present the basic regression model and then account for 
endogeneity in our independent variables to test the hypothesized 
effects. 

GHGit ¼αþ βXit þ γZit þ εit (4)  

where GHGit represents the greenhouse gas emissions of firm i at time t, 
and α is the intercept of the model. β and γ are the vectors of the 
regression coefficients. Xit is the matrix of independent and moderating 
variables along with their respective interaction effects. Zit is the matrix 
of the control variables, and the error term εit is assumed to be inde-
pendently and normally distributed. 

6.5. Accounting for endogeneity 

BSN complexity depends on how a firm develops relationships with 
its suppliers. Multiple factors may influence firms’ supplier selection 
decision, all of which may not be observable to researchers. Thus, po-
tential endogeneity issues may exist with the focal variables of interest 
(horizontal, vertical, and spatial complexity) because of the correlation 
between unobserved factors and the dependent variable (Borgatti and 
Halgin, 2011; Lu and Shang, 2017). Network scholars argue that it is 
vital to correct for endogeneity in network research (Carpenter et al., 
2012). In this study, we correct endogeneity by using a two-step CF9 

approach (Petrin and Train, 2010). In this approach, we estimate 
first-stage regression models in which the endogenous variables are 
modeled as a function of a set of controls and at least one exclusion 
variable. We consider the residuals from the first-stage regressions and 
use these residuals as additional control variables in the main model of 
interest. We regressed our independent variables horizontal complexity 
(H COMPit), vertical complexity (V COMPit), and spatial complexity 
(S COMPit) in the first stage regression equations on a set of exogenous 
variables (variables that may affect the complexity of the network). 
These exogenous variables include firm-specific variables, such as firm 
size, firm age, and firm reputation, and financial status such as ROA and 
average asset age. Again, because network diameter and disclosure 
scores may affect the complexity of a BSN, we included these variables 
as exogeneous variables in our model. Finally, because the competitive 
structure of the market and the competition faced by firms may also 
influence network design decisions, we also accounted for competition. 

The extant literature suggests that endogenous equations (first-stage 
regressions) must include at least one variable (instrument) that is 
excluded from the proposed model (second stage regression) (Maddala, 
1983; Hausman, 1978). This restriction is known as ‘exclusion restric-
tion’ and is required solely for the identification of the parameters of the 
model. The instrument must satisfy the relevance and exclusion criteria. 
The variable should be theoretically relevant, should be correlated with 
the endogenous variables, and should not be highly correlated with the 
dependent variable (i.e., environmental performance in our context). 

We argue that firms are strategic in deciding their relationships with 
suppliers, which in turn define the complexity levels in the network. 
Although we observe many factors that may decide how the network is 
formed and the shape that the resulting complexity could take, there are 
multiple managerial actions that we do not observe. Informed by the 
works of Bombaij and Dekimpe (2019), we accounted for potential 
endogeneity with a set of instruments that satisfy the exclusion and 
relevance criteria. Given the uncertainty in the minds of the manager 
because no predefined range of complexities exist, we proposed that 
managers may mimic other firms in the industry (Spender, 1989) to 
select complexity levels. We capture mimicking of the environment (i.e., 
understanding how others in the environment make decisions regarding 
complexity) using the average industry horizontal10 complexity 
ðAVG H COMPitÞ, average industry vertical complexity 
ðAVG V COMPitÞ, and average industry spatial complexity 
ðAVG S COMPitÞ scores. 

The selection of instruments is in line with insights from the theory of 
mimetic isomorphism (DiMaggio and Powell, 1983) and the literature 
on industry recipes (Spender, 1989). Our selection is also consistent with 
similar approaches taken in recent studies (please see Saboo et al., 2016; 
Sharma et al., 2019b). We argue that horizontal complexity, vertical 
complexity, and spatial complexity measures are influenced by the in-
dustry level average of horizontal complexity, vertical complexity, and 
spatial complexity, respectively. Therefore, we use these variables as 

9 Based on earlier scholarship, “While developing the measure, we reflected 
upon each industry type. For example, if a firm belonged to the retail industry, 
we considered the average of the horizontal complexity of all firms’ networks in 
the retail industry” (Sharma et al., 2019b, pg. 23). 
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exclusion restrictions. An industry’s average levels of horizontal 
complexity, vertical complexity, and spatial complexity can be consid-
ered valid exclusion variables from the criteria of both relevance (cor-
relation between average industry levels of complexity and our 
endogenous variables) and exogeneity (no direct effect of average in-
dustry levels of complexity on the dependent variable). In the following, 
we provide the first-stage regression equations: 

H COMPit ¼ γHC þ δHCAVG H COMPit þ θHCzit þ ηHC
it (5a)  

V COMPit ¼ γVC þ δVCAVG V COMPit þ θVCzit þ ηVC
it (5b)  

S COMPit ¼ γSC þ δSCAVG S COMPit þ θSCzit þ ηSC
it (5c)  

where zit denotes the exogenous variables. The constants ηHC
it ;  ηVC

it ;

 and  ηSC
it are the residual terms from the first-stage regressions. In the 

following, we present our final model after considering endogeneity:  

where α represents the intercept H COMPit , V COMPit, and S COMPit 
represent the horizontal, vertical, and spatial complexity, respectively, 
for firm i at time t; and REACHit and CONTROLit represent the reach of 
the network members and the control of the focal firm over the network, 
respectively. πHC, πVC, and πSC are the coefficients of the correction 
terms, and ∂j represents the estimate of the jth control variable. 

