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Abstract
Purpose – This study explores how manufacturing plants navigate tensions between economic and social-
ecological priorities during high-impact, low-frequency (HILF) disruptions, which are conceptually understood 
as combining environmental uncertainty and internal resource constraints. It investigates whether cumulatively 
developed operations and network capabilities help mitigate trade-offs that arise under such conditions.
Design/methodology/approach – Drawing on paradox theory and cumulative capability models, the study 
applies partial least squares structural equation modelling and sequence testing to survey data from 135 
automotive plants before and after COVID-19. Tensions are examined through observed trade-off patterns 
between traditional operations and sustainability capabilities. We clarify the scope by positioning HILF as 
contextual, and we support this with archival indicators.
Findings – The results suggest that plants which had developed capabilities cumulatively, following the Sand 
Cone sequence prior to disruption, experienced fewer trade-offs during the crisis. A high level of network 
capabilities prior to disruption further reduced trade-offs and enabled plants to either maintain or develop social-
ecological sustainability capabilities under disruption conditions. Surprisingly, many of the analysed plants had 
not followed the Sand Cone sequence before the crisis, which exacerbated trade-offs during disruption.
Originality/value – The study re-examines the Sand Cone model within a HILF disruption context and proposes 
an extended Supply Chain Sand Cone model that integrates cumulative operations capabilities within plants 
with network capabilities across supply chains. It shows how manufacturing plants can manage sustainability-
related tensions between economic and social-ecological priorities through paradoxical responses of temporal 
separation via cumulative capability development and spatial separation via the integration of network 
capabilities. Practical implications include the value of deliberate sequencing and supply network integration to 
support sustainability under crisis conditions.
Keywords Social-ecological sustainability, Tensions, Sand cone, Operations capabilities, Network capabilities, 
Cumulative effect, HILF disruptions, Paradox theory
Paper type Research article

1. Introduction
The COVID-19 pandemic, a high-impact, low-frequency (HILF) disruption, exposed tensions 
between economic and social-ecological goals in global manufacturing by amplifying
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environmental uncertainty and resource constraints (Benigno et al., 2022). In response to 
delivery bottlenecks and demand fluctuations, plants relied on emergency measures such as air 
freight, which increased CO 2 emissions and undermined ecological sustainability. Flexible 
scheduling and extended working hours also came at the cost of health and safety standards 
(Pagell et al., 2020; Ban et al., 2022). These trade-offs reflect organisational tensions between 
competing goals. Under crisis conditions, organisations must navigate tensions between 
economic and social-ecological goals, which translate into competing operational priorities 
within the manufacturing context. This study examines whether capability development 
serves as an effective organisational response to tensions between competing priorities during 
HILF disruptions by helping to reduce trade-offs between underlying capability sets (Wilhelm 
and Sydow, 2018; Berti and Cunha, 2022).

The literature on cumulative capabilities suggests that trade-offs can be reduced through 
sequenced capability development over time. The Sand Cone model (Ferdows and De 
Meyer, 1990) proposes that quality forms the foundation for capability development, 
enabling improvements first in delivery, then flexibility and ultimately cost efficiency. 
Rather than treating capabilities as trade-offs, this model views them as complementary and 
mutually reinforcing. However, empirical support under uncertainty remains mixed. While 
several studies confirm the sequential logic (e.g. Noble, 1995; Rosenzweig and Roth, 2004), 
others find deviations or fail to observe cumulative effects (e.g. Boyer and Lewis, 2002; 
Flynn and Flynn, 2004). Scholars therefore emphasise the role of contingency factors, 
including national culture, market environments and manufacturing maturity, which 
shape how the Sand Cone unfolds (e.g. Schroeder et al., 2011; Amoako-Gyampah and 
Meredith, 2007; Ehie and Schoenherr, 2021). Although recent extensions incorporate social-
ecological capabilities (e.g. Gold et al., 2017), it remains unclear whether cumulative 
capability logic holds under HILF disruptions, particularly regarding its effectiveness in 
reducing trade-offs between traditional operations and sustainability capabilities 
(Wiengarten et al., 2023).

