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A B S T R A C T   

There is now widespread appreciation of the critical role played by supply chains in the global economy. Supply 
chains are dominant concerns for many organisations, governments, policy makers, and consumers. A primary 
requirement in addressing many contemporary supply chain challenges is the need to ‘map’ a supply system. 
With notable exceptions, much of the supply chain management literature has shied away from providing 
guidance on the mapping process. In this paper, we stress the reasons for the increased emphasis on mapping. We 
review the academic literature, highlighting the diversity of mapping exercises conducted by researchers and the 
lack of clarity about the different types of maps developed. Supply chain mapping has been used as an umbrella 
term for studies at very different aggregation levels. We define the fundamental elements needed to create a 
supply chain map and develop a formal hierarchy of supply systems for mapping at different levels of analysis. 
The hierarchy provides a structured way to consider the diversity of mapping exercises in the literature and to 
define the unit of analysis for a mapping study. We illustrate the hierarchy with a range of examples from the 
textile and apparel industry. We identify the primary and secondary data sources that can underpin mapping 
studies, highlighting the significant challenges in using them. We discuss the emerging commercial solutions to 
capture, map, and analyse supply systems for different purposes. In an increasingly data rich world, there are 
many opportunities to develop the supply chain mapping process further.   

1. Introduction 

The 21st century has borne witness to the fragile nature of globally 
dispersed supply chains (Demirel, 2022). Supply chain risk management 
has developed strongly as a research discipline over the last two decades 
(Ho et al., 2015; Tang and Musa, 2011; WEF, 2022). The emphasis on 
supply chain resilience has been evident since the global financial crisis 
(Jüttner and Maklan, 2011), which began in 2007. More recently, there 
have been significant changes in the global supply chain landscape 
because of the pandemic, and also because of major geopolitical events 
and upheavals (Handfield et al., 2020). For instance, in Europe, Brexit 
immediately raised issues on the operation and regulation of supply 
chains, a debate that persists (Hutton and Powell, 2021). The election of 
Donald Trump to the White House in 2016 initiated a new era in 
reconsidering trade tariffs and US-China trade relations (Mao and Görg, 
2020). The Covid-19 pandemic has radically affected supply chains, 
upending previously stable supply and demand relationships, resulting 
in many dramatic and critical shortages, and supply chain and logistics 
disruptions (Handfield et al., 2020; Ivanov and Dolgui, 2020). The 

combined effects have changed perspectives and mind-sets on many 
major supply chain issues. 

Today, supply chains are very much in the news, gaining strong 
attention from the public, greater focus than ever from industry, and 
much more scrutiny from governments (MacCarthy and Ivanov, 2022). 
The shortages of critical components such as semiconductors and the 
concerns on the global supply of critical raw materials have shone a 
spotlight on supply chains, their global spread, and their control (Porcari 
et al., 2021). Resilience and security of supply are at the top of the 
agenda. This is exemplified by industry reports on supply chain dis
ruptions and dedicated industry events on how to achieve supply chain 
resilience, e.g. The Economist (2022a), the setting up of government 
task forces (Porcari et al., 2021), and increasing supply chain regulation 
with stringent rules on origin and product provenance (WEF, 2022). 
These trends emphasize the need for greater understanding, awareness, 
and knowledge about supply systems (Handfield et al., 2020). 

At the core of production economics are the material flows associ
ated with supply, production and distribution. The location of suppliers, 
production and distribution facilities affects the fundamental economics 
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of production. As the global economy changes, the ability to capture and 
map the changes is a prerequisite for planning, managing, and con
trolling material flows to improve industrial practice. Many contempo
rary supply chain concerns give rise to the need for mapping the supply 
chain (Choi et al., 2020; Mubarik et al., 2021b). Accurate maps are 
needed for supply chain performance management (Chae, 2009), for 
supply chain re-design and improvement (Farris, 2010) and for the 
digitalization of supply chains (MacCarthy and Ivanov, 2022). Maps are 
also needed for supply chain risk management (Ho et al., 2015) to 
manage operational risks and many emerging challenges, including 
sustainability, supply chain cyber security, climate change, and the 
global shortages of critical raw materials (Cha, 2022; Ghadge et al., 
2020; The EU, 2020; WEF, 2022). 

The paper focuses on supply chain mapping. It brings to the fore 
concepts that have been implicit in supply chain management research, 
providing a structured way to look at the diversity of maps related to 
supply chains depicted in the literature. We make four important con
tributions to the literature. First, we demonstrate the need to provide 
more clarity and rigor on the different levels of mapping of supply sys
tems that are possible. Second, we present a formal hierarchy of supply 
systems covering the diversity of maps presented in the literature. The 
hierarchy helps to determine an appropriate unit of analysis for a 
mapping study. Third, we discuss primary and secondary data sources 
that can be used by researchers and practitioners to map and analyze 
supply chains. We underline the significant challenges that arise in 
creating supply chain maps and note the emerging commercial solutions 
available to assist in mapping studies. Fourth, we use the hierarchical 
perspective to illustrate mapping examples at different levels of granu
larity from the textile and apparel industry. This industry is globally 
dispersed, highly dynamic in terms of location and presents significant 
sustainability challenges (Ahmed and MacCarthy, 2021; Gereffi and 
Frederick, 2010; MacCarthy and Jayarathne, 2012). 

The paper is organized as follows. We first examine the contempo
rary motivations for gaining increased knowledge of supply chains and 
undertaking a mapping exercise in Section 2 (the Why question). We 
then review the range of mapping exercises evident in the literature in 
Section 3. In Section 4, we identify the minimum data elements for a 
map, presenting a hierarchy of supply systems to assist in identifying the 
purpose and the focus of a mapping exercise (the What question). We 
also describe the range of data sets, commercial solutions, and software 
products that can be used to generate maps, highlighting the opportu
nities and challenges (the How question). In Section 5, we present map 
exemplars from the textile and apparel industry to illustrate the hier
archical perspective. We conclude by identifying a number of promising 
directions for future work. 

2. Mapping - why and why now? 

Mapping the supply chain is the first stepping-stone for effective 
strategic supply chain management. Gardner and Cooper (2003) pro
posed supply chain mapping as a tool to link “corporate strategy to 
supply chain strategy” for identifying supply chain performance 
improvement and network redesign opportunities (Farris, 2010; Gard
ner and Cooper, 2003; Mubarik et al., 2021a). For example, at a detailed 
tactical/operational level, value stream mapping has been deployed to 
identify and remove non-value adding activities in supply chains (Hines 
and Rich, 1997; Suarez-Barraza et al., 2016; Taylor, 2005). Supply chain 
mapping provides managers with required level of understanding about 
the configuration of their supply chain to address its impact on supply 
chain planning, management and control processes. It is also essential to 
develop the initial knowledge about the supply chain for proper 
deployment of prominent strategic performance tools, including the 
SCOR model (Huan et al., 2004) and supply chain key performance in
dicators (KPIs) (Chae, 2009). 

However, supply chain mapping is emerging as a crucial activity not 
only to fulfil the continuing needs for improvement, but also because of 

broader trends that are reshaping the post-pandemic global economy 
and global commerce (Handfield et al., 2020; Lee and Tang, 2018; The 
Economist, 2022b). Economic, technological, and societal trends have 
focused public, industrial, and government attention on the configura
tion, operation, control and management of contemporary supply 
chains, stressing the need for accurate and useful mapping solutions. We 
discuss these multiple trends here. 

Risks in the supply chain: Although the risks inherent in globally 
dispersed supply chains became widely apparent in the pandemic, both 
practitioners and researchers have been strongly concerned about the 
vulnerabilities in globally dispersed supply chains for over two decades 
(Harland et al., 2003). Supply chain risk management has developed 
strongly in academic research and as a practitioner discipline (Tang and 
Musa, 2011). As well as disruptions and shortages, there are significant 
concerns about reputational risks arising from engaging in supply chains 
involving ethical, social and environmental malpractices, which have 
occurred for instance in garment and mineral supply chains (UNECE, 
2021; van den Brink et al., 2020). Supply Chain Cyber Security has also 
emerged strongly on corporate agendas (Cha, 2022). Companies are 
interested in developing supply chain maps that can help understand, 
assess, and mitigate such risks by increasing visibility (Ivanov, 2021). 
The creation of a digital supply chain twin mirroring the real supply 
chain with control towers that centrally monitor supply chains are 
important emerging concepts (Accenture, 2021; Ivanov and Dolgui, 
2020) that require supply chain maps. 