6.6. Analyses and results 

To collect, clean, and analyze our data, we used several software and 
programming languages. For example, to collect data from various 
sources and develop the networks, we used Gephi and R. For the oper-
ationalization and estimation, we used SAS and STATA. Notably, we 
allowed our second stage model, which accounts for endogeneity, to be 
heteroscedastically robust such that any potential misspecification in 
the functional form is addressed. In Table 2, we present the correlations 
among the variables and descriptive statistics of the variables in the 
dataset. We also tested for potential multicollinearity in our model. 
Using the criterion of a variance inflation factor (VIF) < 5 (highest VIF ¼
2.50, mean VIF ¼ 1.57), we were able to establish that multicollinearity 
was not a concern in our study. 

Table 3 represents the first-stage regression results (Eqs. (5a)-(5c)). 
As expected, we found that firms mimic the environment while devel-
oping their network relationships. We observed that industry level 
average horizontal complexity (β ¼ 1.182, p < 0.01), industry level 
average vertical complexity (β ¼ 1.032 p < 0.01), and industry level 
average spatial complexity are positively associated with horizontal, 
vertical, and spatial complexity, respectively (β ¼ 0.451, p < 0.01). 
Similarly, we found that horizontal complexity has a positive relation-
ship with firm reputation (β ¼ 44.038, p < 0.01), firm size (β ¼ 112.762 
p < 0.01), and average asset age (β ¼ 0.692, p < 0.1) but has a negative 
relationship with ROA (β ¼ � 0.717, p < 0.05) and firm age (β ¼ � 0.106, 
p < 0.05). Again, firm size (β ¼ � 17.668, p < 0.01) and network 
diameter (β ¼ � 2.462, p < 0.05) have a negative relationship with 
vertical complexity, whereas ROA and vertical complexity are positively 

related (β ¼ 0.916, p < 0.01). Finally, for spatial complexity, we found 
that firm reputation (β ¼ 135283.100, p < 0.01), firm size (β ¼
74513.364, p < 0.01), and network diameter (β ¼ 15026.621, p < 0.01) 
positively impact spatial complexity, whereas firm age (β ¼ � 404.172, 
p < 0.01) is negatively related to vertical complexity. 

We present the results of the main model (Eq. (6)) in Table 4 (Model 
3). AIC and R-square have been used to measure the performance of our 
model. We found that as the horizontal complexity increased, the GHG 
emissions initially decreased (βHC ¼ � 0.033, p < 0.01) and then 
increased (βsq_HC ¼ 0.000093, p < 0.01), depicting the pattern of a U- 
shaped relationship (H1 supported). Consistent with our hypothesis, we 
found that a U-shaped relationship exists between vertical complexity 
and GHG emissions (βVC ¼ � 0.069, p < 0.01, βsq_VC ¼ 0.000053, p <
0.01) (H2 supported). For spatial complexity, we found that as the 
spatial complexity increased, the environmental sustainability was at 
risk, i.e., the GHG emissions increased (βSC ¼ 0.000012, p < 0.01) (H3 
supported). We also found support for our moderating effects. We found 
that the relationship between horizontal complexity and GHG emissions 

was positively moderated by network reach (β ¼ 0.0040, p < 0.01) (H4a 
supported). Similarly, as hypothesized, we found that network reach 
positively moderated the relationship between vertical complexity and 
GHG emissions (β ¼ 0.013, p < 0.01). However, contrary to our hy-
pothesis, we did not find support for the positive moderation effect of 
network reach on the relationship between spatial complexity and GHG 
emissions (H4c not supported). 

Regarding the contingency effects of the focal firms’ control, we 
found that as control increased, the relationship between horizontal 
complexity and GHG emissions was negatively affected (β ¼ � 0.099, p 
< 0.05) (H5a supported). In H5b, we speculated that the control of a 
firm over the network negatively moderates the relationship between 
vertical complexity and GHG emissions. However, we did not find 
support for this hypothesis (β ¼ � 0.213, H5b n.s.). Similarly, H5c 
posited that the control of a firm negatively affects the relationship 
between spatial complexity and GHG emissions; however, we did not 
find any support for this hypothesis (β ¼ � 0.000054, H5c n.s.) (see in-
teractions effects in WA-Fig. 1). For endogeneity, we found that hori-
zontal complexity ðπHC ¼ 0:010;  p< 0:01) and vertical complexity 
ðπVC ¼ 0:011;  p< 0:01) dimensions were endogenous. Our control 
variables also revealed interesting insights. We found that firm size (β ¼
2.177, p < 0.01), PPE (β ¼ 0.000022, p < 0.01), average asset age (β ¼
0.067, p < 0.01), and firm age (β ¼ 0.0040, p < 0.01), all positively 
influenced GHG emissions of the firms. These findings suggest that large 
firms with a high amount of old assets emit more GHG than small newer 
firms with fewer assets. However, as ROA increases (β ¼ � 0.028, p <
0.01), GHG emissions decrease. This finding suggests that profitable 
firms address their GHG emissions. The proposed model had a reason-
ably high R-square (63.50%). The AIC of the proposed model is 
3081.964. Notably, the proposed model had a better model fit (R2 ¼