Following scholars of paradoxical tensions in corporate sustainability, firms pursue 
economic, social and ecological goals that are interdependent yet conflicting (Elkington, 1994; 
Hahn et al., 2015). These goals translate into competing operational priorities at the plant level 
(Rosenzweig and Easton, 2010). Economic priorities, such as quality, flexibility, cost 
efficiency and delivery, are typically supported by traditional operations capabilities (Slack 
et al., 2016). In contrast, social-ecological priorities require sustained commitments to health 
and safety, resource efficiency and pollution prevention, which manifest as sustainability 
capabilities (Gold et al., 2017). During disruptions, these priorities compete more directly for 
limited resources, resulting in intensified trade-offs that not only reflect but also reinforce 
deeper organisational tensions. These tensions cannot be resolved through short-term 
adjustments but require paradoxical response strategies, including temporal separation (e.g. 
cumulative capability development over time to manage internal constraints) and spatial 
separation (e.g. distributing resources and capabilities across the network to manage external 
constraints), as part of deliberate capability development (Rosenzweig and Easton, 2010; 
Hahn et al., 2015; Smith and Lewis, 2011).

During HILF disruptions, plants often cannot rely solely on internal capabilities to meet 
competing priorities. Extreme volatility in supply and demand can overwhelm even well-
sequenced operations (Rosenzweig and Easton, 2010). In such contexts, network capabilities 
such as collaboration, visibility, agility, risk management culture and supply chain 
reengineering help absorb shocks and stabilise performance (Christopher and Peck, 2004). 
While supplier integration and collaboration have been shown to support traditional operations 
and cumulative progression (Newman et al., 2009; Bortolotti et al., 2015; Tham and 
Chiadamrong, 2016), the broader set of network capabilities remains underexplored in relation 
to cumulative development (Rosenzweig and Easton, 2010). Limited empirical research 
explains how internal and external capabilities jointly reduce trade-offs between traditional 
operations and sustainability capabilities (Wiengarten et al., 2023; Kinra et al., 2025) or how
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such reductions help plants manage persistent tensions between competing priorities during 
HILF disruptions (Hahn et al., 2015).

The study is guided by the following research question: What role do cumulative operations 
capabilities and network capabilities play in enabling manufacturing plants to manage tensions 
between economic and social-ecological priorities during HILF disruptions?

This study analyses tensions from a paradox theory perspective (Smith and Lewis, 2011; 
Hahn et al., 2015), which helps evaluate the robustness of the Sand Cone model during 
disruption and explains the integration of network capabilities as part of paradoxical response 
strategies. Tensions are operationalised through observed trade-off patterns, where 
improvements in traditional operations are associated with declines in sustainability 
capabilities under disruption (Berti and Cunha, 2022). HILF disruptions are conceptually 
understood as compound contingencies that combine (1) internal resource constraints and (2) 
external environmental uncertainty, defined as volatility and unpredictability in supply and 
demand conditions. Thereby, HILF functions more as a contextual setting than as a measured 
construct (Brusset et al., 2023), supported by the Global Supply Chain Pressure (GSCP) Index, 
which visualises the unprecedented pressure on supply chains during the COVID-19 pandemic 
(Benigno et al., 2022). Building on cumulative capability models (Schroeder et al., 2011; Gold 
et al., 2017) and a supply network capability framework (Christopher and Peck, 2004), we use 
pre- and post-COVID-19 survey data from 135 automotive plants. It applies partial least 
squares structural equation modelling (PLS-SEM), guided by Hair et al. (2021), and sequence 
testing following Schroeder et al. (2011), to evaluate cumulative effects, identify trade-off 
patterns and assess sustainability capability progression under HILF disruptions.

Results show that adherence to a traditional Sand Cone sequence before disruption helps 
reduce capability-level trade-offs during crisis, particularly when complemented by strong 
network capabilities. These trade-offs reflect deeper tensions between competing economic 
and social-ecological priorities. The findings are positioned against existing literature 
(Table 1), showing how cumulative operations capabilities help address resource constraints 
and how external network capabilities mitigate environmental uncertainty as part of a paradox 
response strategy to these tensions. Section 2 develops the theoretical framework, followed by 
methodology (Section 3), results (Section 4), discussion (Section 5) and conclusion 
(Section 6).

2. Theoretical background
2.1 From trade-offs to cumulative capability development under HILF disruptions
Manufacturing strategy builds on competitive priorities derived from broader business 
strategy, including economic, social and ecological goals (Wu and Pagell, 2011; Rosenzweig 
and Easton, 2010). These priorities guide strategic choices and shape the development of 
capabilities, bundles of routines and resources that support performance in targeted areas 
(Miller, 2003). Trade-offs arise not from conflicting capabilities but from competing priorities 
that vie for limited resources, especially under volatile conditions (Rosenzweig and Easton, 
2010). Since capabilities require sustained resource investment, shifts in strategic focus may 
cause stagnation or degradation of others. Trade-offs are thus observable at the capability level 
even when rooted in higher-level prioritisation. To remain competitive, plants must make 
deliberate choices by favouring some priorities over others (Skinner, 1969).