Technological advancement and digitalization: Technological 
advancements have always strongly affected how supply chains develop 
and evolve (MacCarthy et al., 2016). The last decade has seen a rapid 
rise in the development and deployment of digital technologies for 
supply chain operations, affecting supply chains in diverse ways (Mac
Carthy and Ivanov, 2022). Their effects are being felt in smart factories, 
in Industry 4.0 initiatives, and in warehouses and logistics systems 
(Ahmed and Rios, 2022; Culot et al., 2020; Kusiak, 2018). Migration to 
cloud-based systems is affecting how data, computing infrastructure, 
and software are accessed and used across a supply chain (Zhang et al., 
2022). Platform commerce has transformed many sectors, including 
retailing supply chains with the emergence of omni-channel commerce 
(Zhang et al., 2021), and business areas such as sourcing and procure
ment (Kosmol et al., 2019). 

A number of emerging digital technologies have the potential to 
strongly affect the configuration, management and control of supply 
chains in the future, including Digital Twins, the Internet of Things (IoT) 
and Blockchain (Ivanov, 2021; MacCarthy and Ivanov, 2022). A Digital 
Twin provides a live dynamic model closely coupled with an existing 
real system, allowing safe exploration and simulation to answer “what 
if” questions (Ivanov and Dolgui, 2020; Zhang et al., 2022). IoT en
compasses technologies that provide a connected network of smart ob
jects, bringing a physical dimension to the Internet (Birkel and 
Hartmann, 2019). Blockchain technology can provide an immutable 
digital trace of supply chain operations with a host of applications, 
including product safety, quality, sustainability, and financing (Ioannou 
and Demirel, 2022; Treiblmaier et al., 2022). Although the architec
tures, protocols, and platforms to enable these technologies are in the 
early stages of development (Ahmed and MacCarthy, 2022), their use 
requires detailed precise knowledge of supply chain configuration. 
Supply chain maps are needed for strategic decisions on which parts of 
the supply network may benefit from the deployment of emerging dig
ital technologies (Mubarik et al., 2021a). 

Societal and consumer awareness and expectations: Sustain
ability, incorporating social, economic and environmental dimensions, 
is a dominant concern for contemporary supply chain management 
(Bellamy et al., 2020). The increased awareness of environmental and 
social issues related to supply chains has resulted in more stringent 
regulatory and reporting requirements for companies (WEF, 2022). The 
impact of climate change on supply chains is a major global concern, as 
it may affect the future availability of natural resources, raw materials, 
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food production, and transportation (Ghadge et al., 2020). However, the 
sustainable development of supply chains presents highly complex and 
difficult problems. 

Consumers and societies ask more questions than ever before about 
products, their origin and the methods, materials, and people used in 
their production. Millennials and Generation Z exhibit stronger concerns 
than previous generations on product origin and authenticity (Francis 
and Hoefel, 2018). Non-governmental organizations (NGOs) focus on 
many supply chain issues, channeling and amplifying consumers’ and 
society’s concerns about products and supply chains (Peng et al., 2021). 
Many producers and manufacturers now seek to provide guarantees on 
the authenticity of products, particularly in the premium and luxury 
goods and food sectors (Choi, 2019; Donaldson et al., 2020). In all of 
these contexts, accurate and reliable supply chain maps are needed to 
reassure consumers, the public, retailers and brand owners about the 
origin and the authenticity of the products and the practices used in their 
supply chains. 

Regulation and Geopolitics: Some sectors such as pharmaceuticals 
and food have historically been subject to regulatory regimes that ac
credit, monitor, or audit aspects of the supply chain (Aung and Chang, 
2014). Newer legislation on sourcing from conflict mineral zones 
emerged in 2010 in the US (Hanai, 2021) and, more recently, legislation 
on the monitoring of modern slavery in supply chains and the rules of 
origin have been introduced (WEF, 2022). There has been increasing 
interest from policy makers, regulators, industry bodies and govern
ments on the configuration, operation and control of contemporary 
supply chains (Porcari et al., 2021). Discussion on the impact of 
geopolitics is outside the scope of this paper, but it is clear that security 
and resilience of supply are dominant considerations in the post 
pandemic era, for instance with the European Union’s identification, 
listing and analysis of the global value chains of critical raw materials 
(The EU, 2020). There is heightened interest in active surveillance of 
supply chains (Brintrup et al., 2022; WEF, 2022). Accurate 
information-based maps are needed to facilitate risk analysis, moni
toring, surveillance, and early detection of supply problems. 

3. Supply chain mapping in the literature 

We first review the literature on the theory of supply chain mapping 
in Section 3.1 and then discuss several exemplar maps from the litera
ture in Section 3.2. 

3.1. Supply chain mapping as a process 

The dictionary defines the word ‘map’ as a noun (“a diagrammatic 
representation of an area of land or sea showing physical features, cities, 
roads, etc.“) and a verb (“represent (an area) on a map or make a map 
of”) (Oxford Learner Dictionary, 2022). Similarly, a supply chain map 
has been defined as a diagrammatic representation, providing a “like
ness and a simplified model” of a supply chain with both visualization 
and information about key features (Gardner and Cooper, 2003). A map 
of a supply chain should present appropriate and accurate information 
in a manner that can be easily understood and, at the same time, be 
sufficiently informative to aid supply chain visibility, analysis, and 
integration (Gardner and Cooper, 2003; Mubarik et al., 2021a). 

A positivist perspective was adopted in early studies, where the 
supply chain map was defined as “a stand-in for the actual environment” 
(Gardner and Cooper, 2003), while acknowledging that the perception 
of the map is person-specific. Fabbe-Costes et al. (2020) demonstrate the 
diversity of maps of the same supply chain mapped by different em
ployees of the same manufacturer. This presents a challenge for the use 
of supply chain maps as a reference point for individuals and firms and 
also as a catalyst of supply chain integration (Fabbe-Costes et al., 2020; 
Gardner and Cooper, 2003; Mubarik et al., 2021a). Fabbe-Costes et al. 
(2020) contrast the “network picture” and “boundary object” perspec
tives with the positivist approach. In particular, the study defines a 

supply chain map as a boundary object that can be identified, inter
preted, and used as a communication tool across firm and functional 
boundaries with different perspectives. Mubarik et al. (2021a) review 
the literature on supply chain mapping, using the three perspectives 
discussed in Fabbe-Costes et al. (2020), and develop a construct for 
measuring the level of supply chain mapping in upstream, midstream 
(focal firm), and downstream, according to what information is con
tained and visualized about suppliers, customers, materials, processes, 
and technologies, the level of digitalization, and availability and sharing 
of real-time data. However, these aspects are not measured per se from 
maps (instead based on questionnaires) and are not precisely distin
guished from visibility. Differently from Mubarik et al. (2021a), we 
argue that the degree of mapping depends on the purpose, hence it is 
difficult to devise a universal metric for mapping. We instead introduce 
a classification of supply chain maps based on a hierarchy of supply 
systems, for which the focus, elements, and attributes vary substantially 
depending on the purpose, as we discuss below. 

To explain the differences in the focus of different mapping activities, 
Hines and Rich (1997) distinguished between supply chain and value 
stream, where the former refers to all activities of engaging firms and the 
latter to a sequence of value-adding activities. Hines and Rich (1997) 
analyzed seven value stream mapping tools and concluded that the 
specific tool to be used changes with the targeted waste. Gardner and 
Cooper (2003) contrast business process mapping, and implicitly 
value-stream mapping, with supply chain mapping in terms of their 
orientation/focus (internal, i.e., the focal firm, vs external, i.e., supply 
chain members), purpose (tactical vs strategic), and level of detail 
(overall inter-firm processes and performance vs detailed breakdown of 
activities). However, value stream mapping has often been extended to 
buyer-supplier dyads and beyond in various studies (Brunt, 2000; 
Miyake et al., 2010; Suarez-Barraza et al., 2016; Taylor, 2005). Hence, 
the boundaries are not clear cut, but the contrast with respect to the 
purpose (tactical/operational vs strategic) prevails, as supply chain 
maps are mainly used to develop and communicate supply chain strat
egy between supply chain stakeholders (Fabbe-Costes et al., 2020; 
Gardner and Cooper, 2003). Furthermore, at a strategic level, there has 
been a surge of interest in mapping global value chains at an aggregate 
level between countries and industries (Frederick, 2019), asking ques
tions related to supply chains but at the policy level, not focusing on 
specific firms. 

There has been some discussion on standardizing the supply chain 
mapping process. Taylor (2005) formalized the value chain analysis as a 
multi-stage process, which starts with identifying the business purpose, 
develops an overall supply chain structure map, then moves to the 
mapping of facilities involved, and finally applies the current and future 
state mapping tools of value stream mapping. Although this is a very 
useful framework for linking maps at the strategic and tactical/opera
tional levels, many supply chain mapping studies are purely strategic in 
nature. Furthermore, this does not consider the breakdown of the supply 
chain mapping process at the strategic level. Gardner and Cooper (2003) 
highlight the need for standardizing the mapping process, but it is un
clear how this can be achieved, especially considering the diversity of 
maps developed, which we discuss next. 

