
 

 

 

When Asset-Light is Built Right:  
Empirical Identification and Quantification of Shock 

Absorption Mechanisms in Automotive OEMs 
 

Gabriele Carneglia 

Academic year 2025/2026 

 

 

Master’s thesis in Innovation and Industrial Management 

Chair of Industrial Management 

 

Graduate School, School of Business, Economics and Law at University of Gothenburg 

Supervisor: Johan Brink 

Graduate School, Department of Business and Management at LUISS Guido Carli University 

Supervisor: Luigi Marengo 

Co-Supervisor: Emanuela Delbufalo 



 ii 

Abstract 

As the automotive industry transitions toward electric vehicles and more externalized production 
architectures, an increasing number of original equipment manufacturers (OEMs) are moving toward 
asset-light configurations. Although this model has traditionally been examined mainly from a financial 
and strategic-efficiency perspective, as a way to reduce fixed-asset intensity, improve capital efficiency 
and increase flexibility, recent shocks have made its operational dimension increasingly relevant. The 
COVID-19 disruption, rising geopolitical tensions, trade-policy uncertainty and supplier concentration 
in batteries, semiconductors and software have exposed the risks of external dependence. Yet the 
performance implications of asset-lightness under systemic supply-chain disruption remain 
insufficiently understood. This thesis addresses this gap by examining how asset-lightness reshapes 
disruption exposure and shock-response capacity in automotive OEMs, focusing on the governance 
mechanisms that substitute physical ownership and on the supply-network conditions that shape 
performance under stress. 

The study adopts a sequential exploratory mixed-methods design. First, a qualitative case study of 
Polestar Automotive identifies how an asset-light OEM reconstitutes control without full manufacturing 
ownership. The case shows that asset-lightness does not imply organizational hollowness, but relies on 
ecosystem-based access to strategic partners, specification-based control, coordination routines, 
operational visibility, selective internal capability retention and network-level governance choices 
concerning supplier concentration, geographic configuration and buyer–supplier dependence 
asymmetry. 

Second, these insights are examined through a balanced panel analysis of automotive OEMs over the 
2018–2024 period. Asset-lightness is operationalized through a multidimensional Asset-Lightness Index 
(ALI), distinguishing weak asset-lightness, based on reduced physical and operating capital 
commitment, from strong asset-lightness, based on intangible and knowledge-oriented resource proxies 
associated with external orchestration. Global supply-chain pressure is measured through the Global 
Supply Chain Pressure Index (GSCPI), while supplier concentration, geographic concentration and 
power asymmetry capture the structural architecture of the externalized supply network. 

The findings show that asset-lightness alone is not a robust standalone predictor of operating 
performance under systemic supply-chain disruption. Its consequences are conditional on network 
structure and disruption phase. Supplier and geographic concentration may support coordination and 
short-run absorption when supply-chain pressure rises, but become constraints when pressure eases and 
recovery requires flexibility and reconfiguration. Power asymmetry plays a narrower role, mainly when 
asset-lightness is accompanied by stronger orchestration capability. Overall, the thesis reframes asset-
lightness as a redistribution of control rather than a simple reduction of assets, showing that its 
performance under disruption depends on whether reduced ownership is matched by governance 
mechanisms capable of preserving coordination under stress and flexibility during recovery. 

 

Keywords: asset-light strategy; automotive OEMs; supply-chain resilience; supply-chain disruption; 
vertical disintegration; governance mechanisms; supplier concentration; geographic concentration; 
power asymmetry; electric vehicles; panel data; mixed methods 

JEL Classification: L22 · Firm Organization and Market Structure; L62 · Automobiles; Other 
Transportation Equipment; L14 · Transactional Relationships; Contracts and Reputation; D23 · 
Organizational Behavior; Transaction Costs; F23 · Multinational Firms; International Business 
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List of Abbreviations 

The following list reports the main abbreviations used throughout the thesis. 

 

Abbreviation Full term Abbreviation Full term 
ALI Asset-Lightness Index IPO Initial Public Offering 
ALI 
Combined 

Combined Asset-Lightness Index JV Joint Venture 

ALI Strong Strong Asset-Lightness Index LCV Light Commercial Vehicle 
ALI Weak Weak Asset-Lightness Index M&A Mergers and Acquisitions 
Asymmetry Power Asymmetry Index MIP Modularity in Production 
CAGR Compound Annual Growth Rate NOA Net Operating Assets 
CAPEX Capital Expenditure OEM Original Equipment Manufacturer 
COGS Cost of Goods Sold PCA Principal Component Analysis 
EBIT Earnings Before Interest and Taxes PMI Purchasing Managers’ Index 
EBITDA Earnings Before Interest, Taxes, 

Depreciation and Amortization 
PP&E Property, Plant and Equipment 

EMS Electronics Manufacturing Services R&D Research and Development 
EV Electric Vehicle RBV Resource-Based View 
FE Fixed Effects ROA Return on Assets 
FRBNY Federal Reserve Bank of New York ROU Right-of-Use 
GeoHHI Geographic Herfindahl-Hirschman Index RQ Research Question 
GSCPI Global Supply Chain Pressure Index SCRM Supply Chain Risk Management 
GSCPI Down Downward component of the Global 

Supply Chain Pressure Index 
SPLC Bloomberg Supply Chain Analysis 

GSCPI Up Upward component of the Global Supply 
Chain Pressure Index 

SupplierHHI Supplier Herfindahl-Hirschman Index 

GVC Global Value Chain TCE Transaction Cost Economics 
HHI Herfindahl-Hirschman Index TRBC The Refinitiv Business Classification 
ICE Internal Combustion Engine VRIN Valuable, Rare, Inimitable and Non-

substitutable 
IFRS International Financial Reporting 

Standards 
VVI Virtual Vertical Integration 

IP Intellectual Property   
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1. Introduction 
 

What do a pair of Nike running shoes, the latest-generation iPhone and an IKEA sofa have in 

common? 

At first glance, very little. From a technical standpoint, they appear to belong to entirely 

different industries, address distinct consumer needs and emerge from production systems that 

seem technologically and organisationally unrelated. And yet, when examined through an 

industrial lens, a common thread emerges. Beneath their apparent heterogeneity lies a shared 

industrial logic that is quietly reshaping how companies design, produce and scale in today’s 

global economy: none of these products is primarily manufactured by the company that sells it. 

This reflects the adoption of the asset-light model, a strategic configuration where firms 

decouple value creation from asset ownership, focusing on design and orchestration while 

externalizing physical production. 

Traditionally, asset-light manufacturing has been framed as a strategic mechanism to reduce 

fixed-asset intensity, improve capital efficiency and increase organizational flexibility (EY, 

2021; BCG, 2014). However, in an era increasingly defined by supply-chain volatility, this 

purely financial perspective reveals a critical limitation. Externalizing production does not 

merely reduce a firm’s balance sheet; it transfers critical operational execution to external 

partners whose resource allocation decisions and technological capabilities are no longer bound 

by direct hierarchical control. Consequently, the resilience of asset-light configurations under 

exogenous shocks depends less on the degree of asset reduction itself than on the interfirm 

governance mechanisms deployed to maintain coordination without ownership. This thesis 

addresses this tension within the automotive sector, an industry where asset-light models are 

emerging far later than in consumer goods or electronics, and under substantially more stringent 

requirements for safety-critical integration, process quality and supply-chain resilience. 
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1.1 The Structural Shift Toward Asset-Light Manufacturing and the Automotive 

Exception 
The iconic products introduced at the beginning of this chapter are not isolated examples. 

Across consumer goods, electronics and high-technology ecosystems, a growing share of 

physical production has migrated beyond firm boundaries, while lead firms retain control over 

design, architecture and system integration. The expansion of contract manufacturing provides 

an empirical indication of this broader structural shift, even if it remains only a practical proxy 

for the diffusion of asset-light configurations (DataM Intelligence, 2025; Research and Markets, 

2025; Mordor Intelligence, 2026).  

The modern origins of this industrial framework can be traced to Nike, not coincidentally the 

example that opens this chapter. Beginning as a distributor of Japanese-made shoes in the mid-

1960s, the company evolved during the 1970s and 1980s by separating design, branding and 

marketing from physical production, which was outsourced to external manufacturers in Asia. 

By the 1990s, the spread of the Internet and ICT technologies reduced coordination costs across 

organisational and geographic boundaries, allowing this operational philosophy to extend into 

more complex manufacturing systems. In electronics, it supported the rise of the Electronics 

Manufacturing Services (EMS) industry, where firms such as Jabil and Flex assembled products 

for multiple competing customers, including Apple, IBM and HP. In semiconductors, the same 

paradigm contributed to the emergence of the fabless model, exemplified by NVIDIA’s reliance 

on foundries such as TSMC to avoid the capital intensity of wafer fabrication and concentrate 

resources on R&D, software and system architecture. This broader transition, which 

management literature has termed the "Nikefication" of manufacturing (Davis, 2016), 

accelerated further following China’s accession to the WTO in 2001.  

For nearly a century, however, the automotive industry followed a different trajectory. While 

consumer goods, electronics and semiconductors progressively moved toward externalised 

production, automotive manufacturing remained closely associated with vertical integration. 

As Drucker (1949) observed, mass production became a defining principle of modern industrial 

organisation, epitomised by Ford’s River Rouge complex, where raw materials entered one end 

and finished vehicles exited the other. For Detroit’s Big Three, General Motors, Ford and 

Chrysler, ownership and control over the value chain were closely linked to scale, quality and 

process reliability.  
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This explains why automotive production resisted full externalisation even as other sectors 

adopted asset-light models. The sector did experiment with partial unbundling, most notably 

through General Motors’ spin-off of Delphi in 1999 and Ford’s spin-off of Visteon in 2000. Yet 

the core of the value chain remained difficult to externalise. Outsourcing footwear or consumer 

electronics was one matter; outsourcing the final assembly of an internal combustion engine 

(ICE) vehicle, with roughly 30,000 parts and safety-critical integration requirements, was 

another. As a result, the industry developed a hybrid structure: component supply became 

increasingly disintegrated, while final assembly and system integration remained tightly 

controlled within OEM boundaries.  

This historical configuration also shaped entry dynamics. For most of the twentieth century, the 

U.S. automotive industry resembled a mature oligopoly dominated by vertically integrated 

incumbents whose scale economies, capital intensity and manufacturing capabilities made 

sustainable entry extremely difficult. According to the industrial-organisation literature, prior 

to Tesla the last successful major American automaker was Chrysler, founded in 1925, implying 

that the rate of sustainable OEM entry remained close to zero for nearly a century (Klepper, 

2002). Against this background, the recent proliferation of electric-vehicle entrants represents 

a structural break. Between 2020 and 2022, a record 43 electric-vehicle and battery companies 

were listed on U.S. exchanges, including Polestar, Rivian, Lucid and Fisker (WSJ, 2023). In 

China, the shift was even more pronounced: following the opening of EV production licences 

to non-automotive players, the number of registered EV manufacturers rose from a small base 

to approximately 487 between 2015 and 2019 (CSIS, 2020; Fortune, 2024). Decarbonisation 

and electrification provide the immediate explanation for this change. At a deeper industrial 

level, however, the shift also reflects the delayed extension of asset-light production logic to an 

industry that had historically resisted full decoupling between ownership, production and 

control. 

1.2 The Technical Decoupling: Why EV and Why Now? 

To understand the sudden proliferation of new automotive entrants, we must first address a 

fundamental industrial question: why did this fragmentation occur specifically in the electric 

vehicle (EV) segment, while the internal combustion engine (ICE) market remained highly 

concentrated and effectively closed to sustainable new entry for much of the twentieth century? 

The answer lies in the diverging architectures of the two technologies. For decades, the ICE 

vehicle represented an "integral" architecture where the engine, transmission and chassis were 
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mechanically intertwined; managing this complexity required deep vertical integration and 

proprietary manufacturing, making outsourcing virtually impossible for core systems. 

Electrification weakened part of this constraint. EV architectures are generally more modular, 

with fewer moving parts, greater separation between platform and body and increasing 

standardization around batteries, e-drivetrains, software and electronic subsystems. Industry 

analyses often capture this shift through the reduction from more than 2,000 moving parts in a 

traditional combustion drivetrain to approximately 20 in an electric one (Alpha Motor Inc., 

2024). This does not make automotive manufacturing simple, since EVs remain complex and 

safety-critical products, but it reduces some of the mechanical interdependencies that 

historically limited contract manufacturing. As a result, outsourced production has moved from 

a niche overflow solution toward a more central option in the EV supply chain (Economic 

Times, 2023; Just Auto, 2021). 

This architectural modularity enabled a sudden wave of new electric vehicle entrants to adopt 

radical asset-light configurations. The early archetype of this philosophy was Henrik Fisker, 

CEO of Fisker Inc., who redefined the manufacturer's role through an architectural metaphor: 

"If I’m an architect, do I need to make my own bricks? No, but I need the bricks to come 

together in the right place. I don't want to own the factory" (Business Insider, 2021). By 

focusing capital entirely on brand, user experience and R&D while leveraging "turnkey" 

manufacturing partners like Magna Steyr, such entrants could operate with minimal initial 

headcount and completely bypass the billions of dollars typically required for tooling and plant 

capacity. 

This model, however, has moved beyond cash-strapped startups. It is increasingly being 

adopted by traditional incumbents and global challengers seeking to preserve strategic 

flexibility and accelerate international expansion without prohibitive fixed-asset commitments. 

Mitsubishi Motors, for example, is shifting toward an asset-light footprint in Western markets 

by leveraging its Renault-Nissan Alliance partners (Automotive Manufacturing Solutions, 

2025). A similar pattern is visible among Chinese automakers, for whom geopolitical friction, 

tariff uncertainty and the massive break-even thresholds of overseas greenfield investments 

have made fully owned plants less attractive. Rather than absorbing hundreds of millions of 

dollars in setup costs, firms like Geely and XPeng are actively turning to partner-based 

production, leveraging external capacities such as Renault-linked plants in Korea or Magna 

Steyr in Europe (An & Ding, 2025). This convergence confirms that asset-light logic has 
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evolved from a niche startup necessity into a structural strategy for global capacity 

management. 

1.3 The Supply-Network Paradox: Specialized Giants and Asymmetric 

Dependence 

Yet this new industrial reality also exposes a supply-network paradox. Asset-light automotive 

firms externalize production partly to increase flexibility and access capabilities beyond their 

own boundaries. However, this flexibility is only valuable if external partners remain available, 

contestable and substitutable. When the external supply base becomes concentrated, asset-

lightness may therefore replace one form of rigidity with another: OEMs avoid the rigidity of 

owned assets, but become dependent on external actors whose capacity, allocation decisions 

and technological bottlenecks they do not directly control. 

This risk is particularly relevant in the EV sector, where several key subsystems are increasingly 

controlled by a limited number of specialized suppliers. Deloitte (2025) describes the 

automotive industry as increasingly shaped by “specialized giants”, as critical EV subsystems 

become concentrated in the hands of fewer large suppliers. This pattern is already visible in 

batteries, where CATL controls around 40 percent of the global market and the top three players 

account for approximately 64 percent of supply (Kang, 2025), and in cockpit domain controller 

chips, where Qualcomm holds around 74 percent of China’s smart cockpit platform market 

(Gasgoo, 2025). Although electric powertrain remains more fragmented, consolidation is also 

intensifying, supported by rising M&A expectations among suppliers and margin pressure on 

smaller competitors (McKinsey, 2023; Roland Berger, 2025). As a result, the EV supply base 

is not simply expanding with market growth, but becoming more selective, specialized and 

structurally asymmetric. 

This market concentration generates a profound structural asymmetry. EV technical modularity 

may lower entry barriers at the final assembly stage, but it allows specialized suppliers to 

control entire critical subsystems. Instead of eliminating complexity, electrification shifts part 

of it outside the OEM, increasing dependence on external technological nodes that are difficult 

to replace. For asset-light firms, this creates a de facto single-source risk: when they rely on a 

restricted set of mega-suppliers, they lack immediate second-sourcing alternatives and become 

highly exposed to supplier allocation decisions during shortages. This vulnerability is critical 

because the external network on which asset-light OEMs rely is neither neutral nor 
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automatically governable; critical partners control resources and production choices that the 

focal firm needs but does not directly own. Therefore, the key issue is whether asset-light firms 

can preserve coordination, control and responsiveness across an industrial system that lies 

outside their formal boundaries. 

1.4 Research Problem 

In light of this supply-network paradox, evaluating the asset-light model solely through the 

narrative of financial efficiency overlooks how it relies on three precarious operational 

assumptions. First, it assumes that external capacity is infinitely elastic, implying that 

manufacturers can ramp production up or down at will without encountering physical 

bottlenecks. Second, it presupposes that lead times are static, ignoring how quickly logistical 

pipelines can freeze during global disruptions. Third and most critically, it assumes that supply 

allocation is neutral, that is, in a shortage, suppliers will act as impartial arbiters rather than 

prioritizing clients based on volume, power, or long-term relationships. 

The last few years have brutally exposed the fragility of these operational assumptions, 

revealing that under systemic disruption, asset-light configurations behave as a double-edged 

sword. Depending on the nature of the crisis, they can either act as shock amplifiers or shock 

absorbers. 

The COVID-19 semiconductor shortage serves as the clearest stress test of the former. When 

automotive demand rebounded, asset-light firms (lacking direct contractual leverage or 

transparency into foundry prioritization rules) found themselves deprioritized in favor of high-

margin consumer electronics giants (Enkiai, 2025). Without the volume-based bargaining 

power to secure allocation, order cancellations triggered a structural amplification mechanism, 

turning a supply delay into a paralyzed supply chain (City University, 2022). 

Conversely, Polestar, one of the clearest and most successful examples of asset-light 

manufacturing in the automotive sector, illustrates the model’s potential as a strategic shield. 

Facing escalating U.S. (U.S. Department of Commerce, 2024) and European tariffs on China-

made EVs (European Commission, 2024), the company leveraged its partner network to shift 

production of the Polestar 3 to South Carolina (Forbes, 2024) and the Polestar 4 to South Korea 

(The Korea Herald, 2025; The Verge, 2025). In this context, asset-lightness functioned as a 

geopolitical hedge: the ability to reallocate output across borders far faster than any greenfield 
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investment allowed the firm to bypass trade barriers that effectively rendered the China-built 

Polestar 2 unviable in the U.S. market. 

These contrasting cases clarify the central research problem of this thesis. Asset-lightness 

cannot be evaluated merely by measuring whether firms own fewer assets. The more relevant 

question is whether they possess the governance and network capabilities required to control 

operational outcomes without owning the underlying production system. In an industrial 

landscape already defined by variability, technological change and external shocks, the 

deliberate choice to disintegrate production introduces a new layer of structural complexity. 

Resilience can no longer rely only on owned buffers and hierarchical authority, but must be 

engineered through operating choices, supply-network design and interfirm governance. 

1.5 Research Questions 

Building on the research problem outlined above, the central inquiry of this thesis is to examine, 

in asset-light automotive OEM configurations, which operating, supply chain and governance 

mechanisms reduce shock exposure and accelerate recovery during systemic disruptions. 

Ultimately, it aims to assess how effective these mechanisms are when tested quantitatively 

across major shock periods, thereby clarifying when asset-light configurations function as 

shock absorbers rather than shock amplifiers in times of crisis. To address this problem, the 

analysis is structured around one main research question and three related sub-questions. 

Main Research Question: How does asset-lightness reshape disruption exposure and shock-

response capacity in the automotive sector and which structural mechanisms determine its 

success or failure? 

• RQ1: Which network design and governance mechanisms do asset-light automotive 

OEMs adopt to substitute physical ownership? 

• RQ2: Does asset-lightness empirically improve or worsen operating performance 

under global supply-chain shocks? 

• RQ3: To what extent do the mechanisms identified in RQ1 moderate operational 

disruption? 
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2. Literature Review 

This chapter develops the theoretical foundation for analyzing asset-light automotive OEMs 

under systemic supply-chain disruption. Since the existing literature does not provide a fully 

integrated explanation of how asset-light automotive firms perform under shocks, the chapter 

builds an integrative framework by combining firm boundary theory, transaction cost 

economics, modularity, the resource-based view, dynamic capabilities, interfirm governance 

and supply-chain resilience.  

The core premise is that supply-chain shocks do not affect firms independently from their 

organizational architecture. Their impact depends on how production is owned, coordinated 

and governed across the supply network, including supplier dependence, geographic dispersion 

and interfirm control mechanisms. Asset-lightness is therefore conceptualized not merely as 

low fixed-asset intensity, but as a governance configuration in which physical production is 

externalized while strategic control is reconstructed through alternative mechanisms.  

This chapter develops the study's conceptual foundation through four sequential sections. After 

outlining the rationale for asset-lightness in Section 2.1, the text identifies the governance 

mechanisms that replace ownership-based control in Section 2.2. These substitutes are 

subsequently linked to a three-phase model of disruption: exposure, absorption and recovery 

(Section 2.3). The chapter closes by addressing research gaps and defining the study’s 

exploratory role in analyzing how network architecture shapes performance under pressure 

(Section 2.4). 

Figure 2.1. Conceptual framework of the literature review 
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2.1 Asset-Lightness as Boundary Redesign 

2.1.1 The Economic Rationale: From Hierarchy to Market Orchestration 

The theoretical genesis of the Asset-Light strategy is rooted in the fundamental question 

originally posed by Coase (1937) regarding the nature of the firm: what determines the 

boundary between the firm and the market, or simply put, the decision to "make" (produce 

internally) versus "buy" (outsource)? Coase challenged the notion that firm boundaries are 

arbitrary, arguing instead that they are determined by the comparative costs of organizing 

transactions. According to his view, firms exist because using the market is not free, as it implies 

"transaction costs" (such as search costs, negotiation efforts and contract enforcement) that 

often make it cheaper to organize production internally rather than through the price mechanism 

of the open market. While Coase introduced the general concept of TCs as the determinant of 

firm boundaries, he did not provide an operational criterion to predict when market governance 

becomes inefficient or when hierarchy should prevail.  

 

It was Williamson (1979; 1985), within the framework of Transaction Cost Economics (TCE), 

who advanced this logic by identifying “Asset Specificity” as the critical factor. He originally 

described these as specialized physical and human investments that are unique to a task and 

thus difficult to redeploy. In the context of industrial manufacturing, McGuinness (1994) further 

defines this specificity as the extent to which an investment holds significantly higher value 

within the current transaction compared to any alternative use.   

When asset specificity is low (e.g., for standard fasteners or off-the-shelf parts), production 

investments are standardized and redeployable across alternative uses, allowing buying firms 

to rely on market governance without incurring significant transactional hazards. However, as 

asset specificity increases (as typically exemplified by dedicated automotive assembly lines) 

the relationship undergoes what Williamson calls "the Fundamental Transformation". This 

process describes the shift from a "large-numbers bidding contest" (where many suppliers 

initially compete for a contract) into a state of "bilateral dependency" or "small-numbers 

bargaining". This transformation occurs because, once a specific investment that holds little to 

no value outside that relationship is made, both parties become effectively "locked-in". In 

particular, this exposes the buyer to the so called “hold-up problem”: since the buyer cannot 

easily switch partners, the supplier may act opportunistically to extract better terms. 

Consequently, to eliminate this risk, efficiency dictates a shift from market transactions ("Buy") 
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to vertical integration ("Make"). Historically, the automotive industry adopted this hierarchy 

not merely for technical reasons, but to replace the risks of commercial bargaining with the 

stability of internal control. As exemplified by the vertically integrated models of General 

Motors and Ford, discussed in the introduction and  theoretically analyzed by Klein et al. (1978) 

and Langlois & Robertson (1989), the internalization of the supply chain served as a strategic 

mechanism to neutralize the threat of opportunistic re-negotiations and secure the long-term 

value of specific capital investments.   

 

2.1.2 The Structural Shift: Vertical Disintegration and Unbundling 

However, if transaction costs and asset specificity historically justified vertical integration, a 

natural question emerges: how do industry structures evolve when these constraints weaken? 

In other words, when coordination across firm boundaries becomes less costly and more 

standardized, what happens to the architecture of entire sectors? 

Jacobides (2005) addresses precisely this structural question through the concept of “Vertical 

Disintegration”. He demonstrates that as transaction costs decline and interface standardization 

increases, industries tend to fragment into specialized layers. In such contexts, firm boundaries 

contract and intermediate markets emerge where internal flows once existed, allowing 

ownership-based coordination to be progressively replaced by structured inter-firm governance 

mechanisms. 

In the automotive industry, this dynamic materialized as OEMs progressively transferred 

manufacturing and subsystem responsibilities to specialized suppliers, while strictly retaining 

system-level integration and orchestration capabilities (Sturgeon and Florida, 2004). The 

contemporary OEM thus evolves from vertically integrated manufacturer to network 

orchestrator positioned at the apex of a multi-tier production system. Crucially, the operational 

feasibility of this fragmentation rests on a fundamental technological transformation in product 

architecture. 

The feasibility of vertical fragmentation is not merely an economic outcome, but rests on a prior 

transformation in product architecture. Baldwin and Clark (2000) identify the generative 

mechanism of this transformation through the concept of “Design Rules”: by standardizing 

visible interfaces while encapsulating complexity within modules, modular architectures create 
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a condition of loose coupling that reduces interdependencies across components. Under such 

conditions, production tasks can be separated and relocated without compromising overall 

system integrity. 

In the automotive industry, this architectural logic translates into what Pandremenos et al. 

(2009) describe as “Modularity in Production” (MIP). Through MIP, OEMs progressively shift 

portions of the vertical range of manufacture toward specialized suppliers. Production is no 

longer organized as a tightly integrated internal process, but as an orchestrated assembly of 

externally produced, pre-assembled and validated modules. The fragmentation of the value 

chain thus becomes structurally grounded in the modularization of the product itself. 

Importantly, modularity does not remain confined to the technical sphere. According to the 

Mirroring Hypothesis (Sanchez and Mahoney, 1996), organizational structures tend to reflect 

product architectures. When product interfaces are standardized and interdependencies 

minimized, firms can decouple organizational units and relocate activities across firm 

boundaries. In this sense, architectural modularity provides the structural precondition for 

organizational disintegration. 

However, structural and architectural feasibility does not in itself explain strategic adoption. 

The fact that fragmentation becomes technically viable does not imply that firms will 

necessarily pursue it. Rather, once vertical disintegration becomes possible, firms confront a 

deliberate corporate decision concerning the allocation of capital, attention and organizational 

focus. 

This strategic logic is articulated by Hagel and Singer (1999) in their concept of “Unbundling 

the Corporation”. The authors argue that traditional firms often combine three economically 

distinct business logics within a single organizational structure: Customer Relationship 

Management (driven by economies of scope), Product Innovation (driven by speed and talent) 

and Infrastructure Management (driven by scale and cost efficiency). Because these activities 

obey different economic imperatives, their coexistence within a unified hierarchy generates 

internal tensions. Fragmentation, therefore, can be strategically leveraged to separate capital-

intensive infrastructure from higher-value innovation and customer-facing domains. 

From this perspective, the configuration later conceptualized as Asset-Light does not represent 

mere outsourcing, but a deliberate realignment of ownership and coordination choices 
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consistent with the underlying architectural transformation. In the automotive context, this logic 

is reflected in firms that retain system integration, brand control and innovation capabilities 

while delegating large-scale manufacturing to specialized partners in order to concentrate 

investment on software, design and user experience. 

Taken together, these perspectives show that asset-lightness becomes possible only when three 

conditions converge: market coordination becomes less costly, product interfaces become more 

modular and firms can separate infrastructure management from higher-value innovation and 

customer-facing activities. 

2.1.3 Strategic Motivation: From Ownership to Orchestration 

The emergence of de-verticalized strategies signals a departure from the purely transactional 

logic of TCE and can be further understood through the Resource-Based View. According to 

the VRIN framework (Barney, 1991), sustainable competitive advantage derives exclusively 

from resources that are Valuable, Rare, Inimitable and Non-substitutable. Applied to the 

contemporary industrial context, this logic implies that the ownership of physical assets is 

justified only insofar as it confers a differential advantage. If technological modularity renders 

manufacturing a standardized activity accessible via the market, production capacity ceases to 

be Rare or Inimitable. Under these conditions, ownership of such assets no longer generates 

competitive advantage but instead becomes a capital burden. The transition toward asset-light 

configurations thus reflects a reallocation of resources away from non-VRIN physical 

infrastructure toward intangible core competencies, such as software, design and brand, that 

remain the true locus of value creation. 

Yet identifying which resources matter is only the first step. The VRIN framework, in its static 

formulation, does not explain how competitive advantage is sustained when the environment 

itself evolves. This dynamic dimension is addressed by Teece et al. (1997), who argue that in 

high-velocity markets the critical capability is not the static possession of assets, but the ability 

to orchestrate, recombine and reconfigure them over time. From this perspective, the asset-light 

configuration can be interpreted not merely as resource divestment, but as an industry-specific 

dynamic capability (Seo et al., 2021): a governance arrangement that facilitates rapid 

modification and renewal of the firm’s resource base in response to environmental shifts. 
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Crucially, once competitive advantage is understood as both resource-based and dynamic, firm 

boundaries themselves become an object of strategic design. Holmström and Roberts (1998) 

argue that efficient boundaries are not determined by a single theoretical logic, but are 

contingent system-level choices shaped by the interaction of incentives and coordination 

requirements. In this light, asset-light strategies represent not a universal prescription to 

disintegrate, but a contingent boundary configuration tailored to specific modules, 

interdependencies and governance capabilities. 

