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Introduction
Agility is one of three core qualities constituting effective and efficient supply chains (SCs) (Lee, 2004).

How to achieve, improve, and enhance supply chain agility (SCA)is not only a research interest of
academics but also a burning question for the practitioners. Accordingly, building an appropriate agility
model and assessing agility levels are essential before improvement plans are implemented. However,
both agility models and agility assessment approaches have received little attention. Meanwhile, much

of the literature centres on exploring the concept, developing measurement, and examining the effects
of SCA on firm performance (AlKahtani et al,, 2019, Sharma et al., 2017).

From the lens of a complex adaptive system (CAS), like other SCM phenomena, SCA is neither
determined merely by an aggregation of firms: efforts nor controlled deliberately by a single entity
(Surana et al,, 2005, Choi et al,, 2001). The network perspective also highlights that SC capability varies
upon the interconnectedness of SC relationships Wichmann and Kaufmann, 2016). However, SCA is
often studied from a firm's view (Sharma et al, 2017). A few studies take a supply chain view yet little
consider relationship dynamics and interconnectedness with other SCs (Fayezi et al,, 2017).

Social network analysis (SNA)is a powerful methodology and a valuable lens that can shed light on
networks in either statistical or exploratory research of different disciplines (Quatman and Chelladurai,
2008). With the integrated lens of network and CAS, SNA can unveil hidden structures and mechanisms,
which allows the study of a range of SCM phenomena in a comprehensive and systematic manner (Kim
et al, 2015, Bellamy and Basole, 2013). However, applying SNA to the SCM domain is still a fledgling
Wichmann and Kaufmann, 2016, Bellamy and Basole, 2013). To address the current shortfall in

empirical supply chain agility research using SNA this study factors on both the dynamics and
interconnectedness of SC relationships to examine the agility of a network case.

Literature review
Agility was first explored in the supply chain context by (Dove, 1996). However, it was the work of

Christopher 2000y that made supply chain agility (SCA) popular and has driven the concept
development ever since. As a multidimensional concept, SCA encompasses diverse capabilities (Fayezi
et al., 2017, Sharma et al,, 2017). Quick response capability is the most emphasised because the
essence of SCA is to respond to unexpected sudden changes in time-based competitions (Christopher,
2000). Responsiveness has two aspects; reactive and proactive Gligor et al., 2013, Sharma et al., 2017).
The former refers to responses to recognisable changes (Sharma et al,, 2017) whereas the latter is
usually described as an ability to detect changes, opportunities, and threats (Christopher, 2000, Li et
al.,, 2008, Gligor et al., 2013). Flexibility is widely agreed as an inherent component of agility as the latter
concept evolves from the former (Abdelilah et al., 2018). It commonly refers to the ability to modify
operations (Gligor et al., 2013), to reconfigure, and to adjust types of collaborative relationships to the
extent needed Stevenson and Spring, 2007). Responsiveness and flexibility could not be achieved
without information accessibility in virtual supply chains Gligor et al., 2013, Baramichai et al., 2007,
Ismail and Sharifi, 2006, Christopher, 2000). Indeed, visibility is necessary for SC capabilities including
agility (Christopher and Peck, 2004, Gligor et al., 2013).

According to the systematic literature review of AlKahtani et al. 2019, few researchers have developed
agility models or explored methods and tools for evaluating agility. Table 1 summarises five SCA

assessment studies, these are theoretical, using either real case studies to test their models or
illustrative cases to explain applicability. The assessment is most often made by a focal firm for its own

SCs. An exceptional case is Xu and Liu (2015)who propose an agility evaluation method for a network
of firms including the focal firm. The approaches, methods, and tools in these studies differ from each
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other in terms of theoretical motivation and algorithm. However, they somewhat address the subjectivity

and multidimensionality of SCA (Hernandez and Pedroza-Gutiérrez, 2019).

Authors Approaches Methods Unit of Research outcomes)

analysis

Lin et al. Fuzzy logic & Arithmetic mean, Focal firm | A fuzzy agility index to

2006) multi-criteria uclidean distance, and identify major barriers to

decision making | fuzzy ranking agility

Seyed Adaptive neuro | Deductive, fuzzy Focal firm | An adaptive neuro fuzzy

Hosseini et | fuzzy inference inference systems, inference system (ANFIS)

al.2010 system artificial neural networks to evaluate SCA

Faisal et al. | Graph theory Digraph & matrix Focal firm | An agility index to

2007) representation evaluate and rank SCA

Charles et | Symbolic Case study Focal firm | A maturity model to

al. 2010, modelling assess SCA

Xu and Liu | Complex AHP and FCE, network Supply Network structure and

2015) network theory structure parameters chain organisation type agility
network | evaluation