3.2. Examples of supply chain maps 

We discuss a selection of maps from the literature that illustrate the 
diversity in the purpose, scope, elements, and details captured. At the 
tactical planning level, Brunt (2000) demonstrated a value stream 
mapping tool developed in a three-year study of the steel supply chain of 
a single firm, showing the structure of information and material flows, 
including production stages, within and between supply chain members. 
The map identifies processes to be improved, applying lean methods. 
Suarez-Barraza et al. (2016) applied a similar approach, which they 
called supply chain value stream mapping, to two manufacturing supply 
chains in Mexico for glass door display coolers and beverage bottling. 
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The developed maps are much less detailed and show aggregate lead 
times and delivery performance. Taylor (2005) used action research to 
map several red meat supply chains from farm to fork, leading to an 
aggregate supply chain map that illustrates information flows for pro
duction planning between the managers of different firms and material 
flows between aggregate entities (e.g. farms, abattoir, processors, and 
retailers), highlighting value-adding and non-value adding activities. 
Miyake et al. (2010) mapped three supply chains in the Brazilian 
automotive industry using action research. While the three maps varied 
vastly in terms of detail and scope, they each aimed to improve per
formance by lean management methods. 

A number of mapping studies were targeted at strategic supply chain 
decisions (Gardner and Cooper, 2003). Roy (2011) mapped supply 
chains of three focal firms (a wine producer, olive growers, and a 
job-shop manufacturer) in New Zealand, through interviews, identifying 
the key stages of production, lead times, transportation modes, and in
ventory points, but without detail on operations and performance. 
Fabbe-Costes et al. (2020) conducted a supply chain mapping case study 
in the automotive sector, capturing mainly the principal actors, facil
ities, and flows in the downstream supply chain at an aggregate level. 
Anastasiadis et al. (2020) conducted interviews with sectoral experts 
and used secondary sectoral data to map tomato supply chains in 
Greece, showing the main production steps and the involvement of 
different stakeholders (producers, government, farm associations, 
unions, etc.) at different points of the chain, but without details on op
erations. MacCarthy and Jayarathne (2013) investigated the structure 
and relationships between prime manufacturers and retailers in the in
ternational clothing industry and developed a range of maps to illustrate 
the level of integration between the principal supply chain partners in 
the sector, which led to the identification of different supply chain 
configurations. Choi and Hong (2002) and Kito et al. (2014) both 
developed maps of the structure of Toyota’s supply network, differing 
substantially in the source of data (primary vs secondary), level of detail 
(product flow linked to the bill of materials structure vs financial 
transactions between firms), and their method of analysis (case study vs 
network analysis). 

Mapping of the aggregate global flows of commodities has also 
attracted interest (de Backer and Miroudot, 2014; Frederick, 2019). 
Fernandez-Stark et al. (2011a) mapped global flows of fruits and vege
tables in a study focused on the role of workforce development initia
tives in developing countries. Fernandez-Stark et al. (2011b) mapped 
the global apparel value chain for the same purpose. Adewuyi et al. 
(2014) mapped the global chain of cocoa beans and garments to provide 
insights to policymakers in Nigeria to improve the country’s position in 
the global economy. De Marchi and Di Maria (2019) mapped the global 
value chain of leather as part of a study that investigates the role of 
buyers in supporting environmental upgrading of suppliers’ products 
and processes. 

The studies above show that there has been significant interest in 
capturing and mapping supply chain information, but they also exhibit 
great diversity in what is captured, what is depicted, and how it is 
depicted. This echoes the observation of Gardner and Cooper (2003) 
almost twenty years ago about the lack of conventions and the great 
diversity in supply chain maps, which still persists and is strongly rele
vant to the focus of this paper. We stress that the diversity noted by 
Gardner and Cooper (2003) in terms of the geometry and perspectives of 
maps has persisted, contributing to the fuzziness of the supply chain 
mapping concept. We highlight three further critical insights. First, the 
extent of the supply system mapped varies greatly in studies – from the 
depiction of extensive and deep networks of connected entities involved 
in supply to focusing on just a few primary actors involved in value 
creation. Second, the diversity in the purposes of maps has soared, e.g., 
analyzing patterns of trade in global commodities and products, doc
umenting working conditions of people employed across a supply chain, 
reporting risk and stability of supply networks, and identifying supply 
chain improvements and redesign opportunities at different levels of 

granularity. Third, the studies show that supply chain maps are not 
‘delivered on a plate’ but are often costly, time consuming, and resource 
intensive to develop. 

Overall, although there is an acknowledgement of the variety of 
maps in the literature, there is still a lack of guidance on the mapping 
process and ambiguity in how they can be understood and classified. 
Given the prominence and importance of supply chains in the contem
porary global economy, much more formality and rigor is needed to 
guide the supply chain mapping process and to harness the capabilities 
of existing information systems, e.g., Geographical Information Systems 
(GIS) that provide visualization, exploration and analysis of different 
types of spatial data and information (Bearman, 2020). Supply chain 
mapping needs to avail of the variety of data sources now available and 
the emerging software that can assist in the mapping process. We 
address this gap in this research by providing a structured hierarchical 
perspective to support and underpin supply chain mapping studies and a 
review of different data sources and tools for mapping. 

4. The mapping process - what and how? 

In the following, we first identify the information needed to construct 
a supply chain map. We then present a hierarchy of supply systems to 
facilitate the identification of the unit of analysis in undertaking a 
mapping study. We discuss the data sources, software, and commercial 
solutions available to support supply chain mapping. 

4.1. Content of supply chain maps 

Since its inception, a supply chain has been defined as “a system 
whose constituent parts include material suppliers, production facilities, 
distribution services and customers linked together via the feed-forward 
flow of materials and the feedback flow of information” (Stevens, 1989). 
Thus, a supply chain encompasses all processes involved in producing 
and delivering a product. However, supply chains are comprised of 
geographically dispersed and distinct economic entities. In general, no 
one party owns the supply chain, although dominant players are present. 

We first identify the minimum information requirements for a supply 
chain map, consistent with previous literature. For this, we adopt a 
network science perspective that models a system as a collection of 
nodes, i.e., who participates in the supply chain, and links, i.e., how the 
participants in the supply chain are connected.  

⁃ Nodes: The primary participants (also called actors or players) are 
the entities that contribute directly to value-adding activities in the 
processing stages of a supply chain. Secondary participants may 
include third party logistics providers, customs agencies, auditors, 
regulators, financing and insurance companies, etc.  

⁃ Links: Value is accumulated in a supply chain as a product flows 
through value-adding stages. Material, information, and financial 
flows may be important in some studies (Pfohl and Gomm, 2009) as 
well as the interactions between all three types of flow (Zhang et al., 
2020). Information and money can flow in either direction and in 
reverse logistics products flow upstream. Hence, the type of flow 
must be captured together with its direction. The different flows can 
be considered along a serial chain of actors or across a network of all 
firms that contribute to the supply. Other types of links between 
entities can also be captured in the map, such as competition (Zhao 
et al., 2019), contractual relationships (Choi and Hong, 2002), and 
cooperation and technology transfer (Lomi and Pattison, 2006). 

These two information elements may be considered the minimum 
data requirements necessary to construct a basic supply chain map. 
However, further elements and attributes can be added to the map, 
depending on the context and the purpose of the study. 
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⁃ Other map elements and attributes: Supply chains incorporate 
many physical assets – manufacturing machines and storage and 
transportation facilities. At a fundamental level the primary data for 
the supply chain is spatial. Capturing the geographical locations of 
the primary actors and their facilities, e.g., warehouses, 
manufacturing plants, distribution centers, and ports, may be 
important in many contexts. For operational purposes, data related 
to production plans, performance, production capabilities and ca
pacities, objectives, tools and resources (modes of transport, tech
nologies such as IT systems), and their ownership, including 
intellectual property rights, can also be captured in a mapping ex
ercise. As discussed in Section 4.3.1, such detailed maps typically 
require the collection of primary data through the direct involve
ment of prime entities, while secondary data might be available to 
substitute or enrich it. Furthermore, material flows are typically 
incorporated into tactical/operational maps, where the durations of 
different steps in production or logistics are identified, examples of 
which are discussed in Section 3.2. Given the above, the range and 
type of data that are potentially available for a mapping study are 
almost unbounded. To gain further insights on the problem of what 
to include, we discuss two issues – (1) the unit of analysis or extent of 
a map and (2) the level of detail or granularity of information 
captured.  

⁃ Unit of analysis: As the literature in Section 3 shows, the unit of 
analysis, i.e., the boundaries of the supply system mapped, depends 
on the nature, focus, and scope of the study. It can range from a short 
segment of a linear chain to a vast network that captures multiple 
supply lines. Firms deep in a supply network may be crucial to supply 
chain performance (Yan et al., 2015). Some mapping exercises may 
therefore need to extend far beyond immediate suppliers and cus
tomers, depending on the purpose. However, the sheer size of many 
supply chains and the limited knowledge that may be available on 
deeper sub-tier supply network structures present significant chal
lenges in capturing essential data for supply chain mapping (Choi 
et al., 2020). Furthermore, material flow data may just indicate the 
connectivity between the primary participants (who supplies whom) 
or the downstream logistics providers that collect, store and trans
port a product can also be included.  