63.50%, RMSE ¼ 1.195, AIC ¼ 3081.964) than the “controls only” 
model (R2 ¼ 53.60%, RMSE ¼ 1.338, AIC ¼ 3284.543) (Model 1 in 
Table 4). 

GHGit ¼ αþ βHCH COMPit þ βsq HCH COMP2
it þ βVCV COMPit þ βsq VCV COMP2

it þ βSCS COMPit þ βREREACHitþ

βRE HCðH COMPit � REACHitÞ þ βRE VCðV COMPit � REACHitÞ þ βRE SCðS COMPit � REACHitÞ þ βCT CONTROLit þ βCT HC

ðH COMPit � CONTROLitÞ þ βCT VCðV COMPit � CONTROLitÞ þ βCT SCðS COMPit � CONTROLitÞ þ
XJ

j¼1
∂jControlj þ πHCbηHC

it þ πVCbηVC
it þ πSCbηSC

it þ εit

(6)   
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6.7. Robustness assessments 

We also performed multiple robustness checks to validate the results 
of our main model shown in Eq. (6). To check the incremental perfor-
mance of our model, we estimated Eq. (6) with one independent variable 
at a time (e.g., horizontal complexity) and our control variables. The 
“Horizontal complexity only” model (R2 ¼ 56.07%, AIC ¼ 3241.972), 
“Vertical Complexity only” model (R2 ¼ 58.32%, AIC ¼ 3191.258), and 
“Spatial complexity only” model (R2 ¼ 55.18%, AIC ¼ 3258.813) were 
inferior in performance to that of our proposed model (R2 ¼ 63.50%, 
AIC ¼ 3081.964). The results of these analyses specifically showed that 
it is critical to include all main complexity dimensions to understand the 
impact of the structural complexity of a BSN on GHG emissions. We also 
estimated Eq. (6) without endogeneity (R2 ¼ 62.40%, AIC ¼ 3104.432) 
(Model 2 in Table 4) and without moderating effects (R2 ¼ 56.90%, AIC 
¼ 3225.909) (Model 4 in Table 4) that served as benchmark models. Our 
results revealed that our full model outperformed all benchmark models 
considered. We also attempted different functional forms, and the re-
sults were also consistent across different functional forms. 

6.8. Alternate dependent variable 

As a part of our robustness assessment, we tested our model with an 
alternate operationalization of the dependent variable of sustainability, 
i.e., waste generated at the firm level as measured in thousands of metric 
tonnes. The waste data include both hazardous waste and nonhazardous 
waste such as paints and solvents, used motor oil, and antifreeze. We re- 
estimated Eq. (6) with the “waste generated” by firms (measured in 
thousands of metric tonnes, including both hazardous and nonhazardous 
waste) as the dependent variable. Our results remained largely consis-
tent across models. These alternate dependent variable analyses lent 
further support to the notion that the structural complexity of a BSN 
affects a wide range of environmental sustainability measures. Further, 
we calculated two new dependent variables: revenue normalized (log of 
GHG emissions by revenue) and total asset normalized (log of GHG 
emissions by total assets) GHG emissions, and we re-estimated our 
models. We find that with these two additional alternate dependent 
variables, we obtain support for most of our hypotheses (See Table 5). 
This provides additional evidence of robustness of our data, model and 
results. 

6.9. Considering only european and north American firms 

The relationships and emissions data may be much more robust (due 
to stricter regulatory structure and governance) in the case of firms 
originating from North America and the European Union than in the 
case of firms originating from Asian or South American regions. 
Therefore, to ensure that our proposed results were valid even after 
removing the non-European and non- North American firms, we re- 
estimated Eq. (6) by including only firms originating in North America 
and EU. As reported in WA Table 2 Model 1, we obtained support for H1, 
H2, H3, H4a, H4b, and H5c. 