The asset-light model therefore emerges as a progression: first, a recognition that competitive 

advantage resides in non-commoditized resources (Barney, 1991); second, an understanding 

that advantage must be dynamically orchestrated rather than statically owned (Teece et al., 

1997); and third, an appreciation that boundary decisions are system design choices contingent 

on the coordination architecture of the firm (Holmström and Roberts, 1998). Under this 

integrated view, asset-lightness becomes a strategic governance configuration rather than a 

simple outsourcing decision. 

Yet if asset-lightness is a governance configuration rather than a simple outsourcing decision, 

a prior question becomes unavoidable: what exactly does this configuration redesign and how 

can it be distinguished from generic asset divestiture? It is this definitional gap that the 

following section addresses 

2.1.4 Defining Asset-Lightness 

The preceding sections have traced a convergent analytical trajectory. Asset externalization 

becomes structurally feasible as transaction costs decline and product architectures modularize; 

it becomes organizationally viable once standardized product interfaces enable companies to 

safely decouple internal management from external manufacturing, as posited by the Mirroring 

Hypothesis; and it becomes strategically attractive when the VRIN logic reclassifies large parts 

of physical infrastructure as non-differentiating and increasingly commoditized resources. Yet, 

while each strand illuminates a different facet of the transition (whether governance efficiency, 

architectural decoupling, or resource reallocation) this convergence still leaves the construct 

itself imprecisely specified. Although ubiquitous in practitioner literature as a financial 

imperative for capital efficiency, "Asset-Lightness" remains conceptually under-theorized in 

academic research. Without integrating these insights into a unified definition of what firms 
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actually redesign, there is a severe risk of conceptual ambiguity, reducing a profound structural 

shift to a mere synonym for tactical outsourcing. 

To resolve this tension and operationalize the construct beyond a mere managerial heuristic, it 

is necessary to adopt a structural definition. Zhu and Song (2023) propose a seminal distinction 

between two concepts, which effectively bridges the gap between financial metrics and strategic 

design: 

i. Weak Definition (Accounting-based): This definition primarily captures the financial 

outcome of the strategy, identifying firms through a low ratio of fixed to total assets and 

high liquidity. Conceptually, it relies on the DuPont asset turnover logic to frame asset 

reduction as a direct mechanism for capital efficiency and ROA improvement (BCG, 

2014); 

 

ii. Strong Definition (Strategic-based): Identifies firms that actively build "soft assets" 

(intellectual property, brand equity, software ecosystems) while externalizing non-core 

operational activities to specialized partners. In the academic literature, this 

configuration is often conceptualized as "Virtual Vertical Integration" (Fujimoto, 1999) 

or a "Modular Production Network" (Sturgeon, 2002). These terms describe a 

governance structure where the lead firm retains the coordination power of a vertically 

integrated entity without owning the physical nodes of the value chain. This is supported 

by Parmigiani and Mitchell (2009), who argue that even when tangible production is 

outsourced, integration value is preserved by retaining control over intangible assets, 

architecture and coordination knowledge.  

 

This distinction, however, is not merely descriptive. If the lead firm must retain coordination 

power without owning the physical nodes of the value chain, a deeper question arises: what 

exactly can be externalized and what cannot? Brusoni et al. (2001) provide the answer, 

challenging the conventional interpretation of modularity. In their analysis of complex product 

systems, the authors demonstrate that product modularity does not imply knowledge 

modularity. While firms may externalize the manufacturing of physical modules (“production 

boundaries”), they cannot externalize the understanding of how these modules interact 

(“knowledge boundaries”). This leads to the concept of the firm as a “Systems Integrator”: an 

organization that must “know more than it makes.” 
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The Property Rights Approach (Grossman and Hart, 1986) deepens this problem further. 

According to this framework, ownership confers residual control rights, namely the authority 

to decide in contingencies not specified ex ante in contracts. In an asset-light configuration, 

these residual rights shift upstream to the asset-owning supplier. Consequently, the OEM may 

retain architectural knowledge, but not the ultimate authority over physical resources during 

unforeseen disruptions. 

The asset-light model therefore confronts a fundamental contradiction: the firm must “know 

more than it makes” (Brusoni et al., 2001), yet it does not necessarily control what it no longer 

owns (Grossman and Hart, 1986). 

It is precisely this paradox that the concept of “Smart Control” (BCG, 2014) seeks to address. 

Rather than relying on ownership-based authority, the firm substitutes residual control rights 

with a portfolio of governance mechanisms, embedding employees in partner organizations, 

mirroring supplier activities, strictly controlling inputs and outputs and building end-to-end 

visibility systems. In this view, asset-lightness is not an abdication of responsibility, but a 

deliberate organizational design choice. It represents an attempt to reconcile knowledge 

sovereignty with asset externalization by reconstructing control through contractual safeguards, 

architectural authority and informational transparency. 

Consequently, the automotive OEM transitions toward a "fabless" or orchestrator model, 

similar to those analyzed in the technology sector (e.g., Apple). In this configuration, the firm 

ceases to be a manufacturer in the strict sense to become the "brain" of a distributed production 

network. As Hobday et al. (2005) argue, the core competence in this architectural arrangement 

shifts from processing materials to managing interfaces and verifying system performance. By 

exercising smart control over the product architecture and user interface, the firm maintains the 

strategic leverage of an owner while mandating physical execution to external infrastructure 

providers.  

The previous discussion explains why asset-lightness becomes economically and strategically 

attractive. However, it does not yet explain whether this configuration remains effective when 

the externalized production network is exposed to systemic disruption. This distinction is 

central to the thesis: asset-lightness may improve capital efficiency in stable conditions, but its 

value under supply-chain shocks depends on the firm’s ability to govern, monitor and 

reconfigure external dependencies. The following section therefore shifts from the definition of 
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asset-lightness to the governance mechanisms through which asset-light OEMs attempt to 

substitute physical ownership with alternative forms of control. 

2.2 Reconstituting Authority: The Portfolio of Control Substitutes 

The migration of operational authority does not imply an abdication of control, but rather its 

reconstitution through a designed portfolio of "control substitutes." Analytically, these 

mechanisms serve as governance surrogates for vertical integration, engineered to replicate 

specific functions of hierarchical authority (such as direct monitoring, capacity reallocation and 

standard enforcement) in the absence of asset ownership. Consequently, the OEM substitutes 

"hands-on" physical leverage with a composite control architecture based on codification, 

contractual safeguards, relational norms and informational visibility. 

In the absence of direct asset ownership, the foundational layer of authority shifts from the 

physical plant to the product structure itself. The primary locus of substituted authority thus lies 

in Architectural Control. In this domain, the firm exercises power not through the ownership of 

physical assets, but through the definition of "design rules" modular standards (Baldwin and 

Clark, 2000) and interface specifications that govern component interaction. This mechanism 

effectively substitutes hierarchy with codification: as conceptualized in the Global Value Chain 

framework (Gereffi et al., 2005), the ability to codify complex information into standardized 

formats allows lead firms to shift from direct monitoring to "governance by standards," where 

control is embedded in the transfer of explicit technical specifications. Within the automotive 

context, this implies that strategic control is retained through Systems Integration capability. 

As argued by Brusoni et al. (2001) and Takeishi (2002), the OEM preserves its dominance not 

by manufacturing components, but by maintaining the architectural knowledge required to 

define how modules interact. Through this "knowledge leverage," the firm transforms technical 

specifications into instruments of governance that ensure system coherence and enforce 

supplier interchangeability within a modular production network. 

However, while architectural control ensures technical compatibility, it remains silent on 

commercial behavior. Design rules dictate how a component fits, but they cannot enforce 

performance compliance or prevent the opportunistic exploitation of dependency. To address 

this exposure, the firm must layer Contractual Control atop its technical standards. Drawing on 

Transaction Cost Economics, contracts serve as the primary safeguard against opportunism 

under conditions of bounded rationality, delineating performance expectations through rigid 
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KPIs, quality standards and delivery protocols (Williamson, 1985). However, in asset-light 

configurations characterized by high uncertainty, the "contractual surface" expands 

significantly. As argued by Lumineau and Quélin (2012), relying solely on static enforcement 

can prove detrimental; rigid contracts may transform exogenous shocks into endogenous 

conflicts, necessitating the design of dynamic clauses for escalation and renegotiation to 

balance protection with flexibility. Consequently, effective control depends on the firm’s 

contracting capability, a learned organizational skill to anticipate contingencies and refine 

governance structures over time (Mayer and Argyres, 2004; Argyres and Mayer, 2007). 

Furthermore, in contexts of supply scarcity, contractual design becomes the critical mechanism 

to incentivize credible forecast sharing and govern capacity allocation, thereby mitigating 

strategic distortions such as forecast inflation (Cachon and Lariviere, 2001). 

Yet, even the most sophisticated contractual design faces a structural ceiling: the 

incompleteness of contracts. As uncertainty rises, the ability to specify every contingency ex-

ante vanishes. It is precisely in the voids left by imperfect contracts (where legal text falls silent) 

that Relational Control operates. According to Heide and John (1992), this form of control is 

exercised through relational norms, such as flexibility, information exchange and solidarity, 

that govern ex-post adaptation and mutual accommodation when legal enforcement would be 

prohibitively slow or costly. The Relational View (Dyer and Singh, 1998) theoretically 

formalizes this approach, positing that control and competitive advantage do not reside solely 

within internal resources but can emerge at the inter-organizational level through shared 

knowledge-sharing routines and relation-specific investments.  

In the automotive sector, this model translates into "Virtual Vertical Integration," where 

institutionalized routines allow the OEM to replicate the efficiency and coordination of 

hierarchy without asset ownership, as exemplified by the Toyota production network (Dyer and 

Nobeoka, 2000; Dyer and Chu, 2003). Building on this, Helper and Sako (2010) explicitly 

contrast this "relational governance" with the "arm’s-length" model often adopted in the West, 

arguing that pragmatic collaboration (rather than mere contractual leverage) is the driver of 

performance in disintegrated hierarchies. In the context of systemic shocks, the value of this 

control becomes critical: relational contracts act as self-enforcing agreements based on the 

"shadow of the future" (Kim and Mahoney, 2010), enabling rapid reallocations and cross-

functional problem solving without the friction of complex formal renegotiations. However, 

relational governance is not without risk: as Uzzi (1997) warns in the "paradox of 

embeddedness," social ties that are too tight can reduce flexibility and insulate the network from 
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market information, suggesting that relational control must be carefully balanced to avoid 

network ossification. 

To resolve this dichotomy between the rigidity of contracts and the potential inertia of 

relationships, the analytical focus must shift. Rather than viewing these mechanisms in 

isolation, the framework moves to their interaction within a coherent Governance Bundle. 

Challenging the traditional view of substitution, Cao and Lumineau (2015) argue that 

contractual and relational governance function as reinforcing complements: formal structures 

provide the necessary safeguards and clarity, while relational norms infuse the flexibility 

required for adaptation. This interplay is empirically supported by Poppo and Zenger (2002), 

who demonstrate that well-specified contracts do not "crowd out" trust but rather facilitate it by 

reducing ambiguity and narrowing the scope for opportunistic misinterpretation. The design 

logic of this bundle is formalized by Dekker (2004), who distinguishes between two distinct 

governance problems: "appropriation concerns" (value capture) and "coordination problems" 

(task alignment). In an asset-light configuration, the firm must simultaneously deploy 

contractual instruments to address appropriation risks (safeguarding value) and relational 

mechanisms to resolve coordination challenges under uncertainty (aligning execution). 

Consequently, the reconstituted authority of the OEM depends not on the strength of a single 

lever, but on the configurational quality of this bundle, where the simultaneous presence of 

contractual rigidity and relational agility enables the system to withstand shocks that neither 

mechanism could resolve in isolation. 

However, even a perfectly configured governance bundle remains inert without the sensory 

capacity to trigger it. This necessitates the final dimension: Information and Visibility Control, 

which functions as the requisite nervous system for disintegrated value chains. As elucidated 

by Lee et al. (1997), the transition to extended, multi-tiered networks exacerbates information 

asymmetry and demand signal distortion (the bullwhip effect); consequently, the capacity to 

govern operations shifts from managing physical stocks to managing information flows, 

reducing decision latencies that otherwise amplify variance. This necessitates a granular 

approach to risk governance: Chopra and Sodhi (2004) argue that in the absence of owned 

buffers, control relies on the precise identification of vulnerabilities and the deployment of 

targeted mitigation levers driven by informational transparency rather than generic redundancy. 

This imperative extends beyond theoretical abstraction, manifesting as a measurable 

organizational capability directly linked to performance. As demonstrated by Barratt and Oke 
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(2007) and operationalized by Caridi et al. (2010; 2014), the ability to map physical flows and 

access real-time data across tiers effectively substitutes for asset ownership, enabling the firm 

to anticipate bottlenecks that would otherwise remain invisible in a disintegrated network. 

From a structural perspective, the absence of deep-tier visibility transforms local disruptions 

into systemic breakdowns via the ripple effect. As Ivanov et al. (2014) and Barrot and 

Sauvagnat (2016) demonstrate, in networks characterized by specific inputs and high 

interdependency, the inability to visualize upstream bottlenecks prevents timely substitution, 

allowing shocks to propagate unmitigated. Ultimately, operational sovereignty is reconstituted 

through preparedness and cross-firm visibility, which Sheffi and Rice (2005) and Ponomarov 

and Holcomb (2009) identify as the primary determinants of recovery speed. In this 

configuration, information is not merely data but the enabling condition of the entire control 

portfolio: without visibility, architectural standards are blind, contracts are unenforced and 

relational commitments arrive too late. 

 

2.3 Asset-Light Governance Across the Disruption Cycle 

Having analyzed how control is reconstituted through architectural, contractual, relational and 

informational mechanisms, this section shifts the focus to their implications for firm 

performance. The transition from ownership-based authority to a portfolio of control substitutes 

does not simply alter the average risk profile of the firm. It also changes how that risk profile 

evolves over time. As shocks unfold, the same governance architecture may operate as a buffer 

in one phase and as a constraint in another. As highlighted by the supply-chain resilience 

literature, disruption performance cannot be understood through a single static metric, but must 

be analyzed across a full sequential cycle: structural exposure, in-shock absorption and post-

shock recovery (Sheffi and Rice, 2005; Christopher and Peck, 2004; Pettit, Fiksel and Croxton, 

2010; Hosseini, Ivanov and Dolgui, 2019). Consequently, the relevant question is not simply 

whether asset-light governance works under disruption, but how its effectiveness shifts across 

these distinct phases. 

The discussion therefore follows a sequential logic: structural design first shapes exposure to 

shocks, the firm’s resilience is then tested during shock absorption and the same configuration 

is finally tested again during recovery. 
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2.3.1 Structural Exposure: The Amplification of Risk 

First, the transition to an asset-light architecture generates a foundational paradox: by stripping 

away physical assets to gain financial efficiency, the firm also reduces the owned buffers that 

historically contained operational variance. Consequently, this topology creates a structural 

vulnerability that goes beyond simple information asymmetry: the absence of inventory and 

capacity buffers transforms local disruptions into network-wide cascades. 

This phenomenon is best understood through the risk taxonomy proposed by Chopra and Sodhi 

(2004), who categorize disruptions into supply, demand, operational and planning risks. In a 

vertically integrated firm, these risks are typically dampened by internal redundancy. However, 

in an asset-light network characterized by fragmentation, these specific risks are amplified: a 

localized supply disruption (e.g., capacity loss) or a planning error (e.g., forecast misalignment) 

does not encounter the resistance of physical stocks, but propagates freely across tiers. This 

amplification mechanism is supported by the theory of production networks (Acemoglu et al., 

2012), which posits that idiosyncratic shocks in specific nodes can transform into aggregate 

fluctuations when the network is characterized by asymmetric interconnections. As highlighted 

by Carvalho et al. (2021), the asset-light topology thus acts as a "shock amplifier," where the 

absence of ownership-based containment turns granular exposure into systemic fragility. 

2.3.2 Resilience: From Static Robustness to Dynamic Agility 

Structural amplification of exposure, however, does not mechanically translate into failure. 

Whether a cascading shock becomes a systemic breakdown depends on a second-order 

question: whether the governance architecture of the asset-light firm possesses the capacity to 

absorb and contain it, that is, whether it has resilience. 

In traditional integrated configurations, continuity was guaranteed by "robustness", the ability 

to resist stress through physical redundancy and owned assets. In asset-light models, 

Christopher and Peck (2004) argue that robustness is structurally sacrificed for capital 

efficiency, making it necessary to rebuild resilience through agility and network 

reconfiguration. However, this capability is not intrinsic to the model. As Jüttner et al. (2003) 

warn, in the absence of ownership, Supply Chain Risk Management (SCRM) requires an 

explicit ex-ante effort in coordination and risk identification. Without these intangible enablers, 

specifically the collaborative norms identified by Ponomarov and Holcomb (2009), the asset-
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light firm finds itself in a "fragile middle," lacking both the static robustness of vertical 

integration and the dynamic agility of the network. 

2.3.3 Recovery: The Governance Test 

Yet, resilience (the capacity to absorb shocks) must be distinguished from recovery (the 

capacity to restore performance after absorption). Even a firm with high relational agility may 

still face prolonged disruption if its governance bundle lacks the coordination mechanisms to 

execute rapid reallocation across firm boundaries. 

In this context, Recovery acts not merely as a third dimension, but as the outcome variable 

through which the quality of the entire governance portfolio becomes observable. In 

disintegrated chains, the speed of recovery is no longer a function of internal resource 

mobilization but depends on "preparedness" and the capability to coordinate cross-firm 

decisions in real-time (Sheffi and Rice, 2005). Therefore, effective asset-light architectures 

must adopt what Tang (2006) defines as "robust strategies": hybrid governance models that 

balance the efficiency of outsourcing with selective redundancy and proactive monitoring. It is 

this specific combination that allows the OEM to accelerate post-shock adaptation, 

transforming governance from a mere administrative cost into a competitive advantage in 

recovery speed. 

2.4 Research Gaps and Theoretical Positioning 

The theoretical trajectory developed in this chapter suggests that asset-lightness should not be 

understood simply as a reduction in owned physical assets. Rather, it represents a broader 

reconfiguration of firm boundaries, in which physical production is externalized while strategic 

control is expected to be preserved through architecture, contracts, relationships, information 

systems and coordination routines. This creates a central governance paradox: the OEM 

remains accountable for product quality, delivery reliability, brand reputation and operational 

continuity, even though part of the production system is no longer owned or directly controlled. 

To manage this tension, firms deploy the portfolio of control substitutes explored in Section 

2.2. However, the ultimate test of this configuration emerges under systemic disruption. As 

Section 2.3 demonstrated, the consequences of an externalized network are highly phase-

contingent, with exposure, absorption and recovery governed by related but distinct structural 

mechanisms. Against this background, the existing literature leaves three cumulative gaps.  
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The first gap concerns the conceptualization and empirical identification of asset-lightness 

itself. Although asset-lightness is widely discussed in both academic and practitioner literature, 

it is often measured through generic financial indicators that capture balance-sheet lightness, 

liquidity, or operating-cost efficiency, but do not fully capture the structural redesign of firm 

boundaries. This is problematic because it risks treating as equivalent two very different 

configurations: a firm that has simply reduced its asset base and a firm that has reduced physical 

ownership while developing the governance mechanisms needed to control externalized 

production. Existing research therefore remains limited not only in how it measures asset-

lightness, but also in how it translates the portfolio of control substitutes discussed above into 

concrete, observable network design and governance mechanisms in asset-light automotive 

OEMs. 

The second gap concerns the performance implications of asset-lightness under systemic 

disruption. The boundary-of-the-firm literature explains why firms internalize or externalize 

activities, while the modularity and vertical disintegration literatures explain why production 

systems may become fragmented across specialized actors. However, much of this work 

evaluates boundary choices under conditions of relative operational stability. The central 

question is often which governance configuration is more efficient in equilibrium, rather than 

how that configuration performs when equilibrium is disturbed by a systemic supply-chain 

shock. This limitation is particularly relevant in the automotive industry, where OEMs may 

externalize production assets and supplier interfaces while still remaining responsible for final 

product performance, launch execution, delivery commitments and customer-facing reliability. 

This gap provides the basis for the second research question, which shifts the analysis from 

asset-lightness as a static boundary decision to asset-lightness as a shock-conditional 

determinant of operating performance. 

The third gap concerns the mechanisms through which asset-lightness becomes either resilient 

or fragile under disruption. Existing literature often discusses resilience as if the same 

organizational features that help a firm absorb a disruption also help it recover from it. The 

phase-contingent logic developed in Section 2.3 challenges this assumption. A concentrated 

supplier base, a geographically clustered production ecosystem, or an asymmetric dependence 

structure may support coordination during the absorption phase, but later constrain flexibility 

during recovery. Conversely, a more dispersed network may be harder to coordinate under acute 
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pressure, but more adaptable once the shock begins to ease. What remains underdeveloped is a 

systematic account of how these structural features condition the performance effects of asset-

lightness across different phases of the disruption cycle. This gap motivates the third research 

question, which examines whether the mechanisms identified qualitatively also moderate 

operational disruption in the broader empirical setting. 
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3. Research Design: A Sequential Exploratory Approach 

To address the inherent complexity of governance in asset-light automotive supply chains, this 

thesis adopts a sequential exploratory mixed-methods design (Creswell, 2014). The choice of 

this two-phase approach is motivated by a specific theoretical gap: while the existing literature 

provides a relatively clear understanding of what the asset-light model is, it remains much less 

developed in identifying the concrete governance mechanisms through which asset-light OEMs 

preserve control once physical ownership is reduced.   

For this reason, the study first identifies these mechanisms through qualitative inquiry and only 

in a second stage examines their empirical relevance across a broader panel of automotive 

OEMs under global supply-chain shocks. This sequencing reflects the structure of the research 

questions themselves: RQ1 is addressed through the qualitative phase, which focuses on the 

Polestar case and identifies the network design and governance mechanisms used to substitute 

ownership-based control. RQ2 is addressed through a baseline quantitative model testing the 

performance effect of asset-lightness under global supply-chain pressure. RQ3 is addressed 

through a mechanism-based model examining whether this effect depends on structural 

governance conditions. 

 

3.1 Phase 1: Qualitative Discovery, the Polestar Case Study 

Building on the sequential mixed-methods framework, the first phase of the empirical research 

centers on Polestar Automotive. Selecting Polestar as the focal case aligns with the 

methodological rationale of examining an "exemplary case" (Yin, 2018) that provides unusually 

rich insights into the phenomenon of interest. As one of the most mature and advanced iterations 

of an asset-light configuration within the contemporary EV industry, operating through a highly 

externalized and partner-based production architecture, the company offers a privileged vantage 

point, as it provides a unique setting to investigate how coordination, quality and operational 

continuity are safeguarded in the absence of internal manufacturing assets. To ensure qualitative 

rigor, the interpretation of the empirical evidence goes beyond mere description by 

systematically following a Gioia-inspired coding logic (Gioia, Corley, & Hamilton, 2013). The 

execution of this methodology begins with the targeted collection of data, outlined below. 
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3.1.1 Informant Selection and Interview Protocol 

Given the strategic and operational complexity of the asset-light model, informant selection 

prioritized seniority, direct involvement and breadth of organizational experience over 

numerical representation. The aim was to interview individuals who had either supervised key 

processes within Polestar's asset-light configuration or accumulated experience across multiple 

functional areas, ensuring that the interviews captured not only narrow task-specific knowledge 

but also a broader understanding of how asset-light governance operates across strategic 

decisions, operational routines, partner relationships and disruption response. 

Access to such informants was necessarily constrained by a dual empirical challenge inherent 

in elite qualitative research. First, comprehensive knowledge of this highly specialized 

architecture is structurally scarce, residing exclusively within a narrow subset of executives 

who possess a full-system view of the firm. Second, the strategic sensitivity and proprietary 

nature of these externalized governance mechanisms create significant barriers to participation, 

as the few individuals possessing this knowledge are often bound by strict corporate 

confidentiality. 

The final sample therefore reflects both a purposive methodological choice and these rigorous 

access conditions, resulting in a focused panel of 4 senior informants. In qualitative research 

investigating complex supply-chain architectures, a targeted sample of this size is considered 

methodologically robust, allowing for theoretical depth without diluting findings with 

peripheral perspectives (Marshall et al., 2013). 

Combining perspectives from different functional areas serves two purposes: it supports 

triangulation, since a governance mechanism independently referenced by informants in 

different roles gains analytical credibility and it allows the study to observe how the same 

governance configuration is interpreted from different organizational vantage points, which is 

essential for distinguishing structurally embedded mechanisms from function-specific 

observations. The interview protocol followed a semi-structured format, with a common set of 

topic areas across all informants to ensure comparability and questions adapted to each 

interviewee's role. The topics elicited reflection on (i) the rationale for Polestar's asset-light 

configuration, (ii) the concrete governance routines used to coordinate external manufacturing, 

(iii) the management of supplier relationships and (iv) the operational response to disruption 
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events. Interviews were transcribed verbatim and analyzed using the Gioia-based coding 

strategy described in Section 3.1.3. 

Table 3.1. Informant Profile Overview 

The table below reports the profile of the 4 informants interviewed in this study. The 

corresponding interview summaries are presented in the Appendix 

ID Role / Function Tenure Date Duration 

I1 Supply Chain Manager 9 years 13/02/26 37 min 

I2 Head of Global 

Manufacturing & Program 

Quality 

34 years 23/02/26 1 hour and 42 

minutes 

I3 Head of Product, Retail 

Strategy & Govt Affairs 
26 years 10/03/26 32 min 

I4 Operations Manager 8 years 24/03/26 46 min 

 

 

3.1.2 Ethical Considerations 

Ethical considerations were particularly relevant in the qualitative phase because the interviews 

involved senior industry professionals discussing organizational practices, partner 

relationships, supply-chain governance and potentially sensitive company information. 

Following the ethical principles applied in qualitative research, participants were informed 

about the purpose of the study, the voluntary nature of their participation, the intended academic 

use of the data and their right to decline specific questions or withdraw before final 

anonymization. 

Informed consent was obtained before each interview. The interviews were transcribed and used 

solely for academic analysis. No personal identifiers are reported in the thesis and informants 

are identified only through anonymized labels. Particular care was taken not to disclose 

commercially sensitive information, including confidential supplier names, contractual details, 

internal processes, non-public production decisions, or strategic information that could be 

attributable to individual informants or to Polestar beyond publicly available knowledge. 

The treatment of personal data followed the principles of the European General Data Protection 

Regulation, Regulation (EU) 2016/679. Given the double-degree context of the thesis, attention 
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was also paid to the relevant national privacy frameworks in Sweden and Italy. Specifically, the 

study adheres to the Swedish “Dataskyddsförordningen” and the Italian “Codice in Materia di 

Protezione dei Dati Personali”, ensuring full compliance with the respective regulatory 

requirements of each jurisdiction.  

The analysis therefore focuses on high-level governance mechanisms rather than confidential 

operational details. Where interview material concerned sensitive issues, it was generalized, 

anonymized, or excluded from direct reporting. Interview data were stored securely and used 

only for the purposes of this thesis. Any identifiable working material was removed after 

transcription and coding and only anonymized analytical notes were retained. 

The quantitative phase relies on secondary data from financial and supply-chain databases and 

does not involve personal interview data. Nevertheless, firm-level results are interpreted 

cautiously, avoiding claims that cannot be supported by the available data or that would imply 

access to confidential company information. 

 

3.1.3 Qualitative Data Analysis 

The interview transcripts were analyzed through thematic coding. To effectively bridge existing 

theory with emerging empirical insights, the coding strategy adopted an abductive approach 

(Dubois & Gadde, 2002), systematically iterating between deductive and inductive elements. 

Initially, deductive codes were derived from the established literature on asset-light strategies, 

firm boundaries, supply-chain governance and resilience. These codes directed analytical 

attention toward theoretically relevant constructs, such as control without ownership, 

geographic exposure, bargaining power and disruption response. 

 

However, because this thesis does not assume that all relevant governance mechanisms are fully 

specified in the existing literature, inductive coding was subsequently used to capture 

mechanisms emerging directly from the interviews. In particular, the empirical data showed 

that Polestar’s asset-light model is not based on simple outsourcing, but rather on a highly 

integrated, layered governance structure anchored in strategic partners, specifically Volvo Cars 

and Geely. This made it necessary to code not only for generic supplier relationships, but also 

for novel emergent concepts such as mediated control, programme-based production allocation, 

specification-based governance and group-level leverage. 
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To ensure qualitative rigor, the coding process followed a Gioia-inspired logic (Gioia, Corley, 

& Hamilton, 2013), moving from informant-centric observations to more abstract theoretical 

mechanisms. First, the transcripts were read to identify preliminary patterns and generate first-

order codes grounded in the interview material. Second, related passages and initial codes were 

consolidated into second-order themes capturing recurring governance and operational issues. 