Table 5: Summary of selective studies of agility assessment approaches, methods, and tools

Theoretically, integrating both network and complex adaptive system (CAS) lenses can enrich SC
research, particularly aspects related to structure and dynamics Bellamy and Basole, 2013). In this
stream, Hearnshaw and Wilson 2013y made an important contribution to the development of SC theory
based on complex network theory considering SCs as CASs. The investigation of different network
models together with complex and adaptive phenomena advances the understanding of SCs. The
propositions set forth can be applied to explore characteristics of efficient SCs from both lenses.
Subsequent authors Sonia et al. 2015) go beyond efficient SCs to develop resilience metrics and
examine the applicability of various network models to resilient SCs by agent-based simulation.

SNA was first introduced to the field of logistics by Carter et al. 2007) who outlined the potential of at
the intra-organisational and inter-organisational levels. Borgatti and Li (2009 tailored relevant SNA
concepts and network mechanisms to supply chain contexts. Their work not only adds clarity to the

application of SNA but also emphasises the importance of selecting appropriate theoretical
perspectives to maximise the benefits of SNA approaches and tools. The relevancy of SNA for inter-

firm relationship management is reinforced by Galaskiewicz (2011) who advocates network
visualisations as a means to study network dynamics over time. With the integrated lens of network and

CAS, SNA is appropriate to investigate diverse SC phenomena including but not limited to SC flexibility,
complexity, and sustainability \Wichmann & Kaufmann, 2016).

The literature of supply chain agility (SCA)is dominated by theory-based and exploratory studies on
agility conceptualisation, there is a paucity of research on agility evaluation approaches and methods.

Furthermore, SCA studies adopting qualitative or inductive methodologies outnumber those following
quantitative approaches (Sharma et al., 2017). A lack of studies going beyond a focal business to a wider

network view is still evident. Much of the literature on SCA apply organisational contexts rather than
considering relationship dynamics (Fayezi et al., 2017).

The adoption of SNA either as a lens, a methodology, or a set of analytical tools is still nascent in the
domain of SCM (Kim et al,, 2011, Bellamy and Basole, 2013). Among network properties, network

structure and topology attract the most attention, thus leaving a significant pool of other properties not
yet explored. Therefore, it is observed that a macro network view and a micro actor view are the most

popular whereas analyses at the group level is scarce. In addition, a wide range of SNA tools, metrics,

and visualisation techniques have not yet been fully deployed or explicitly integrated, even in the extant
studies of SC topologies and typologies (Kim et al, 2015, Basole, 2016). Empirical studies can be

another potential gap to fill to either assess or demonstrate the applicability, reliability, and practicability
of SNA in such SC phenomena.
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This paper posits that SCA can be modelled by an integrated lens of network and CAS. A network
perspective allows a supply chain-wide view rather than a firm focus as usually observed in the literature
(Hearnshaw and Wilson, 2013) whereas agile SC dynamics arguably share some similarities with CASs,
particularly in non-linearity, aggregation, flow, and diversity (Changrui et al,, 2002). As a CAS, an agile
SC evolves together with the environment characterised by dynamism, uncertainty, and risks. Any

changes in the environment can impact network elements which then in turn may impact the
environment either directly or indirectly by altering SCA. From network perspective, the network agility

is determined by all network elements that are interrelated (Sonia et al,, 2015). Following the work of
Borgatti and Li (2009), transmission and coordination are two mechanisms underlying such network
effects on SCA. In addition, as Towill 2005) notes, agile supply chains should be prepared and robust
for severe shocks and disruptions. This is echoed by Pettit et al. 2010 that agility capabilities should
reduce vulnerabilities. Consequently, robustness is incorporated as a foundation for network agility.

Methodology
This study adopted a quantitative methodology as by nature, SNA as an analytical method aligns well

with relationship measurement. Structured and face-toface interviews were used for data collection.
Most interview questions were open-ended to solicit information of main suppliers and customers who
all together contribute to 80« of supply value and 80« of sales respectively. The subject of this research
was registered businesses in a targeted rural area of New Zealand. Respondents were business owners
or managers. Since it is quite challenging to find them by conventional methods, the principal technique
was a combination of purposive and snowball sampling Bryman, 2016). The collected data had two
main categories; organisational attributes - non-network data, and relations - network data. The former
provided an overview of the network case and involved descriptive statistics for numerical results. The

latter contained information of ties to construct a network which was analysed at three levels via
UCINET.