6.10. COGS relationships only 

In this study, we intend to show that even after considering all 
possible relationships [COGS (Cost of Goods and Services), SGN&A 
(Selling, General and Administrative Expenses), R&D (Research and 
Development), and CAPEX that firms maintain with their suppliers, 
network complexity should influence GHG emissions of firms. However, 
some relationships, such as R&D, SG&A, and CAPEX, may not be as 
effective as COGS in influencing GHG emissions. Thus, as discussed 
above, we collected data regarding the COGS relationships of each firm 
with their suppliers and computed the complexity measures (see WA 
Table 6 for the descriptive statistics). Using the newly developed mea-
sures, we re-estimated Eq. (6). Notably, we also re-estimated the Ta
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endogenous equations to ensure that we explicitly captured the effects of 
COGS relationship-based BSN networks’ complexity on GHG emissions. 
As evident from WA Table 2 Model 2, we found largely consistent results 
in terms of the direction of our proposed model results. 

6.11. Intrafirm heterogeneity 

We account for intrafirm heterogeneity using a variety of control 
variables. We also captured the dependence across observations for each 
firm by allowing the error terms to be heteroskedastic. Finally, in a 
separate analysis, we captured unobserved heterogeneity using a 
random effects specification. After accounting for the unobserved het-
erogeneity, we found support for H2, H3, H4b, and H5c. 

6.12. Post hoc analyses 

BSN structure may vary across different types of industries (Pathak 
et al., 2007), and this variation in structure may be due to outsourcing 
decisions. As discussed above, our data were obtained from nine in-
dustry sectors, and thus, the GHG emissions are likely to vary depending 
on the nature of the firm’s industry. Similarly, firms originating from 
different countries face different regulatory environments; thus, the 
GHG emissions are likely to vary. Finally, it is important to investigate 
the impact of the interaction among the complexity dimensions. What is 
the impact on GHG emissions if Tier 1 suppliers remain the same, but the 
number of Tier 2 suppliers increases? The interactions among the 
complexity dimensions indicate that a firm may obtain different values 
from different sourcing decisions and may increase the overall quality of 

Table 3 
Results of the first-stage regression.   

DV ¼ Horizontal complexity DV ¼ Vertical complexity DV ¼ Spatial complexity 

Average horizontal complexity 1.182***(0.094)   
Average vertical complexity  1.032***(0.066)  
Average spatial complexity   0.451***(0.117) 
Firm size 112.762***(5.717) � 17.668***(4.226) 74513.364***(10789.673) 
Firm reputation 44.038***(7.692) 1.374(5.690) 135283.103***(15061.654) 
Disclosure score � 0.197(0.165) 0.055(0.123) � 247.148(325.295) 
HHI 74.469(59.009) � 1.077(42.924) 147852.276(114167.063) 
Average asset age 0.692*(0.402) 0.136(0.299) � 260.749(786.904) 
Network diameter 0.229(1.314) � 2.462**(1.015) 15026.621***(2564.575) 
ROA � 0.717**(0.362) 0.916***(0.267) 474.427(698.884) 
Firm Age � 0.106**(0.041) 0.049(0.031) � 404.172***(82.204) 
Intercept � 497.709***(25.751) 82.340***(18.517) � 180207.792***(68880.912) 
F-stat 84.41*** 35.89*** 33.74*** 

Standard errors shown in parentheses| *p < 0.1, **p < 0.05, ***p < 0.01. 

Table 4 
Hypothesized model results.   

Model 1 Model 2 Model 3 Model 4 

DV ¼ log (Firm emissions) Controls Only Without endogeneity correction Main model Without moderation 

Horizontal Complexity (HC)  � 0.030***(0.006) � 0.033***(0.006) � 0.017***(0.002) 
SQ_HC  0.000010***(0.000003) 0.000093***(0.0000028) 0.000011***(0.000004) 
Vertical Complexity (VC)  � 0.063***(0.008) � 0.069***(0.008) � 0.023***(0.004) 
SQ_VC  0.000055***(0.000010) 0.000053***(0.000010) 0.000024**(0.000012) 
Spatial Complexity (SC)  0.0000056**(0.0000023) 0.000012***(0.000004) 0.0000056*(0.0000033) 
Reach (RE) 0.545***(0.127) � 0.959***(0.261) � 0.749***(0.257)  
Control (CN) � 17.723***(3.330) 7.180(14.354) 7.542(14.980)  
HC X CN  � 0.153***(0.047) � 0.099**(0.014)  
VC X CN  � 0.248(0.170) � 0.213(0.181)  
SC X CN  � 0.000038**(0.000041) � 0.000054(0.000039)  
HC X RE  0.0057***(0.0016) 0.0040***(0.0015)  
VC X RE  0.014***(0.002) 0.013***(0.002)  
SC X RE  � 0.00000056(0.0000005) � 0.00000075(0.00000046)  

Endogeneity HC   0.010***(0.002) 0.008***(0.002) 
Endogeneity VC   0.011***(0.003) 0.014***(0.003) 
Endogeneity SC   � 0.0000050(0.0000031) � 0.0000033(0.0000033) 