Third, these themes were grouped into aggregate dimensions representing the broader 

mechanisms through which asset-light control is maintained in practice. This procedure creates 

a transparent chain of evidence between the interview material, the coding structure and the 

governance mechanisms presented in the cross-interview synthesis. 

 

Table 3.2. Gioia Data Structure 

First-order codes Second-order themes Aggregate mechanisms 

Strategic partners, 

partner plants, group 
capabilities 

Partner-based industrial access Ecosystem-based governance 

Product identity, design 
intent, internal 

capabilities 

Retained strategic control Ecosystem-based governance 

Delegated production, 
partner follow-up, lower-
tier oversight 

Mediated control Control without ownership 

Specifications, quality 
targets, audits, 

performance reviews 

Specification-based governance Control without ownership 

Meetings, monitoring, 
escalation, operational 
routines 

Coordination mechanisms Control without ownership 

Data sharing, reporting, 

traceability, common 
procedures 

Operational visibility Control without ownership 

Local regulatory 
monitoring, tariff 
interpretation, market-

access constraints, 

Regulatory intelligence Control without ownership 
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First-order codes Second-order themes Aggregate mechanisms 

connected-vehicle 
regulation 

Model-specific plants, 
regional allocation, 

market proximity, tariff 
exposure 

Geographic production structure Geographic network configuration 

Local assembly, 
imported components, 

bill-of-material exposure, 
local supplier base 

Local supply-base alignment Geographic network configuration 

 

Platform constraints, 
plant readiness, launch 
timing, technical 

adaptation 

Bounded geographic flexibility Geographic network configuration 

Modular platforms, 
shared architectures, 
Volvo/Geely/Zeekr 
production know-how, 

platform transferability 

Modular production optionality Geographic network configuration 

Supplier concentration, 
critical suppliers, limited 
alternatives, imported 

component dependence 

Supplier network structure Supplier network configuration 

Strategic suppliers, joint 
development, supplier 
specialization, long-term 
partnership 

Strategic supplier 
embeddedness 

Supplier network configuration 

Supplier-base 
consolidation, fewer 
interfaces, focused 
audits, corrective actions 

Supplier coordination intensity Supplier network configuration 

Group leverage, supplier 

dependence, bargaining 
position, partner scale 

Power and dependence 

management 

Buyer–supplier dependence 

asymmetry 
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First-order codes Second-order themes Aggregate mechanisms 

Small standalone scale, 
reliance on larger 
partners, group-level 

bargaining, cross-brand 
priorities 

Ecosystem-based leverage Buyer–supplier dependence 
asymmetry 

Plant qualification, EV 
manufacturing capability, 
quality-system maturity, 

launch experience 

Plant-partner suitability Manufacturing-execution governance 

Ramp-up curve, pilot 
builds, pre-series 
production, quality gates, 

end-of-line validation 

Ramp-up and launch 
governance 

Manufacturing-execution governance 

Production volume 
versus plan, first-time-
through rate, defects, 
rework, downtime, 

warranty claims 

Measurable performance control Manufacturing-execution governance 

Contingency planning, 
logistics flexibility, air 
freight, product-content 

adaptation, recovery 
options 

Disruption response Shock-response governance 

Partner 
underperformance, 
corrective action plans, 

engineering task forces, 
renegotiation, 
operational lock-in 

Escalation and recovery 
governance 

Shock-response governance 
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3.1.4 Integrated Thematic Synthesis 

This section presents an integrated thematic synthesis of the qualitative evidence. The explicit 

objective is to identify the recurring governance patterns that are structurally embedded in 

Polestar's asset-light configuration. Rather than reporting isolated accounts, the narrative 

merges the informants' collective insights to highlight these overarching dynamics. For 

transparency and further reference, detailed summaries of each individual interview are 

provided in the Appendix. 

Across the interviews, Polestar's asset-light model emerges not as a simple outsourcing 

arrangement, but as an ecosystem-based governance configuration. The company relies heavily 

on strategic partners, particularly Volvo Cars and Geely, to access manufacturing, engineering, 

sourcing and platform-related capabilities that it does not fully own internally (I1, I2). These 

partners act as key industrial interfaces between Polestar and the broader production network. 

As a result, the substitute for ownership is not pure market exchange, but coordinated access to 

an existing industrial ecosystem. This gives Polestar the possibility to benefit from partner 

capabilities, scale and manufacturing capacity while avoiding the full fixed-asset burden 

traditionally associated with automotive production (I2). 

At the same time, the interviews show that asset-lightness does not imply the absence of control. 

Rather, control is redistributed across partner interfaces, contractual requirements, quality 

routines, monitoring processes and information-sharing mechanisms (I1, I2). Interview 4 

strengthens this point by showing how this logic operates at the manufacturing-execution level. 

When the plant is operated by a partner rather than owned directly, Polestar must govern 

production through plant qualification, platform feasibility assessments, technical 

specifications, quality gates, ramp-up routines, performance indicators, escalation processes 

and engineering-to-manufacturing handovers (I4). These mechanisms allow Polestar to define 

expected outcomes and monitor whether externally performed activities meet its standards, 

without managing every operational resource through internal hierarchy. 

A second recurring pattern concerns the layered nature of Polestar's governance model. The 

interviews describe a supply-chain structure in which strategic partners represent the main 

counterparties, manufacturing sites form an intermediate layer and component or material 

suppliers are positioned further downstream (I1). This means that Polestar's control over lower-

tier actors is often mediated through the partners that hold the operational and contractual 

interface. Requirements can be cascaded through these partners, while audits, reporting routines 
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and traceability processes allow Polestar to maintain visibility over critical areas of the network 

(I1). The manufacturing perspective adds that this layered governance also applies inside 

partner-operated production systems: Polestar may not manage plant employees directly, but it 

can define specifications, reporting obligations, quality expectations, corrective-action 

processes and launch interfaces (I4). 

A related mechanism, emerging especially from Interview 1, concerns information 

infrastructure and visibility. In a model where Polestar does not directly own the full production 

and supplier base, control depends on the ability to collect, organize and interpret information 

from actors located beyond the firm’s formal boundaries. The interviews show that this 

visibility cannot be taken for granted. It must be built through partner reporting, data-sharing 

routines, traceability systems, audit documentation and internal tools capable of consolidating 

dispersed supply-chain information. Information infrastructure therefore becomes a governance 

mechanism in its own right. It does not eliminate dependence on partners, but it allows Polestar 

to make the externalized network more observable, to detect potential issues earlier and to 

coordinate follow-up actions across different tiers and partner interfaces. 

The interviews also highlight the importance of retaining selected internal capabilities. Polestar 

does not substitute ownership by becoming organizationally hollow. Even when production and 

engineering activities are performed by partners, the company still needs internal capabilities 

to define the product, safeguard quality, manage interfaces, negotiate requirements, monitor 

performance and protect brand identity (I2). Interview 4 formulates this requirement in 

manufacturing terms: an asset-light OEM must remain an intelligent industrial customer. 

Polestar can outsource manufacturing execution, but it cannot outsource manufacturing 

understanding. It therefore needs enough internal technical knowledge to evaluate, challenge 

and guide partners, especially in relation to manufacturing interface management, launch 

governance, quality standards, supplier and partner assessment, cost evaluation, regulatory 

interpretation and customer-quality protection (I4). 

Interview 3 reinforces this point from a product and market perspective. The informant 

emphasized that customer-facing elements, particularly design, user interface, screen setup and 

the overall look and feel of the vehicle, should remain under Polestar's control because they are 

central to brand perception (I3). This is especially relevant in a partner-based model where 

different vehicles may rely on different industrial origins. For example, Polestar 3 was 

described as having stronger Volvo DNA, while Polestar 4 is more closely linked to Zeekr and 
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Geely. Yet both vehicles still need to be perceived by customers as Polestar products. Interview 

4 extends the same logic to manufacturing execution: a vehicle produced by a partner still 

reaches the customer as a Polestar, so launch quality, repeatability, defect control and release 

decisions directly affect the brand promise (I4). 

A third major theme concerns the configuration of Polestar's production footprint. The 

interviews show that the company's industrial network is organized around specific car 

programmes rather than around a fixed set of owned plants. Production allocation varies by 

model, timing, partner arrangement and market context (I1, I2). Interview 4 adds that plant 

selection is itself a governance decision. A partner plant is not selected only because capacity 

is available or because costs are lower. It must be suitable for the specific vehicle programme, 

including EV manufacturing capability, platform compatibility, available capacity, quality-

system maturity, launch experience, labour skills, logistics access, supplier-base proximity, 

regulatory exposure, tariff conditions and willingness to operate under Polestar's specifications 

(I4). 

This creates a dynamic geographic footprint, where different vehicles can be associated with 

different plants and regions. However, the interviews also make clear that this flexibility is 

bounded. Production cannot be shifted freely from one country or plant to another, because 

each site must be compatible with the relevant platform, technically capable, properly equipped 

and economically viable (I2). Interview 4 makes this constraint more concrete by showing that 

platform compatibility influences body dimensions, battery architecture, underbody structure, 

electrical architecture, tooling requirements, assembly sequence, testing equipment, software 

flashing processes and end-of-line validation (I4). Asset-lightness therefore increases access to 

external capacity, but it does not eliminate the industrial constraints of automotive 

manufacturing. 

Modularity and platform transferability further clarify why asset-light flexibility remains 

constrained by industrial feasibility. Interview 4 suggests that modularity and platform 

transferability should be interpreted not only as engineering choices, but also as governance 

mechanisms. In an asset-light model, modularity can expand the set of feasible production 

options because a vehicle programme may be allocated to partner-operated plants that already 

possess related architectures, components, process knowledge or production capabilities. This 

is visible in Polestar’s use of different industrial ecosystems: Polestar 3 is closely connected to 

Volvo’s production system, while Polestar 4 is linked more directly to the Geely and Zeekr side 
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of the ecosystem and to contract manufacturing in Busan. By relying on architectures and 

production know-how already present within the Volvo and Geely network, Polestar can reduce 

the need to recreate capabilities internally. At the same time, modularity does not make 

production automatically transferable. A partner plant still needs the appropriate tooling, 

battery-handling systems, software-flashing processes, quality gates, supplier flows, workforce 

capabilities and ramp-up routines. Modularity therefore supports asset-light expansion by 

increasing production optionality, but remains subject to plant-specific validation, technical 

adaptation and execution governance. 

Interview 3 adds an important market-access dimension to this footprint logic. From the North 

American perspective, the informant stressed that local assembly alone is not sufficient if the 

surrounding supplier base remains largely imported. In the case of U.S. production, the vehicle 

may be assembled locally, but the cost structure can still be exposed to tariffs if a large share 

of the bill of materials comes from abroad (I3). This means that an asset-light production 

footprint cannot be evaluated only by asking where final assembly takes place. It must also 

consider whether the local supplier base, component flows, tariff regime and regulatory 

framework are aligned with the target market. In this sense, production location and supplier 

localization become jointly relevant elements of asset-light network design. 

Interview 3 also shows that regulatory intelligence functions as a distinct governance capability 

in Polestar’s asset-light configuration. The informant was not directly involved in 

manufacturing partner selection or supplier management, but his role consisted in interpreting 

the U.S. political, regulatory and market environment and feeding this information back to 

central teams. This suggests that local market units operate as sensors of external constraints in 

a geographically dispersed and partner-based production network. Their contribution is not 

limited to describing the external context; rather, they help the firm understand how tariffs, 

local-content expectations, connected-vehicle regulation, geopolitical restrictions and market-

access rules may affect the viability of specific production and sourcing arrangements. In this 

sense, regulatory intelligence becomes part of asset-light governance: Polestar may not own the 

full physical chain, but it preserves strategic control by continuously monitoring whether its 

network remains compatible with local regulatory and commercial conditions. 

Geographic configuration also emerges as a central risk dimension. Production-location 

decisions are shaped by several factors, including partner capacity, market proximity, tariffs, 

logistics, regulation, platform compatibility, plant readiness and country-level risk (I1, I2, I3, 
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I4). The interviews suggest that geographic concentration can be advantageous when proximity 

supports coordination, development, launch activities and operational problem-solving. 

However, excessive concentration may increase vulnerability to geopolitical tensions, trade 

barriers, natural disasters, raw material disruptions, or country-specific shocks (I1, I2). 

Interview 4 further shows that geographic diversification through partner plants is not 

automatically equivalent to operational flexibility. Each site requires plant-specific validation, 

technical adaptation, investment decisions, workforce readiness, supplier flows and ramp-up 

governance before it can absorb a vehicle programme (I4). 

Supplier concentration is presented in similarly ambivalent terms. A more consolidated supply 

base can simplify coordination, reduce the number of interfaces to manage and make 

monitoring, audits and corrective actions more focused (I1). Strategic partnerships with large 

and capable suppliers may also support joint development, quality improvement and disruption 

management (I2). However, concentration becomes problematic when critical technologies, 

materials, or suppliers cannot be easily substituted, or when Polestar lacks sufficient leverage 

to secure priority during disruption (I1, I2). Interview 3 complements this by showing that 

concentration should also be considered in relation to local-content exposure. Even if final 

assembly is geographically diversified, the firm may remain dependent on imported 

components or specific external supply nodes, which can preserve vulnerability under tariffs, 

regulatory restrictions, or geopolitical shocks (I3). 

The interviews further show that bargaining power in an asset-light model is distributed across 

the wider ecosystem. Because Polestar is relatively small compared with major suppliers and 

larger automotive groups, its standalone leverage may be limited in some situations (I1, I2). 

However, this position can be strengthened through its embeddedness in the Volvo and Geely 

ecosystem. Group-level scale, shared procurement capabilities, cross-brand priorities and 

strategic partner relationships can increase Polestar's ability to secure cooperation, influence 

requirements and access capacity during periods of scarcity (I2). Interview 4 adds that this 

dependence also exists at the plant level. Once a vehicle has been industrialized at a specific 

site, switching production is costly, slow and operationally risky, because the OEM becomes 

dependent on that site's tooling, workforce, supplier flows, systems and platform-specific setup 

(I4). 

Finally, the interviews suggest that resilience under disruption depends less on asset-lightness 

itself and more on the governance conditions surrounding it. Asset-lightness can reduce 
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exposure to owned fixed assets and provide access to partner capacity, but it can also create 

dependence on external production systems, supplier priorities and contractual arrangements 

(I1, I2, I4). Shock absorption and recovery therefore depend on contracts, priority clauses, 

partner collaboration, logistics flexibility, information visibility and the ability to activate 

emergency responses when the network is under stress (I2). Interview 4 adds the 

manufacturing-execution dimension of this resilience logic: when a partner underperforms, the 

first response is usually escalation rather than immediate replacement. Corrective action plans, 

additional support, extra audits, engineering task forces, temporary containment, revised launch 

timing, volume reallocation, financial penalties, warranty recovery, or renegotiation of 

responsibilities become more realistic responses than switching plants immediately (I4). 

Interview 3 adds that resilience can also be supported through product-content adaptation. 

During the semiconductor crisis, the company reduced the number of keys supplied with 

vehicles, because the second key could be provided later without affecting the basic operation 

of the car. In another case, when higher-grade interior materials were constrained, the company 

produced higher-spec vehicles with lower-spec upholstery rather than stopping production 

entirely (I3). These examples show that disruption response can occur not only through supplier 

substitution or production relocation, but also through temporary adjustments to the product 

configuration. Taken together with Interview 4, this suggests that resilience in an asset-light 

model is both product-based and execution-based: the firm can adapt vehicle content in the 

short term, but it must also maintain the manufacturing routines required to protect ramp-up, 

repeatability and customer quality. 

In this sense, asset-lightness is not inherently resilient or fragile. Its effect depends on how the 

externalized network is structured and governed. The qualitative evidence therefore suggests 

that asset-light governance operates at two analytical levels. At the operational level, 

governance refers to the routines and instruments through which Polestar coordinates external 

production, including specifications, audits, monitoring systems, quality gates, ramp-up 

reviews, escalation procedures, information-sharing routines, contractual safeguards, partner 

follow-up, engineering-to-manufacturing handovers and temporary product-content 

adjustments. At the structural level, governance refers to the design of the externalized network 

within which those routines operate. This structural level emerges from recurring themes in the 

qualitative evidence: how dependent the company is on a limited number of critical actors, how 

production and sourcing are geographically configured, how local supply bases align with 
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production markets, how platform compatibility constrains production options and how 

dependence is distributed between Polestar and its external partners. 

 

3.1.5 From Qualitative Mechanisms to Quantitative Variables  

Having identified these two levels of governance, the transition to the quantitative phase 

requires a narrower empirical focus. The qualitative analysis shows that operational governance 

mechanisms are essential for understanding how Polestar maintains control without ownership; 

however, these mechanisms are embedded in firm-specific routines, relationships, contracts and 

internal processes. For this reason, they cannot be compared systematically across a broader 

panel of automotive OEMs with the same level of consistency. 

 

The quantitative phase therefore concentrates on the structural level of governance. This does 

not mean that structural mechanisms are more important than operational ones. Rather, they are 

the part of the governance architecture that can be translated more reliably into comparable 

empirical variables. Supplier network configuration, geographic network configuration and 

buyer–supplier dependence asymmetry are selected because they represent observable features 

of the externalized production network and because they correspond directly to the three 

structural themes emerging from the Gioia data structure. The translation table below 

summarizes this conceptual mapping.  

 

Table 3.3. Translation from Qualitative Mechanisms to Quantitative Variables 

Qualitative Mechanism 
(Polestar) 

Quantitative Variable Direction of Mapping Cross-
reference 

Supplier network 

configuration 

Supplier Herfindahl–

Hirschman Index 
(SupplierHHI) 

Inverse: higher 

diversification → lower 
SupplierHHI 

Section 

3.2.3.5 

Geographic network 
configuration 

Geographic Herfindahl–
Hirschman Index (GeoHHI) 

Inverse: higher 
geographic dispersion → 

lower GeoHHI 

Section 
3.2.3.5 

Buyer–supplier 
dependence asymmetry 

Power Asymmetry Index 
(Asymmetry) 

Direct: higher 
asymmetric dependence 

→ higher Asymmetry 

Section 
3.2.3.5 
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3.2 Phase 2: Quantitative Validation and Panel Data Analysis 

Building on the mapping developed in the previous section, the quantitative phase tests whether 

supplier concentration, geographic concentration and buyer-supplier dependence asymmetry 

condition the relationship between asset-lightness and operating performance under systemic 

supply-chain shocks. This phase extends the case study from mechanism identification to panel-

level empirical assessment, while recognizing that operational and relational mechanisms 

remain outside the direct quantitative test. 

To ensure rigorous methodological transparency and computational reproducibility, all data 

manipulation, variable construction and panel regressions were executed using the R software 

environment (R Core Team, 2023). The complete set of scripts, alongside detailed code 

documentation and the final panel dataset used for the estimations, is hosted in a dedicated 

GitHub repository. The full reference and link to this repository are provided in the 

Bibliography of this thesis. 

3.2.1 Data Sources and Time Window 

The empirical analysis combines three complementary data sources, each capturing a distinct 

level of the research design. First, firm-level financial and accounting data are obtained from 

Refinitiv, which provides the basis for sample construction, the computation of the Asset-

Lightness Index and the measurement of operating performance outcomes. Second, supply-

network structure is captured through Bloomberg Supply Chain Analysis (SPLC), which 

provides relationship-level information on suppliers, dependence and geographic exposure, 

allowing the construction of the mechanism variables used in the empirical analysis. Third, the 

macro-level disruption environment is measured using the Global Supply Chain Pressure Index 

(GSCPI) published by the Federal Reserve Bank of New York, which serves as the common 

external shock variable in the panel regressions. 

The empirical analysis focuses on the 2018-2024 period. This time window is selected for both 

theoretical and empirical reasons. From a theoretical perspective, it provides a reasonably 

balanced distribution of years across the three phases central to the thesis: pre-shock conditions, 

worsening supply-chain pressure and easing/recovery. This is important because the empirical 

design distinguishes between structural exposure, resilience during shock escalation and 

recovery once pressure begins to ease. From an empirical perspective, the selected period is 
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also appropriate for the automotive EV context, since many asset-light and EV-oriented firms 

either did not yet exist or did not provide sufficiently usable data in earlier years. Importantly, 

this time-window choice governs the empirical sample as a whole, since it conditions both the 

Refinitiv financial panel and the Bloomberg-based mechanism sample. 

3.2.2 Refinitiv Sample Construction 

The empirical panel targets OEM brand owners for which vehicle manufacturing is the 

dominant operating activity, consistent with the thesis focus on asset-lightness as a boundary-

of-the-firm choice and the associated migration of control through governance.   

The sample is constructed using Refinitiv’s Screener function in two sequential steps. First, a 

rule-based screening applies objective filters to define a consistent initial universe and reduce 

mechanical noise. Second, a manual screening based on business descriptions and segment 

disclosures refines the universe by excluding entities that do not match the unit of analysis, 

thereby ensuring comparability across firms included in the final panel.  

3.2.2.1 Initial Universe and Rule-Based Filters 

To make the initial universe consistent with the thesis unit of analysis and reduce mechanical 

noise in the panel, the following Refinitiv filters were applied: 

1. TRBC Activity  

The universe was restricted to vehicle manufacturing-related TRBC activities (Auto & 

Truck Manufacturers, Automobiles & Multi Utility Vehicles, Light Trucks, Electric 

Vehicles and Luxury Vehicles). Motorcycles and three-wheelers, caravans/recreational 

vehicles, forklifts and material-handling equipment, rail-related vehicles and non-OEM 

component suppliers were excluded, as these categories follow structurally different 

production volumes, capital cycles and supply-chain architectures that would confound 

asset-lightness measures. The panel includes OEMs producing light commercial 

vehicles (vans, pickups, light trucks) but excludes heavy-duty truck and bus specialists 

to preserve comparability, given their lower-volume production logic and distinct 

procurement and capital cycles. LCV inclusion is justified by increasing convergence 

with passenger vehicles under electrification (shared platforms and common upstream 

bottlenecks such as batteries, semiconductors and contract manufacturing capacity);
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2. Geographic Scope  

The sample is global in scope, covering firms headquartered in Asia, Europe, Africa, 

the Americas and Oceania. Russia was excluded because it represents an idiosyncratic 

post-2022 regime in which firm outcomes are strongly driven by sanctions, financing 

and trade restrictions and market dislocations and confound the interpretation of asset-

lightness effects under generalizable systemic shocks;  

 

3. Size threshold (Market Cap ≥ EUR 100M)  

A minimum size threshold was applied to exclude microcaps, where financial 

statements are often dominated by financing events and illiquidity and where accounting 

ratios (including asset-lightness proxies) tend to be extremely volatile;  

 

4. Minimum operating activity (7-year averages non-missing and ≥ EUR 1M)  

Firms were required to have non-missing seven-year averages of (i) revenue from 

business activities and (ii) gross PP&E, each ≥ 1 Million. These screens filter out 

portfolio holdings or special-purpose entities with non-operational balance sheets, 

missing/inconsistent operating disclosures, or no meaningful operating revenues, 

thereby ensuring an identifiable manufacturing asset base and improving comparability 

for performance and intensity-based variables.  

 

3.2.2.2 Manual Screening 

1. Contract manufacturers without brand ownership  

Entities primarily engaged in contract manufacturing or engineering services for third-

party vehicle brands were excluded to preserve consistency with the unit of analysis, 

which focuses on OEM brand owners for whom asset-lightness represents a boundary-

of-the-firm choice (make-versus-buy) and a reallocation of control. Contract 

manufacturers do not define the manufacturing boundary of a vehicle brand; instead, 

they provide the external capacity to which asset-light OEMs shift physical production 

and the associated heavy assets. Including them would conflate two distinct value-chain 

positions: (i) OEMs as boundary-defining orchestrators (brand owners) and (ii) 

suppliers as capacity-provisioning executors.  
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2. Non-manufacturing or diversified firms  

Firms were excluded if they are not primarily vehicle manufacturers. This includes (i) 

retail, dealership, trading/import, distribution and after-sales-led entities, whose balance 

sheets mainly reflect commercial working capital rather than manufacturing 

configuration and (ii) investment holdings or diversified groups whose assets and 

profitability are materially driven by non-automotive or non-operating segments (e.g., 

financial services, real estate, portfolio holdings). Segment disclosures were reviewed 

over the most recent seven fiscal years and firms were excluded if vehicle-

manufacturing revenues averaged below 70% of total revenues. 

 

3. Corporate Groups and Subsidiaries  

The sample primarily retains one consolidated reporting entity per corporate group to 

avoid double counting. However, we also include selected listed subsidiaries when they 

embody distinct business models and production governance arrangements that are 

central to the research question (e.g., premium brands versus mass OEMs, EV-focused 

entities versus diversified legacy groups). This design captures within-group 

heterogeneity in asset-light configurations and control allocation. 

 

4. Development-stage and Pre-commercial EV Entrants 

Pre-commercial and R&D-stage EV entrants were excluded. Because these firms 

typically hold massive cash reserves from fundraising while generating zero (or 

negligible) commercial revenues, their operating asset ratios become mathematically 

distorted and economically meaningless. To be retained in the panel, an EV entrant must 

have initiated commercial vehicle deliveries, ensuring the presence of an active "make-

or-buy" manufacturing boundary to analyze. 

 

3.2.3 Variable Construction 

The empirical analysis relies on four groups of variables: (i) the Asset-Lightness Index, 

including its component variables and PCA-based robustness check, (ii) the supply-chain shock 

measure, (iii) the supply-chain structure variables and (iv) the dependent variables used in the 

empirical specifications. 
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3.2.3.1 Asset-Lightness Index (ALI): Concept and Construction Procedure 

The Asset-Lightness Index (ALI) operationalizes asset-lightness as a multi-dimensional 

construct, building directly on the weak and strong definitions proposed by Zhu and Song 

(2023) and discussed in the Literature Review. The weak dimension captures physical capital 

commitment and operating capital lock-in, while the strong dimension captures an accounting-

based orientation toward intangible, knowledge-based and coordination-enabling resources. 

These variables are interpreted as indirect proxies for an orchestration-oriented resource 

configuration, not as direct measures of orchestration capability.  

 

To empirically implement this framework, the ALI is constructed in three complementary 

forms: weak asset-lightness (ALI Weak), strong asset-lightness (ALI Strong) and combined 

asset-lightness (ALI Combined), which integrates both dimensions. Each component is 

measured through accounting-based proxies derived from financial statement data sourced from 

Refinitiv. This tripartite operationalization reflects a deliberate theoretical choice: asset-

lightness is not a binary condition but a continuous governance configuration and neither 

dimension in isolation is sufficient to identify the firm’s structural posture. A firm that has 

reduced its physical asset base without developing coordination and control capabilities 

occupies a fundamentally different position from one that has achieved both. By distinguishing 

between weak and strong forms, while also considering their joint configuration, the ALI allows 

us to capture these structurally different strategic positions more precisely.  

The construction of the ALI follows four sequential steps: 

 

Step 1 - Time-Invariant Averaging 

For each firm and each proxy, a single value is computed as the arithmetic mean over the 

available observations within a seven-year panel window. Asset-lightness is a structural 

governance configuration, a stable organizational choice rather than a short-run fluctuation, so 

averaging is designed to remove transitory noise from business-cycle effects, lumpy investment 

cycles and accounting timing differences, isolating the underlying structural posture of each 

OEM.  
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Step 2 - Winsorization 

Each time-averaged proxy is winsorized at the 1st and 99th percentiles of the cross-sectional 

distribution. Winsorization is applied after averaging (targeting cross-sectional outliers in the 

firm-level means rather than individual annual observations) to eliminate the influence of data 

errors, consolidation anomalies and the mechanically extreme values that arise from near-zero 

denominators (e.g., a recently listed OEM with negligible PP&E), without suppressing genuine 

within-firm variability in the underlying series (Gormley and Matsa, 2014). 

Step 3 - Standardization and Sign Harmonization 

Each winsorized variable is transformed to a z-score on the final sample. Standardization is 

required because the seven proxies are measured on incommensurable scales; without it, 

variables with mechanically larger dispersion would exert disproportionate influence on the 

final index. Variables are then sign-harmonized so that a higher value uniformly signals a more 

asset-light configuration. Three proxies are naturally decreasing in asset-lightness 

(NOA/Revenue, PP&E Intensity, Capex/PP&E) and are therefore multiplied by −1. This 

harmonization ensures that all components are aligned in direction and remain directly 

comparable in interpretation (see Table 3.4). 

Step 4 - Index Aggregation 

After standardization and sign harmonization, the ALI is constructed using simple arithmetic 

averages of the aligned proxies. The weak ALI is computed as the mean of the four proxies 

associated with the weak dimension of asset-lightness, namely Net Operating Asset Intensity, 

PP&E Intensity, Capital Expenditure Intensity and Production Throughput Ratio. The strong 

ALI is computed as the mean of the three proxies associated with the strong dimension, namely 

Intangible Intensity, R&D Intensity and Finished Goods Share. The combined ALI is computed 

as the mean of all seven sign-harmonized standardized proxies. 