⁃ Level of detail: The level of detail or the granularity of information 
has had some discussion in the literature (Farris, 2010; Gardner and 
Cooper, 2003; Mubarik et al., 2021a). The unit of analysis and the 
mapping purpose influence the level of detail. At any processing 
stage, in addition to identifying the participant organizations’ loca
tions and connections, specific information on their operations (e.g., 

materials, machines, processes, people), quality (e.g., certification, 
accreditation, auditing), or environmental, sustainability and 
broader governance issues (ESG) may be of interest (Anastasiadis 
et al., 2020). For instance, the increasing efforts in tackling sus
tainability issues in the supply chain may require capturing, tracking 
and monitoring various type of data, including CO2 emissions, 
product recycling processes, and even employment contracts to 
tackle issues related to modern slavery (Ghadge et al., 2020; WEF, 
2022). 

4.2. Mapping hierarchy of supply systems 

As discussed above, maps can be developed for many different pur
poses and supply chain mapping has been used as an umbrella term for 
maps at different aggregation levels. Previous literature mainly con
trasts strategic supply chain mapping with tactical/operational process 
mapping (Gardner and Cooper, 2003), but is mostly silent on the sub
categories of strategic supply chain maps. Because of this confusion, we 
develop here a structured classification of maps using a hierarchical 
perspective of supply systems, illustrated in Fig. 1 and explained below. 

At a macro level, a global value chain (GVC) map provides a holistic 
representation of global production networks and trade flows for com
modities or industries on a global scale. Entities in GVC maps are typi
cally at the country and industry levels. GVC maps capture the value- 
adding stages that stretch globally. They identify the position of coun
tries and regions in the value chain, hence the focus on the concept of 
value-added trade. They are useful in supporting policy and macroeco
nomic questions but also provide broader context for supply systems 
mapped at finer levels of granularity. 

At a lower level, products and services are created through multi-tier 
complex supply networks between distinct firms. Supply networks 
comprise all value-adding and nonvalue-adding activities and stake
holders involved in the development, production, delivery, and distri
bution of products and services from conception to consumption. They 
may have an industry or a firm focus, but in either case they capture 
entities explicitly at the firm level. Supply network maps mostly focus on 
studying the overall network topology (who is connected to whom) for 
strategic purposes. 

Although the term supply chain map has been used loosely in the 
extant literature, we give it a more specific meaning from now on and 
distinguish it from both global value chain mapping and supply network 
mapping. We consider a supply chain to be a specific subset of a broader 
supply network focused on a particular product or product range, where 
the captured activities, material flows, and participants are involved in 

Fig. 1. Hierarchy for supply systems mapping.  
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the manufacturing and/or distribution of the product, and its constitu
ent parts, components, and materials. 

At a finer level of granularity, different kinds of maps can be 
developed for different purposes. Value stream mapping (VSM) and 
process mapping are the most common mapping techniques used to 
develop a representation of material and information flows and business 
processes within a focal firm or in a buyer-supplier dyad. VSM focuses on 
identifying value-adding activities and reducing waste through tactical 
planning. Process mapping provides a detailed mapping of the se
quences of a specific process and can be a building block for VSM or 
business process re-engineering. We now discuss the specific content 
and features of maps at each level of the hierarchy. 

4.2.1. Global value chain (GVC) maps 
The value chain is “the full range of activities that firms and workers 

perform to bring a product from its conception to end use and beyond” 
(Gereffi and Fernandez-Stark, 2016). In the global value chain (GVC), 
these activities are performed globally, each country differing in the 
value-added activities and trade they are engaged in (Gereffi and 
Fernandez-Stark, 2016; Hernández and Pedersen, 2017). Frederick 
(2019) identify four main parts of a GVC map at a macroscopic level, 
including (1) the categories of value-adding activities that are essential 
to bring the product from conception to end users, (2) supply chain 
stages, presenting the overall input/output structure of the product flow 
and the processes in the value chain, (3) the supporting environment, 
comprising of the institutional actors enforcing legal or societal con
straints on the participants of the value chain at a local or global level, 
and (4) end markets. 

Different criteria are used to classify the range of activities in a GVC, 
including (1) the degree of involvement in production processes, i.e., 
primary or supportive processes, (2) the position in the value chain, (3) 
the potential for competence creation, i.e., exploration vs exploitation 
activities, and (4) the potential for being a source of competitive 
advantage, i.e., core vs non-core activities (Hernández and Pedersen, 
2017). Each criterion can be used for different GVC mapping purposes 
and helps identify the scope of activities to be captured in the map. 
Analyzing a GVC can help identify the countries involved in global 
production networks, their position in the GVC, their competitiveness, 
economic growth, and risks (Alves et al., 2022; de Backer and Miroudot, 
2014), which are relevant for non-governmental organizations and in
dividual businesses, as well as governments. Furthermore, GVC mapping 
can help organizations identify and analyze the overall structure of the 
industry and the markets within which they operate. 

4.2.2. Supply network maps 
Although frequently used interchangeably, it is useful to make a 

distinction between a supply network and a supply chain. Supply net
works are theorized as complex systems with capabilities of emergence, 
self-organization, and adaptation (Pathak et al., 2007; Surana et al., 
2005), in which firms do not possess global control, differently from 
short serial supply chains where there is a (are) dominant player(s). 
Furthermore, supply networks are more than the sum of constituting 
supply chains, i.e. they exhibit complex structures, such as network 
communities and intra-tier connections between suppliers (Demirel, 
2022). Therefore, mapping a multi-tiered and intertwined supply 
network (Ivanov and Dolgui, 2020) is more challenging than mapping 
unidirectional and shorter supply chains. Such maps provide an under
standing of the broader network configuration and topology and can be 
further analyzed for monitoring, control, risk management, and other 
strategic decision-making purposes (Bellamy et al., 2020; Demirel, 
2022). Here, we refer to supply network mapping as identifying which 
firm is connected to which firm. This type of mapping provides struc
tural visibility (Wichmann et al., 2020), which is crucial for supply 
networks involved in the production of complex products, typically 
spanning multiple industries. Supply network maps can be used to study 
the overall structure of industry-level networks. They are also used by 

governments, regulators, industry bodies, and insurance providers to 
study individual firms to understand their direct and indirect de
pendencies on other firms (Demirel et al., 2019). For example, in the 
automotive and aerospace industries, large numbers of suppliers are 
engaged in the production of automotive or aircraft parts, including 
dominant actors in the mining, chemicals, and electronics industries 
(Brintrup et al., 2015, 2017). Such firm-level network maps can be 
analyzed to identify reliance of the industry on certain suppliers (van 
den Brink et al., 2020) or to study the impact of network structures, such 
as intra-tier connections, on stability (Demirel et al., 2019). 

4.2.3. Supply chain maps 
Differently from a supply network that combines different product 

ranges of a focal firm and/or multiple prime entities, we define ‘supply 
chain’ as the inter-firm chain of activities and stakeholders involved in 
the production of a specific product. Hence, a supply chain map is a 
representation of a focused subset of broader and more complex supply 
networks. Focal firms can use supply chain maps to investigate their 
inbound and/or outbound supply chains for critical materials, compo
nents, or end products, which can form linear chains or a combination of 
them in tree-like structures, which are sometimes called “supply chain 
networks” in the literature. While supply network maps essentially 
provide structural visibility about complex and interconnected networks 
of actors, supply chain maps provide greater detail on a subset that is 
difficult to achieve in or comprehend from a network map. 

We refer to two recent mapping studies in the same domain to 
differentiate supply network maps from supply chain maps. Van den 
Brink et al. (2020) map the extended cobalt supply network to identify 
potential risks in cobalt supply, considering main actors and their lo
cations (Fig. 2), while Fraser et al. (2020) map the cobalt supply chain of 
a particular automotive OEM to improve upstream transparency and 
sustainability in its specific cobalt supply chain (Fig. 3). Different types 
of information can be depicted in a supply chain map, including data 
about selected supply chain actors, their information, material, and 
financial flows, and supply chain business processes (Lambert et al., 
1998). Numerous examples in Sections 3 and 5 illustrate how data on 
flows and processes beyond the minimum mapping elements, i.e., who is 
connected to whom, can be used in supply chain maps. 