Firm Size 0.977***(0.143) 1.650***(0.156) 2.177***(0.245) 1.953***(0.256) 
Firm reputation � 0.117(0.145) � 0.222*(0.134) � 0.379(0.395) � 0.092(0.427) 
Disclosure Score 0.006(0.003) 0.0039*(0.0033) 0.0039(0.0033) 0.011***(0.003) 
HHI � 4.933***(1.152) � 2.530**(1.021) � 1.915*(1.090) � 2.548**(1.204) 
PPE 0.000028***(0.000003) 0.000024***(0.000003) 0.000022***(0.000003) 0.000023***(0.000003) 
Avg. Asset Age 0.052***(0.008) 0.059***(0.007) 0.067***(0.008) 0.072***(0.009) 
Network Diameter 0.049(0.031) 0.063**(0.032) � 0.054(0.059) � 0.006(0.059) 
ROA � 0.026***(0.007) � 0.030***(0.007) � 0.028***(0.007) � 0.026***(0.007) 
Firm Age 0.002**(0.001) 0.003***(0.001) 0.0040***(0.0014) 0.004**(0.002) 

Intercept � 0.068(0.683) 2.530**(1.245) � 0.272(1.537) � 1.892*(1.079) 

R-Square 0.536 0.624 0.635 0.569 
F stat 85.10*** 69.43*** 64.55*** 59.48*** 
RMSE 1.338 1.211 1.195 1.29 
AIC 3284.543 3104.432 3081.964 3225.909 

Robust standard errors shown in parentheses| *p < 0.1, **p < 0.05, ***p < 0.01| We estimated the model using a robust regression procedure, and the model per-
formance is reflected in the R-square value. However, we also find the AIC values and presented the same as another indicator of model performance. 
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input materials, leading to a reduction in the firm’s GHG emissions. 
Through a select set of post hoc analyses, we explored the above-
mentioned possibilities. 

6.13. Interaction among complexity dimensions 

Do the interactions among the complexity dimensions affect GHG 
emissions? Although there is no theoretical/empirical support for such 
effects in the literature, exploring the impact of interactions among 
complexity dimensions on GHG emissions is important for the following 
two reasons: 1) this information could provide managers with joint 
network structure optimization strategies; and 2) this information could 
inform managers in terms of how to the reduce costs of coordination by 
strategically developing supplier relationships, which could result in a 
decrease in GHG emissions. We included the two-way interactions 
among horizontal, vertical, and spatial complexity and re-estimated Eq. 
(6). As evident from Model 1 in WA Table 3, the results remain largely 
consistent even after incorporating the interactions. Moreover, we found 
that the interaction between horizontal and vertical complexity had a 
negative effect on GHG emissions (β ¼ � 0.000065, p < 0.01). This 
finding suggests that when the number of Tier 1 suppliers increases but 
the number of Tier 2 suppliers per Tier 1 supplier remains the same, 
focal firms can more effectively manage the flow of materials and in-
formation, thereby resulting in reduced GHG emissions. 

6.14. Country fixed effects 

To capture the country of origin effect, we re-estimated Eq. (6) with 
Denmark as the base country. From the results shown in WA Table 3 
Model 2, we discern that firms originating from Belgium (β ¼ 1.151, p <
0.01), India (β ¼ 0.461, p < 0.1), Luxemburg (β ¼ 3.468, p < 0.01), and 
South Africa (β ¼ 1.653, p < 0.01) have higher GHG emissions than 
firms originating from our base country of Denmark. However, firms 
originating from Canada (β ¼ � 0.775, p < 0.05), China (β ¼ � 0.812, p 
< 0.01), Finland (β ¼ � 0.591 p < 0.05), Ireland (β ¼ � 0.944, p < 0.05), 
Sweden (β ¼ � 0.511, p < 0.1), Singapore (β ¼ � 0.684 p < 0.05) and 
Taiwan (β ¼ � 0.877 p < 0.1) have lower GHG emissions than firms 
originating from Denmark. 

6.15. Industry fixed effects 

Our dataset captured firms belonging to nine different industry 
sectors. The emissions of a firm could depend on the type of industry to 
which it belongs. To capture the industry fixed effects, we re-estimated 
Eq. (6) with the services industry sector as the base industry. We found 
that firms belonging to the healthcare sector (β ¼ � 3.721, p < 0.01) had 
fewer emissions than firms belonging to the services sector. Firms 
belonging to the infrastructure (β ¼ 7.072, p < 0.01) sector had signif-
icantly more emissions than those in the services sector. 

6.16. Omitted variable bias and time fixed effects 

A firm’s past performance may have some bearing on current per-
formance, which may be a cause of concern because it may create 
omitted variable bias. We used the predicted values of lagged GHG 
emissions and estimated a model based on the procedure as outlined by 
Arellano and Bond (1991). Specifically, we used the GHG at t-1 and t-2 
as an instrument to measure lagged GHG emissions and included the 
predicted values of lagged GHG emissions in our model as an additional 
control variable. Notably, due to the modeling of past performance, 904 
observations are included in this estimation. As evident from WA 
Table 2, Model 3, we found support for most of our proposed hypotheses 
and discovered that past GHG emissions negatively influenced current 
GHG emissions. Finally, we accounted for time fixed effects via a sepa-
rate analysis considering the year 2013 as the baseline and including 
two dummy variables for the year 2014 and the year 2015 as controls. 