Equal-weight aggregation is adopted as a theory-consistent choice. Because all proxies are first 

standardized and sign-harmonized, a simple arithmetic mean allows each component to 

contribute symmetrically to the relevant dimension while preserving the multidimensional 

nature of asset-lightness. 
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Table 3.4. ALI component variables: brief descriptions and sign convention 

Variable Brief Description Dimension Sign (higher 
= lighter) 

Net Operating 

Asset 

Intensity 

Net operating asset burden per unit of 

sales; captures operating capital lock-in 

across the full balance sheet 

Weak − (inverted) 

PP&E 

Intensity 

Share of non-cash assets tied up in 

physical production capacity (plants, 

tooling, equipment) 

Weak − (inverted) 

Capital 

Expenditure 

Intensity   

Rate of physical reinvestment relative to 

installed plant base; signals whether the 

firm is expanding its internal footprint 

Weak − (inverted) 

Production 

Throughput 

Ratio   

Production throughput supported by a 

limited owned plant base; high values 

indicate scale achieved through external 

manufacturing 

Weak + 

Intangible 

Intensity   

Balance between soft assets (IP, 

software, platforms) and physical 

capacity; proxies orchestration capability 

relative to production footprint 

Strong + 

R&D Intensity   Knowledge investment flow relative to 

internal physical stock; reflects control 

exercised through design authority rather 

than owned assets 

Strong + 

Finished 

Goods Share 

Share of inventory classified as finished 

goods; higher values indicate that physical 

transformation has been shifted to 

upstream partners 

Strong + 

Note: Variables marked '− (inverted)' are multiplied by −1 so that all inputs are monotonically 

increasing in asset-lightness. 
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3.2.3.2  Asset-Lightness Index: Component Variables 

The following sections define each of the seven proxy variables entering the ALI, organized by 

dimension. For each variable, the economic rationale and construction choices are presented 

jointly, followed by a brief interpretive statement. 

Weak-Dimension Proxies 

Net Operating Asset Intensity 

The first proxy captures how much operating capital is required to generate one unit of revenue, 

operationalizing the weak definition's focus on capital lock-in across the full operating cycle 

rather than merely in fixed assets. In the automotive industry, capital can be trapped not only in 

plants and equipment, but also in inventories (vehicles parked awaiting dealer allocation) and 

in trade receivables arising from extended payment terms. A firm that externalizes physical 

production progressively shifts these commitments upstream to its manufacturing partners, 

reducing its own operating asset burden per unit of sales. Net Operating Assets (NOA) are 

constructed from balance-sheet items to isolate the operating asset base from non-operating 

exposures: specifically, NOA is computed as Total Assets minus (i) investments in associates / 

JVs / unconsolidated subsidiaries, which reflect equity-accounted holdings rather than 

operating assets, (ii) finance lease receivables (short- and long-term), which represent 

financing-type exposures, (iii) loans (short- and long-term), which capture financial assets and 

(iv) cash and cash equivalents, which reflect liquidity buffers rather than operating capital 

employed. The resulting NOA is then scaled by Total Revenue.  

 

 

𝑁𝑂𝐴!" = 𝑇𝑜𝑡𝑎𝑙𝐴𝑠𝑠𝑒𝑡𝑠!" − 𝐼𝑛𝑣𝐴𝑠𝑠𝑜𝑐𝐽𝑉𝑈𝑛𝑐𝑜𝑛𝑠𝑜𝑙!" − 𝐹𝑖𝑛𝐿𝑒𝑎𝑠𝑒𝑅𝑐𝑣𝑏𝑙𝐿𝑇!"
− 𝐹𝑖𝑛𝐿𝑒𝑎𝑠𝑒𝑅𝑐𝑣𝑏𝑙𝑆𝑇!" − 𝐿𝑜𝑎𝑛𝑠𝐿𝑇!" − 𝐿𝑜𝑎𝑛𝑠𝑆𝑇!" − 𝐶𝑎𝑠ℎ𝐶𝑎𝑠ℎ𝐸𝑞!" 

 NOA_Intensity!"   =  
NOA!"

TotalRevenue!"
 	

 

Interpretation: Higher values indicate more capital tied up per unit of sales, consistent with 

a more asset-heavy posture; lower values signal greater operating capital efficiency and a 

more externalized configuration. 
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PP&E Intensity   

Where Net Operating Asset Intensity captures the breadth of capital lock-in, this indicator 

focuses specifically on physical asset intensity within the firm's deployed resource base. In 

automotive, plants, tooling and production equipment lock capital into fixed capacity, increase 

fixed-cost exposure and reduce balance-sheet flexibility. The ratio therefore operationalizes the 

weak intuition that “heaviness” is not only about owning factories, but about how much of the 

firm’s non-cash resources are tied up in physical production capacity.  

PP&E is measured on a gross basis (before accumulated depreciation). This choice is made to 

improve cross-firm comparability: using net PP&E would mechanically make long-established 

OEMs with older, heavily depreciated plants appear “lighter” than they are, while making 

newer firms (or firms that recently invested in capacity) appear “heavier” simply due to asset 

age and depreciation policy. Cash is subtracted from total assets to avoid classifying firms as 

asset-light merely because they hold large liquidity buffers (common both for incumbents in 

downturns and EV entrants following fundraising). Under IFRS 16, right-of-use (ROU) lease 

assets may be reported within PP&E (IFRS Foundation,2011); therefore, this measure captures 

physical capacity used through both ownership and long-term leasing, improving comparability 

across OEMs that “stay physical” but choose different asset governance arrangements. 

PPE_Intensityit =
PP&EitGross

TotalAssetsit − Cashit
 

 

Interpretation: Larger values indicate that a greater share of the firm’s deployed 

resources remains tied to internally held production assets, whereas lower values are 

more consistent with a reduced internal manufacturing footprint. 
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Capital Expenditure Intensity   

While PP&E intensity reflects the stock of physical capacity already embedded in the firm, 

CAPEX/PP&E gross reflects whether the OEM is reinforcing or expanding that internal 

footprint over time. In an asset-light configuration, physical reinvestment is expected to remain 

structurally low as capacity is increasingly sourced from external partners. PP&E is measured 

on a gross basis throughout, for the comparability reasons established above.  

CAPEX_Intensityit =
CAPEXit
PP&EitGross

 

Interpretation: The ratio rises when the firm continues to reinforce or expand its internal 

production base and falls when physical reinvestment remains limited, as would be 

expected under a more externalized capacity model.  

 

Production Throughput Ratio   

This indicator captures the outsourcing-like throughput dimension of the weak definition: the 

idea that an asset-light OEM can sustain substantial production and procurement activity with 

a relatively small owned plant base, by routing the bulk of value creation through external 

manufacturing partners. When the cost of revenues is high relative to the firm's gross physical 

footprint, large operational flows are being "processed" through the firm without a 

proportionate level of internally owned factories and equipment. COGS is taken from income 

statement disclosures as the cost of revenues. Gross PP&E is used as the denominator, 

consistent with all other ratios in this index. 

COGS_to_PP&E!" =
COGS!"
PP&E!"Gross

	

Interpretation: Higher values suggest that substantial production and procurement 

flows are being sustained with a relatively limited owned plant base, a pattern consistent 

with externalized manufacturing. Lower values instead point to a closer alignment 

between operating throughput and internally held physical capacity. 
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Strong-Dimension Proxies 

Intangible Intensity   

The strong definition requires not only that physical assets are reduced, but that control over 

the production system is retained through soft assets, such as software, platform architectures, 

patents and capitalized development costs. This ratio captures an accounting-based signal of 

that substitution: the more the firm's balance sheet is oriented toward separable operational 

intangibles relative to its physical footprint, the more it resembles a systems integrator 

exercising governance through architectural control rather than through asset ownership. 

Goodwill is excluded from the numerator because it predominantly reflects acquisition premia 

and historical accounting revaluations rather than separable, actively deployed operating 

intangibles. Including goodwill would confound the measure with M&A history rather than 

with deliberate intangible capability-building. The denominator uses gross PP&E for the same 

cross-comparability rationale applied throughout. 

IntangiblesNetit = IntangibleAssetsit − Goodwillit 

𝐼𝑛𝑡𝑎𝑛𝑔𝑖𝑏𝑙𝑒𝐼𝑡𝑒𝑛𝑠𝑖𝑡𝑦it =
IntangiblesNetit
PP&EitGross

 

Interpretation: As this ratio increases, the firm’s resource base becomes more oriented 

toward intangible coordination assets relative to physical production assets, which is 

consistent with a stronger asset-light posture. Lower values, by contrast, indicate a 

configuration that remains more closely anchored to tangible production capacity. 

 

R&D Intensity   

Where intangible intensity captures the stock of soft assets accumulated on the balance sheet, 

R&D intensity captures the ongoing investment flow in knowledge-based capabilities relative 

to the firm's internal physical asset base. A system-integrator OEM is expected to concentrate 

resources on engineering, software development and platform design (the activities through 

which it exercises architectural control over an externalized production network) rather than on 

expanding physical manufacturing capacity. R&D intensity is therefore interpreted as an 
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indirect signal of the knowledge base through which an OEM may sustain design authority, 

platform control and external orchestration despite reduced ownership of production assets. 

RD_to_PPE!" =
R&D!"

PP&EitGross
 

Interpretation: Higher values indicate stronger knowledge investment relative to internal 

physical assets, consistent with a governance configuration oriented toward design authority 

and orchestration; lower values reflect greater reliance on physical infrastructure. 

 

Finished Goods Share  

The final indicator measures inventory composition as a proxy for the extent to which physical 

transformation activities are externalized. In automotive, an OEM that performs more upstream 

manufacturing in-house typically holds a higher share of raw materials and work-in-process 

(inputs and semi-finished goods). By contrast, an orchestrator-style OEM that relies more on 

external manufacturing and module suppliers tends to hold relatively more inventory classified 

as finished goods (completed vehicles or assembled modules awaiting delivery). Under the 

strong definition, a higher finished-goods share is therefore consistent with a configuration 

where physical production is shifted to partners while the focal OEM concentrates on 

coordination and control. 

Finished goods and total inventory are taken from balance-sheet inventory disclosures. Because 

subcategory breakdowns are reported inconsistently across jurisdictions and periods, 

observations where reported finished goods exceed total inventory are treated as data errors, 

flagged and excluded from the variable-level average. Where the finished goods breakdown is 

systematically unavailable for a given firm, the ALI is recomputed on the remaining six proxies 

and flagged in the sensitivity analysis. The ratio is also affected by buffering strategies (for 

example, strategic stockpiling of battery packs ahead of supply disruptions) and should 

therefore be interpreted as a supporting orchestration signal rather than a standalone measure 

of externalization. 

FG_Shareit =
FinishedGoodsit
TotalInventoryit
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Interpretation: A larger finished-goods share is consistent with a configuration in which 

more of the physical transformation process has already occurred outside the focal firm, 

leaving the OEM relatively more concentrated on coordination and delivery. Lower values 

instead suggest a greater internal involvement in upstream production stages. 

 

3.2.3.3  PCA-Based Robustness Check of the ALI Construction 

As a robustness check, Principal Component Analysis (PCA) was applied to the standardized 

and sign-oriented components of the Asset-Lightness Index. The objective was not to replace 

the equal-weighted ALI used in the regressions, but to assess whether the selected proxies are 

sufficiently coherent to justify their aggregation, while also evaluating whether asset-lightness 

behaves as a unidimensional or multidimensional construct. 

PCA is useful in this context because it shows how much of the variability across the ALI 

components can be summarized by a smaller number of latent statistical dimensions. In 

particular, the first principal component (PC1) represents the dominant common dimension 

among the proxies, while the second principal component (PC2) captures an additional 

independent source of variation. If PC1 explains a large share of variance and is highly 

correlated with the equal-weighted ALI, this suggests that the index is aligned with the main 

statistical pattern in the data. If PC2 also explains a substantial share of variance, this indicates 

that the construct is more multidimensional and should not be reduced mechanically to a single 

factor. 

As shown in Table 3.5, the Weak ALI displays the clearest unidimensional structure. PC1 

explains 52.4% of the variance and is almost perfectly correlated with the equal-weighted Weak 

ALI, with a correlation of 0.997. 

The Strong ALI also shows a high correlation between PC1 and the equal-weighted index, equal 

to 0.955. However, PC2 explains a substantial additional share of variance, 40.5%, suggesting 

that strong asset-lightness is more multidimensional. 

For the Combined ALI, PC1 explains 34.6% of the variance but remains highly correlated with 

the equal-weighted index, 0.959. This indicates that the combined measure is aligned with the 

main statistical direction in the data, but that asset-lightness should not be collapsed into a single 
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unidimensional factor. These results therefore justify retaining the equal-weighted ALI as the 

baseline measure and support the decision to keep weak and strong asset-lightness analytically 

distinct. 

Table 3.5. PCA-based robustness check of the Asset-Lightness Index construction 

Index Components N PC1 Var. PC2 Var. PC1+PC2 Var. Corr. PC1 with ALI 

Weak ALI 4 48 0.524 0.226 0.751 0.997 

Strong ALI 3 38 0.476 0.405 0.881 0.955 

Combined 
ALI 7 37 0.346 0.212 0.559 0.959 

 

 

3.2.3.4 Supply Chain Shock Measure  

To capture the intensity of global supply chain disruptions, this study employs the Global 

Supply Chain Pressure Index (GSCPI), developed by the Federal Reserve Bank of New York 

(Benigno et al., 2022). Unlike conventional metrics that focus on isolated dimensions of global 

trade, the GSCPI provides a comprehensive gauge by integrating two primary sets of indicators: 

global transportation costs (including the Baltic Dry Index, the Harpex index and the U.S. 

Bureau of Labor Statistics inbound and outbound airfreight price indices) and manufacturing 

Purchasing Managers’ Index (PMI) surveys from seven major interconnected economies 

(China, the euro area, Japan, South Korea, Taiwan, the UK and the US). Specifically, the index 

relies on three PMI subcomponents to capture supply chain frictions: delivery time (capturing 

delays in receiving goods), backlogs (quantifying the volume of uncompleted orders) and 

purchased stocks (measuring inventory accumulation by firms). 

A crucial methodological advantage of the GSCPI for this study is that it is designed to help 

isolate supply-side constraints from demand-driven fluctuations. Increases in transportation 

costs or delivery times could theoretically stem from either structural logistical bottlenecks or 

sudden spikes in consumer demand. To control for demand-side factors, the GSCPI 

methodology regresses the supply chain variables on demand-focused PMI components, such 

as "new orders" and "quantities purchased." The residuals from these regressions are then used 

to construct the index. Consequently, the GSCPI provides a measure that largely reflects 
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logistical pressures, mitigating the influence of mere demand shocks. In a second step, the 

GSCPI is extracted as the common component of the demand adjusted indicators using 

principal component analysis and it is reported monthly as deviations (in standard deviations) 

from its historical mean, with higher values indicating greater global supply chain pressures. 

Finally, since the GSCPI is originally published on a monthly frequency, the data was 

aggregated into annual values (calculated as the annual average of the index) to ensure a 

consistent match with the financial data reported by the firms in our panel. 

As argued in Section 2.3, the consequences of a supply-chain disruption unfold along three 

sequential dimensions: exposure (structural vulnerability prior to the shock), resilience 

(absorption while the shock unfolds) and recovery (restoration once pressure eases). Exposure 

is operationalized through the supply-chain mechanism variables introduced in Section 3.2.3.5, 

which capture ex-ante features of the firm's supply network. Resilience and recovery, by 

contrast, are intrinsically dynamic and must be identified through the temporal profile of the 

shock itself. Using the GSCPI only in level form would collapse these two dynamic dimensions 

into a single coefficient, obscuring the asymmetry that lies at the core of the thesis's governance 

argument. For this reason, the index is used in three alternative specifications, each designed to 

isolate a distinct dimension of the shock-response process. 

First, GSCPI is used in level form, denoted 𝐺𝑆𝐶𝑃𝐼", to capture the overall intensity of global 

supply chain stress in year t. In this specification, higher values indicate tighter logistics, longer 

delivery times and stronger disruption pressure across the global supply system. 

Second, it is decomposed into an upward-shock component, 𝐺𝑆𝐶𝑃𝐼_𝑈𝑝", which isolates years 

in which supply chain pressure is increasing. This is constructed from the annual change in the 

index: 

Δ𝐺𝑆𝐶𝑃𝐼" = 𝐺𝑆𝐶𝑃𝐼" − 𝐺𝑆𝐶𝑃𝐼")* 

𝐺𝑆𝐶𝑃𝐼_𝑈𝑝" = max(Δ𝐺𝑆𝐶𝑃𝐼" , 0)	

Thus, 𝐺𝑆𝐶𝑃𝐼_𝑈𝑝" takes positive values only when global supply chain pressure worsens and is 

equal to zero otherwise. This component isolates the window during which the disruption is 

actively propagating through the global supply system, the absorption phase, in which the firm's 

resilience is tested (Christopher & Peck, 2004; Ponomarov & Holcomb, 2009). 
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Third, it is decomposed into a downward-shock component, 𝐺𝑆𝐶𝑃𝐼_𝐷𝑜𝑤𝑛", which isolates 

years in which supply chain pressure is easing: 

𝐺𝑆𝐶𝑃𝐼_𝐷𝑜𝑤𝑛" = max(−Δ𝐺𝑆𝐶𝑃𝐼" , 0)	

Accordingly, 𝐺𝑆𝐶𝑃𝐼_𝐷𝑜𝑤𝑛" takes positive values only when global supply chain pressure 

declines and is equal to zero otherwise. This measure specifically captures the period when 

supply chain frictions ease and companies must re-establish normal operations. It represents the 

post-shock phase, serving as a direct test of the organization's recovery capabilities (Sheffi & 

Rice, 2005; Tang, 2006). 

This decomposition into Up and Down components follows the approach of Claessens et al. 

(2012) for separating shock-absorption from recovery dynamics in panel settings and is 

consistent with the thesis's theoretical distinction between resilience and recovery as separate 

governance outcomes. In all specifications, the index is used in raw, non-normalized annual 

form  and its annual profile over the 2018–2024 period is reported in Figure 3.1 to make the 

temporal distinction between overall pressure, worsening pressure and easing pressure visually 

explicit. 

 

Figure 3.1. Annual average Global Supply Chain Pressure Index, 2018–2024 



 54 

3.2.3.5 Supply Chain Structure Variables 

Supply Chain structure variables are constructed from Bloomberg Supply Chain Analytics 

(SPLC) data, which maps bidirectional buyer-supplier relationships. Given data availability 

constraints, all supplier and customer-side indices are constructed using the top ten 

counterparties by cost share (supplier side) or revenue contribution (customer side) for each 

firm-year. This truncation represents a practical approximation of the full distribution and 

introduces a known bias: concentration measures may be understated, while diversification 

measures may be overstated relative to their population equivalents.  

In cases where fewer than ten valid observations are initially available due to missing data (e.g., 

unavailable cost shares or dependence measures), the selection is extended sequentially to 

lower-ranked counterparties until ten valid observations are obtained. If fewer than ten valid 

observations remain after this procedure, the index is computed on the available subset and 

explicitly flagged as incomplete. 

Because Bloomberg SPLC does not allow the direct export of the panel required for this study, 

the supply-chain variables were reconstructed through a structured firm-by-firm, year-by-year 

extraction procedure. For each OEM, the relevant Bloomberg screens were queried annually 

and the visible relationship-level values were collected to compute the indices reported below. 

To standardize this process, a custom Python-based extraction and calculation workflow was 

used under a predefined rule set covering screenshot continuity, exclusion rules, missing-data 

handling and index computation. The procedure was iteratively tested and refined against this 

rule set before being applied to the final sample. 

Notation: 

The following notation is used consistently across all supply-chain indicators: 

• 𝑖	= focal OEM firm  

• 𝑗	= supplier (or customer, where specified)  

• 𝑐	= country of supplier headquarters or primary production location  

• 𝑡	= time period (year)  

• 𝑠!+,"	= cost share of supplier 𝑗	of firm 𝑖 in year 𝑡 

• 𝑟+!,"	= share of supplier 𝑗’s total revenues of firm 𝑖 in year 𝑡 

• 𝑔!-,"  = procurement exposure of firm 𝑖	to country 𝑐 in year 𝑡 
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Supplier Concentration (SupplierHHI) 

Supplier concentration captures the extent to which an OEM’s procurement expenditure, 

proxied by Bloomberg supplier cost shares linked to cost of goods sold, is concentrated among 

a limited number of counterparties. A highly concentrated supply base implies that the 

disruption of a single supplier can generate a disproportionately large operational shock, 

consistent with the single-sourcing risk literature (Chopra and Sodhi, 2004) and with the 

structural vulnerability discussed in the asset-light context in Section 2.3. 

The Herfindahl–Hirschman Index (HHI) is adopted because it gives greater weight to larger 

supplier shares, thereby capturing not only the number of suppliers, but also the degree of 

dependence on dominant counterparties, more effectively than simple top-N concentration 

measures.  

Importantly, suppliers that are subsidiaries or controlled entities of the focal firm are excluded 

from the computation. The objective of this index is to capture exposure to external supply 

concentration risk, whereas intra-group transactions do not represent a genuine disruption risk, 

as they effectively operate within the firm’s boundary of control. Including such entities would 

therefore bias the index upward without reflecting actual supply chain vulnerability.   

SupplierHHI!," =r𝑠!+,".
*/

+0*

 

Interpretation: Higher values of Supplier HHI indicate a more concentrated supply base 

and lower structural resilience. Lower values indicate greater diversification across the 

observable supplier set.  

 

Geographic Supplier Concentration (GeoHHI) 

Diversification across suppliers does not necessarily guarantee resilience if the underlying 

supplier base remains concentrated in the same geographic area. Geopolitical disruptions, trade-

policy shocks and logistics bottlenecks often operate at the country or regional level, which 

means that diversification across firms may still be insufficient when the underlying exposure 

is geographically clustered. The country-level exposure measure first aggregates supplier cost 



 56 

shares by country and then applies the HHI formula to the resulting distribution. Supplier 

country assignment relies on Bloomberg’s reported indication of the supplier’s main observable 

production footprint, used here as a practical proxy for the geographic location of the supply 

relationship rather than as a precise plant-level sourcing location. 

𝑔!-," =r𝑠!+,"

*/

+0*

⋅ 𝐼{country(𝑗) = 𝑐}	

GeoHHI12 =rwg13,2 x
.

3

 

Interpretation: Higher values indicate geographic concentration of the supply base in a 

limited number of countries, implying greater exposure to country-level disruptions. 

Lower values indicate broader geographic distribution and greater geographic 

resilience. 

 

Power Asymmetry Index (Asymmetry) 

Supplier concentration measures the OEM’s dependence on its suppliers, but do not capture the 

countervailing dimension: how dependent those suppliers are on the OEM. In a bilateral 

relationship, the party with lower dependency holds greater bargaining power over capacity 

allocation during supply shortages. 

The Power Asymmetry Index operationalizes this structural imbalance: for each supplier 

relationship, the index weights the OEM's cost exposure 𝑠!+," by the inverse of the supplier's 

revenue dependence on the OEM w1 − 𝑟+!,"x. When the OEM's cost share with a supplier is high 

but the supplier's revenue dependence on the OEM is low, the relationship is asymmetric and 

the OEM occupies a structurally weak bargaining position, precisely the configuration that 

asset-light firms face vis-à-vis oligopolistic mega-suppliers, as discussed in Section 1.5. The 

supplier-dependence term 𝑟+!," is measured as the share of supplier j’s total revenues attributable 

to firm i. The index therefore increases when the OEM is highly exposed to suppliers that do 

not reciprocally depend on it to the same extent. 
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Asymmetry!" =r𝑠!+,"

*/

+0*

⋅ w1 − 𝑟+!,"x	

 

Interpretation: Higher values indicate greater structural asymmetry, meaning that the OEM 

depends heavily on suppliers that do not depend equally on the OEM, implying weaker 

bargaining leverage and lower resilience under supply rationing. Lower values indicate 

more balanced interdependence and a more symmetric dependence structure.  
 

3.2.4  Final Sample and Panel Diagnostics  

3.2.4.1  Sample and Coverage  

The empirical design starts from a Refinitiv-based financial panel that remains structurally 

balanced after the screening procedure described in Section 3.2. The baseline sample consists 

of 49 OEM firms observed continuously over the period 2018–2024, for a total of 343 firm-

year observations. This exactly matches the theoretical size of a balanced seven-year panel (49 

× 7 = 343), implying that no firms enter or exit the sample window and that the firm-year 

structure of the baseline panel is fully balanced.  

 

Refinitiv provides the core financial variables used throughout the empirical analysis, including 

weak, strong and combined asset-lightness (ALI Weak, ALI Strong, ALI Combined) and the 

operating performance outcomes. Missingness on the Refinitiv side is limited rather than 

absent. All three asset-lightness measures and all three shock specifications, namely overall 

supply-chain pressure (GSCPI), worsening supply-chain pressure (GSCPI Up) and easing 

supply-chain pressure (GSCPI Down), are fully observed across the panel. By contrast, 

missingness in the dependent variables remains marginal, amounting to 4.7% for EBITDA 

Margin and 4.1% for EBIT Margin. 

The main source of sample reduction instead arises from Bloomberg SPLC, which is used to 

construct the supply-network mechanism variables. Although all firms in the screened sample 

are non-microcap OEMs satisfying the minimum market-cap threshold of EUR 100 million, 

Bloomberg does not provide sufficiently populated supply-chain data for all of them. As a 

result, coverage drops substantially when the mechanism variables are introduced. SupplierHHI 

and Asymmetry are available for 251 firm-years each, corresponding to 26.8% missingness, 
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while GeoHHI is available for 252 firm-years, corresponding to 26.5% missingness. In 

substantive terms, this means that the final estimation sample is shaped primarily by Bloomberg 

availability rather than by missing financial data.  

Under the strict mechanism specification, that is, requiring SupplierHHI, GeoHHI and 

Asymmetry to be jointly observed over the full 2018–2024 window, the final Bloomberg-

balanced mechanism sample consists of 31 firms and 217 firm-year observations. In geographic 

terms, this final sample is strongly skewed toward Asia, which accounts for 74.2% of firms, 

followed by Europe (16.1%) and the Americas (9.7%). At the country level, China represents 

the largest share of the final Bloomberg sample (32.3%), followed by Japan (22.6%). 

3.2.4.2 Descriptive Statistics 

The descriptive statistics confirm that the final dataset displays substantial heterogeneity across 

firms in terms of operating performance, asset-lightness and supply-network structure. The two 

outcome variables, EBITDA Margin and EBIT Margin, show broad dispersion across the 

sample, indicating that the panel includes firms with markedly different profitability profiles 

over the observation window. This variation is useful for the empirical design, as it suggests 

that the dataset captures economically meaningful differences in performance rather than a 

narrow cluster of similar OEMs. 

The shock variables also exhibit sufficient time variation to support the empirical analysis. The 

level specification of the GSCPI captures the overall intensity of global supply-chain pressure, 

while the upward and downward components isolate periods of worsening and easing 

disruption, respectively. Their descriptive properties are therefore consistent with the thesis’s 

distinction between disruption absorption and post-shock recovery. 

As expected, the three ALI measures are centered around zero, reflecting the standardization 

procedure described in Section 3.2.3.1. At the same time, they retain substantial cross-sectional 

variation, which indicates that the index construction preserves meaningful differences in asset-

lightness across firms. This is important because the empirical analysis relies precisely on such 

heterogeneity to test whether firms with different structural configurations respond differently 

to common external shocks, as also illustrated by the distributional evidence reported in Figure 

3.2. Finally, the supply-network mechanism variables also display meaningful dispersion across 

observations. Supplier concentration, geographic concentration and power asymmetry vary 
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sufficiently across firms to justify their use as conditioning mechanisms in the regression 

analysis, a pattern that is also visible in the distributions reported in Figure 3.3. Taken together, 

these descriptive statistics support the view that the dataset contains enough variation, both in 

governance structure and in supply-network configuration, to make the subsequent empirical 

tests informative.  

 

Figure 3.2. Distribution of asset-lightness indices  

 

Figure 3.3. Distribution of supply-network mechanisms 

 



 60 

3.2.4.3 Correlation Structure  

The correlation matrix provides a first diagnostic on the extent to which the main explanatory 

variables overlap mechanically. Overall, the results do not suggest problematic collinearity 

across the main variable blocks. The global shock measures are essentially uncorrelated with 

the ALI indices and only weakly correlated with the Bloomberg-based mechanism variables, 

indicating that the common disruption indicators capture a dimension that is empirically distinct 

from firms’ structural asset-lightness and supply-network characteristics. 

Within the ALI block, the expected pattern emerges. The combined index is strongly correlated 

with the weak ALI (𝜌 = 0.871) and less so with the strong ALI (𝜌 = 0.596). This is partly 

mechanical, since the combined ALI is built from seven standardized proxies, four from the 

weak dimension and three from the strong dimension. The low direct correlation between the 

weak and strong indices (ρ = 	0.130) nonetheless indicates that the two dimensions capture 

distinct aspects of asset-lightness. 

A similar result holds for the supply-network variables. SupplierHHI and GeoHHI are 

positively correlated (𝜌 = 0.716), which is intuitive, but the correlation remains below unity, 

confirming that firm-level supplier concentration and country-level concentration are not 

equivalent mechanisms. Asymmetry is only moderately correlated with SupplierHHI 

(𝜌 = 0.370) and GeoHHI (𝜌 = 0.358), supporting its interpretation as a separate dimension 

related to bargaining structure rather than concentration alone. 