4.2.4. Value stream maps (VSM) 
The concept of value stream mapping (VSM) emerged in the late 

1990s and has been strongly related to lean manufacturing (Hines et al., 
1999; Serrano et al., 2008). The focus of VSM is tactical and is usually 
implemented at the intra-firm level, though many studies have under
taken cross-boundary value stream mapping, sometimes called extended 
or supply chain value stream mapping (Brunt, 2000; Miyake et al., 2010; 
Suarez-Barraza et al., 2016; Taylor, 2005). As a tool, VSM helps capture 
and analyze the material flows and the associated information flows 
through the different production stages down to the end customer 
(Rother and Shook, 2003; Serrano et al., 2008). VSM analysis may 
facilitate identifying non-value-adding stages and different types of 
waste to be removed (Rother and Shook, 2003). Data are captured in a 
systematic way using standard symbols (Suarez-Barraza et al., 2016). 
Mapping typically involves the development of a current state map and 
designing a future state map with different flows and material control 
rules, e.g., implementing Kanban systems (Brunt, 2000; Frandson et al., 
2013). 

4.2.5. Process maps 
Process mapping is one of the oldest mapping techniques with origins 

in industrial engineering and ergonomics. It was proposed by Frank 
Gilbreth in the early 1900s (Lee and Snyder, 2007) and is “used to 
describe, in workflow diagrams and supporting text, every vital step in your 
business processes” (Hunt, 1996). 

Process mapping has similarities to VSM in visualizing and capturing 
information about a sequence of processes (Hunt, 1996; Lee and Snyder, 
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Fig. 2. Example of a supply network map - Cobalt supply network. Source: van den Brink et al. (2020).  
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2007). However, there are key differences: (1) VSM provides a stream
lined and broader overview of the business processes from external 
suppliers to external customers, focusing on value addition (Lee and 
Snyder, 2007), whereas process mapping focuses on visualizing the 
sequence of events to build a single item of a product (Damelio, 2011; 
Klotz et al., 2008); (2) VSM has a specific set of symbols each with a 
specific meaning that requires expertise and knowledge in developing 
VSM maps (Lee and Snyder, 2007), while process mapping uses con
ventional flowchart symbols (Damelio, 2011; Haefner et al., 2014); and 
(3) data in VSM has to be collected systematically to lay the foundation 
for further analysis using lean tools (Lee and Snyder, 2007), while the 
level of detail and information captured in process mapping can vary 
depending on the mapping purpose (Hunt, 1996). Process mapping can 
be used as an intermediate step to VSM (Klotz et al., 2008). 

To conclude, the hierarchy provides a comprehensive and structured 
approach to understand the focus and the scope of different maps used to 
depict the complexities of today’s supply systems. In the hierarchy of 
supply systems, the focus shifts from macro to micro as one moves down. 
Policy questions on where the value is created can be informed by 
developing GVC maps, while strategic risk, structure, and competitive 
advantage related questions of firms, concerning their extended net
works, can be supported by developing and analyzing supply network 
maps. At a finer level of detail, firms can use supply chain maps to focus 
on strategies for specific product flows. At the tactical and operational 
levels, VSM and process mapping tools help identify intra-firm and inter- 
firm inefficiencies and waste in the processes. 

4.3. Data sources and software for mapping 

The right information to present in a supply chain map varies 
depending on the purpose and the scope of the mapping exercise and the 
perspective of the mapper (Fabbe-Costes et al., 2020). However, the 
resources, the data sources, and the tools available to the mapping team 
will affect the hierarchical level in which a supply system can be mapped 

and will constrain the information that can be captured and presented. 
Below, we summarize the different sources of data and software that can 
be used and combined in contemporary supply system mapping initia
tives. We discuss the limitations of different data sources and mapping 
techniques to help in making informed choices between alternatives. 

4.3.1. Data sources – primary and secondary 
Once the purpose of mapping is defined, the next step is to find 

relevant data. Many types of data sources have been used to create maps. 
We classify these broadly into primary and secondary data sources. 
Moving down the hierarchy from the global value chain to the process 
map requires more detailed and granular information, which will typi
cally require the involvement of more stakeholders and the deployment 
of more resources in the data collection process to capture the desired 
mapping elements. 

Primary data is collected using interviews, direct observation, com
pany documents, and company information systems (typically ERP 
systems) and may be used by researchers and firms to map supply sys
tems at different hierarchical levels e.g., as in Brunt (2000), Taylor 
(2005), Miyake et al. (2010), and Suarez-Barraza et al. (2016). However, 
collecting primary data is laborious and may require strategic support 
from senior management and active participation from supply chain 
personnel (Miyake et al., 2010). Although such detailed mapping ini
tiatives provide invaluable insights e.g., on lead time, performance and 
risky suppliers, they are typically difficult to conduct due to resource 
and time requirements of collecting primary data. Additionally, sup
pliers may be reluctant to share data, given the risks of being cut out of 
the supply chain or of disclosing valuable competitive information 
(Farris, 2010; Gardner and Cooper, 2003). Hence, examples of primary 
data use are more common at the value stream level and for short chains. 
An exception is Choi and Hong (2002) who collected multi-tier inter-
firm data on three auto-manufacturing supply chains through direct 
observation (site visits to original equipment manufacturers and top first 
and second tier suppliers), semi-structured interviews (39 interviews in 

Fig. 3. Example of a supply chain map – Cobalt supply chain map. Source: Fraser et al. (2020).  
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total), and analysis of company documents (Bill-of-Materials, agree
ments, supplier performance ratings, etc.). The map specified the ma
terial and information flows at the product and parts level and was used 
for network analysis in follow-up studies (Kim et al., 2011). Demirel 
et al. (2019) mapped supply chains at the individual firm and product 
level for an industrial engine manufacturer with a team collecting data 
in a week-long site visit with several follow-up meetings and interviews 
with company managers for verification. Using the structural flow in
formation, they analyzed instabilities in material flows caused by the 
structure of the network. 

Secondary data has been used mainly at the higher levels of the hi
erarchy. At the global value chain level, industry and country level data 
are accessible from various national and international organizations. 
Frederick (2019) presents a summary of the databases at the macro level 
and explains the different industrial classification systems, most 
importantly the Harmonized System (HS) and the International Stan
dard Industrial Classification (ISIC), as well as the links between 
different systems and databases. UN ComTrade1 provides monthly in
ternational trade data for products grouped under different sectoral 
levels, specified by the number of digits in the HS code. International 
trade data is also available from, for instance, EuroStat2 at a regional 
level (EU) and FAOStat3 at an industry level (agri-food). International 
trade data has been analyzed from a network perspective in various 
previous studies, using secondary macro data at the country and sector 
levels. Secondary data may also enrich and provide context for the 
fundamental primary data that is collected. 

Importantly, the international trade databases noted above do not 
capture connections between different products, i.e., what product is an 
input to what other products. This is crucial for constructing global 
value chains and understanding where value is created. Economic input- 
output tables are used for this purpose as they capture financial flows 
into and out of different industries within a country. Input-output tables 
can be extended to a multi-country context, capturing exports and im
ports between different industries corresponding to different stages in a 
global value chain. OECD’s Inter-Country Input-Output Tables4 and 
World Input-Output Database (WIOD)5 provide such tables. The analysis 
of global input-output tables has attracted particular interest in the 
economics literature on production networks (Carvalho and 
Tahbaz-Salehi, 2019). However, there has been only limited use of 
input-output tables in the supply chain management literature, mostly 
restricted to national input-output tables and only in a descriptive way. 
For instance, Farris (2010) provided visualization of the US input-output 
tables from the Bureau of Economic Analysis. 

Although these secondary data sources are informative at the in
dustry and sector level and allow the activities in different tiers of a 
supply chain and their locations to be broadly mapped, they do not 
typically facilitate the identification of specific firms and their connec
tions. One can collect more detailed data by starting with a macro map 
and searching for major producers of the materials and products in the 
corresponding countries. For instance, Frederick (2019) identifies the 
firms involved in different tiers for a specific country (the Costa Rican 
medical industry). However, it lacks data on interfirm connections. 
Similarly, van den Brink et al. (2020) map cobalt supply chains using 
secondary data only, including sector statistics, compiled lists of mining 
sites, industry reports, and company websites. However, they were not 
able to identify buyer-supplier relationships. 

Similar to primary data collection, such approaches are resource 
intensive and not guaranteed to discover supply relationships in a sys
tematic way. Wichmann et al. (2020) have made a first step towards 

automating this manual data extraction process from unstructured text 
(websites and documents) using Natural Language Processing. However, 
these methods are still in development and suffer from low recall (per
centage of supply relationships truly captured), particularly due to the 
absence of large, labelled datasets. Furthermore, they potentially suffer 
from selection bias as not all buyer-supplier relationships are mentioned 
in public company documents and websites. 