Table 5 
Alternate Dependent Variables (Revenue and Total Asset Normalized GHG 
emissions).   

Model 1 Model 2  

DV ¼ Revenue Normalized 
GHG Emissions 

Total Assets Normalized 
GHG Emissions 

Horizontal 
Complexity (HC) 

� 0.003***(0.001) � 0.003***(0.001) 

SQ_HC 0.0000010***(0.0000003) 0.0000012***(0.0000003) 
Vertical Complexity 

(VC) 
� 0.007***(0.001) � 0.008***(0.001) 

SQ_VC 0.0000055***(0.0000010) 0.000006***(0.000001) 
Spatial Complexity 

(SC) 
0.0000010***(0.0000004) 0.0000010***(0.0000004) 

Reach (RE) � 0.063**(0.028) � 0.094***(0.027) 
Control (CN) 0.293(1.548) 1.933(1.679) 
HC X CN � 0.011**(0.005) � 0.007(0.005) 
VC X CN � 0.024(0.018) � 0.030(0.020) 
SC X CN � 0.000(0.000) � 0.000(0.000) 
HC X RE 0.00029*(0.00016) 0.001***(0.000) 
VC X RE 0.0013***(0.0002) 0.002***(0.000) 
SC X RE � 0.000(0.000) � 0.000*(0.000) 

Endogeneity HC 0.001***(0.000) 0.000(0.000) 
Endogeneity VC 0.001***(0.000) 0.001***(0.000) 
Endogeneity SC � 0.000(0.000) � 0.000(0.000) 

Firm Size 0.079***(0.025) 0.039(0.025) 
Firm reputation � 0.020(0.041) � 0.039(0.041) 
Disclosure Score 0.000(0.000) 0.000(0.000) 
HHI � 0.226**(0.112) � 0.181(0.117) 
PPE 0.000***(0.000) 0.000***(0.000) 
Avg. Asset Age 0.007*** (0.001) 0.006***(0.001) 
Network Diameter � 0.004(0.006) � 0.000***(0.006) 
ROA � 0.003*** (0.001) � 0.001*(0.001) 
Firm Age 0.000*** (0.000) 0.000**(0.000) 

Intercept 0.583*** (0.164) 0.858***(0.159) 

R-square 0.471 0.472 
AIC � 1254.620 � 1254.857 

Robust standard errors shown in parentheses| *p < 0.1, **p < 0.05, ***p < 0.01. 

Table 6 
Dynamic effects.   

Model 1 

DV ¼ log (GHG) 
Horizontal Complexity (HC) � 0.052***(0.006) 
SQ_HC 0.000013***(0.000003) 
Vertical Complexity (VC) � 0.084***(0.009) 
SQ_VC 0.00006***(0.00001) 
Spatial Complexity (SC) 0.000024***(0.000004) 
Reach (RE) � 1.066***(0.284) 
Control (CN) � 10.500(15.410) 
HC X CN 0.017(0.044) 
VC X CN � 0.163(0.191) 
SC X CN � 0.000(0.000) 
HC X RE 0.006***(0.002) 
VC X RE 0.015***(0.002) 
SC X RE � 0.000(0.000) 
Endogeneity HC 0.017***(0.002) 
Endogeneity VC 0.014***(0.003) 
Endogeneity SC � 0.000***(0.000) 
Firm Size 2.716***(0.269) 
Firm reputation � 1.713***(0.375) 
Disclosure Score 0.010***(0.003) 
HHI � 3.664***(1.201) 
PPE 0.086***(0.009) 
Avg. Asset Age � 0.036***(0.007) 
Network Diameter � 0.280(0.057) 
ROA 0.009***(0.001) 
Intercept � 4.089**(1.602) 
R-Square 0.574 
AIC 3228.181 

Robust standard errors shown in parentheses| *p < 0.1, **p < 0.05, ***p <
0.01. 
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We found that the time fixed effects of 2014 and 2015 did not have any 
significant effect on GHG emissions in the year 2013. The results of the 
proposed relationship remained consistent (please see WA Table 3 
Model 3). 

6.17. Dynamic effects 

We also estimated a model that captures dynamic effects. In this 
analysis, we allow GHG emissions at t þ 1 and the focal variables as well 
as endogeneity correction terms at t. We kept all control variables at t. 
The estimation of the model results in directionally consistent estimates 
as shown in Table 6. The results also indicate that our results are valid 
even in a dynamic setup of our model. 