Taken together, these patterns, visualized in Figure 3.4, support the empirical specification 

adopted below: the variables are related in theoretically plausible ways, but not so strongly as 

to suggest that the regressions are capturing the same construct under different labels. 
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Figure 3.4. Pairwise correlations among shock, asset-lightness and supply-network variables 

 

3.2.5 Empirical Strategy 

The econometric analysis is designed to answer the two quantitative research questions 

developed in Section 1.5. RQ2 asks whether asset-lightness conditions how firms perform under 

common global supply-chain shocks. RQ3 asks whether this conditional effect is further shaped 

by the structural supply-network mechanisms identified in the qualitative analysis, namely 

supplier concentration, geographic concentration and power asymmetry. To address these 

questions, the analysis estimates two nested panel-data specifications.  

 

3.2.5.1  Variable Notation 

Table 3.6 summarizes the notation employed consistently across both specifications. 
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Table 3.6. Notation summary 

Symbol Definition 

 

Yit 

 

Operating performance of firm i in period t, measured alternatively as 

EBITDA margin and EBIT margin 

αi Firm fixed effects, absorbing all time-invariant firm-level heterogeneity 

λt Year fixed effects, absorbing all period-specific shocks common to all 

firms 

Shockt Global Supply Chain Pressure Index (GSCPI) at time t, entering 

alternatively as level, upward-movement component (GSCPI Up), or 

downward-movement component (GSCPI Down) 

ALIi Asset-Lightness Index of firm i, constructed as a time-invariant 

structural characteristic 

Mechanismi,t−1 Lagged supply-network characteristic of firm i, entered separately as 

SupplierHHI, GeoHHI, or Asymmetry 

εit Idiosyncratic error term 

 
 

 

3.2.5.2 Dependent Variables 

The dependent variable 𝑌!" measures operating performance and is entered alternatively as 

EBITDA Margin and EBIT Margin, both expressed as a share of total revenues. The use of 

margin-based outcomes rather than absolute performance levels serves two purposes. First, it 

controls for scale differences across OEMs that span multiple orders of magnitude in terms of 

revenue and asset base. Second, it aligns the dependent variable with the theoretical mechanism 

of interest: under systemic supply disruption, the central risk for asset-light firms is not revenue 

loss per se but cost passthrough, the extent to which supply-chain friction translates into margin 

compression rather than being absorbed or transferred along the value chain. EBITDA Margin 

is the primary specification, as it captures operating performance before depreciation charges 

that may reflect historical capital investment decisions rather than current operating conditions. 
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EBIT Margin is reported as a robustness check, with the expectation that the two should yield 

qualitatively consistent results given the manufacturing-intensive nature of the sector.  

3.2.5.3 Fixed Effects 

The empirical design includes both firm fixed effects 𝛼! and year fixed effects 𝜆". Firm fixed 

effects absorb all time-invariant heterogeneity across OEMs, such as persistent differences in 

business model, organizational structure, product positioning and long-run governance 

architecture. This is particularly important in the present setting because asset-lightness, as 

measured by the ALI, is treated as a structural and time-invariant firm characteristic. 

Year fixed effects absorb all shocks and conditions common to firms in a given year, including 

macroeconomic fluctuations, industry-wide disturbances and the average impact of global 

supply-chain disruptions. Given that the GSCPI is a common global indicator observed at the 

same value for all firms in a given year, year fixed effects ensure that the estimation does not 

attribute to firm-level characteristics what is in fact driven by common time effects. 

3.2.5.4  Baseline Specification (Model 1) 

The baseline model tests whether the operating performance consequences of global supply-

chain shocks vary systematically with the firm's structural degree of asset-lightness. Formally: 

 

𝑌!"   =  𝛽* ( 𝑆ℎ𝑜𝑐𝑘"   × 𝐴𝐿𝐼!  )  +  𝛼!   +  𝜆"   +  𝜀!" 

 

The coefficient of primary interest is β*. It captures whether firms with different degrees of 

asset-lightness exhibit systematically different operating performance when global supply-

chain conditions deteriorate or improve. A positive β* indicates that asset-lightness is 

associated with relative outperformance under adverse conditions, consistent with the shock-

absorber hypothesis. A negative β* indicates the opposite, consistent with the shock-amplifier 

hypothesis. 
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3.2.5.5  Mechanism Specification (Model 2) 

To move beyond average heterogeneity and identify the structural channels through which 

asset-lightness reshapes shock sensitivity, the baseline model is augmented with a triple 

interaction term. This extension tests whether the relationship between asset-lightness and 

shock-conditional performance is itself conditional on the architecture of the firm’s supply 

network: 

𝑌!" = 𝛽*(𝑆ℎ𝑜𝑐𝑘" × 𝐴𝐿𝐼!) + 𝛽.w𝑆ℎ𝑜𝑐𝑘" × 𝐴𝐿𝐼! ×𝑀𝑒𝑐ℎ𝑎𝑛𝑖𝑠𝑚!,")*x+	𝛼! + 𝜆" + 𝜀!" 

The mechanism variable is measured using its value from the previous year, 𝑡 − 1. This timing 

convention serves two purposes. Substantively, it is consistent with the theoretical sequence of 

the thesis: governance design and network structure shape ex ante exposure, while performance 

outcomes materialize only after the shock propagates through the supply chain. 

Methodologically, the lag reduces simultaneity concerns by ensuring that the network structure 

used to condition the interaction was determined prior to the disruption event being studied, 

rather than potentially adjusting in response to it. 

Three mechanism variables (Supplier HHI, GeoHHI and the Asymmetry Index) are estimated 

in separate regressions, as defined in Section 3.2.3.5. 

The coefficient of primary interest is β.. A statistically significant β. indicates that the shock-

conditional performance differential between more and less asset-light firms depends on the 

specific supply-network attribute under examination. In the case of Supplier HHI, a negative 

β. would indicate that asset-lightness amplifies performance deterioration under concentrated 

supply conditions, consistent with the thesis’s argument that concentrated mega-suppliers 

deprioritize low-volume asset-light OEMs during rationing. A positive β. would instead 

suggest that asset-light firms maintain contractual priority even in concentrated networks, or 

that their manufacturing flexibility compensates for concentration risk. The sign and 

significance of β. therefore provide direct empirical evidence on which structural features of 

the supply network constitute resilience-enhancing versus resilience-undermining governance 

channels for asset-light firms. 
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3.2.5.6  Limitations of the Empirical Design 

Several limitations of this design warrant explicit acknowledgment. First, the specifications are 

not causal in the strict sense: while firm and year fixed effects control for a substantial portion 

of confounding variation, the interaction term Shock × ALI may still reflect selection on 

unobservables if firms that self-select into asset-light configurations differ systematically in 

unobserved dimensions that also condition shock sensitivity, for example, more conservative 

financial management or superior supplier-relationship practices. The absence of a credible 

instrument for the ALI means that β₁ and β₂ should be interpreted as conditional associations 

rather than causal parameters, following the standard conventions of panel-data governance 

research (Villalonga and Amit, 2006; Coles et al., 2012). 

Second, the time-invariance of the ALI constrains the design to a comparison across firms rather 

than within firms over time. Firms that changed their governance configuration during the panel 

window are treated as having a single, average structural posture; this introduces measurement 

error in the ALI for firms undergoing active reconfiguration, with an expected attenuation bias 

on the interaction coefficients. The direction of this bias is conservative: if anything, it leads to 

an underestimate of the true heterogeneity in shock sensitivity across governance 

configurations. 

Third, the use of annual financial data, while standard in panel-data corporate finance, implies 

that the performance consequences of quarterly supply-chain fluctuations are aggregated over 

the fiscal year. This temporal aggregation may compress the magnitude of within-year shock 

effects, particularly for firms that experience sharp short-lived disruptions followed by rapid 

recovery within the same fiscal year. The GSCPI is correspondingly aggregated to annual 

averages for the baseline specifications, with quarterly estimates reported as a robustness check 

where data availability permits. 

Fourth, ALI Strong should be interpreted with caution. Although it is theoretically designed to 

capture the stronger form of asset-lightness, its components remain accounting-based proxies. 

Intangible assets, R&D expenditure and finished-goods shares may signal a resource 

configuration consistent with external orchestration, but they do not fully observe the 

underlying governance routines. Results involving ALI Strong should therefore be read as 

evidence of intangible and knowledge-based resource orientation, not as a direct measurement 

of orchestration capability. 
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4. Empirical Results and Interpretation  

4.1 Introduction  

This chapter presents the results of the panel regressions estimated on the final automotive OEM 

sample (Section 3.2.4.1) to address the quantitative research questions formulated in Section 

1.5. The empirical analysis proceeds in two stages. First, Model 1 investigates whether asset-

lightness, operationalized across its weak, strong and combined dimensions, systematically 

improves or worsens operating performance under global supply-chain shocks. Second, Model 

2 examines whether this baseline relationship is moderated by the structural network 

mechanisms identified during the qualitative analysis of Polestar. Specifically, it tests the 

conditional effects of supplier concentration, geographic concentration and power asymmetry, 

captured respectively through the SupplierHHI, GeoHHI and Asymmetry variables. 

 

In both models, results are presented under the three shock specifications introduced in Section 

3.2.3.4: overall supply-chain pressure (GSCPI Level), worsening supply-chain pressure 

(GSCPI Up) and easing supply-chain pressure (GSCPI Down). In line with the interpretation 

developed there, the mechanism variables are treated as indicators of structural ex-ante 

exposure, while the worsening and easing shock specifications distinguish disruption 

absorption from post-shock recovery. This structure allows the analysis to move from a general 

assessment of whether asset-lightness behaves as a shock absorber or shock amplifier to a more 

conditional interpretation of when and through which network features, it becomes a source of 

resilience rather than fragility. 

 

The results reported in this chapter are based on the balanced 2018–2024 specification. An 

unbalanced version was also estimated as a robustness check. Although the unbalanced design 

increases the Bloomberg-based estimation sample, it does not materially alter the substantive 

conclusions: the baseline evidence remains statistically weak, while the strongest signal 

continues to come from the conditional mechanism terms in Model 2. The balanced 

specification is therefore retained as the main design because it ensures cleaner comparability 

across firms and a more consistent measurement window for the Bloomberg-based supply-

network variables. 
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In total, the analysis estimates 72 regressions: 18 baseline specifications for Model 1 (2 

outcomes × 3 shock measures × 3 ALI measures) and 54 mechanism specifications for Model 

2 (2 outcomes × 3 shock measures × 3 ALI measures × 3 mechanisms). 

 

4.2 Baseline Results: Asset-Lightness and Shock Sensitivity (Model 1) 

The baseline estimates provide limited support for a direct and uniform effect of asset-lightness 

on operating performance during global supply-chain disruptions. Across all 18 specifications 

of Model 1, none of the interaction terms between the shock variables and the asset-lightness 

measures reach conventional significance thresholds. Consequently, asset-lightness alone 

cannot be treated as a robust standalone predictor of relative performance under systemic 

disruption. 

 

Despite the lack of statistical significance, the coefficients still display a coherent directional 

pattern and the clearest signal comes from weak asset-lightness (ALI Weak). Under overall 

supply-chain pressure, the interaction between GSCPI and ALI Weak is positive for both EBIT 

and EBITDA, with coefficients equal to 0.061 for EBIT (𝜌 = 0.166) and 0.054 for EBITDA 

(𝜌 = 0.197). Under worsening supply-chain pressure, the same interaction becomes larger, 

reaching 0.262 for EBIT (𝜌 =	0.178) and 0.251 for EBITDA (𝜌 = 0.199). Although these 

estimates remain statistically weak, their sign and relative magnitude are consistent with the 

idea that firms with lower physical and operating capital commitment may perform relatively 

better when supply-chain pressure intensifies. In this sense, weak asset-lightness appears more 

closely associated with resilience, understood as the capacity to absorb disruption while shock 

conditions are worsening. 

 

A different pattern emerges under easing supply-chain pressure. Here, the interaction between 

GSCPI Down and ALI Weak turns negative in both outcome measures, with coefficients of -

0.116 for EBIT (𝜌 = 0.128) and -0.120 for EBITDA (𝜌 = 0.155). This indicates that the 

directional advantage associated with the weak dimension during disruption does not carry over 

into the easing phase. In substantive terms, weak asset-lightness appears more closely 

associated with resilience during the shock than with recovery once the system begins to 

normalize. 
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Combined asset-lightness (ALI Combined) broadly follows the same logic, but with smaller 

coefficients. Under overall supply-chain pressure, the interaction between GSCPI and ALI 

Combined is 0.047 for EBIT (𝜌 = 0.194). Under easing supply-chain pressure, it becomes -

0.087 for EBIT (𝜌 = 0.169) and -0.086 for EBITDA (𝜌 =	0.219). This pattern is consistent with 

the construction of the combined index itself, which incorporates both weak and strong asset-

lightness but appears to inherit much of its directional signal from the weak component. Rather 

than generating a distinct baseline profile of its own, the combined measure seems to reflect a 

more diluted version of the same resilience-versus-recovery contrast. 

 

By contrast, strong asset-lightness (ALI Strong) displays a much more muted baseline profile. 

Under overall supply-chain pressure, the interaction between GSCPI and ALI Strong is positive 

but small, at 0.014 in the EBIT regression (𝜌 = 0.167). Under easing supply-chain pressure, the 

interaction remains modest, with no coefficient approaching conventional significance. This 

pattern is in line with the view that orchestration-related capabilities and intangible control, 

taken on their own, do not generate a clear unconditional premium in the baseline model. In 

baseline form, therefore, the strong dimension appears less informative than the weak one and 

its empirical role only becomes more visible once the structural network mechanisms are 

introduced in Model 2. 

 

A further point is that the qualitative pattern is broadly similar across EBITDA and EBIT, even 

though the main reading of the chapter relies on EBITDA as the primary operating-performance 

measure. This consistency is useful because it indicates that the directional signal is not driven 

solely by depreciation-related accounting effects. 

 

Overall, Model 1 does not support the view that asset-lightness is systematically either a shock 

absorber or a shock amplifier in the automotive sector. Instead, the evidence points to a more 

conditional interpretation: the performance consequences of asset-lightness vary across the 

disruption cycle and remain too weak in the baseline model to sustain a uniform conclusion. 

More specifically, the baseline results indicate that any resilience advantage associated with 

asset-lightness is unlikely to stem from asset-lightness alone and is more likely to depend on 

the structural features of the supply network through which external dependence is organized. 

This is precisely why the analysis now turns to Model 2, where the effect of asset-lightness is 

examined jointly with supplier concentration, geographic concentration and power asymmetry. 

The full regression output for the 18 baseline specifications is provided in Appendix A4. 
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4.3 Mechanism Results: When Does Asset-Lightness Help or Hurt? (Model 2) 

Model 2 is the core of the empirical analysis because it moves beyond the average baseline 

relationship and asks whether the performance consequences of asset-lightness depend on the 

structure of the supply network. For visual clarity, Figure 4.1 plots only the 15 most statistically 

significant triple-interaction results out of the 54 estimated specifications. This selection is used 

only to improve readability, while the substantive interpretation relies on the complete set of 

Model 2 estimates reported in Appendix A5. 

 

Three clarifications are important before discussing the results. First, the coefficient of primary 

interest in Model 2 is the triple interaction term, since this is the parameter that captures whether 

a given mechanism amplifies or attenuates the shock-conditional effect of asset-lightness. 

Second, because the three mechanism variables are measured on different scales, the discussion 

focuses primarily on sign, phase pattern and statistical significance rather than on raw 

coefficient size alone. Third, Model 2 is interpreted not only through individual p-values, but 

also by assessing whether each mechanism shows recurring and sign-consistent effects across 

shock phases, ALI variants and both performance outcomes. Isolated significant coefficients 

are therefore treated cautiously, while stronger emphasis is placed on patterns that recur across 

multiple specifications. 

 

With these clarifications established, the following subsections examine the three mechanisms 

separately: supplier concentration, geographic concentration and power asymmetry. 
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Figure 4.1. Fifteen most statistically significant triple-interaction coefficients from Model 2 

specifications, selected for visual readability 

 

4.3.1 Supplier Concentration 

Supplier concentration, measured through SupplierHHI, captures the extent to which an OEM’s 

procurement exposure is concentrated in a limited number of counterparties. In theoretical 

terms, the expected sign is ambiguous: on the one hand, a concentrated supplier base should 

increase dependence on dominant partners and therefore weaken resilience; on the other hand, 

concentrated relationships can also support tighter coordination, faster information exchange 

and more effective crisis response. The empirical results confirm that this tension is real. 

Supplier concentration does not operate as a uniformly harmful mechanism. Instead, its effect 

changes markedly across disruption phases. This is already visible in the coefficient plot and is 

confirmed by the full set of Model 2 estimates. SupplierHHI appears in 11 of the 29 triple 

interactions significant at the 5% level. However, its role is not uniform across the disruption 

cycle: it is mainly positive during worsening supply-chain pressure and negative during easing 

pressure. 

 

Overall supply-chain pressure Under overall supply-chain pressure, evidence for the 

moderating role of SupplierHHI is limited but not entirely absent. While all Level specifications 

involving SupplierHHI display a directionally coherent positive sign, only the interaction 
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between GSCPI, strong asset-lightness (ALI Strong) and SupplierHHI in the EBIT regression 

approaches conventional significance, with a coefficient of 0.519 (𝜌 = 0.059). The remaining 

Level specifications are statistically weaker, including the interactions with weak asset-

lightness (ALI Weak) in EBIT, at 0.076 (𝜌 = 0.118), combined asset-lightness (ALI Combined) 

in EBIT, at 0.118 (𝜌 = 0.169) and strong asset-lightness in EBITDA, at 0.332 (𝜌 = 0.176). 

Overall, when the shock is evaluated in level form, supplier concentration does not emerge as 

the primary structural mechanism driving average performance. 

 

Worsening pressure, ALI Weak A much clearer pattern emerges instead under worsening 

supply-chain pressure, which provides the most demanding test of resilience, understood here 

not as general robustness, but as the ability to preserve operating performance while disruption 

conditions intensify. In this phase, the triple interactions with SupplierHHI are positive and 

statistically strong across several specifications. For weak asset-lightness, the coefficient is 

positive for both EBIT, at 0.183 (𝜌	< 0.001) and EBITDA, at 0.124 (𝜌 = 0.009). Rather than 

suggesting that supplier concentration is inherently beneficial, this pattern is more plausibly 

interpreted as a short-run coordination advantage under acute disruption. Weak asset-light 

firms, by definition, rely less on internally owned operating buffers and more on externally 

governed capacity and responsiveness. When supply conditions deteriorate further, 

performance depends critically on the focal firm’s ability to coordinate, prioritize and escalate 

actions across its supplier base. In such a context, a more concentrated supply structure may 

temporarily support shock absorption by reducing governance complexity, focusing managerial 

attention on a smaller set of strategically important relationships and enabling faster information 

exchange and response. From an industrial management perspective, the result points to a trade-

off, not to a universally superior structure: concentration may improve short-run manageability 

during disruption escalation, even if it later reduces flexibility and increases structural 

vulnerability in recovery. 

 

Worsening pressure, ALI Strong and Combined The same pattern appears even more 

strongly for strong asset-lightness, where the coefficient reaches 0.905 in EBIT (𝜌 = 0.001) and 

0.662 in EBITDA (𝜌 = 0.007). This stronger effect is especially meaningful from a theoretical 

perspective. Since ALI Strong captures orchestration-oriented asset-lightness, this result 

suggests that concentration matters most when external dependence is actively governed. The 

positive coefficients under worsening supply-chain pressure therefore indicate that supplier 

concentration becomes particularly valuable when asset-lightness takes this stronger form, that 
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is, when reduced ownership is accompanied by greater ability to coordinate external partners 

under acute pressure. Combined asset-lightness also yields a positive and significant coefficient 

in the EBIT model, equal to 0.259 (𝜌 = 0.014), which is in line with its hybrid nature as a 

measure that aggregates both lower capital commitment and stronger orchestration capability. 

 

Worsening pressure, interpretation While this finding runs against a simple diversification 

intuition, it remains substantively plausible, but it should be interpreted with caution. One 

possible reading is the coordination-based one developed above: during the worsening phase of 

supply-chain pressure, that is, during the resilience or absorption phase of disruption, 

concentrated supplier structures may facilitate faster coordination, clearer escalation channels 

and stronger allocation priority. A focal OEM dealing with a smaller set of highly integrated 

suppliers may be better able to solve shortages, re-sequence production, or negotiate temporary 

adjustments than an OEM embedded in a more fragmented supplier base. In this interpretation, 

concentration acts as a valuable coordination architecture under immediate pressure rather than 

as a mere loss of structural optionality. This direction is consistent with the qualitative evidence: 

in the interviews, concentrated strategic partnerships are associated with frequent coordination 

routines, weekly meetings, formal requirements, monitoring activities and contractual 

obligations extending beyond the direct partner to lower-tier suppliers. In other words, the 

advantage of concentration during worsening pressure does not come from concentration per 

se, but from the possibility of activating a smaller and more structured set of governance 

channels under time pressure. 

 

At the same time, the positive Up-phase coefficient should not be read as definitive evidence 

that concentration is intrinsically beneficial under systemic bottlenecks. Because the GSCPI 

captures broad logistics frictions and delivery-time disruptions at the global level, an alternative 

interpretation is also plausible. Concentrated firms may outperform during worsening pressure 

not because concentration itself improves coordination, but because some concentrated firms 

are not hit at the core of their supplier hub, while more geographically dispersed or fragmented 

firms are exposed to disruption across multiple nodes at once. Similarly, OEMs that place very 

large volumes with a small number of strategic suppliers may receive preferential allocation 

during shortages, which would mechanically improve short-run performance without 

necessarily implying superior governance quality. In this sense, the positive coefficient may 

partly reflect survivorship or allocation effects within concentrated structures, rather than a pure 

coordination premium. The empirical result is therefore real, but the underlying mechanism 
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should be interpreted more cautiously than a simple coordination story would imply. This 

caution is especially relevant when the result is strongest for strong asset-lightness, since 

stronger orchestration capability may help explain part of the pattern, but may not fully account 

for it. The interviews also reinforce this caution. Supplier concentration was explicitly described 

as potentially beneficial only under certain conditions, for example when it is embedded in 

strategic, long-term partnerships that allow joint development, stronger commitment and better 

disruption handling. At the same time, concentration can become problematic when the focal 

firm lacks leverage over dominant suppliers. This distinction matters for interpreting the 

positive Up-phase coefficients: the result is better understood as evidence of governed 

concentration, not as evidence that concentration alone improves resilience. 

 

Easing pressure, recovery phase This pattern sharply reverses during easing supply-chain 

pressure, that is, during the recovery phase. Here, SupplierHHI becomes consistently negative 

and highly significant, generating some of the largest negative triple interaction coefficients in 

the entire Model 2 set. The negative effect is visible for weak asset-lightness, combined asset-

lightness and especially strong asset-lightness. For the weak and combined ALI, the EBIT 

coefficients fall to -0.475 (𝜌 < 0.001) and -0.526 (𝜌 < 0.001), respectively. The strongest 

negative effects emerge for the strong ALI, with coefficients reaching -0.754 for EBITDA (𝜌 < 

0.001) and -0.835 for EBIT (𝜌 = 0.005). Substantively, this indicates that concentrated supplier 

structures may support short-run resilience and shock absorption but hinder post-shock 

recovery. Once supply-chain pressure begins to ease, recovery requires rebalancing sourcing, 

restoring volume flows and regaining flexibility. At that stage, dependence on a narrow supplier 

base becomes a liability rather than an advantage. The qualitative evidence points in the same 

direction. While a smaller supplier base reduces the number of actors to manage, it also 

increases exposure when a specific node is affected by events such as fire, flooding, sanctions, 

or other localized disruptions, making recovery more dependent on the adaptability of a limited 

set of external actors. 

 

Easing pressure, ALI dimensions The distinction between the ALI dimensions becomes 

especially informative at this stage. Weak asset-lightness remains vulnerable because lower 

internal asset commitment leaves the firm heavily reliant on the adaptability of its external 

supplier network. Strong asset-lightness, by contrast, may perform better during disruption 

escalation because it is more compatible with external orchestration and coordinated response. 

Yet recovery is a different challenge. During recovery, the key issue is no longer only to 
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coordinate scarce supply, but to restore structural flexibility across the network. This means that 

the same governance capabilities that help a strongly asset-light firm cope with concentrated 

dependence in the absorption phase may be less effective once recovery depends on reopening 

options and regaining adaptability. Combined asset-lightness falls between these two patterns, 

which is consistent with its hybrid design. 

 

Overall pattern Supplier concentration thus appears as a strongly phase-contingent mechanism 

rather than as a simple source of fragility. Its effect is not monotonic over the disruption cycle. 

During worsening supply-chain pressure, it can be read as supporting coordination and short-

run shock absorption; during easing pressure, by contrast, it appears to constrain the flexibility 

required for recovery. At the same time, the positive result observed in the worsening phase 

should be interpreted cautiously. It does not necessarily point to one single mechanism, but 

rather to a set of possible advantages associated with concentrated structures under acute 

disruption, including faster coordination, clearer allocation priorities and possibly lower 

exposure to the most severely disrupted nodes. This insight is central to the thesis because it 

shows that supply-network concentration cannot be judged in the abstract. Its value depends on 

where the firm is positioned within the disruption lifecycle. The very same governance structure 

that supports asset-light OEMs during shock absorption may become a constraint once recovery 

requires broader adaptability and structural flexibility. 

 

4.3.2 Geographic Concentration 

Overall supply-chain pressure Compared with the other mechanisms, geographic 

concentration, measured through GeoHHI, produces the most stable pattern across 

specifications. Under overall supply-chain pressure, the triple interaction is positive and 

significant across a broad set of ALI variants and outcomes: this includes the interaction 

between GSCPI, strong asset-lightness (ALI Strong) and GeoHHI, with a coefficient of 0.024 

in the EBIT regression (𝜌 < 0.001) and 0.018 in the EBITDA regression (𝜌 = 0.002). A similar 

pattern also appears for weak asset-lightness, where the interaction between GSCPI, ALI Weak 

and GeoHHI reaches 0.093 in EBIT (𝜌 = 0.004) and 0.063 in EBITDA (𝜌 = 0.006). Combined 

asset-lightness also shows a positive and significant coefficient in both outcomes, equal to 0.052 

in EBITDA (𝜌 = 0.015) and 0.073 in EBIT (𝜌 = 0.023). This makes geographic concentration 

the mechanism with the clearest role under the overall-shock specification. It is therefore not 

merely a recovery mechanism or a late-phase effect. Rather, geographic structure appears to 
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shape how asset-lightness operates already at the level of general systemic pressure. This 

interpretation is consistent with the interview evidence. In the Polestar case, geography does 

not appear as a passive location variable, but as an active footprint decision connected to 

specific car programs. Production is distributed across different sites depending on the model, 

with Polestar 2 produced in China, Polestar 3 split between China and Charleston and Polestar 

4 produced in China and Busan. This suggests that GeoHHI captures more than country 

exposure: it reflects how the asset-light OEM organizes its external production architecture 

across partner plants and regional industrial ecosystems. 

At first sight, this positive sign may appear counterintuitive, as a standard diversification 

argument would predict that geographic concentration should worsen vulnerability, yet the 

results point to a more nuanced interpretation. Geographic concentration may coincide with 

sourcing from dense industrial ecosystems in which suppliers, engineering capabilities and 

logistics infrastructures are already deeply interconnected. In such settings, geographic 

clustering may enhance problem-solving speed, shorten coordination loops and reduce 

transactional frictions, at least while the system remains under sustained pressure. For asset-

light OEMs, which depend heavily on external coordination, these ecosystem effects may 

partially offset the downside of geographic exposure. At the same time, this positive association 

should not be read as evidence that geographic concentration is intrinsically protective. It may 

also reflect the temporary advantage of firms embedded in industrial clusters that remain 

functional while other, more dispersed networks are hit simultaneously across multiple nodes. 

The interviews help clarify this point. Geographic concentration can reduce the number of 

interfaces to coordinate and may allow the OEM to rely on already existing supplier hubs, 

logistics routines and partner capabilities. However, this advantage is conditional on the 

ecosystem remaining functional. In other words, the benefit is not concentration itself, but the 

ability to exploit a coherent industrial ecosystem when disruption has not directly impaired that 

ecosystem. 

 

Overall pressure, ALI dimensions The distinction between the ALI dimensions helps sharpen 

this interpretation. For weak asset-lightness, the positive Level coefficients can be read as 

evidence that lower internal asset commitment leaves the firm more dependent on the 

responsiveness of the external ecosystem in which it is embedded. In that case, the firm benefits 

not from internal redundancy, but from the external coordination advantages created by 

geographic clustering. For strong asset-lightness, the same positive pattern is theoretically even 

more meaningful. The strong dimension does not only reflect reduced ownership of physical 
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assets, it also captures orchestration capability, relational coordination and other soft control 

substitutes. The positive interaction between GSCPI, ALI Strong and GeoHHI therefore 

indicates that geographically concentrated ecosystems may be especially valuable when asset-

lightness takes this stronger form, because the focal firm is better equipped to govern external 

interdependencies without relying on owned assets. Combined asset-lightness follows the same 

direction in attenuated form, which is consistent with its hybrid character as a measure that 

blends lower capital commitment with stronger orchestration capability. 