Data on buyer-supplier relationships is valuable but hard to collect. 
Several data providers have developed curated databases specifically for 
supply chains. These include Mergent Online,6 Compustat Supply Chain 
Suite,7 Factset Revere Supply Chain,8 and Bloomberg SLPC.9 A funda
mental data source for identifying the suppliers of publicly traded US 
firms are their 8-K, 10-K, and 10-Q filings, which contain the names of 
major suppliers as the Securities and Exchange Commission (SEC) 
mandates US companies to report suppliers with expenses that exceed 
10% of their revenues. Databases that rely solely on these filings, e.g., 
Compustat Supply Chain Suite and Mergent Horizon, are biased towards 
major suppliers and the US economy. Factset Revere Supply Chain and 
Bloomberg SLPC databases mitigate these biases by providing global 
coverage and by enriching the data using expert teams’ reviews of other 
data sources, including company documents, presentations to investors, 
analyst reports, and company press releases. These databases have 
recently been used in the empirical operations management literature to 
test the effect of supply network structure on performance and risk 
(Bellamy et al., 2020; Wang et al., 2021; Zhao et al., 2019). We refer the 
reader to Demirel (2022) for a more detailed discussion of this literature. 

Using curated supply chain data sets, one can map industry level 
supply networks, including connections between firms operating in a 
selected industry or in a group of related industries. A firm-centric 
supply network can be generated by snowball sampling, starting with 
the focal firm, including its first-tier suppliers and buyers, then their 
suppliers and buyers, and so on. The latter approach has been used for 
instance by Kito et al. (2014) and Zhao et al. (2019) to capture the 
extended supply networks of focal firms. However, an important limi
tation is that it is not possible to disambiguate higher order relations 
from such databases. What appears as upper-tier suppliers in such da
tabases might not be genuinely so for a focal firm, because there is no 
information in the aforementioned multi-industry supply network da
tabases on product flows linked through a bill-of-materials structure. 
Hence, in our hierarchy, they are very useful for supply network map
ping but not fully reliable for supply chain mapping. Product level 
supply chain data is only available in specialized databases, such as 
Marklines10 for the automotive sector, but their coverage is mostly 
limited to the first tier. 

In summary, detailed mapping from primary sources requires the 
involvement of the prime company and the collaboration of their sup
pliers and customers. Even if it is granted, mapping is frequently a 
laborious task, which may restrict it to the structural dimension (who is 
connected to whom). In many cases, obtaining data on the identity of 
suppliers in the upper tiers may not be possible, in which case one needs 
to use secondary commercial databases. However, secondary sources 
may not precisely reveal chains of product flow beyond immediate 
connections but these might be needed at the supply chain mapping 
level of the hierarchy. For supply chain mapping, it is advisable for 
companies to start with secondary data sources for global value chains at 
the macro level or industry supply networks at the micro level and then 
to add/remove nodes and links to the best knowledge of the mapper. It 

1 https://comtrade.un.org.  
2 https://ec.europa.eu/eurostat.  
3 https://www.fao.org/faostat.  
4 https://www.oecd.org/sti/ind/inter-country-input-output-tables.htm.  
5 https://www.rug.nl/ggdc/valuechain/wiod/. 

6 www.mergentonline.com.  
7 https://wrds-www.wharton.upenn.edu.  
8 https://go.factset.com/marketplace/catalog/product/factset-supply-cha 

in-relationships.  
9 https://www.bloomberg.com/professional/dataset/global-supply-cha 

in-data/.  
10 https://www.marklines.com/. 
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must be stressed also that supply chains are highly dynamic in nature. 
Hence, a supply chain map can become outdated, which makes timeli
ness crucial but difficult to achieve. Emerging digital technologies, such 
as digital twins, control towers, and blockchain, enable rapid collection, 
updating, and integration of data that can be used to automate the 
mapping and the visualization of supply networks in almost real-time, 
some examples of which we note in Section 4.3.3 below. Methods of 
network science and system dynamics can be used to analyze and 
visualize such dynamic networks (Demirel, 2022). 

4.3.2. Visualization tools 
Once appropriate data have been obtained for a mapping study at 

any level of the hierarchy, the map needs to be visualized. Some of the 
desired visual properties of supply chain maps have been discussed in 
the extant literature (Farris, 2010; Gardner and Cooper, 2003). Farris 
(2010) illustrates the decoration of graphs by changing the sizes of nodes 
and the widths of edges reflecting their attributes, using different node 
symbols for different types of entities. Nuss et al. (2016) and van den 
Brink et al. (2020) provide examples of visualization to identify risky 
suppliers in supply networks. Although standardization of icons has 
been recommended (Farris, 2010; Gardner and Cooper, 2003), this has 
not been pursued in the literature, particularly for strategic mapping. 
Discussing the principles of visualization is beyond the scope of this 
paper, but it is worth mentioning the seminal work of Edward Tufte 
(1983). Data should be represented faithfully and effectively, directly 
focusing on the key features evidenced by the data and not adding 
“chartjunk”. 

Several software tools can be used for visualization, the choice of 
which depends on the technical skills, software familiarity of the ana
lyst, and the purpose of the study. At the lower levels of the hierarchy, 
there are fewer objects in the map, but the types of the elements are 
more varied due to the higher granularity of the data. Especially for 
VSM, icons have been standardised and diagramming software such as 
Microsoft Visio can be used. For supply network mapping, there may be 
many more entries represented in a map, which presents visualization 
challenges. One strategy is to highlight important nodes (setting the 
node size proportional to firm size, market share, or network centrality), 
important links (using wider edges for higher transaction value), and 
meso-scale network structures, such as network communities (nodes 
colored with respect to community membership). There are various 
network analysis tools, ranging from packages in more general pro
gramming languages such as R and Python (iGraph and NetworkX 
packages) to specialized software with user interface, such as Gephi, 
Pajek, and Ucinet (see Demirel (2022) for a review). 

4.3.3. Commercial supply chain mapping solutions 
Several commercial solutions for supply chain mapping and end-to- 

end traceability have emerged over the past decade, which combine the 
data sources and methods outlined above with additional proprietary 
and public data and information systems. Several vendors provide IT 
solutions and consultancy services to address the contemporary focus on 
supply chain visibility, traceability, agility, resilience, and sustainabil
ity. This is a rapidly developing area (The Economist, 2022c) facilitated 
by digital technologies to rapidly collect and update data for supply 
chain maps in an automated manner. We note some illustrative exam
ples only. We do not aim to be exhaustive or to assess the capabilities of 
individual solutions. 

Some supply chain supplier procurement platforms include a supply 
chain mapping process for end-to-end visibility. Examples of such soft
ware vendors include Sourcemap,11 Achilles,12 and Resilinc.13 Enabled 
by mapping and traceability, they present compliance solutions for 

regulations on transparency, such as California Supply Chain Trans
parency Act, UK Modern Slavery Act, Conflict Minerals Reporting 
(CMRT), and German Supply Chain Due Diligence Act. RiskMethods14 

focuses on supply chain mapping for risk and disruption monitoring in 
extended networks, using a similar approach. 

Several general-purpose enterprise supply chain planning solutions, 
such as Blue Yonder,15 SupplyOn,16 Elementum,17 Coupa,18 and 
E2open,19 provide supplier visibility and integration solutions by linking 
the focal firm’s planning systems to suppliers’ production and perfor
mance data. We refer the interested reader to Gardner’s Magic Quadrant 
for Supply Chain Planning Solutions 2021 report for an account and 
assessment of alternative solution providers in this domain. Typically, 
the mapping process starts with sending invitations and questionnaires 
to first tier suppliers to onboard them to the platform. The upper tiers are 
mapped by cascading the onboarding invitation process up to the raw 
material level. However, this requires the prime entity to have the power 
to ensure that its direct and indirect suppliers join the platform. Struc
tural visibility is further supported by data on product flows, which is a 
key element of supply chain maps, and supplier risk assessments, using 
third-party financial, geopolitical, meteorological, and slavery risk da
tabases. In the apparel industry, with an emphasis on transparency and 
collaboration, the Open Apparel Registry20 initiative seeks to stan
dardize and share data on global supply networks at the firm and facility 
level, contributed by brand owners, suppliers, NGOs, and certification 
schemes. 

Alternative approaches to mapping supply networks have been 
developed recently by a number of digital technology start-ups that 
make use of Big Data, particularly logistics data (The Economist, 2022c). 
Everstream Analytics,21 formerly DHL Resilience360, and Altana AI22 

seek to map multi-tier supply networks by merging many data sources 
on trade, product shipments, bills of lading, and company relationships 
using data science techniques, which for instance captures facility lo
cations and identifies products that are being shipped. Makersite 23 

similarly provides multi-tier visibility solutions by merging different 
sources using Product Lifecycle Management and procurement data. 
With a similar focus on sustainability, FRDM24 uses Artificial Intelli
gence to predict Bill-of-Materials structure for purchased components. 
Similarly, OpenSC25 verifies ethical and sustainable supply claims at the 
source using technologies and tools, including GIS and deep learning, 
and then traces individual products using other technologies such as 
RFID, QR codes, and blockchain, which is then shared with stakeholders, 
including consumers. Blockchain technology is trialed by organizations 
to track products, e.g. BlocRice26. However, such real-time verification, 
mapping, and tracking requires the collaboration of different parties and 
incurs a cost, which may be non-trivial to establish. Furthermore, it 
typically first requires supply network mapping to be able to identify 
and include different actors in the supply chain. As an alternative, 
VersedAI27 uses and analyses public text data to extract buyer-supplier 
relationships using Natural Language Processing techniques. However, 
there are methodological challenges of low recall and high selection bias 
in such approaches, which are not easy to address. 