7. Discussion 

Although firms have put significant effort into managing environ-
mental sustainability, achieving sustainability goals are becoming 
increasingly challenging. In this paper, we argue that, apart from other 
relevant factors, structural relationships of multi-tiered BSN may also 
affect environmental sustainability. Although the literature has devoted 
considerable time and attention to understanding the relationship be-
tween network characteristics, network complexity dimensions and 
firms’ financial performance (Lu and Shang, 2017), and network char-
acteristics and innovation performance (Bellamy et al., 2014; Sharma 
et al., 2019b), the research linking the characteristics of BSNs to firms’ 
environmental performance is still limited. Understanding the rela-
tionship between complexity in BSNs and firms’ environmental perfor-
mance is critical because the management of the global supply chain to 
achieve sustainability goals is becoming a top priority for most firms. 
This is true not only in understanding how BSN characteristics influence 
GHG emissions, which is by definition an ‘end-to-end’ influencing pro-
cess, but also another aspect of sustainability performance, which is 
waste reduction. In this study, we address this gap and make several 
contributions to the academic literature and to practitioners as discussed 
below. 

7.1. Contributions to the academic literature 

From an academic contribution perspective, this study shows that to 
attain environmental sustainability, firms must consider their multi- 
tiered network structure and its associated complexity dimensions. 
This study not only measures the complexity dimensions of BSNs using a 
comprehensive dataset but also addresses a somewhat complex issue in 
the BSN structure research: How should firms manage their BSNs so that 
the negative effects of network complexity on environmental perfor-
mance can be reduced? In contrast to the extant literature, which argues 
that BSN complexities negatively affect environmental performance 
(Tachizawa and Wong, 2015; Closs et al., 2011), this study revealed a 
differential pattern of results while investigating the effects of different 
types of BSN complexity on environmental performance. Specifically, 
we investigated how BSN complexity can facilitate environmental sus-
tainability by providing visibility across the supply chain and, thus, 
facilitating the flow of information and material. Thus, we broaden the 
literature by exploring unique relationships between BSN complexity 
and environmental performance. 

The manner by which firms manage their multitier BSN through 
coordination and collaboration, and thereby their BSN complexity, 
could influence environmental sustainability outcomes. In particular, 
collaboration is one of the key factors needed to implement SSCM 
practices (Esfahbodi et al., 2016). We extend the literature by explicitly 
examining BSN complexity and its three key underlying dimensions 
(horizontal, vertical and spatial complexity) as drivers of sustainable 
strategies. The pattern of results suggests that certain dimensions act as 
facilitators and other dimensions act as inhibitors of sustainability out-
comes. Second, through our moderators, we delve deeper in another 

aspect. We explore the boundary conditions to highlight that the same 
levels of BSN complexity may not yield similar levels of environmental 
performance. We do this by tapping into the theoretical precepts of TCE 
and SNT. Our study provides evidence that the complexity dimensions of 
a BSN influence information and material flows, a theoretical argument 
that is well established by the SNT (see Malone et al., 1999), thereby 
affecting environmental performance. Furthermore, firms can capitalize 
on these relationships by managing the reach of their BSN members and 
by asserting control over their BSN members. By relying on the precepts 
of SNT, we chose the constructs of network members’ reach and the 
focal firm’s control of its complex network to effectively argue that these 
two constructs play a contingency role, which further enhances our 
understanding of how firms adequately manage the effects of a complex 
BSN. In this context, our research findings support and extend the 
existing SNT literature by empirically establishing that by managing 
reach and control, firms can strategically overcome issues relating to 
BSN complexity to improve their environmental performance. 

By relying on the precepts of TCE theory, we found support for the 
assertion that the control of the flow of materials and information is vital 
for achieving improved environmental performance (Tate et al., 2011; 
Williamson, 1979, 1981), especially when transaction costs are high. In 
particular, this approach helps mitigate the effects of bounded ratio-
nality and reduces the chances of suppliers (especially lower-tier sup-
pliers in the periphery) resorting to opportunistic behavior with respect 
to compliance with a focal firm’s sustainability strategies. In contrast to 
Wilhelm et al. (2016) work, which taps into precepts of agency theory 
and institutional theory to help explain the opportunistic behavior of 
second tier suppliers, our work not only uses a different theoretical lens 
(of TCE) but also examines similar opportunistic behavior in a BSN of a 
supply chain. Additionally, it must be borne in mind that the Wilhelm 
et al. (2016) study used a qualitative case study approach to test their 
conceptual framework. In contrast, we examined multitier network 
phenomena using a robust secondary data set, which is arguably much 
more difficult to execute. In part, this addresses the call as mentioned in 
the conceptual work of Tate et al. (2013) for an empirical validation 
using a network perspective to understand sustainability performance. 