 

Worsening pressure Worsening supply-chain pressure, captured by the GSCPI Up 

specification, broadly reinforces this interpretation. The triple interaction between GSCPI Up, 

ALI Strong and GeoHHI is positive and significant in both EBIT and EBITDA, with 

coefficients of 0.041 (𝜌 = 0.029) and 0.033 (𝜌 = 0.034), respectively. A similar positive pattern 

appears for the weak dimension as well. In the specification involving GSCPI Up, ALI Weak 

and GeoHHI, the coefficient reaches 0.267 in EBIT (𝜌 = 0.015). This indicates that geographic 

concentration can also strengthen the relative performance of asset-light firms during the 

worsening phase of disruption, that is, during the resilience or shock-absorption phase, 

especially when those firms rely on the stronger, orchestration-oriented form of asset-lightness. 

Again, the interpretation is not that geographic concentration is inherently safe. Rather, under 

conditions of rapidly intensifying disruption, being embedded in a geographically concentrated 

supplier ecosystem may facilitate faster coordination and operational response. 

 

Worsening pressure, ALI dimensions Here too, the distinction between weak and strong 

asset-lightness matters. For weak asset-lightness, the positive coefficient under worsening 

supply-chain pressure is consistent with the idea that firms with a lighter internal asset base 

become especially dependent on the speed and coherence of the surrounding ecosystem once 

disruption intensifies. For strong asset-lightness, the positive effect is smaller in raw magnitude 

but more theoretically structured, because it indicates that orchestration capability allows the 

firm to convert geographic clustering into an advantage during the resilience or shock-

absorption phase. Combined asset-lightness once again sits between these two dimensions, 

inheriting part of the flexibility logic of the weak index and part of the coordination logic of the 

strong one. 

 

Easing pressure, recovery phase As with supplier concentration, however, the picture changes 

sharply under easing supply-chain pressure, specifically during the recovery phase. Here, the 
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coefficients on GSCPI Down × ALI × GeoHHI are negative and significant across multiple 

specifications, including both strong asset-lightness and combined asset-lightness, with weak 

asset-lightness also showing a weaker but directionally similar pattern. In the specification 

involving GSCPI Down, ALI Strong and GeoHHI, the coefficient is -0.028 in EBITDA (𝜌 < 

0.001) and -0.029 in EBIT (𝜌 = 0.001). In the specification involving GSCPI Down, ALI 

Combined and GeoHHI, the coefficient is -0.050 in EBIT (𝜌 = 0.002) and -0.043 in EBITDA 

(𝜌 = 0.003). Weak asset-lightness shows a smaller negative coefficient in the specification 

involving GSCPI Down, ALI Weak and GeoHHI, equal to -0.041 in EBIT (𝜌 = 0.054). This 

reversal is highly informative. It indicates that whatever coordination advantages geographic 

clustering may provide during the shock or its escalation do not translate into superior recovery 

once the system begins to normalize. On the contrary, geographic concentration appears to 

delay or weaken the recovery of asset-light firms. 

 

Easing pressure, interpretation The economic interpretation is intuitive. During recovery, the 

relevant challenge is no longer only coordination under scarcity, but also the re-expansion of 

supply options, the restoration of flexibility and the rebalancing away from localized 

bottlenecks. A geographically concentrated supply base is poorly suited to this task. Country-

level lock-in, even if efficient under stable conditions or useful during acute coordination 

breakdowns, becomes an obstacle when firms need to restore optionality and normalize 

operations. This is strongly aligned with the interview evidence. One respondent explicitly 

linked manufacturing footprint decisions to geopolitical and tax exposure, explaining that 

Polestar moved part of production outside China because producing only in China had become 

strategically too risky. The same logic appears in the broader statement that the manufacturing 

footprint should not be concentrated in one country. This supports the interpretation that 

GeoHHI becomes harmful during recovery because recovery requires geographic optionality, 

not only coordination efficiency. In this sense, geographic concentration captures the distinction 

between ecosystem efficiency under stress and portfolio flexibility during recovery. 

 

Easing pressure, ALI dimensions The ALI breakdown again helps explain why this reversal 

matters. For weak asset-lightness, the negative coefficient under easing supply-chain pressure 

is consistent with the idea that lower internal asset commitment leaves the firm more dependent 

on the adaptability of its external network once recovery begins. If that network remains 

geographically concentrated, the firm has limited room to restore flexibility quickly. For strong 

asset-lightness, the result is even more revealing. It indicates that stronger orchestration 
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capability may improve coordination during disruption, but may still be insufficient once the 

core challenge becomes structural diversification rather than short-run relational control. In 

other words, even a strongly asset-light firm may struggle to recover if its network remains 

geographically locked into the same industrial or regional cluster. Combined asset-lightness 

again reflects an intermediate pattern, consistent with its role as a hybrid index. 

 

Overall pattern Among the three mechanisms, geographic concentration is therefore the most 

consistently consequential. It appears already under overall supply-chain pressure, remains 

relevant during worsening supply-chain pressure, meaning during the resilience or shock-

absorption phase and turns significantly negative during easing supply-chain pressure, 

corresponding to recovery. This makes GeoHHI central to the thesis’s broader contribution. It 

indicates that the resilience consequences of asset-lightness do not depend only on how many 

suppliers the firm has, but also on how geographically concentrated the underlying supply 

architecture remains. More importantly, the results show that the same geographic structure can 

support coordination under stress while undermining flexibility during recovery and that this 

tension becomes visible across all three forms of asset-lightness, though for theoretically 

different reasons. 

 

4.3.3 Power Asymmetry 

Power asymmetry, measured through the Asymmetry index, captures a third and conceptually 

distinct mechanism. Unlike supplier concentration and geographic concentration, it does not 

measure concentration as such, but rather the bargaining imbalance between the focal OEM and 

its suppliers. High asymmetry means that the OEM depends heavily on suppliers that do not 

depend equally on the OEM, a configuration that should, in principle, weaken the OEM’s 

leverage in periods of rationing or scarce capacity. 

 

Empirically, power asymmetry is the most selective of the three mechanisms. It does not appear 

across the same broad range of specifications as supplier concentration or geographic 

concentration and it does not dominate the recovery-phase results. Of the 15 most statistically 

significant triple interaction results plotted in Figure 4.1, only 1 involves Asymmetry. Its 

strongest effects are instead concentrated in combinations involving strong asset-lightness, 

especially under overall supply-chain pressure and worsening supply-chain pressure. This is 

theoretically important. It indicates that bargaining structure matters less as a universal property 
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of the supply network and more as a mechanism that becomes relevant when asset-lightness 

takes the form of strong orchestration and intangible control. 

 

Overall and worsening pressure, ALI Strong Under overall supply-chain pressure, the triple 

interaction between GSCPI, ALI Strong and Asymmetry is positive and statistically significant. 

In the EBIT regression, the coefficient is 0.076 (𝜌 = 0.004), while in the EBITDA regression 

the corresponding coefficient is 0.055 (𝜌 = 0.018). Under worsening supply-chain pressure, the 

same qualitative pattern remains visible. The triple interaction between GSCPI Up, ALI Strong 

and Asymmetry reaches 0.115 in the EBIT regression (𝜌 = 0.022) and 0.086 in the EBITDA 

regression (𝜌 = 0.043). By contrast, power asymmetry does not generate comparably strong 

results for weak asset-lightness or during easing supply-chain pressure, that is, during recovery. 

For example, the specifications involving GSCPI, ALI Weak and Asymmetry remain 

statistically weak, with coefficients of 0.019 in EBIT (𝜌 = 0.198) and 0.010 in EBITDA (𝜌 = 

0.445). This makes the empirical role of power asymmetry both narrower and more theoretically 

specific than that of the two concentration mechanisms. 

 

Weak asset-lightness The distinction between the ALI dimensions is especially important here. 

Weak asset-lightness mainly reflects lower physical and operating capital commitment. On its 

own, this form of asset-lightness reduces internal asset ownership, but does not necessarily 

imply stronger external governance capability. In the presence of asymmetric supplier 

relationships, this can leave the OEM structurally exposed: ownership has been reduced, yet 

the firm may not possess sufficiently strong coordination routines to manage dependence on 

more powerful suppliers. This helps explain why the interaction with weak asset-lightness is 

not a strong or consistent source of resilience in the shock-absorption phase. 

 

Strong asset-lightness Strong asset-lightness, by contrast, captures a different organizational 

logic. It reflects not only reduced ownership of physical assets, but also the presence of 

orchestration capability, relational coordination and other soft control substitutes. In that sense, 

the positive and significant interactions involving GSCPI, ALI Strong and Asymmetry are 

theoretically coherent. They indicate that bargaining asymmetry becomes less damaging and 

may even be partly offset, when asset-lightness is accompanied by the organizational capability 

to manage external dependence strategically. The result is therefore not simply that asymmetry 

“helps,” but rather that strongly asset-light firms appear better able to govern asymmetric 

supplier relationships than firms whose asset-lightness is mainly weak. This is consistent with 
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the interview evidence that Polestar can partially compensate for its smaller direct scale by 

relying on the bargaining position and industrial magnitude of its strategic partners. One 

respondent explained that, as a small asset-light company, Polestar gains negotiation leverage 

when acting jointly with Volvo Cars or Geely. This helps clarify why asymmetry becomes 

relevant mainly in the strong asset-lightness specifications: what matters is not only the focal 

firm’s direct dependence, but whether it can access partner-based leverage and governance 

capacity. This is especially relevant under worsening supply-chain pressure, that is, during the 

resilience or shock-absorption phase, when coordination under scarcity matters most.  

 

Combined asset-lightness Combined asset-lightness does not generate an equally clear pattern 

and this too is meaningful. Because the combined measure blends lower capital commitment 

with stronger orchestration capability, its interpretation is necessarily more mixed. If the effect 

of power asymmetry is concentrated mainly in strong asset-lightness rather than in the 

combined index, this indicates that the relevant driver is not asset-lightness in a generic sense, 

but specifically the coordination-intensive form of asset-lightness captured by the strong 

dimension. 

 

The interpretation of these results therefore requires some care. A positive triple interaction 

does not imply that bargaining asymmetry is intrinsically beneficial. In fact, in the same 

specifications, the residual Shock x ALI coefficient is often negative. In the specification 

involving GSCPI, ALI Strong and Asymmetry, the Shock x ALI coefficient is -0.016 in EBIT 

(𝜌 = 0.018). In the specification involving GSCPI Up, ALI Strong and Asymmetry, it falls to -

0.025 in EBIT (𝜌 = 0.045). This means that the baseline effect of strong asset-lightness under 

shock is unfavorable when the mechanism is evaluated at zero. The positive triple term instead 

indicates that, as asymmetry increases, this negative baseline effect becomes less negative, or 

in some cases is partially offset. In other words, power asymmetry modifies the effect of strong 

asset-lightness, but not in a way that maps mechanically onto a simple “more asymmetry, more 

fragility” story. 

 

One plausible explanation is that the Asymmetry measure captures dependence structure but 

not the full quality of the underlying relationship. Large suppliers on whom the OEM is highly 

dependent may also be strategic partners with whom the firm has deep engineering integration, 

long-term planning routines, or privileged access arrangements. In such cases, high asymmetry 

in revenue dependence may coexist with relational governance mechanisms that mitigate the 
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expected vulnerability. This interpretation is especially consistent with the fact that the effect 

of Asymmetry appears mainly for strong asset-lightness, that is, precisely where orchestration 

capability and soft control substitutes are most relevant. 

 

Equally important is what the power asymmetry results do not show. Unlike supplier 

concentration and geographic concentration, power asymmetry does not emerge as a major 

mechanism during easing supply-chain pressure, that is, during recovery. No GSCPI Down × 

ALI × Asymmetry combination is statistically significant in the full set of Model 2 estimates 

and the Down-phase coefficients remain statistically weak across the board. The strongest 

negative Down-phase result appears in the specification involving GSCPI Down, ALI Strong 

and Asymmetry in EBITDA, with a coefficient of -0.036, but this remains far from conventional 

significance thresholds (𝜌 = 0.480). The corresponding EBIT coefficient is also negative but 

statistically weak, equal to -0.024 (p = 0.669). This indicates that bargaining imbalance matters 

most while the shock is active and capacity allocation is under pressure, but much less once the 

system enters the recovery phase. Recovery appears to depend more on structural 

diversification and geographic flexibility than on bargaining position alone. 

 

The broader implication Is that power asymmetry should not be treated as a generic fragility 

metric detached from the form of asset-lightness itself. Where asset-lightness is mainly weak, 

meaning reduced internal asset commitment without a comparable strengthening of 

orchestration capability, power asymmetry does not appear to play a major moderating role. 

Where asset-lightness is strong, by contrast, bargaining structure becomes relevant, but in a 

more nuanced way than the simple dependence story would predict. What matters is not merely 

whether the firm depends on powerful suppliers, but whether it possesses the governance 

architecture needed to manage that dependence once ownership has been reduced. 

 

4.3.4 Overall Interpretation of Model 2 

Taken together, the mechanism results show that the performance consequences of asset-

lightness are not uniform, but strongly conditioned by the architecture of the supply network in 

which the firm is embedded. This is the central empirical contribution of the chapter. Model 1 

had already suggested that asset-lightness alone does not generate a stable and generalizable 

performance advantage under systemic disruption. Model 2 explains why: the effect of asset-

lightness changes depending on whether the firm relies on a concentrated supplier base, a 
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geographically clustered sourcing structure, or asymmetric relationships with powerful 

suppliers. 

 

Although Figure 4.1 displays only the 15 most statistically significant estimates for readability, 

the same pattern is also confirmed by the complete set of Model 2 results. Across the 54 

estimated specifications, 29 triple interactions are statistically significant at the 5% level and 

35 are significant or marginally significant at the 10% level. Among the 29 significant estimates, 

25 involve concentration-based mechanisms, namely SupplierHHI or GeoHHI, while only 4 

involve Asymmetry. This indicates that concentration-based mechanisms dominate the 

empirical structure of Model 2, whereas power asymmetry plays a narrower and more selective 

role. 

 

Supplier concentration and geographic concentration therefore appear as the dominant 

structural mechanisms conditioning asset-light performance under supply-chain shocks. Power 

asymmetry, by contrast, plays a more selective role, mainly when asset-lightness takes its strong 

form. This suggests that, in the automotive context, the main vulnerabilities and resilience 

channels of asset-light configurations are shaped less by bargaining imbalance in the abstract 

and more by the structural organization of the supply base itself. 

 

A second conclusion is that both concentration mechanisms display a clear phase asymmetry. 

Under general supply pressure and especially during the worsening phase of disruption, supplier 

concentration and geographic concentration often appear to strengthen the relative performance 

of asset-light firms. This indicates that some forms of concentration may support coordination 

when the system is under acute stress. In these phases, a more focused supplier structure or a 

geographically dense industrial ecosystem may facilitate escalation, information sharing, faster 

problem-solving and more effective short-run operational adjustment. In this sense, 

concentration can function as a coordination device rather than simply as a source of fragility. 

 

That same advantage, however, does not persist into recovery. Once supply pressure begins to 

ease, the sign of the relationship tends to reverse. In the recovery phase, concentration becomes 

more consistent with rigidity than with resilience. What helps under acute disruption, namely 

tightly connected and concentrated structures, may hinder the restoration of flexibility, the 

rebalancing of sourcing and the normalization of operations. The results therefore suggest that 

concentration improves short-run absorption but weakens post-shock reconfiguration.  



 83 

Power asymmetry adds a different layer to this picture. Its role is not absent, but more 

contingent. Rather than emerging as a general fragility mechanism across all configurations, it 

matters primarily when asset-lightness takes the form of stronger orchestration capability and 

intangible control. This is an important distinction. It suggests that dependence on powerful 

suppliers does not have a single effect independent of governance capability. Where firms 

possess stronger coordination routines, design authority and relational control substitutes, 

bargaining asymmetry may be partly offset by the quality of the relationship and by the firm’s 

ability to manage dependence strategically. In this sense, asymmetry is less a universal 

weakness than a mechanism whose consequences depend on the organizational form through 

which asset-lightness is enacted. 

 

The deeper implication is that asset-lightness should not be evaluated as a simple binary 

organizational choice, nor as a universally superior or inferior model under disruption. Its 

consequences depend on the surrounding network design. Asset-light firms do not become 

resilient merely by reducing owned assets. They become resilient only when the external system 

on which they rely is structured in a way that supports coordination under stress without 

excessively sacrificing flexibility in recovery. Conversely, the same asset-light configuration 

can become fragile when it is paired with network structures that lock the firm into narrow or 

rigid forms of dependence. 

 

This leads to a more refined answer to the question of whether asset-lightness acts as a shock 

absorber or a shock amplifier. The evidence suggests that it can be either, depending on timing 

and network structure. During the escalation of disruption, certain concentrated configurations 

may allow asset-light firms to respond more effectively than expected. During recovery, those 

same configurations may become constraints. The empirical message is therefore not that asset-

lightness works or fails in general, but that its success depends on the governance architecture 

through which external dependence is organized. 

 

In substantive terms, the chapter shows that resilience in asset-light automotive systems is not 

simply a matter of having fewer assets, but of how control is redistributed once ownership is 

reduced. The strongest mechanisms are those that shape the firm’s structural exposure to 

coordination bottlenecks and flexibility loss. This is why the results of Model 2 are more 

informative than the baseline estimates alone: they reveal that the real question is not whether 
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asset-lightness matters, but under what network conditions it becomes a source of resilience 

rather than fragility. 

 

4.4 A Managerial Decision-Making Framework: From Findings to Action 

The empirical results of Chapter 4 can be condensed into a practical decision matrix that 

managers can use to orient sourcing and network design choices according to (i) the firm's 

structural type, (ii) the architecture of its current supply network and (iii) the phase of disruption 

it faces. The matrix does not replace judgment, but it provides a disciplined starting point 

grounded in the empirical patterns of the thesis. 

4.4.1 Three Diagnostic Questions 

Before consulting the matrix, executives should ask three diagnostic questions. 

First, what kind of asset-light firm are we? The same network structure produces different 

outcomes depending on which form of asset-lightness (weak or strong) prevails. Firms whose 

asset-lightness is primarily weak should expect more limited capacity to convert concentrated 

relationships into coordination advantages and should therefore prioritize network 

simplification and supplier discipline over relational sophistication. Firms with strong asset-

lightness can extract greater coordination value from their network but face the same recovery-

phase rigidities. 

Second, what is the architecture of our current supply network? Managers should map their 

current position along three dimensions: the extent to which procurement is concentrated among 

few suppliers; the extent to which sourcing is geographically clustered in one or two countries 

or industrial regions; and the extent to which dependence on critical suppliers is asymmetric, 

that is, whether the firm depends on suppliers more than those suppliers depend on the firm. 

Third, what disruption phase are we in? The mechanisms that support performance during the 

absorption phase, when pressure is rising or sustained, are not the same as those that support 

recovery. A configuration optimal for absorption may become a constraint during recovery and 

vice versa. 

4.4.2 Reading the Matrix 

Table 4.1 summarizes the decision logic that follows from the empirical findings. The matrix 

distinguishes between the two main disruption phases and the three network mechanisms 

examined in Model 2. Within each mechanism, the interpretation also considers whether asset-

lightness takes a weak or strong form, since the empirical results show that the same network 
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structure can have different implications depending on the firm’s underlying governance 

capability. Each cell identifies the dominant managerial interpretation and the recommended 

action. 

 

Table 4.1. From empirical mechanisms to managerial action: a disruption-phase decision 

matrix 

 

Network 
mechanism Supply-chain pressure rising Supply-chain pressure easing 

Supplier 
concentration 

Use concentration as crisis 
coordination leverage: Activate 
escalation routines, secure 
priority allocation and focus 
managerial attention on the 
suppliers that matter most. 
Weak asset-light firms should 
formalize supplier monitoring 
and escalation rules, because 
they may lack deeper 
orchestration capability. Strong 
asset-light firms are better 
positioned to govern these 
relationships through routines, 
standards and partner 
coordination. 

Rebuild supplier optionality: 
Reactivate secondary suppliers, 
rebalance volumes and qualify 
alternatives before concentrated 
partners become recovery 
bottlenecks. This applies to weak, 
strong and combined asset-lightness, 
since the negative easing-pressure 
pattern appears across all ALI 
dimensions 

Geographic 
concentration 

Exploit ecosystem density: 
Geographic clustering can 
support proximity, industrial 
density and faster problem-
solving when the region 
remains functional. The effect 
appears across ALI variants, 
with particularly strong 
evidence under general and 
worsening supply pressure 

Restore geographic flexibility: During 
recovery, geographic concentration 
becomes more problematic, 
especially for strong and combined 
asset-lightness, while weak asset-
lightness follows the same negative 
direction more weakly. Managers 
should build alternative geographic 
options before the shock occurs 

Power 
asymmetry 

Govern the relationship, do not 
just negotiate: Use platform 
ties, group-level leverage, 
technical interdependence, 
contractual safeguards and 
joint planning routines. This 

Do not rely on bargaining power 
alone: Asymmetry does not emerge 
as a significant recovery mechanism. 
Recovery appears to depend more 
on structural optionality, supplier 
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Network 
mechanism Supply-chain pressure rising Supply-chain pressure easing 

mechanism is mainly relevant 
for strong asset-light firms, 
where orchestration capability 
can partly offset supplier 
dependence. For weak asset-
light firms, the evidence is not 
strong enough to treat 
asymmetry as a reliable 
advantage 

alternatives and geographic flexibility 
than on bargaining position alone 

 

 

4.4.3 Phase-Specific Prescriptions 

During the absorption phase, the immediate managerial priority is not maximum diversification, 

but effective coordination. When supply-chain pressure is rising, managers need to secure 

scarce inputs, accelerate information flows, resolve bottlenecks and coordinate escalation with 

critical partners. In this context, concentrated supplier relationships can become useful if they 

are embedded in strong governance routines. A smaller set of strategic partners may allow the 

OEM to focus attention, negotiate priority and solve problems faster than a fragmented supplier 

base. 

 

The same logic applies to geographic concentration, but with an important qualification. 

Geographic clustering may create coordination advantages when suppliers, manufacturing 

partners, logistics infrastructure and engineering support are located within the same industrial 

ecosystem. However, this advantage holds only if the ecosystem remains operational. If the 

disruption directly affects that region, geographic concentration can quickly become a source 

of vulnerability. 

 

Power asymmetry requires a different managerial response. The results suggest that asymmetry 

is not necessarily fatal when the firm has strong orchestration capability. Asset-light OEMs may 

partially offset weak direct bargaining power by relying on strategic partners, platform 

relationships, group-level leverage, technical interdependence, or privileged access 

arrangements. However, firms with weak asset-lightness should be more cautious, because they 
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may have reduced ownership without developing the governance capabilities needed to manage 

powerful external suppliers. 

 

During the recovery phase, the managerial logic changes. The priority is no longer only to 

coordinate scarce capacity, but to restore optionality. Managers should therefore shift attention 

from crisis coordination to network reconfiguration. This means reactivating alternative 

suppliers, rebalancing volumes across regions, reassessing country exposure and reducing 

dependence on concentrated structures that were useful during the shock but may become rigid 

afterward. 

 

The main implication is that managers should avoid designing supply networks only for the 

absorption phase. A network that performs well during crisis may still perform poorly during 

recovery if it lacks alternative routes, dormant suppliers, or geographic flexibility. For asset-

light firms, this is especially important because they cannot rely on internal assets alone to 

restore flexibility. Recovery must be designed into the external network before the shock 

occurs. 

 

4.4.4 The Two-Speed Network: An Operational Heuristic 

Taken together, the empirical evidence supports an operational heuristic that may be termed the 

two-speed network. The firm should design its supply network with two distinct layers: a 

coordination layer, composed of a small set of deeply integrated strategic partners to be 

activated under acute pressure and a flexibility layer, composed of latent or dormant alternative 

suppliers and geographic options to be activated during recovery. Maintaining the flexibility 

layer is costly in normal times. It implies qualifying suppliers that are not actively used, paying 

retainer fees for capacity options, or maintaining relationships with secondary partners that may 

be dormant for extended periods. The empirical results, however, suggest that this cost is the 

price of avoiding the recovery-phase penalty that pure concentration imposes. 

The strategic discipline this requires is non-trivial. Most procurement organizations are 

optimized either for efficiency, which favors concentration, or for diversification, which favors 

fragmentation and few are explicitly designed to operate in two modes across the disruption 

cycle. The contribution of the framework presented here is precisely to surface this duality as a 

deliberate managerial choice rather than an unintended consequence of optimization. 
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4.4.5 Operationalizing the Two-Speed Network: Governance Mechanisms, KPIs 

and Activation Triggers 

The two-speed network heuristic introduced in Section 4.4.4 identifies the what, namely the 

simultaneous maintenance of a coordination layer and a flexibility layer, but leaves open the 

how. This section aims to propose illustrative hypotheses on how managers could operationalize 

and manage the two-speed network, translating the empirical findings into possible supply-

chain governance actions rather than universal prescriptions. 

First, the flexibility layer cannot be managed unless its readiness is measured. Three KPIs are 

directly actionable for automotive OEMs: 

• Qualified Alternative Supplier Ratio (QASR): the share of Tier-1 spend categories for 

which at least one alternative qualified supplier exists outside the primary concentration 

cluster. An illustrative target above 60 to 70% for critical commodity groups, such as 

semiconductors, battery cells and structural components, provides a baseline hedge 

without requiring active volume redistribution; 

• Geographic Optionality Index (GOI): for each major production program, the number 

of qualified manufacturing sites across distinct geopolitical zones, for example EU, 

North America and East Asia. As an illustrative rule, a minimum of two independent 

zones per program may flag whether a programme has insufficient recovery flexibility; 

• Dormant Supplier Reactivation Time (DSRT): the estimated lead time, tested 

periodically through simulation exercises, to bring a qualified but inactive supplier back 

to full production volume. If DSRT exceeds the firm’s expected recovery window, the 

flexibility layer is operationally insufficient regardless of whether it formally exists. 

These three metrics can be tracked quarterly by the supply-chain risk function and reviewed 

annually by the CPO alongside standard supplier performance scorecards. The key discipline 

is treating them as readiness indicators rather than efficiency metrics: a low QASR is a warning 

sign even if current costs are optimized. 

Second, the phase-contingent logic of the two-speed network requires an explicit trigger 

mechanism, so that the shift from coordination priority to flexibility restoration is not left 

entirely to managerial discretion under pressure. A workable trigger architecture uses three 

threshold levels tied to observable external signals: 
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• At the watch level, when the GSCPI rises above one standard deviation from its five-

year mean, procurement leadership initiates weekly monitoring of primary 

concentration partners and confirms that escalation protocols are current; 

• At the activation level, when the GSCPI exceeds two standard deviations or when a 

direct disruption event affects a primary supplier hub, the coordination layer is formally 

activated: senior account managers are assigned to the top five strategic suppliers, 

allocation priority negotiations are initiated and production re-sequencing options are 

reviewed with manufacturing; 

• At the rebalancing level, triggered when the GSCPI returns below its one standard 

deviation threshold for two consecutive quarters, or following a confirmed supply 

normalization, the flexibility restoration phase begins: dormant suppliers receive 

qualification updates, geographic diversification projects are accelerated and volume 

rebalancing targets are set against a twelve-month horizon. 

Third, maintaining dormant capacity must be made financially sustainable. The cost objection 

is real: retaining qualified but inactive suppliers, paying capacity option retainers, or running 

periodic qualification exercises is a measurable drag on procurement efficiency KPIs. Three 

mechanisms can partially offset this: 

• Conditional volume rotation: secondary suppliers in the flexibility layer receive a 

predictable minimum volume allocation, for example 5 to 15% of a commodity 

category, in normal times. This keeps them operationally engaged and qualification-

current at a cost lower than full requalification after a shock, while creating a genuine 

commercial relationship that enables faster scale-up; 

• Cross-industry or cross-OEM capacity pooling: for commodity groups where multiple 

OEMs face similar concentration risks, joint qualification programmes or shared 

capacity reservation agreements with alternative suppliers distribute the fixed cost 

across a wider demand base; 

• Internal transfer pricing adjustment: procurement units whose KPIs are purely 

efficiency-based have no incentive to maintain a flexibility layer that generates visible 

cost without immediate operational benefit. Making the two-speed network sustainable 

therefore requires that a portion of supply-chain risk cost be formally allocated to the 

resilience reserve rather than to procurement efficiency, with procurement and finance 
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jointly responsible for this line.  

 

4.5 Boundary Conditions 

The findings of this thesis are subject to several limitations that should inform how the results 

are interpreted and generalized. First, the empirical design does not support causal inference in 

the strict sense. Although firm and year fixed effects control for a substantial portion of 

confounding variation, the interaction terms between shock variables and the ALI may still 

reflect selection on unobservables. Firms that self-select into asset-light configurations may 

differ systematically along dimensions such as governance quality, supplier-relationship 

maturity, or financial conservatism, which may also condition shock sensitivity. Since no 

credible instrument for the ALI is available, the coefficients should be interpreted as conditional 

associations rather than causal estimates. The same caution applies to the managerial 

implications developed in Section 4.4, which should be read as diagnostic tools grounded in the 

empirical patterns of the thesis, not as universally generalizable prescriptions. 