Findings
The rural network case was
constructed from 50 ego-

networks wherein egos were
interviewees and alters were
their main suppliers and
customers. This network

included 456 entities and 724
business ties, Figure 1.

Underlying this transaction-

based network were two
prominent  supply  chains;
agriculture A), and tourism and
hospitality (T&H). Network A
outperforms the tourism and
hospitality network (see Table 2)

across a wide range of  Figure 1. The total transaction-based network in the research
indicators. In particular, the

former has greater visibility, faster responses, better information integration, and higher relationship
flexibility. It also benefits from greater SC collaboration and stronger robustness. In terms of network

topology, with a lower network centralisation, Network A has more freedom, and hence, greater
flexibility, and better responsiveness to changes and disruptions. This may contrast with previous

research in manufacturing contexts wherein a highly centralised network structure accommodates
flexibility that in turn contributes to operational effectiveness (Herndndez and Pedroza-Gutiérrez, 2019).

However, the result aligns with the performance implications of controllability asserted by Kim et al.
2011) that the higher centralisation, the less effectiveness, and the more undermined responsiveness.
Network A is more robust than Network T&H though the latter has a clearer core-periphery pattern than
the former. This might go against the common theoretical proposition that resilient supply networks tend

173



to follow a power-law distribution (Kim et al, 2015). To some extent, like food supply chains, the latter

network reflects a restricted relationship structure that seems to be prevalent in rural settings
(Hernandez and Pedroza-Gutiérrez, 2019). Specifically, the current catering service providers do not

purchase agro-based food and materials directly from local producers. Instead, they are supplied by
middlemen who are in turn supplied by farmers and growers. The middlemen in this rural network case
include food processors, wholesalers, and retailers who link the agriculture sector to this service sector.
Hernandez and Pedroza-Gutiérrez (2019) argue, in such a SC, <homogeneous distribution of links may
favor agility more than heterogeneous distributions.» (Page 7), thus a power-law degree distribution may
be not the case for robustness and agility in supply networks that heavily depend on the middlemen.

p'::;‘:rc;ir:s Comparable characteristics, attributes Agn:::)lture Ho::i:l;:ist;n(l% &H,
Network Degree centralisation 0.107 0.158
topology Complexity - +

Average degree 338 346

Dens|ty 11% 1.405v%
Network Connectedness 1 1
cohesion Fragmentation 0 0

Average distance 366 4.065

Diameter 6 8

% of open triads 0.13% 017%

No. of cohesive subgroups - cliques 43 35
Linkages of No. of clusters formed by cliques 1 3
?:;Y(\;?\;k& Average number of common members) 14.97 8.06
subgroups >4 members subgroups - k-plexes 11 5

> 10 edge-independent paths - Lambda sets 9 6

Highest level of edge connectivity 22 17
Importance of | %reached in 2 steps by 5 optimal actors 98.7% 94 2,
actors/entities | « fragmentation if 8 most fragile spots 56.2% 77 1%

Table 6: Comparison of key network characteristics between the two supply chains

The shorter path length benefits Network A faster responses and greater visibility. This then can confirm
the proposition of Hearnshaw and Wilson (2013) about the relationship between SC efficiency and short
path length, particularly forinformation flows. The result may also confirm the validity of a method using
average path length to measure responsiveness of resilient SCs proposed by Sonia et al. 2015).
Meanwhile, the longer path length of Network T&H indicates a higher intermediation level. While the go-

between actors facilitate information exchange they may risk network efficiency as bottlenecks or
individual role overload (Long et al., 2013). The lower level of responsiveness and robustness of Network

T&H, adds to a few empirical studies on undesirable effects of intermediation.

Network A is less complex than Network T&H. Though the former is of bigger size, it has a lower density
and shorter graph-theoretical distance. Since network complexity is related to network centralisation and
density (Kim et al. 2011), the less densers centralised, the less operational burden for the network.
Consequently, the network may be more efficient and robust. The results suggest that high density,
complexity does not always equate to high resilience supports (Kim et al., 2015).

Hearnshaw and Wilson (2013) suggest the presence of communities with overlapping boundaries as
one of key features of an efficient SC. Network A mirrors this characteristic better than Network T&H.
The former has more cohesive subgroups. Furthermore, the overlapping boundaries are more evident

in the former, where an actor is more likely to be a shared member between subgroups than its
counterpart in the latter. Likewise, a pair of actors in the former has a higher chance of joining the same

subgroups together. With denser and relatively stronger connections among subgroups, the former
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arguably has better horizontal coordination of information flows. This is evidenced by better information
diffusion in the former network via simulations.