7.2. Practical implications 

From the perspective of managers, this study provides new strategic 
insights. Most research on BSNs has focused on exploring the effect of 
Tier-1 suppliers on environmental performance (Tate et al., 2013). 
However, as the network structure evolve, merely focusing on Tier-1 
suppliers may not yield better results for environmental sustainability. 
In this paper, we focus on multi-tier BSNs and show how various aspects 
of BSN complexity may affect environmental performance. For man-
agers, this study highlights the need for designing the supply base by 
considering multiple levels, and by considering outcomes of environ-
mental sustainability as a key performance indicator. This approach 
addresses two of the three elements of the triple bottom line (economic 
and environmental). This study guides managers to look at network 
reach and firms’ control over the network as strategic tools to mitigate 
challenges associated with high BSN complexity. By designing a network 
with low risk and high control, a manager may mitigate challenges 
associated with BSN complexity. Indeed, current frameworks, such as 
cradle-to-cradle protocols, have been deployed to deliver higher sus-
tainability value across multi-tiered network participants (Flynn, 2009). 
Second, managers must realize that an optimal level of complexity exists 
for most complexity dimensions. Again, all complexity dimensions may 
have differential effects on performance. To mitigate these concerns, 
managers must take into account the effects of these optimal levels and 
design the BSN in order to achieve superior environmental performance. 

On this issue, this study also identifies specific strategies for man-
agers to achieve better environmental performance. First, by developing 
a relationship with lower tier suppliers (i.e., reducing reach), a firm may 
mitigate the negative effects of horizontal and vertical complexity on 

A. Adhikary et al.                                                                                                                                                                                                                               



International Journal of Production Economics 230 (2020) 107864

15

environmental performance. Second, managing control over the BSN, a 
firm can still achieve high levels of environmental performance despite 
the presence of high complexity in its BSN. Thus, we provide a road map 
for managers to achieve strong environmental performance. 

The results from the country fixed effects analyses suggest that 
managers should consider the country of origin of a firm, which may 
play a big role in its GHG emissions. This is partially true due to the 
inherent nature of the regulations that determine the nature of the 
product, process and equipment manufactured and supplied, which may 
significantly affect GHG emissions. One of the strategies that a manager 
may include is to check on the environment regulations of the country in 
which it operates and in the country of origin of the firm and be sure to 
take actions to design network strategies such that the negative effects of 
complexities on GHG emissions are minimized. The insights from in-
dustry fixed effects also indicate that managers in the infrastructure 
sector should be careful about the design of network strategies such that 
the impact of complexities on GHG emissions can be reduced. While 
managers in the healthcare industry are well off, any attempt to reduce 
GHG emissions will help the environment. 

8. Conclusions 

This study provides evidence that complexity in the BSN influences a 
firm’s GHG emissions; such effects are moderated by a firm’s reach in its 
supply network and its control over its supplier partners. Country of 
origin and operations have differential effects on a firm’s GHG emis-
sions, and the type of industry sector to which a firm belongs also affects 
its GHG emissions. There is a possible dynamic relationship between 
emissions and network complexities. Depending on the number of sup-
pliers in a firm’s Tier-1 and Tier-2, and their respective interactions, the 
effects of complexities can vary across firms. The effects of complexity 
on GHG emissions is heterogeneous across firms. 

Although we attempted to address multiple issues associated with 
BSN complexity and environmental performance, the paper is not free 
from limitations. First, we estimate a static model although network 
designs continue to evolve. A lack of data forced us to make this choice. 
Going forward, researchers may attempt to understand how to address 
issues associated with the dynamic nature of network complexity. Sec-
ond, a firm’s different ‘triple bottom line’ performance measures, i.e., 
financial, environmental, operational, and social performance, could be 
interrelated. We also acknowledge that we did not specifically consider 
the social dimension other than through an indirect approach by 
considering Carbon Disclosure Scores, which can be a social or com-
munity indicator. Understanding the impact of network complexity on 
different ‘triple bottom line’ measures in combination may offer a 
deeper understanding of the underlying trade-off relationships. For 
example, the influence of network complexity on financial or environ-
mental performance may not be the same as that on operational and 
social performance. Hence, future research should explore the interplay 
among these factors to obtain a better understanding of trade-off re-
lationships. Third, BSN complexity measures do not incorporate the 
amount of business in which a firm engages with its suppliers. For 
example, a firm could source 80% of its total materials from one supplier 
and the remainder from multiple other suppliers while another firm 
could source 10% of its total materials from one supplier and 90% from a 
group of suppliers; this difference may entail different relationship dy-
namics. However, it is very challenging to incorporate such combina-
tions into complexity measures when one considers large scale multitier 
BSNs. Future research may attempt to overcome this limitation in our 
data by appropriately designing new programs and tools that can cap-
ture such richness in the data. Finally, we could not consider the func-
tional (i.e., product-specific) relationships and the network complexity 
evolving from such functional relationships due to a lack of data avail-
ability. It may be noted that such data is close to impossible to collect. 
Further, functional relationships are at the product level, and under-
standing complexity by considering such relationships may not allow for 

properly investigating firm-level emissions. However, investigating this 
issue by developing appropriate methods presents a very promising 
opportunity. This approach has the potential to make substantive con-
tributions to the body of knowledge; however, we leave this and other 
issues for future research. 
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