A second limitation concerns the construction of the Asset-Lightness Index. The ALI is 

measured as a firm-level structural average over the 2018–2024 panel window, which makes 

the analysis better suited to cross-firm comparison than to within-firm dynamics. Firms that 

actively reconfigured their governance posture during the period are treated as having a single 

average structural profile, introducing measurement error and potentially attenuating the 

estimated interaction effects. Relatedly, the use of annual financial data aggregates the 

performance consequences of shorter supply-chain fluctuations across the fiscal year. This may 

compress within-year shock effects, especially for firms that experienced sharp but temporary 

disruptions followed by rapid recovery. 

Particular caution is also required in interpreting ALI Strong. This dimension is designed to 

capture the governance-oriented form of asset-lightness through intangible intensity, R&D 

expenditure and finished-goods composition. However, these variables remain accounting-

based proxies. They may reflect a resource configuration consistent with external orchestration, 

but they do not directly observe relational governance routines, supplier coordination capability, 

escalation processes, or operational visibility. A firm with high R&D intensity may be strong in 

technological development while remaining organizationally weak in supply-chain 

coordination. Results involving ALI Strong should therefore be read as evidence of intangible 

and knowledge-oriented resource allocation, not as a direct measurement of orchestration 

capability. 
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The interpretation of geographic concentration is also bounded by sample composition. The 

Bloomberg-based mechanism sample is weighted toward Asian OEMs, particularly firms 

operating within Chinese, Japanese and Korean industrial ecosystems. Part of the estimated 

GeoHHI effect may therefore reflect the interaction between geographic concentration and East 

Asian production structures, including COVID-era policy responses, institutional coordination 

and regional logistics density, rather than a universal property of geographic clustering. Year 

fixed effects absorb shocks common to all firms in a given year, but they cannot fully eliminate 

country-specific policy variation interacting with firm characteristics. For this reason, GeoHHI 

should not be interpreted as a clean measure of ecosystem density across all geographies. 

Finally, the generalizability of the framework remains sector-specific. The mechanisms 

identified in this thesis, namely supplier network configuration, geographic network 

architecture and buyer-supplier dependence asymmetry, are likely to matter in other industries 

where lead firms externalize capital-intensive production while retaining brand, design and 

architectural authority. However, the strength and direction of these effects reflect automotive-

specific conditions, including long product development cycles, platform constraints, stringent 

quality and regulatory requirements and high switching costs for suppliers and manufacturing 

partners. In sectors with shorter product cycles or more modular supply structures, the recovery 

penalty associated with network concentration may be weaker and the framework should be 

recalibrated accordingly. This boundary condition is becoming even more relevant as upstream 

supplier markets in batteries, semiconductors, software architectures and critical materials 

continue to consolidate. As dominant suppliers gain bargaining power, the governance threshold 

required for asset-lightness to remain viable is likely to rise, meaning that firms operating under 

more concentrated upstream conditions may face stronger versions of the recovery-phase 

rigidities documented in this thesis. 
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5. Discussion and Conclusion 
5.1 Summary of Findings 

This thesis examined how asset-lightness reshapes disruption exposure and shock-response 

capacity in the automotive sector and which structural mechanisms condition its performance 

implications under supply-chain shocks. To address this question, the study combined a 

qualitative case study of Polestar Automotive with a quantitative panel analysis of 49 

automotive OEMs observed over the 2018–2024 period. Taken together, the findings suggest 

that asset-lightness should not be understood as a simple reduction of physical ownership, but 

as a governance configuration whose consequences depend on how externalized production is 

organized, coordinated and controlled. 

With respect to RQ1, the qualitative analysis shows that asset-light OEMs substitute physical 

ownership through a layered portfolio of governance mechanisms. In the Polestar case, control 

is reconstructed through ecosystem-based access to strategic partners, specification-based 

governance, coordination routines, information visibility and selective internal capability 

retention. Strategic partners such as Volvo Cars and Geely provide access to manufacturing, 

engineering, sourcing and platform capabilities that Polestar does not fully own internally. At 

the same time, Polestar preserves internal capabilities related to design authority, quality 

management, interface control and brand identity. This confirms that asset-lightness does not 

imply organizational hollowness: external delegation remains viable only when the firm retains 

the capability to define, monitor and govern what is performed by external partners. 

With respect to RQ2, the baseline quantitative results do not support the view that asset-

lightness alone is a robust standalone predictor of operating performance under systemic 

supply-chain shocks. Across the 18 Model 1 specifications, none of the interaction terms 

between the shock variables and the asset-lightness measures reaches conventional statistical 

significance. This suggests that asset-lightness is not inherently beneficial or harmful under 

disruption. However, the directional patterns remain informative. Weak asset-lightness tends to 

display a positive, although statistically weak, association with operating performance during 

periods of worsening supply-chain pressure and a negative association during the easing phase. 

This suggests that reduced asset commitment may help firms absorb rising disruption pressure 

in the short run, but does not necessarily support recovery once supply-chain conditions begin 

to normalize. 

With respect to RQ3, the mechanism analysis provides the central empirical contribution of the 

thesis. Model 2 shows that the performance implications of asset-lightness are conditioned by 
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the structure of the externalized supply network. Supplier concentration and geographic 

concentration emerge as the most important mechanisms. During periods of worsening supply-

chain pressure, concentrated supplier structures and geographically dense production 

ecosystems are associated with relatively stronger operating performance for asset-light firms, 

suggesting that concentration may support coordination, escalation and resource prioritization 

under acute disruption. During easing supply-chain pressure, however, the same mechanisms 

become negative, indicating that concentrated configurations may constrain the flexibility 

required for post-shock recovery. Power asymmetry plays a narrower role, mainly when asset-

lightness takes its strong form, suggesting that dependence on powerful suppliers is not 

necessarily damaging when the firm possesses stronger orchestration capabilities and partner-

based leverage. 

The findings therefore show that asset-lightness is not inherently resilient or fragile. Its strategic 

viability depends on whether reduced ownership is matched by the ability to coordinate external 

partners under pressure while preserving sufficient structural optionality for recovery. 

 

5.2 Theoretical Contributions 

This thesis makes three theoretical contributions to the literature on asset-light strategies, 

supply-chain governance and disruption resilience. 

First, it contributes to the conceptualization of asset-lightness by treating it as a 

multidimensional governance configuration rather than a generic balance-sheet condition. By 

distinguishing between weak asset-lightness, based on reduced physical and operating capital 

commitment and strong asset-lightness, based on intangible and knowledge-oriented 

accounting proxies associated with external orchestration, the thesis provides a more precise 

understanding of what firms redesign when they reduce ownership. This distinction is 

theoretically important because the two dimensions do not behave identically under disruption. 

Weak asset-lightness captures the reduction of owned buffers, while strong asset-lightness 

captures a resource profile that may support the governance of external dependence through 

softer forms of control. 

Second, the thesis contributes by reframing asset-lightness as a redistribution of control. 

Existing discussions often emphasize capital efficiency, asset turnover and flexibility. This 

thesis shows that, in automotive manufacturing, the central issue is not only how many assets 

the firm owns, but how control is reconstructed once ownership is reduced. Asset-light OEMs 
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remain accountable for product quality, delivery reliability, regulatory compliance, launch 

execution and operational continuity, even when physical production is performed by external 

partners. Asset-lightness is therefore not the absence of control, but the migration of control 

from ownership-based hierarchy to contracts, partner interfaces, information visibility, internal 

capabilities and network design. 

Third, the thesis contributes to the resilience literature by showing that disruption absorption 

and recovery should be treated as distinct phases. The same network structure can have different 

implications depending on the stage of the disruption cycle. Supplier and geographic 

concentration may support coordination when supply-chain pressure is rising, but they may 

become constraints when pressure eases and firms need to restore flexibility, rebalance sourcing 

and reopen alternatives. This phase-contingent logic challenges static interpretations of 

resilience and suggests that the value of asset-lightness depends not only on the governance 

architecture itself, but also on when that architecture is tested. 

Together, these contributions support a conditional view of asset-lightness. Asset-light 

configurations are neither inherently superior nor inherently inferior to more integrated models. 

Their performance depends on whether the reduction of ownership is matched by governance 

mechanisms and network structures capable of preserving coordination under stress and 

flexibility during recovery. 

 

5.3 Future Research Directions 

Future research could extend this thesis in several directions. First, the analysis could 

incorporate more explicit measures of country-level policy exposure, for example by linking 

firm-year observations to policy stringency indicators during the COVID-19 period. This would 

help distinguish more clearly between the effects of industrial ecosystem density and the effects 

of national policy responses. Second, the sample could be expanded as more EV start-ups 

mature from pre-commercial entities into firms with stable production, recurring revenues and 

observable supply-chain relationships. This is particularly relevant because many emerging EV 

firms are likely to remain asset-light or semi-asset-light, relying on contract manufacturing, 

platform partnerships, battery suppliers and external engineering capabilities. As these 

companies accumulate longer operating histories, future studies will be able to test asset-light 

dynamics on a broader and more balanced sample. 

Third, future research could refine the measurement of governance quality. The quantitative 

analysis in this thesis captures selected structural features of the externalized network, but it 
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cannot fully measure softer governance mechanisms such as trust, escalation routines, 

information sharing, embedded teams, quality interfaces, or contractual flexibility. Combining 

Bloomberg supply-chain data with additional qualitative evidence, internal process data, or 

survey-based measures of governance capability would allow future studies to distinguish more 

precisely between weak and strong forms of asset-lightness. 

Finally, future qualitative research could extend the single-case design adopted in this thesis 

through comparative case studies and multi-actor interviews. Comparing Polestar with legacy 

asset-heavy OEMs, other asset-light EV firms and failed or distressed EV entrants would help 

distinguish which governance mechanisms are specific to Polestar’s embeddedness in the 

Volvo–Geely ecosystem and which are more general features of asset-light automotive 

production. At the same time, interviewing suppliers, contract manufacturers and Tier-1 

partners would add the counterpart perspective, allowing future studies to assess whether 

mechanisms such as coordination routines, escalation processes, operational visibility and 

bargaining asymmetry are perceived symmetrically across the network. Such a multiple-case 

and multi-actor design would make it possible to compare successful and unsuccessful 

configurations, clarifying whether asset-lightness fails because of the model itself or because 

firms lack the governance capabilities, partner leverage and recovery options required to make 

externalized production resilient. 
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Appendix 
 

A. Quantitative Appendix 

This appendix collects the descriptive statistics of the sample, the analysis of missing values, the 
correlation matrix among the main variables and the results of the econometric estimates of the two 
specified models. 

 

A.1  Descriptive statistics  

Table A.1: Descriptive statistics of the main variables 

Variable N Mean Std. Dev. Min P25 Median P75 Max 
EBITDA Margin 327 -0.5915 5.8803 -73.1455 0.0209 0.0855 0.1361 0.3861 
EBIT Margin 329 -0.6868 6.0563 -76.7273 -0.0266 0.0349 0.0733 0.2935 
GSCPI 343 0.9409 1.3132 -0.8474 -0.0439 0.4400 2.2188 3.1020 
GSCPI Up 343 0.4680 0.7050 0.0000 0.0000 0.0000 1.4374 1.7085 
GSCPI Down 343 0.6333 0.7291 0.0000 0.0000 0.4839 0.8997 2.1665 
ALI Weak (z) 343 0.0000 1.0015 -3.9482 -0.3714 0.1753 0.6812 1.5662 
ALI Strong (z) 343 0.0000 1.0015 -1.8852 -0.5815 -0.0065 0.3980 3.2399 
ALI Combined (z) 343 0.0000 1.0015 -3.6234 -0.3062 0.0364 0.5241 2.2952 
Supplier HHI 251 0.0229 0.0476 0.0000 0.0025 0.0055 0.0191 0.3770 
Geo HHI 252 0.1366 0.2671 0.0000 0.0051 0.0187 0.1029 1.0000 
Asymmetry 251 0.1580 0.1150 0.0022 0.0871 0.1393 0.1831 0.6120 

Notes: the table reports summary descriptive statistics for the variables used in the empirical analysis. EBITDA Margin and 
EBIT Margin are expressed as shares of revenues. GSCPI is the Global Supply Chain Pressure Index, decomposed into its 
positive (Up) and negative (Down) components. The ALI variables are standardised (z-scores). Supplier HHI and Geo HHI 
are Herfindahl-Hirschman concentration indices computed over suppliers and over their geographic distribution, 
respectively. Asymmetry measures the asymmetry of input-output relationships. 

 

A.2  Distribution of missing values 

Table A.2: Percentage of missing values by year 

Year EBITDA 
Margin 

EBIT 
Margin GSCPI GSCPI 

Up 
GSCPI 
Down 

ALI 
Weak 

ALI 
Strong 

ALI 
Comb. 

Supp. 
HHI 

Geo 
HHI Asym. 

2018 14.30 14.30 0.00 0.00 0.00 0.00 0.00 0.00 36.70 34.70 36.70 
2019 8.16 8.16 0.00 0.00 0.00 0.00 0.00 0.00 28.60 28.60 28.60 
2020 4.08 4.08 0.00 0.00 0.00 0.00 0.00 0.00 28.60 28.60 28.60 
2021 2.04 2.04 0.00 0.00 0.00 0.00 0.00 0.00 26.50 26.50 26.50 
2022 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 22.40 22.40 22.40 
2023 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 22.40 22.40 22.40 
2024 4.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 22.40 22.40 22.40 

Notes: the table reports the percentage of missing observations for each variable and each year of the sample. Supply-chain 
variables (Supplier HHI, Geo HHI, Asymmetry) display a higher share of missing values, in line with the limited coverage of 
supply-chain data, which is mainly concentrated on larger firms. 
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A.3  Correlation matrix 

Table A.3: Correlation matrix (Pearson) 

 GSCPI GSCPI Up GSCPI 
Down ALI Weak ALI Strong ALI Comb. Supp. HHI Geo HHI Asym. 

GSCPI 1.000 0.662 -0.431 0.000 0.000 0.000 -0.043 -0.008 -0.022 
GSCPI Up 0.662 1.000 -0.578 0.000 0.000 0.000 0.048 0.005 -0.015 
GSCPI Down -0.431 -0.578 1.000 0.000 0.000 0.000 -0.026 -0.022 -0.042 
ALI Weak 0.000 0.000 0.000 1.000 0.130 0.871 0.005 -0.037 0.024 
ALI Strong 0.000 0.000 0.000 0.130 1.000 0.596 0.011 -0.123 -0.153 
ALI Comb. 0.000 0.000 0.000 0.871 0.596 1.000 0.017 -0.066 -0.050 
Supp. HHI -0.043 0.048 -0.026 0.005 0.011 0.017 1.000 0.716 0.370 
Geo HHI -0.008 0.005 -0.022 -0.037 -0.123 -0.066 0.716 1.000 0.358 
Asym. -0.022 -0.015 -0.042 0.024 -0.153 -0.050 0.370 0.358 1.000 

Notes: the table shows Pearson correlations between the independent variables, computed on pairwise complete 
observations. Coefficients whose absolute value exceeds 0.5 are highlighted in bold. The zero correlations between GSCPI 
components and ALI indices reflect the orthogonal nature of the variables construction 

 

A.4  Model 1 results 

Model 1 estimates the effect of the interaction between GSCPI shocks and the ALI index on operating 
profitability, controlling for firm and year fixed effects, with firm-clustered standard errors. The 
specification is the following: 

yᵢₜ = β (Shockₜ × ALIᵢ) + αᵢ + λₜ + εᵢₜ 

Table A.4: Model 1 - All specifications (18 total, sorted by ascending p-value) 

(N) Outcome Shock ALI Firms Obs. R² Shock × ALI [SE] p-value 
(1) EBIT Down Weak 42 294 0.0380 -0.11643 [0.07490] 0.1277 
(2) EBITDA Down Weak 40 280 0.0430 -0.11979 [0.08262] 0.1551 
(3) EBIT Level Weak 42 294 0.0342 0.06130 [0.04349] 0.1662 
(4) EBIT Level Strong 42 294 0.0025 0.01412 [0.01004] 0.1671 
(5) EBIT Down Comb. 42 294 0.0257 -0.08724 [0.06233] 0.1691 
(6) EBIT Up Weak 42 294 0.1801 0.26202 [0.19114] 0.1779 
(7) EBIT Level Comb. 42 294 0.0245 0.04731 [0.03580] 0.1937 
(8) EBITDA Level Weak 40 280 0.0279 0.05355 [0.04076] 0.1966 
(9) EBITDA Up Weak 40 280 0.1764 0.25098 [0.19227] 0.1994 

(10) EBITDA Down Comb. 40 280 0.0268 -0.08576 [0.06867] 0.2192 
(11) EBIT Up Comb. 42 294 0.1194 0.19432 [0.15770] 0.2249 
(12) EBITDA Level Strong 40 280 0.0016 0.01076 [0.00880] 0.2289 
(13) EBIT Down Strong 42 294 0.0016 -0.02074 [0.01724] 0.2358 
(14) EBITDA Level Comb. 40 280 0.0191 0.04017 [0.03347] 0.2372 
(15) EBITDA Up Comb. 40 280 0.1112 0.18060 [0.15857] 0.2617 
(16) EBIT Up Strong 42 294 0.0067 0.04333 [0.04049] 0.2908 
(17) EBITDA Up Strong 40 280 0.0045 0.03386 [0.03899] 0.3905 
(18) EBITDA Down Strong 40 280 0.0009 -0.01490 [0.01762] 0.4030 
Firm fixed effects Yes 
Year fixed effects Yes 
Firm-clustered SE Yes 
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Notes: OLS estimates with firm and year fixed effects; firm-clustered standard errors in brackets. Significance levels: *** 
p<0.01, ** p<0.05, * p<0.10.  

 

A.5  Model 2 results 

Model 2 extends Model 1 by including a triple-interaction term with a supply-chain mechanism 
(Supplier HHI, Geo HHI, or Asymmetry), which captures the heterogeneity of the response to GSCPI 
shocks as a function of the structural features of the supply chain. The specification is: 

yᵢₜ = β₁ (Shockₜ × ALIᵢ) + β₂ (Shockₜ × ALIᵢ × Mech.ᵢ) + αᵢ + λₜ + εᵢₜ 

Table A.5: Model 2 - All specifications (54 total, sorted by ascending p-value of triple 
interaction) 

(N) Outcome Shock ALI Mech. Firms Obs. R² Shock × ALI [SE] Shock × ALI × Mech. 
[SE] Sig. 

(1) EBIT Down Weak SupplierHHI 31 217 0.0770 -0.00579 [0.00612] -0.47484 [0.10170]*** *** 
(2) EBIT Down Comb. SupplierHHI 31 217 0.0773 -0.00227 [0.00636] -0.52636 [0.12142]*** *** 
(3) EBIT Up Weak SupplierHHI 31 217 0.0226 -0.00005 [0.00703] 0.18275 [0.04244]*** *** 
(4) EBITDA Down Strong SupplierHHI 30 210 0.0421 0.00650 [0.00641] -0.75390 [0.18387]*** *** 
(5) EBITDA Down Strong GeoHHI 31 217 0.0103 0.00241 [0.00625] -0.02799 [0.00717]*** *** 
(6) EBIT Level Strong GeoHHI 32 224 0.0151 -0.00620 [0.00326]* 0.02443 [0.00651]*** *** 
(7) EBIT Down Strong GeoHHI 32 224 0.0086 -0.00089 [0.00671] -0.02883 [0.00792]*** *** 
(8) EBIT Up Strong SupplierHHI 31 217 0.1089 -0.01387 [0.00723]* 0.90452 [0.25324]*** *** 
(9) EBIT Down Comb. GeoHHI 32 224 0.0163 -0.00386 [0.00637] -0.05040 [0.01456]*** *** 

(10) EBITDA Level Strong GeoHHI 31 217 0.0145 -0.00309 [0.00286] 0.01848 [0.00539]*** *** 
(11) EBITDA Down Comb. GeoHHI 31 217 0.0127 0.00200 [0.00569] -0.04259 [0.01343]*** *** 
(12) EBIT Level Weak GeoHHI 32 224 0.0970 -0.00462 [0.00415] 0.09254 [0.03005]*** *** 
(13) EBIT Level Strong Asymmetry 31 217 0.1034 -0.01561 [0.00626]** 0.07632 [0.02475]*** *** 
(14) EBIT Down Strong SupplierHHI 31 217 0.0470 0.00393 [0.00712] -0.83537 [0.27218]*** *** 
(15) EBITDA Level Weak GeoHHI 31 217 0.0768 -0.00291 [0.00356] 0.06322 [0.02153]*** *** 
(16) EBITDA Up Strong SupplierHHI 30 210 0.0899 -0.01086 [0.00652] 0.66236 [0.22928]*** *** 
(17) EBITDA Up Weak SupplierHHI 30 210 0.0150 -0.00284 [0.00589] 0.12447 [0.04479]*** *** 
(18) EBIT Up Comb. SupplierHHI 31 217 0.0376 -0.00330 [0.00733] 0.25921 [0.09930]** ** 
(19) EBITDA Level Comb. GeoHHI 31 217 0.0653 -0.00386 [0.00324] 0.05184 [0.02010]** ** 
(20) EBIT Up Weak GeoHHI 32 224 0.2579 -0.00667 [0.01006] 0.26701 [0.10399]** ** 
(21) EBITDA Up Weak GeoHHI 31 217 0.2341 -0.00733 [0.00835] 0.19909 [0.07858]** ** 
(22) EBITDA Level Strong Asymmetry 30 210 0.0880 -0.00978 [0.00544]* 0.05497 [0.02183]** ** 
(23) EBIT Up Strong Asymmetry 31 217 0.0882 -0.02539 [0.01215]** 0.11499 [0.04764]** ** 
(24) EBIT Level Comb. GeoHHI 32 224 0.0751 -0.00628 [0.00361]* 0.07269 [0.03046]** ** 
(25) EBIT Up Strong GeoHHI 32 224 0.0151 -0.01484 [0.00779]* 0.04147 [0.01813]** ** 
(26) EBITDA Down Weak SupplierHHI 30 210 0.0281 -0.00006 [0.00533] -0.28895 [0.12641]** ** 
(27) EBITDA Down Comb. SupplierHHI 30 210 0.0376 0.00163 [0.00590] -0.36222 [0.15941]** ** 
(28) EBITDA Up Strong GeoHHI 31 217 0.0157 -0.01194 [0.00673]* 0.03256 [0.01462]** ** 
(29) EBITDA Up Strong Asymmetry 30 210 0.0763 -0.01984 [0.01041]* 0.08647 [0.04078]** ** 
(30) EBITDA Up Comb. SupplierHHI 30 210 0.0293 -0.00427 [0.00617] 0.18147 [0.08956]* * 
(31) EBIT Down Weak GeoHHI 32 224 0.0128 -0.00800 [0.00609] -0.04138 [0.02065]* * 
(32) EBIT Level Strong SupplierHHI 31 217 0.0775 -0.00559 [0.00382] 0.51945 [0.26484]* * 
(33) EBITDA Down Weak GeoHHI 31 217 0.0059 -0.00042 [0.00520] -0.03070 [0.01661]* * 
(34) EBITDA Up Comb. GeoHHI 31 217 0.1395 -0.01084 [0.00738] 0.13725 [0.07724]* * 
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(35) EBIT Up Comb. GeoHHI 32 224 0.1498 -0.01155 [0.00897] 0.18167 [0.10540]* * 
(36) EBIT Level Weak SupplierHHI 31 217 0.0088 -0.00126 [0.00358] 0.07552 [0.04693] — 
(37) EBIT Level Comb. Asymmetry 31 217 0.0343 -0.00755 [0.00579] 0.04221 [0.02941] — 
(38) EBIT Level Comb. SupplierHHI 31 217 0.0192 -0.00183 [0.00375] 0.11827 [0.08389] — 
(39) EBITDA Level Strong SupplierHHI 30 210 0.0550 -0.00201 [0.00345] 0.33199 [0.23925] — 
(40) EBIT Level Weak Asymmetry 31 217 0.0051 -0.00296 [0.00421] 0.01906 [0.01449] — 
(41) EBITDA Level Comb. Asymmetry 30 210 0.0263 -0.00450 [0.00487] 0.02947 [0.02518] — 
(42) EBIT Up Comb. Asymmetry 31 217 0.0221 -0.00923 [0.01084] 0.05787 [0.06182] — 
(43) EBITDA Up Comb. Asymmetry 30 210 0.0186 -0.00884 [0.00844] 0.04216 [0.04963] — 
(44) EBITDA Level Weak Asymmetry 30 210 0.0023 -0.00146 [0.00373] 0.01027 [0.01326] — 
(45) EBITDA Level Comb. SupplierHHI 30 210 0.0082 -0.00009 [0.00340] 0.05904 [0.07663] — 
(46) EBITDA Down Strong Asymmetry 30 210 0.0140 0.00402 [0.01036] -0.03570 [0.04990] — 
(47) EBITDA Level Weak SupplierHHI 30 210 0.0022 -0.00037 [0.00334] 0.03038 [0.04794] — 
(48) EBIT Up Weak Asymmetry 31 217 0.0040 -0.00018 [0.00820] 0.02131 [0.04411] — 
(49) EBITDA Down Comb. Asymmetry 30 210 0.0102 0.00028 [0.00828] -0.02128 [0.04869] — 
(50) EBIT Down Strong Asymmetry 31 217 0.0213 -0.00218 [0.01095] -0.02400 [0.05551] — 
(51) EBITDA Down Weak Asymmetry 30 210 0.0079 -0.00104 [0.00755] -0.01984 [0.05261] — 
(52) EBITDA Up Weak Asymmetry 30 210 0.0010 -0.00230 [0.00648] 0.01019 [0.03222] — 
(53) EBIT Down Weak Asymmetry 31 217 0.0392 -0.00935 [0.00984] -0.01952 [0.07314] — 
(54) EBIT Down Comb. Asymmetry 31 217 0.0357 -0.00819 [0.01007] -0.00923 [0.06082] — 

 

Notes: OLS estimates with firm and year fixed effects; firm-clustered standard errors in brackets. Significance levels: *** 
p<0.01, ** p<0.05, * p<0.10. The "Shock × ALI × Mech." column reports the triple-interaction coefficient, which is the 
effect of interest in Model 2 (in bold). Outcome: EBIT = EBIT Margin, EBITDA = EBITDA Margin. Shock: Level = 
aggregate GSCPI, Up = positive component, Down = negative component. ALI: Weak = weak linkages, Strong = strong 
linkages, Comb. = combination. Mech.: Supplier HHI, Geo HHI, Asymmetry. Specifications are sorted by ascending p-value 
of the triple-interaction term. 

All estimates are obtained with the feols routine of the fixest package (R), on a balanced panel of 31 
firms observed between 2018 and 2024. For each Model 2 specification the panel is rebalanced after 
dropping observations with missing values on the variables involved, which explains the small variation 
in the number of observations across specifications. 
 

 

B. Qualitative Appendix 

B.1 Interview I1 

Strategic partner anchoring The interview first clarified that Polestar’s asset-light model is strongly 
anchored in two strategic partners: Volvo Cars and Geely. These partners are central to both 
manufacturing and sourcing activities, acting as the main industrial interfaces through which Polestar 
accesses capabilities that it does not own directly. The informant explained that, for each car programme, 
there is an assembly plant, while component and parts suppliers sit further down the chain. This creates 
a layered structure in which Volvo Cars and Geely represent the primary counterparties, manufacturing 
sites form the next layer and component suppliers are positioned further downstream. Even though these 
suppliers are more distant from Polestar than they would be in a traditional vertically integrated OEM 
structure, the informant emphasized that Polestar still follows up on them through its strategic partners 
and maintains oversight over lower-tier actors. 
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Dynamic footprint and geographic risk The firm’s industrial footprint is not static but dynamically 
organized around specific car programmes. Production is allocated to specific geographic nodes 
depending on the model: Polestar 2 is produced in China, Polestar 3 is split between China and the 
United States, while Polestar 4 involves plants in China and South Korea. This programme-based 
configuration shows that geographic exposure in an asset-light model is dynamic rather than fixed. The 
choice of one country or production site over another depends on a combination of industrial, 
commercial and risk-related considerations, including partner capacity, platform compatibility, market 
proximity, tariff exposure, logistics costs, regulatory requirements, supply-base accessibility, local 
manufacturing capabilities and the medium- to long-term risk profile of the country. The resulting 
footprint is dynamic, but not frictionless: each production location depends on whether the site can 
technically and economically support the specific car programme.Layered governance and mediated 
control This configuration suggests that Polestar’s control is not removed, but mediated. The company 
does not necessarily place orders directly with every component supplier, yet it remains involved 
through the partner that holds the operational interface with the deeper supply chain. In practice, the 
asset-light structure therefore works through a combination of delegation and oversight. Volvo Cars and 
Geely perform key industrial tasks, but Polestar remains connected to what happens downstream through 
follow-up processes, requirements and partner-based reporting. This layered governance structure 
allows Polestar to remain present in the supply chain even when physical ownership and direct 
contractual control are limited. 