Network A possesses more robust subgroups of high edge connectivity levels than T&H. This indicates
that the former is not only more robust but also more flexible thanks to more edge-independent paths
for messages to travel between organisations. In other words, the former has relatively more options to
reconfigure information flows. The co-existence of both higher robustness and greater flexibility may go
against the conventional thinking that presumes a trade-off between resilience and efficiency, or
between resilience and flexibility Ali et al., 2017, Lotfi and Saghiri, 2018, Gligor et al., 2019). However,
the result supports the idea of Wieland and Marcus Wallenburg 2012) that both agility and robustness
constitute effective supply chain risk management strategies. The agribusinesses play an important role

in both networks by their popularity and potential influence for information accessibility and process
integration. They are key to information diffusion and supply chain coordination in Network A. Their

dominance is somewhat replaced by a wider range of businesses in Network T&H based on graph-
theoretical distance-based measures. Network T&H tends to depend rather heavily on the brokers,
making it more vulnerable.

The results confirm the multidimensionality of agility. Two networks may be at parity at a certain agility
dimension but in different ways. There are still some aspects wherein Network T&H demonstrates a
better capability than Network A and thus can learn from to further enhance the overall agility. Market
sensitivity is the most noticeable attribute at which Network T&H is superior. The organisations in the
former are of more diverse business demographics than those in the latter. Particularly, in the former,

the key actors for information dissemination, resource mobilisation, and exchanged flow coordination
have varying business nature. They are not dominated by a single industry like those in the latter. This

implies that the former can benefit from diverse sources of information. The result is supported by the
literature of tourism supply chains which commonly emphasises their profound diversity (Zhang et al.,
2009). The higher proportion of open triads alone cannot confirm the higher chances to receive
«structural holes> benefits advocated by Burt (2015. However, the heterogeneity of key network

coordinators coupled with the current triad configuration implies that Network T&H is more potentially
able to capture novel information and new opportunities. Furthermore, the former is more likely to detect

changes better than the latter.

Discussion
The applicability of SNA to evaluate SCA became discernible throughout a relative agility comparison
between two networks by a range of SNA analytical metrics, tools, and techniques. The findings shed

light on how SNA is appropriate to tap into areas that are barely recognised by previous research. Via

SNA, the network agility was evaluated with respect to relationship interconnectedness rather than
merely from the firm's view. The results were neither a specific index, a maturity range nor a relative

agility grade like such conventional approaches as fuzzy logic (Lin et al, 2006), symbolic modelling
(Charles et al, 2010), and case studies (Faisal et al,, 2007, Patel et al,, 2017). The overall agility level of
each SC could not be determined statistically. However, the findings supported SNA proponents that
SNA allowed a comparative analysis of different network structures between two SCs. This
complements the approach of Faisal et al. 2007). Furthermore, the SNA uncovers hidden structures and
processes that are rarely evident from the conventional approaches Kim et al,, 2011). For example, the
results at the group level reveal the co-presence of competitors in the same robust subgroups or the
collaboration of distance connections that even the entities may not be aware of.

The results at three levels were not mutually exclusive or independent of each other. Rather, the network
agility and even one agility dimension could be evaluated from different yet complementary angles. For

example, visibility was evaluated from reachability of network cohesion, membership of cohesive
subgroups, and the popularity of organisations within the network. Different roles of the individual

organisations and their relative importance with respect to others in the same network were assessed
not only by node-level metrics but also by the closer look into network regions and subgroups they join.

In contract conventional approaches, agility dimensions are measured by a set of associated metrics at
fixed levels, organisational importance is assessed by the actors themselves with little consideration of
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surrounding relationships of other SCs (see Lin et al.2006), Swafford et al.2006), Seyed Hosseini et al.
2010y as examples).
The works of Xu and Liu (2015) and Hernandez and Pedroza-Gutiérrez 2019) are few exceptional

studies that take a complex network approach to evaluate agility, allowing the application of different
units of analysis, yet none of the studies have utilised this advantage. Xu and Liu 2015) used three

node-level centrality metrics to calculate the weight for entities; betweenness centrality, node strength
centrality, and network centrality. Network structure was examined from the point of individual actors
position in the supply chains. Network characteristics of the whole network remained unexplored. Our

research fills the gap in their study by evaluating the agility of two networks via network characteristics
at the network level and the linkages within and across subgroups.