11 https://sourcemap.com/.  
12 https://www.achilles.com/.  
13 https://www.resilinc.com/. 

14 https://www.riskmethods.net/.  
15 https://blueyonder.com/.  
16 https://www.supplyon.com/.  
17 https://www.elementum.com/.  
18 https://www.coupa.com/.  
19 https://www.e2open.com/.  
20 https://info.openapparel.org.  
21 https://www.everstream.ai/.  
22 https://www.altana.ai/.  
23 https://makersite.io/.  
24 https://www.frdm.co/.  
25 https://opensc.org/.  
26 https://cambodia.oxfam.org/BlocRice.  
27 https://www.versed.ai/. 
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Fig. 4. Cotton global value chain maps.  
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As evident from many technology companies offering supply chain 
mapping and visibility solutions, there is a growing market and a 
plethora of different approaches and data sources used. It remains to be 
evaluated how accurate the constructed networks are, how they 
compare with each other and also with maps generated from the sec
ondary supply chain datasets summarized in Section 4.3.1. 

5. Illustrating the hierarchy: map exemplars 

The hierarchical mapping scheme presented in Section 4.2 can be 
used to map a supply system in any industrial sector at different levels of 
granularity or at a specific level to suit the context of the mapping study. 
Here, we use the global textile and apparel industry to illustrate its 
application at each hierarchical level. The textile and apparel industry 
provides a valuable context to illustrate the scheme for a number of 
reasons. The sector has highly fragmented and dispersed global supply 
networks (Fernandez-Stark et al., 2011b; Gereffi and Frederick, 2010), 
presenting significant mapping challenges to capture them accurately. It 
is one of the most dynamic industries in terms of location (Ahmed and 
MacCarthy, 2021; Gereffi and Frederick, 2010; MacCarthy and Jayar
athne, 2013) with changes in the configuration of supply networks over 
time. There are also significant sustainability concerns related to raw 
materials sourcing and apparel production processes (MacCarthy and 
Jayarathne, 2012; UNECE, 2021), requiring organizations involved in 
the supply of these products to map their extended supply chains. 

5.1. Global value chain map 

The GVC of the apparel industry consists of five major segments - raw 
materials supply, textile companies, garment producing factories, export 
channels and trade intermediaries, and marketing networks (Fernan
dez-Stark et al., 2011b). The apparel GVC is known to have dispersed 
manufacturing with frequent changes in the locations of the most sig
nificant apparel end markets (Gereffi and Frederick, 2010). The apparel 
GVC is buyer-driven, with major buyers, retailers and brand owners, 
controlling product design, sales, research, and marketing but 
outsourcing the labor-intensive garment making operations. The global 
dispersion of these activities has been influenced by the market prox
imity and the competitiveness of the producing countries, including 
labor skills, costs, and productivity (Fernandez-Stark et al., 2011b). 

To provide an example of the GVC mapping process in this sector, we 
investigated the trade flows of cotton across the upstream value-adding 
activities over a ten-year period. Cotton is a critically important textile 
fiber. Its production includes combed and carded cotton (raw cotton 
after removing the seeds), cotton spinning (cotton yarn), and weaving 
(cotton fabric) processes. We extracted data from the UN Comtrade 
database for 2007 and 2017 (see Appendix - Tables 2 and 3appsec1) and 
developed illustrative GVC maps using Gephi software (Fig. 4). The 

nodes represent participating countries on the map, while the edges 
show the trade flows. Table 1 shows the top countries in the global 
cotton industry by network metrics (degree and betweenness centrality). 
The degree centrality is the total number of links (imports and exports) 
of a particular node, while the betweenness centrality measures the 
importance of a node in terms of the number of shortest paths between 
all other node pairs that go through it (Demirel, 2022; Kim et al., 2011). 
Decreasing network density (fraction of the number of existing links to 
the maximum) shows reduced global trade flows of combed cotton and 
yarn from 2007 to 2017, while the number of cotton fabric trade flows 
have increased over the same period. This may indicate that apparel 
producing countries (e.g., China, India, Italy, and Belgium) have begun 
investing more in upstream value-adding activities, including spinning 
and weaving, and exporting cotton fabrics. 

Moreover, there is a change in the positions of some major countries 
in the global cotton value chain. The United States experienced a sig
nificant drop in their combed cotton trade volume, from 48,821 tons in 
2007 to 10,237 tons in 2017, while some developing countries took the 
lead in combed cotton trade (i.e., Mali, Uganda, United Rep. of 
Tanzania). However, the activities of these developing countries are still 
limited to exporting unprocessed raw cotton. The key players in the 
cotton GVC are identified by analyzing their betweenness centrality. 
China has a strong position in the cotton network, connecting all other 
actors, while India has become more central over time. Countries like 
the USA, Turkey, Germany, Italy, and Spain have been well established 
in the cotton supply network. In general, the global cotton value chain 
has become more centralized, with fewer critical players in the combed 
cotton and yarn trade and more in the fabric trade. 

There are limitations in using aggregate trade data. It does not 
include information about countries’ domestic production and con
sumption at the product level. The imports and exports are reported 
differently, resulting in a mismatch between the reported quantities for 
the same trade between two countries. There may also be missing data, 
especially for smaller countries. Nevertheless, when the data is avail
able, it can provide a rich source of information to capture the dynamics 
of GVCs over time. 

5.2. Supply network map 

We provide an example of the Hennes & Mauritz (H&M)28 supply 
network using secondary data sources. H&M is a top Swedish multina
tional fashion retailer with a well-established supply network. The 
company is committed to sustainability and publishes information about 
its suppliers’ names, locations, products, and processes. The company’s 
annual reports provide information about its markets and geographical 

Table 1 
Network metrics- Degree and Betweenness Centrality for cotton GVC.  

2007 2017 

Country Degree Betweenness Centrality Country Degree Betweenness Centrality 

China 200 1816 China 228 3683 
USA 154 1397 India 189 1452 
Italy 158 890 USA 108 1354 
Spain 149 846 Germany 154 1270 
China, Hong Kong SAR 147 780 Turkey 161 1168 
France 127 745 Italy 158 1000 
Germany 155 734 Spain 151 960 
Turkey 146 632 United Kingdom 98 673 
Thailand 139 496 Egypt 99 633 
Colombia 42 427 Russian Federation 67 598 
United Kingdom 139 415 Rep. of Korea 114 580 
Average Degree 14.15 15.59 
Avg. Betweenness Centrality 65.8 116.7 
Network Density 0.072 0.078  

28 https://www2.hm.com/en_gb/index.html. 
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distribution, which constitute rich data for mapping its supply network. 
The sustainability website of H&M (H&M Suppliers List, 2019) in

cludes information about the company’s first tier manufacturing sup
pliers (around 850 independent suppliers with over 2500 factories 
worldwide) and yarn and fabric mills responsible for 65% of its pro
duction. In addition, H&M’s career website (hm.career, 2019) provides 
information about the location of the production offices that the com
pany has established in 20 countries to manage and control product 
development, supplier auditing, procurement, and other supply chain 
activities. 

Various online data sources were researched to find information 
about H&M distribution centers and markets to map the company’s 
downstream supply network. According to the Bremer construction 
company website (Bremer, 2019), H&M has a large distribution center 

in Hamburg, Germany. H&M products are transported to a centralized 
warehouse in Hamburg and then shipped to regional warehouses in the 
company’s main markets. For market information, H&M’s annual re
ports show the number of opened/closed stores per country, revenue per 
market, and the number of employees. All this information enabled the 
development of the overall H&M supply network map presented in 
Fig. 5. 

The supply network of H&M consists of (1) manufacturing suppliers 
who own manufacturing facilities known as “cut and sew” factories 
located in 40 countries, mainly in Asia and Europe, (2) processing fac
tories that the manufacturing suppliers subcontract to perform certain 
activities (indicated by bi-directional links), and (3) second tier sup
pliers (yarn and fabric mills) (H&M Suppliers List, 2019). This provides 
a macro-view and we can also visualize the specific supply network at 

Fig. 5. H&M overall supply network map.  

Fig. 6. H&M market geographical map. Source: Euromonitor (2022).  