Coordination routines as substitutes for hierarchy A recurring theme in the interview is that asset-
lightness increases the importance of coordination. Since strategic partners perform key tasks for 
Polestar, including assembly and sourcing, the company needs close and frequent interaction with them. 
The informant described regular meetings across different operational topics and emphasized that 
Polestar must monitor and track whether partner-executed activities are managed correctly. This is 
because Polestar remains accountable for the final product placed on the market, even when the 
production process is carried out by another actor. Instead of controlling production through internal 
hierarchy, Polestar relies on repeated interaction, follow-up routines, monitoring processes and issue 
escalation. 
 
Cascading requirements and contractual control The interview also shows that Polestar exercises 
influence through requirements placed on its strategic business partners. These requirements are 
formally directed at the tier-one counterpart, but can extend to lower tiers depending on the material, 
risk profile and timing of the car programme. In this way, Polestar does not need to contract directly 
with every supplier in order to influence the behaviour of the supply chain. Requirements are transmitted 
through the partner that manages the operational and contractual interface. This makes contractual 
clarity and partner accountability central to the functioning of the asset-light model. 

Audit, verification and common standards Because Polestar does not own the full supply chain, 
verification mechanisms become essential. The informant discussed the role of audits, shared audit 
schemes and more integrated industry approaches to supplier assessment. These mechanisms allow 
Polestar to check whether partners and suppliers are acting according to expectations without relying 
solely on direct ownership or internal supervision. Shared audits and common standards also help reduce 
duplication and improve transparency when several companies interact with the same supplier base. In 
this sense, audit and verification systems provide a way to make a complex external network more 
observable and governable. 

Information infrastructure and visibility Another important theme is the role of information 
infrastructure. The informant explained that Polestar is developing internal data-management systems, 
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while also noting that some activities still require manual work and that the automotive industry is not 
yet fully mature in this area. In an asset-light configuration, information becomes a central condition for 
control. Since the firm does not own the full production and supplier base, visibility depends on partner 
reporting, data-sharing routines, traceability systems and internal tools capable of organizing dispersed 
supply chain information. These systems do not eliminate dependency on partners, but they help Polestar 
understand and monitor the network on which it relies. 

Relational leverage and group-based bargaining power The interview also highlighted the 
importance of bargaining power within the wider industrial ecosystem. As a relatively small company, 
Polestar may have limited leverage when dealing with large suppliers or strategic partners. However, its 
position can be strengthened when it acts together with Volvo Cars or Geely. The informant suggested 
that Polestar’s embeddedness in this broader ecosystem allows it to access greater industrial weight than 
it would possess as a standalone firm. The model therefore relies not only on formal contracts, but also 
on the ability to mobilize partner scale, group relationships and shared interests when negotiating 
requirements or securing cooperation. 

Network concentration and disruption exposure Finally, the informant reflected on the trade-off 
created by a more consolidated supply chain. A smaller set of central partners and supplier relationships 
can simplify coordination, reduce the number of interfaces to manage and make follow-up activities 
more focused. However, the same structure may also increase exposure when disruptions occur. The 
informant referred to events such as fires, flooding, trade sanctions and supply interruptions as situations 
in which limited diversification can become problematic. The interview therefore presents concentration 
as an ambiguous feature of the asset-light model: it can support coordination in normal conditions, but 
it may reduce flexibility when a critical supplier, route or region becomes unavailable. 

 

B.2 Interview I2 

From traditional ownership to asset-light logic The informant first contrasted the traditional 
automotive model with the asset-light logic adopted by Polestar. In the traditional model, competitive 
strength was historically associated with physical scale: factories, production capacity, dealerships, 
model range and internal manufacturing assets. This model worked well when markets were expanding, 
because firms could grow by building new factories and increasing capacity. However, the informant 
also emphasized that a large fixed asset base becomes difficult to manage when demand fluctuates, 
markets saturate, or the firm needs to transition quickly toward new technologies. In automotive, where 
margins are relatively low, owning many plants, employees, logistics systems and production assets can 
create significant cash-flow pressure when sales decline. 

Against this background, the informant framed Polestar’s asset-light model as part of a broader shift 
inspired by technology companies. Companies such as Apple or Uber were used as examples of firms 
whose market value is not directly proportional to the physical assets they own. Polestar was therefore 
positioned as a brand and technology-oriented EV company able to access existing industrial capabilities 
without carrying the full ownership burden of a traditional carmaker. In this view, physical ownership 
is not replaced by simple outsourcing, but by the ability to mobilize external, related, or group-based 
capabilities. 

Embeddedness in the Volvo and Geely ecosystem A central theme in the interview was Polestar’s 
position within the wider Volvo and Geely ecosystem. The informant explained that Polestar is 
independent in some respects, but also part of a broader group environment where brands, platforms, 
engineering resources and manufacturing capabilities can be coordinated. The asset-light model 
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therefore does not operate in an anonymous market. It is embedded in an industrial ecosystem that allows 
Polestar to access resources it would not be able to build efficiently on its own. 

The informant described Polestar’s asset-lightness as a hybrid model. The company reduces direct 
ownership, but it does not rely only on arm’s-length suppliers. Instead, it uses the capabilities of related 
or semi-related actors, such as Volvo, Geely, Zeekr, Renault Korea and other group-linked entities, to 
produce vehicles, access platforms and benefit from scale. The substitute for ownership is therefore not 
pure market exchange, but coordinated access to an existing industrial base. 

Selective internalization and core capabilities The interview also clarified which activities need to 
remain inside an asset-light company. The informant explained that, even if Polestar does not 
manufacture everything directly, every critical function must still be represented internally. The 
company needs R&D, manufacturing interface capabilities, supplier management, contract negotiation, 
audit capacity, performance measurement and quality safeguarding. 

According to the informant, Polestar does not substitute ownership by becoming hollow. It substitutes 
ownership by keeping the internal capabilities required to define what the product should be, specify 
requirements, supervise partners and protect the identity of the vehicle. The informant stressed that 
Polestar products must remain Polestar products even when they are engineered or produced by others. 
This means that the company preserves control over design intent, material choices, quality standards, 
vehicle attributes and brand identity, while relying on partners for activities that require scale or installed 
manufacturing capacity. 

Partner-based engineering and manufacturing services The opposite side of selective internalization 
is the use of partner-based engineering and manufacturing services. The informant explained that 
Polestar initially performed some engineering and manufacturing activities itself, including on Polestar 
1 and Polestar 5, but later recognized that it was too small to develop and operate complete vehicle 
programmes independently at scale. The company therefore increasingly buys services from actors that 
can perform those activities more efficiently, faster and at the required quality level. 

In this sense, asset-lightness was described not only as a financial choice, but also as a capability-
allocation choice. Polestar concentrates limited internal resources on areas where it can differentiate, 
while relying on partner capabilities for engineering, platform development, manufacturing and 
production scale. The model depends on whether partners can provide the required technical capabilities, 
whether the plant can support the relevant platform and whether the business case is viable for both 
sides. 

Dynamic footprint and country-level risk The informant also discussed how production-location 
decisions are made. The interview rejected the idea that all automotive production will simply 
concentrate in China, despite recognizing China’s strong capabilities in EVs, batteries, manufacturing 
quality and engineering. The informant argued that the logic of producing where the firm sells and 
sourcing where it produces remains relevant, even if it is constrained by available plants, platform 
choices, legislation, tariffs and geopolitics. 

The example of Polestar 4 in Busan illustrates this logic. The decision to produce in South Korea was 
linked to the need to manufacture outside China for geopolitical and tax-related reasons, especially with 
the United States market in mind. Busan was attractive because of the Renault Korea plant, Geely’s 
ownership connection, available production capacity, tariff conditions and the possibility of creating a 
viable business setup. However, the informant also emphasized that production cannot be shifted freely 
from one country to another. A plant must be technically capable of producing the relevant platform, 
investments may be needed, equipment may need to be upgraded and programme launch can take 
considerable time. 
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The informant therefore described geographic flexibility as real, but bounded. Asset-lightness allows 
Polestar to access production sites without owning them directly, yet each site decision still depends on 
industrial feasibility, investment requirements, platform compatibility, partner strategy, market access 
and the medium- to long-term risk profile of the country. 

Contracts and specification-based control When discussing how Polestar concretely manages 
production and supply chain activities, the informant emphasized the role of contracts. The relationship 
with the manufacturing partner is structured as a buyer-supplier relationship. The product to be built, 
the technical specifications, expected volumes, prices, quality targets and delivery limits must be clearly 
defined. Vehicles are built to agreed specifications and the partner must have certified manufacturing 
and quality systems. 

The informant described several mechanisms that support this control: control plans, quality targets, 
product audits, calibrated measurement systems, line walks, reaction plans, deviation processes, 
rejection rights, aftermarket quality improvement, warranty recovery and monthly performance reviews. 
Through these mechanisms, Polestar can substitute direct ownership with specification-based 
governance. The company does not need to own the plant to define what must be produced, how 
performance will be assessed, which deviations are acceptable and how quality issues will be handled. 

Information sharing and operational visibility The interview also provided a realistic view of 
information sharing. Because of Polestar’s historical relationship with Volvo, many procedures and 
measurement systems are based on common ways of working. This helps create a shared operational 
language between Polestar and its partners. However, data exchange is not always fully integrated. Some 
links exist between systems, while other exchanges may still happen through simpler tools such as Excel. 
The informant also noted that a supplier does not need to share everything, which makes contractual 
clarity over what must be shared especially important. 

Asset-light governance therefore depends on negotiated visibility. Polestar does not automatically see 
everything that would be visible inside a wholly owned internal system. It must define which data are 
necessary, secure access to them through agreements and use shared procedures to monitor quality, 
delivery, deviations and supplier performance. 

Scale, group leverage and bargaining position This ecosystem position also affects bargaining power. 
When Polestar does not source or engineer a component directly, supplier negotiations may be handled 
by the manufacturing partner, the engineering supplier or the wider Geely group. This means that 
Polestar’s leverage is not only its standalone purchasing power, but also the industrial weight of the 
ecosystem in which it is embedded. 

During crisis periods, this broader ecosystem position can become especially relevant. When parts or 
capacity are scarce, group-level priorities, cross-brand steering committees and shared interests can 
influence how resources are allocated. Polestar’s relatively small size may therefore be partly 
compensated by access to partner scale, procurement capabilities and group-level influence. 

Supplier relationships and strategic concentration The informant offered a nuanced view of supplier 
concentration. Relying on major suppliers is not automatically negative. In some cases, a strategic 
partnership with a large and capable supplier can support joint development, long-term commitment and 
better disruption management. The informant mentioned safety-system suppliers as an example of actors 
whose scale and specialization can make them valuable partners rather than simple sources of 
vulnerability. 

At the same time, concentration needs to be governed carefully. Dependence becomes more problematic 
when a critical technology, component or supplier cannot easily be substituted, or when the focal 
company lacks enough leverage to secure priority during disruption. In this sense, the issue is not 
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concentration by itself, but the conditions under which concentration is accompanied by collaboration, 
contractual safeguards, partner scale and recovery options. 

Geographic concentration and the need for balance The interview also developed a balanced view 
of geographic concentration. The informant acknowledged that proximity can be advantageous, 
especially during development and launch phases, because engineers, suppliers and manufacturing 
teams can solve problems more easily when they are close to each other. Clusters can support speed, 
learning, quality and coordination. However, the informant also emphasized that the current 
environment makes excessive concentration risky. Geopolitics, tariffs, supply chain disturbances and 
raw material constraints make it increasingly important not to place all exposure in one country or 
region. 

The informant described this as a core design tension. Concentration can support efficiency and 
coordination, but diversification can reduce exposure to country-level or region-level disruption. For an 
asset-light firm, using partner plants in different regions may help reduce risk without requiring full 
ownership of multiple factories. 

Platforms, modularity and bounded flexibility The interview also touched on the role of platforms. 
The informant explained that a vehicle is usually based on a technology platform and that this platform 
determines which sites can realistically produce it. Platform sharing can create scale economies and 
make it easier to add a vehicle as a variant of an existing production system. However, the informant 
also warned that this flexibility has limits. Cars cannot simply be moved from one plant to another in a 
short period. Launching a new vehicle in a plant can take one to two years, depending on how much 
adaptation is required. 

Asset-lightness therefore increases access to external capacity, but it does not eliminate industrial 
constraints. The firm can avoid owning the plant, but it still depends on platforms, equipment, 
engineering work, launch timing and plant readiness. 

Shock absorption and recovery mechanisms Toward the end of the interview, the informant reflected 
on what helps an asset-light company absorb and recover from supply chain shocks. The response again 
emphasized contracts, priority clauses, access to capacity and logistics flexibility. During disruptions, 
the firm needs agreements that protect its business, help secure supplier attention and support access to 
parts or production capacity. In some situations, emergency solutions such as air freight may be used 
when delays become critical. 

The informant therefore presented asset-light resilience as conditional rather than automatic. Asset-
lightness reduces direct exposure to owned assets, but continuity depends on whether the firm can secure 
access to partner capacity, maintain priority in scarce-resource situations and activate operational 
responses when the network is under stress. 

 

B.3 Interview I3 

Local assembly is not enough A central insight from the interview is that producing locally does not 
automatically remove the risks of an asset-light model. The informant explained that Polestar 
manufactures vehicles in the United States through the Charleston plant, operated by Volvo. However, 
from a U.S. market perspective, the cost structure may remain exposed when a large share of the bill of 
materials is still imported. Even if final assembly takes place locally, the vehicle can remain vulnerable 
to tariffs on imported components. This shows that asset-light manufacturing cannot be assessed only 
by looking at the location of final assembly. It also depends on whether the surrounding supplier base is 
sufficiently localized and aligned with the market in which the vehicle is sold.  
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Tariffs, regulation and market-access constraints The interview strongly emphasized the role of 
tariffs and regulation in shaping production decisions. The informant described the U.S. tariff 
environment as a major factor for automotive companies, especially because tariffs can apply both to 
complete vehicles and to imported components. This creates a complex calculation: assembling a car in 
the United States may be advantageous from one perspective, but if most components are imported, the 
cost of the parts can still create a significant burden. The informant also referred to future U.S. 
regulations affecting connected vehicle hardware and components linked to China. This highlights how 
asset-light OEMs must design their production and supply networks not only around cost and capacity, 
but also around regulatory acceptability, political risk and market access. 

Regulatory intelligence as a governance capability Although the informant was not directly 
responsible for choosing production sites or suppliers, he described his role as providing input to central 
teams on the regulatory, political and market framework in the United States. This is an important 
governance mechanism in an asset-light setting. When production and sourcing decisions are distributed 
across partners and central functions, local market units help the company understand which external 
constraints must be incorporated into strategic decisions. In this sense, regulatory intelligence becomes 
part of asset-light governance. The firm does not control the entire physical chain, but it can preserve 
strategic control by understanding how local rules, tariffs and political developments affect the viability 
of each production arrangement. 

Asset-lightness and trade-barrier avoidance The informant also suggested that rising trade barriers 
may push more automotive firms toward asset-light arrangements. He used the example of traditional 
carmakers that do not have sufficient production capacity in the United States. If building a new plant 
requires very large capital investment, an alternative is to use existing capacity within the group or 
through partners. From this perspective, asset-light manufacturing can become a way to adapt to 
protectionist environments without committing immediately to new owned factories. The mechanism is 
not simply cost reduction: it is the ability to access production capacity in the right market while avoiding 
the full capital burden of building and operating a new plant. 

The local supply-chain condition The same logic becomes even clearer at the supplier-network level. 
A local plant only creates resilience if it is supported by a sufficiently localized and compatible supplier 
ecosystem. If this ecosystem is weak, the firm may still depend heavily on imported components. This 
creates an important condition for the asset-light model: the production partner must be embedded in a 
supply network that is compatible with the target market’s regulatory and tariff structure. Otherwise, the 
firm risks achieving local assembly without achieving real local resilience. This insight extends the 
meaning of network design beyond the choice of a manufacturing partner. It includes the broader 
structure of suppliers, component flows and market-specific content requirements. 

Strategic partners and platform commonality The interview also touched on the relationship between 
asset-lightness, platform sharing and group-level partners. The informant noted that Polestar benefits 
from being part of a wider group ecosystem, especially in relation to Volvo, Geely and Zeekr. From a 
U.S. perspective, the fact that Zeekr does not sell cars in the United States reduces direct brand conflict, 
while Volvo’s presence requires clearer differentiation between Volvo and Polestar products. This 
points to a dual challenge: shared platforms and partner capabilities can support scale and efficiency, 
but the focal brand still needs to remain distinct in the eyes of customers. Asset-lightness therefore 
depends not only on technical commonality, but also on market positioning and brand separation. 

Activities that must remain internally controlled When asked which activities should remain internal 
and which can be delegated, the informant gave a clear answer: design and customer-facing elements 
should not be outsourced. In his view, design, user interface and the look and feel of the vehicle are 
central to the brand because they are what customers directly experience. Other activities, especially 
those behind the customer-facing layer, may be more suitable for externalization depending on cost, 
investment requirements and strategic priorities. This reinforces a key mechanism for RQ1: asset-light 
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OEMs may rely on partners for engineering, platforms or manufacturing, but they must retain control 
over the elements that define product identity and customer perception. 

Brand coherence across externally produced vehicles The informant used Polestar 3 and Polestar 4 
as examples of how this mechanism works. Polestar 3 has strong Volvo DNA, while Polestar 4 comes 
more from the Zeekr and Geely side. Nevertheless, when customers enter the vehicles, the screen setup, 
interface, look and feel are designed to make both cars recognizable as Polestar products. This shows 
how brand coherence can act as a substitute for physical ownership. Even if the underlying platform or 
production origin differs, the company preserves control over the visible and experiential dimensions 
that make the product belong to the brand. 

Disruption response through product-content adaptation The interview also provided practical 
examples of how Polestar responded to supply-chain shocks from a market and product perspective. 
During the semiconductor crisis, the company reduced the number of keys supplied with vehicles, 
because the second key could be provided later without affecting the car’s basic operation. In another 
case, when certain upgraded interior materials were constrained, Polestar produced higher-spec cars 
with lower-spec upholstery rather than stopping production entirely. These examples show that shock 
absorption is not only achieved through supplier substitution or production relocation. It can also occur 
through temporary product-content adaptation, where non-critical features are adjusted to preserve 
production continuity. 

Diversification as both protection and complexity The informant also reflected on the double-edged 
nature of geographic diversification. From one side, diversification can help avoid tariffs and reduce 
dependence on a single country or production base. From another side, spreading production and 
sourcing across more locations can also increase exposure to disruptions, especially when the firm 
depends on external partners and cross-border component flows. The informant referred to COVID-19 
as an example: at that time, Polestar’s U.S. supply was affected because vehicles were produced in 
China, where plants experienced shutdowns. This supports a balanced view: diversification can reduce 
some risks, but it also adds complexity and does not automatically eliminate vulnerability. 

 

B.4 Interview I4 

Plant partner selection Plant partner selection does not simply depend on whether a facility is available, 
but on whether that plant is suitable for the specific vehicle programme. For an asset-light OEM such as 
Polestar, a plant partner has to be assessed across multiple dimensions: existing EV manufacturing 
capability, platform compatibility, available capacity, quality-system maturity, launch experience, 
labour skills, logistics access, proximity to the supplier base, regulatory environment, tariff exposure 
and willingness to operate under Polestar’s specifications. Polestar’s manufacturing footprint reflects 
this logic. Polestar 3 production started in South Carolina in 2024 to complement production in 
Chengdu, China, while Polestar 4 production in Busan, South Korea, was planned to complement 
Hangzhou Bay production from the second half of 2025. In this view, a plant is not selected only because 
it is cheaper. It must support the product technically, commercially and geopolitically. A plant in South 
Korea, for example, may be attractive not only because of manufacturing capability, but also because of 
export logic, tariff conditions, proximity to Asian supply networks and the possibility of using an 
existing facility rather than building a new factory from scratch. Renault Group described the Busan 
plant as the site selected to manufacture and export Polestar 4 from the second half of 2025, which 
makes it relevant as a partner site for an EV programme intended partly for international markets. In this 
sense, plant selection emerges as one of the first governance decisions in an asset-light model: the 
external plant must be able to support the product, the market strategy and the risk profile of the 
company.  
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Platform compatibility and plant feasibility A second key point concerns the match between the 
vehicle platform and the plant. The central technical question is whether the plant can physically and 
digitally handle the specific platform. A platform is not only a design concept. It influences body 
dimensions, battery architecture, underbody structure, electrical architecture, tooling requirements, 
assembly sequence, testing equipment, software flashing processes and end-of-line validation. If a plant 
already produces a similar platform or related vehicle, the adaptation cost is lower. If the platform is 
new to the plant, the OEM and the partner must assess whether the body shop, paint shop, general 
assembly, battery handling systems, software systems and quality gates can be upgraded within the 
launch timeline. The account therefore shows that footprint decisions are not only geographic decisions. 
They are also decisions about platform compatibility, plant readiness and the ability of a specific 
production system to absorb a new vehicle programme. In an asset-light model, access to an external 
plant is valuable only if that plant can industrialize the relevant platform without excessive delay, cost 
or quality risk.  
 
Technical adaptations before production Before a new Polestar model can be produced in a partner 
plant, several adaptations are normally required. These include tooling changes, fixtures, welding 
equipment, battery safety systems, torque tools, software flashing stations, end-of-line testing, worker 
training, logistics flows and quality documentation. Even when a plant already has EV experience, each 
vehicle programme requires model-specific adjustments. The question is therefore not only whether the 
plant can build an EV, but whether it can build that specific EV according to Polestar’s quality, design 
and customer-experience standards. In a contract-manufacturing arrangement, these adaptations become 
part of the governance discussion between the OEM and the plant operator. Some investments may 
improve the general capability of the plant, while others may be specific to the Polestar programme. 
This creates practical questions that must be negotiated before launch: who pays for which investment, 
who owns the tooling, who controls process changes and who bears the cost if volumes are lower than 
expected. In this sense, the technical preparation of the plant is also a governance mechanism, because 
it defines how responsibilities, costs and operational control are distributed between Polestar and the 
partner.  
 

Ramp-up management Ramp-up was described as one of the most delicate moments in contract 
manufacturing. The goal is to move from prototype or pre-series production to stable serial production 
without losing control over quality, timing or cost. At this stage, the manufacturing team monitors 
whether the partner plant can achieve planned volumes while keeping defects, rework and downtime 
under control. Ramp-up is not simply about producing more cars. It is about proving that the production 
process is repeatable and that the partner can deliver the vehicle consistently at the required standard. 
For Polestar, ramp-up is particularly important because the brand promise is premium and technology-
oriented. A vehicle produced by a partner still reaches the customer as a Polestar. Therefore, launch 
performance at the partner plant affects Polestar’s brand directly. In an asset-light model, the company 
cannot simply assume that the partner’s general plant maturity is sufficient. It needs launch reviews, 
process audits, quality gates, engineering support, escalation routines and shared dashboards to 
understand whether the ramp-up is under control. Ramp-up therefore becomes the moment in which 
partner capability is tested under real production conditions.  
 
Quality gates before launch Before launch, a contract-manufactured vehicle normally passes through 
multiple quality gates. These include engineering validation, production validation, process capability 
checks, supplier readiness reviews, pilot builds, pre-series builds, end-of-line testing, road testing, 
software validation and customer-quality audits. The purpose is to ensure that the plant is not only 
capable of producing the vehicle once, but capable of producing it repeatedly at the required level of 
quality. In Polestar’s case, this matters because the company may not own the plant, but it owns the 
customer promise. The governance substitute for ownership is therefore a structured system of quality 
gates and acceptance criteria. The partner may execute the manufacturing process, but Polestar must 
retain the ability to define what is acceptable, what requires rework, what can be temporarily deviated 
from and what cannot be released to customers. This is where quality governance becomes a substitute 
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for hierarchical control.  
 

Supervision without owning the factory As Polestar does not own the plant, supervision must work 
through interfaces rather than through direct hierarchy. In practice, this means clear contracts, technical 
specifications, embedded liaison teams and joint launch interfaces. Polestar may not manage plant 
employees directly, but it can define product requirements, quality standards, delivery expectations, 
reporting obligations and corrective-action processes. This is one of the central mechanisms for RQ1. 
Physical ownership is substituted by interface governance. The focal OEM does not command the plant 
as an internal department. Instead, it governs the relationship through specifications, process visibility, 
contractual rights, joint routines and escalation mechanisms. The absence of ownership therefore does 
not imply the absence of control, but it changes the form through which control is exercised. 

Performance indicators and measurable control A manufacturing or contract-manufacturing 
manager monitors a combination of operational, quality, delivery and launch indicators. These include 
production volume versus plan, ramp-up curve achievement, first-time-through rate, defects per vehicle, 
rework hours per vehicle, end-of-line failure rate, audit scores, warranty claims, supplier-related 
disruptions, delivery adherence, downtime, launch-readiness milestones, engineering-change 
implementation timing, parts availability, logistics delays and cost per unit versus target. The important 
point is not the mechanical list of KPIs, but the governance logic behind them. In an asset-light model, 
control depends on measurability. If the company does not own the plant, it must at least be able to 
observe plant performance reliably, compare it with agreed targets and intervene when performance 
deviates from plan. Measurable performance becomes one of the substitutes for direct ownership, 
because it allows the focal firm to govern an external production system without directly managing 
every operational resource inside it.  
 
Escalation when the partner underperforms If a partner does not meet timing, quality or cost 
expectations, the first response is usually escalation rather than immediate replacement. Replacing a 
plant partner is costly, slow and operationally risky, especially in automotive. More realistic responses 
include corrective action plans, additional Polestar support, extra audits, engineering task forces, 
temporary containment, rework campaigns, revised launch timing, volume reallocation, financial 
penalties, warranty recovery or renegotiation of responsibilities. This shows a limit of asset-light 
flexibility. The model may look flexible because Polestar does not own the plant, but switching 
production is not easy once a vehicle has been industrialized at a specific site. The OEM becomes 
dependent on that site’s tooling, workforce, supplier flows, systems and platform-specific setup. Asset-
lightness reduces fixed ownership, but it does not eliminate operational lock-in. Control therefore 
depends not only on the possibility of changing partners, but on the ability to manage and correct partner 
performance before problems become structural.  
 
Engineering-to-manufacturing handover The transition from engineering to manufacturing is another 
critical governance point. The engineering team defines the product, but the manufacturing partner must 
translate that product into a stable industrial process. In a vertically integrated OEM, this handover 
happens mostly within one organization. In an asset-light model, it crosses organizational boundaries. 
This makes documentation, change management and interface roles more important. A strong handover 
requires clear product specifications, bill-of-materials maturity, design-for-manufacturing reviews, 
process FMEA, control plans, prototype feedback, supplier readiness, engineering-change control and 
manufacturing sign-off. Any weakness in this handover creates launch risk. From a governance 
perspective, the handover is the point where Polestar must ensure that its design intent is not diluted 
when the product enters the partner’s production system.  
 
Internal capabilities that must remain inside Polestar An asset-light OEM does not need to own 
every physical asset, but it must retain the capability to act as an intelligent industrial customer. Polestar 
must keep internal competence in product definition, manufacturing interface management, quality 
standards, launch governance, supplier and partner assessment, cost evaluation, regulatory interpretation 
and customer-quality protection. If these capabilities are missing, the company becomes dependent on 
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the partner not only for execution, but also for judgement. The key insight is that Polestar can outsource 
manufacturing execution, but it cannot outsource manufacturing understanding. This distinction is 
central for RQ1. The company may rely on partners for production, but it still needs enough internal 
technical knowledge to evaluate, challenge and guide those partners. Without this internal competence, 
asset-lightness would risk becoming dependency rather than strategic flexibility.  
 
Modularity and platform transferability The testimony also connects the discussion to modularity 
and platform transferability. From a strategic manufacturing perspective, modularity matters because it 
expands the set of production options available to an asset-light OEM without requiring the firm to own 
every production asset directly. In Polestar’s case, this is visible in how its models are linked to different 
architectures and industrial ecosystems. Polestar 3 is closely connected to Volvo’s production system: 
Polestar announced that South Carolina production of Polestar 3 complements Chengdu production and 
serves customers in the United States and Europe, while Volvo later described Ridgeville, South 
Carolina, as a strategic plant for Polestar 3 production. Polestar 4 follows a different logic: its production 
in Hangzhou Bay, China, is complemented by contract manufacturing in Busan, South Korea, through 
an agreement involving Polestar, Geely Holding and Renault Korea Motors. This shows that modularity 
and platform commonality do not simply reduce engineering complexity; they also become a 
governance mechanism. By relying on architectures, components and production know-how already 
present within the Volvo and Geely ecosystem, Polestar can allocate vehicles to partner-operated plants 
that are technically closer to the product architecture. This reduces the distance between product 
development and manufacturing execution, lowers the need to recreate capabilities internally and makes 
the asset-light model more feasible. However, modularity does not make production automatically 
transferable. A plant still needs to satisfy site-specific manufacturing, digital, logistics and workforce 
requirements. Renault Group’s description of Busan as a versatile plant, able to combine multi-energy 
production, high automation and AI-assisted quality inspection, illustrates that partner plants must still 
possess concrete industrial capabilities before they can absorb a Polestar programme. Therefore, 
modularity supports asset-light expansion strategically by increasing the number of feasible production 
options, but it does not eliminate plant-specific validation, technical adaptation, investment decisions 
and ramp-up governance. 

 

 

 

 