While SNA is a potentially powerful approach, there are some aspects of agility assessment that the
conventional approaches address better than SNA. The integration level is barely evident by SNA

because the analysis was based on selective tools and techniques focusing on interrelationships
whereas integration is related to process and practice sharing. Furthermore, this attribute incorporates

such qualitative’ elements as team-based goals and top management commitment which are better
investigated by traditional measurement methods. Additionally, how well the network aligns their
working practices may require more in-depth non-network data which the current dataset did not cover.

Only a part of reconfiguration flexibility could be demonstrated by the line connectivity analysis,
relationship flexibility was difficult to evaluate due to the numerous measures inherent to the concept.

There are three main managerial implications from the findings. First, SC relationships and SC partners,

if appraised from a social network perspective, will highlight the potential impact on network outcomes
rather than by such conventional measures as transaction value and frequency of communication (Kim

et al, 2015, Wichmann and Kaufmann, 2016). Accordingly, relationships are evaluated in view of the
pairwise properties and the linkages with other business relations in the same network. SC members
are evaluated based on their positions in the network and how their linkages constitute the network. The
conventional evaluation methods are still valid. However, such methods often focus on «egos-, with little
consideration of relationship dynamics. Secondly, SC members can be classified based on their different
roles and impacts on network agility. Some organisations are better at diffusing information while some
other can enable the adoption of agility practices. Some may be bottlenecks for communication whereas
some may risk the network operations. Given the restricted resources, reaching the right actors of the
right capacity is instrumental. Finally, each SC has relative strength that can be learnt from to improve
agility. Since SCA is multidimensional, two SCs can be equally agile but in different ways. SCs differ by
characteristics, hence there are no -one-sizefits-all~.

Like any research, this paper is not without limitations. The most noticeable shortcoming is the
secondary supply chain data only solicited from interviewees that may undermine the data accuracy.

The metrics related to direct connections such as network density could not be interpreted sensibly as
expected. Similarly, there might have been hidden network regions and subgroups that if uncovered

would tell a different story. The key actors should be treated as critical within the current research
network and in the research context. Due to restricted resources, this research was conducted at a given
point of time. The results are just a snapshot and thus could not provide a picture of how agility

dimensions interacted with each other and changed over time therefore network dynamics could not be
examined. Furthermore, this paper only used a selective set of metrics, tools, and techniques, leaving

a pool of potential tools unexplored. For example, network wiring was not yet applied to evaluate the
reconfiguration aspect of flexibility. These limitations open two main avenues for further investigation.

The future research can address the methodology shortfalls either by increasing the sample size or
combining both quantitative and qualitative approaches for more insights into the network agility. SNA

can be combined with traditional approaches for comparative and complementary analyses. If resources

allow, longitudinal studies are recommended to explore how network agility is maintained and modified
over time. SC relationships can be weighted with such criteria as transaction value or volume, frequency

of communication or interaction, the criticality of flows, and even other qualitative factors such as
reciprocity and trustworthiness. Different connection types can also be explored, as Hearnshaw and

Wilson (2013) posit, material flow-based networks have the same key properties as those of information
flows. Another set of metrics, tools, and techniques can be also selected to study similar topics such as
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resilience. Agility without resilience can negatively impact organisational performance and even supply
chains’ survival (Gligor et al, 2019, Lotfi and Saghiri, 2018, Ali et al, 2017, Wieland and Marcus
Wallenburg, 2012).

Conclusions
The key contribution of this research was to add to the increasing body of knowledge the applicability
of SNA to evaluate SCA, and to more broadly, model supply chains. This not only supplemented the

current scarce research on agility assessment approaches and methods but also enriched the extant
SCA papers that are dominated by theoretical and qualitative methodologies. To our best knowledge,

this paper is one of few studies examining a specific SCM phenomenon from a network perspective at
all three analysis levels. The illustration of SNA tools and techniques in a real network case, particularly

at the group level, supplemented the abundant literature focusing on network and node level. In addition,

this research extended the application of SNA not only to SCM phenomena but also to tourism research
that usually examine the tourism destination networks from a governance lens (Casanueva et al., 2016).

Moreover, throughout the analysis, the two sides of brokerage became discernible, especially in the
tourism and hospitality network. Therefore this research highlights brokerage's affects which, albeit

theoretically, lack empirical evidence (Everett and Valente, 2016, Long et al, 2013). Practically our

research has contributed by demonstrating how business owners can learn from the findings in regard
to a new approach to SC relationship management and mutual learning among SCs. Further, local

authorities may understand more clearly how the local business network is agile and robust, which
directly impacts the local economy.
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