B.L. MacCarthy et al.                                                                                                                                                                                                                          



International Journal of Production Economics 250 (2022) 108688

14

Fig. 7. H&M supply network map. Data source: H&M Suppliers List (2019).  

Fig. 8. Lenzing downstream supply network map. Source: Ahmed and MacCarthy (2021).  
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the firm level, which is shown in Fig. 6, also zooming into the 
sub-network in a specific country (Bangladesh). 

H&M’s downstream supply network is global. The International 
Euromonitor database provides geographical maps and market data for 
specific industries, including some of the major firms. Fig. 7 shows the 
geographical map of H&M sales in 2021 (Euromonitor, 2022). The 
company’s biggest markets are Western Europe, China, Russia and 
North America. This example shows that mapping exercises require 
detailed scrutiny of multiple secondary data sources to capture and 
verify as much as posible a network at any point in time. 

5.3. Supply chain map 

As noted in Section 4.2.3, a supply chain map zooms into a subset of a 
broader supply network and focuses on specific material flows and 
supply chain participants. As an exemplar of a supply chain map, we 
refer to Ahmed and MacCarthy (2021) who conducted a case study of 
Lenzing, a major global manmade cellulose fiber producer. The fiber 
producer was piloting a blockchain-enabled fiber-to-retail traceability 
solution in several supply chains, including their downstream - Indo
nesian supply chain for Tencel (lyocell) fibers - and H&M. This supply 
chain is a subset of Lenzing’s complex downstream textile supply 
network (Fig. 8) and H&M’s complex upstream supply network (Fig. 5). 
Fig. 9 illustrates the selected supply chain as a subset of the broader 
supply networks to which it belongs. 

Lenzing is one of the many fiber producers in H&M’s global upstream 
supply network. Similarly, Lenzing provides different types of fibers, e. 
g., Lyocell, Modal and Viscose, to its global downstream textile supply 
networks, including many brands and retailers in addition to H&M. 
Different types of data are captured in the developed traceability solu
tion, including location information of the different entities, the fiber 
percentage used, the amount of waste, and the inventory levels at each 
supply chain stage (Ahmed and MacCarthy, 2021). To obtain such level 
of information and enable the adoption of the traceability solution by 
the right parties, detailed supply chain mapping of Tencel fiber flow in 
the downstream supply chain is crucial. Supply chain mapping in this 
case can help develop the necessary understanding of the material flows 
of Lenzing’s fiber, identify the parties involved along with their opera
tional activities and use of fiber, and determine appropriate data capture 
points and traceability requirements at each supply chain stage. 

5.4. Value stream maps 

Many researchers have used VSM to study apparel manufacturing 
processes (Kays et al., 2019; Kumar, 2016; Phuong and Guidat, 2018). 
Phuong and Guidat (2018) used VSM to map apparel production pro
cesses within a company to identify areas for improving the sustain
ability of these processes using RFID and ergonomics. Kays et al. (2019) 
used VSM to tackle operational inefficiencies in the ready-made garment 

sector in Bangladesh. 
As an example of VSM in the apparel sector, we consider Kumar 

(2016), who focused on a production line for single fabric men’s jersey 
trousers. Fig. 10 shows the current state VSM with the material and 
information flows from when the customer places an order to when the 
product leaves the cutting section and enters the production line. In
formation related to the machine type, cycle time, and inventory level 
are captured at each station the product visits. The authors used the 
current state map to identify opportunities for waste reduction, 
considering a cellular layout, single piece flow, and Kaizen principles 
(Kumar, 2016) and developed a future state map accordingly. 

5.5. Process mapping 

Process mapping can provide high level information about the 
workflow of operational processes. A good example in the apparel 
supply chain context is the work by Thakur et al. (2020), who developed 
a traceability framework for animal hides in their supply chains. Hides 
are by-products of meat production and provide the raw material for 
leather. The study developed a high level process map for hides in the 
abattoir and tanning processes (Fig. 11). In this example, process map
ping is crucial for identifying the right data capture points and the re
quirements for effective supply chain traceability systems using different 
identification technologies. 

6. Conclusions 

Building on the early seminal work of Gardner and Cooper (2003), 
this paper has taken a contemporary perspective on the mapping of 
supply systems, highlighting the strong motivations to achieve more 
accurate supply chain knowledge in the post-pandemic world. Mapping 
combines elements of art and science but the emphasis should always be 
on seeking accuracy and clarity to support supply chain management. 
We have noted the diversity of mapping studies conducted to date in the 
literature and defined a hierarchy to provide a comprehensive and 
structured approach for both researchers and practitioners to position 
mapping studies with respect to their focus and scope. The introduced 
hierarchy can be used by practitioners to identify the level at which 
mapping should be conducted and with what type of data, or it can be 
used to guide a multi-stage mapping process, starting from upper stra
tegic levels and moving down to operational/tactical levels. We high
lighted the significant challenges and resource implications in 
constructing maps using primary data collected ‘from the ground up’ 
and noted the potential for greater use of secondary data sources for 
supply chain mapping exercises. 

Notwithstanding the many challenges, we live in an increasingly 
data rich world with new software tools emerging that have the po
tential for rapid analysis, visualization and automation of aspects of the 
mapping process. They will not be a panacea but these exciting 

Fig. 9. Lenzing and H&M Indonesian Supply chain as a subset of their global supply networks.  

B.L. MacCarthy et al.                                                                                                                                                                                                                          



International Journal of Production Economics 250 (2022) 108688

16

Fig. 10. VSM current state map for an apparel production line. Source: Kumar (2016).  
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developments hold promise for the research community. Potential 
future lines of enquiry are manifold. We highlight three. First is the 
development of maps to focus on the stability of supply systems and 
their vulnerabilities that can be used in mathematical network analysis 
(Demirel et al., 2019). Second is the integration of supply chain mapping 
with GIS, which is a strongly burgeoning science with principles and 
practices that may enrich supply chain mapping (Bearman, 2020). Third 

is the use of mapping to support digital transformation of supply sys
tems, particularly incorporating emerging digital technologies (Ivanov, 
2021). 

Data availability 

Data will be made available on request.  

Appendix 1  

Table 2 
Cotton Export Data in 2007. Data Source: UN Comtrade (2022).  

2007 

Combed or Carded Cotton Cotton Yarn Cotton Fabric Overall 

Top 10 
Countries 

Export Volume 
Tons 

Top 10 Countries Export Volume 
Tons 

Top 10 Countries Export Volume 
Tons 

Top 10 Countries Export Volume 
Tons 

USA 48,821 China, Hong Kong 
SAR 

1,924,242 China, Hong Kong 
SAR 

500,941 China, Hong Kong 
SAR 

3,427,589 

Turkey 8846 China 1,754,009 Turkey 124,808 China 1,754,280 
Italy 3704 USA 1,081,534 USA 120,213 USA 1,588,634 
Spain 2502 Turkey 346,231 Germany 86,648 Turkey 747,192 
Greece 2380 Italy 204,394 Dominican Rep. 79,711 Germany 380,200 
Singapore 2229 Thailand 178,218 Thailand 65,028 Thailand 373,658 
France 1162 Spain 164,898 Japan 63,645 Rep. of Korea 268,643 
Canada 1111 Germany 119,821 Rep. of Korea 58,462 Dominican Rep. 239,308 
Colombia 462 Rep. of Korea 92,249 Russian Federation 28,022 Italy 215,507 
Japan 369 Belgium 91,800 Czechia 22,078 Japan 207,071   

Fig. 11. Hide process map in the slaughtering and tanning stages. Source: Thakur et al. (2020).  
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Table 3 
Cotton Export Data in 2017. Data Source: UN Comtrade (2022).  

2017 

Combed or Carded Cotton Cotton Yarn Cotton Fabric Overall 

Top 10 Countries Export Volume 
Tons 

Top 10 Countries Export Volume 
Tons 

Top 10 Countries Export Volume 
Tons 

Top 10 Countries Export Volume 
Tons 

Mali 90,887 India 1,120,104 China 1,894,152 China 2,287,995 
Uganda 26,286 Pakistan 483,871 Slovenia 144,116 India 1,243,448 
United Rep. of 

Tanzania 
12,796 USA 454,658 India 120,888 Pakistan 484,021 

USA 10,237 China 393,761 Turkey 115,765 USA 464,895 
Rep. of Korea 8359 Indonesia 208,014 China, Hong Kong 

SAR 
107,714 Turkey 282,061 

Turkey 7785 China, Hong Kong 
SAR 

171,993 Germany 61,820 China, Hong Kong 
SAR 

279,772 

Indonesia 5221 Turkey 158,511 Italy 61,779 Slovenia 276,449 
Netherlands 3330 Slovenia 132,325 Spain 45,333 Indonesia 236,380 
India 2456 Rep. of Korea 55,552 Belgium 31,972 Italy 91,466 
Mexico 1573 Malaysia 45,570 Japan 27,489 Mali 91,229  
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