Contradictions to this logic led Ferdows and De Meyer (1990) to propose the Sand Cone 
model, which argues that operations capabilities should be developed cumulatively rather than 
pursued as trade-offs. Plants first establish quality, enhancing reliability and reducing process 
variability. High quality enables predictable delivery, which supports flexibility in managing 
production schedules and demand fluctuations. Together, these capabilities enhance cost 
efficiency by enabling process optimisation and reducing inventory. The cumulative effect 
improves resource allocation efficiency by building on earlier capabilities and their resources, 
lowering the effort required to establish subsequent ones (Rosenzweig and Roth, 2004).
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Table 1. Overview
 
of manufacturing trade-off, cumulative capability literature in operations and network

Research theme Authors Sample size Constructs* Research method Results

Integration
corporate
sustainability Contingency factor

Manufacturing trade-off and cumulative capability literature with reference to operations capabilities1. Introduction of 
sand cone model

Ferdows and De Meyer 
(1990)

167 business units
TSC: Quality, 
(dependability) delivery, 
flexibility, cost efficiency 

Associative
analysis

Sand cone model 
introduced

No No

2. Empirical 
support for sand cone model

Noble (1995) 561 plants ETSC: Quality, 
dependability (delivery), 
cost efficiency, 
flexibility, innovation 

Regression
analysis

Preliminary support for 
sand cone model with variations across country location of plant 

No No

Rosenzweig and Roth (2004)
81 business 
units

ETSC: Quality, delivery, 
reliability, volume, 
flexibility, cost efficiency 

Path analysis Evidence of sand cone 
model

No No

3. Cumulative 
Capability Model 
in Developing Economies

Amoako-
Gyampah and Meredith (2007)

126 plants TSC: Quality, delivery, 
flexibility, cost efficiency

Multiple
regression
analysis

Evidence to support sand cone model in developing countries (Ghana)

No Yes (institutional 
uncertainty)

Ehie and Schoenherr 
(2021)

187 firms TSC: Quality, delivery, 
flexibility, cost efficiency

PLS, ANOVA, 
regression Analysis

Competitive capabilities 
are pursued cumulatively. 
Progression sequence 
varies by country: Nigeria, India, Vietnam

 

No Yes (institutional 
and strategic 
uncertainty)

4. No empirical 
support for sand cone model

Boyer and Lewis (2002) 
107 plants TSC: Quality, delivery, 

flexibility, cost efficiency 

Correlation
analysis

Trade-offs identified No No

Flynn and Flynn (2004)
165 plants TSC: Quality, delivery, 

flexibility, cost efficiency
Hierarchical
regression
analysis

Sequential progression of 
cumulative capabilities 
was not confirmed

No Mentioned–not
integrated

(continued )
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Table 1. Continued

Research theme Authors Sample size Constructs* Research method Results

Integration
corporate
sustainability Contingency factor

5. Use of cross-
section data for 
evaluating sequential 
progression over 
time

Schroeder et al. 
(2011)

189 plants TSC: Quality, delivery, 
flexibility, cost efficiency

SEM
 

and sequential 
testing via cross 
sectional data

Sequential capability building partially identified. Suggestion to integrate contingency factors

No Mentioned–not 
integrated (suggest 
integration of 
contingency theory)

Narasimhan and Schoenherr 
(2013) 

180 firms TSC: Quality, delivery, 
flexibility, cost efficiency

Repeated cross-
sectional data 
analysis

Confirmation of cumulative capability development over time 

No No

6. Evaluation of 
dynamic 
environments

Tamayo-Torres 
et al. (2017)

231 plants ETSC: Ambidexterity (exploration, 
exploitation), quality, 
speed, flexibility, cost 
efficiency

SEM Relationship between ambidexterity and capability improvements 
moderated by dynamic 
environment

No Yes (strategic 
uncertainty)

7. Extension of 
sand cone with social and
ecological 
capabilities

Avella et al. 
(2011)

274 plants ETSC: Quality, delivery, 
flexibility, ecological 
sustainability, cost 
efficiency

SEM Ecological capability integrated before cost
Yes (only ecological 
capability)

No

Gold et al. (2017)
234 plants 
(secondary data)

ETSC: Quality, delivery, 
flexibility, cost 
efficiency, social and ecological sustainability

Analyses of 
covariance

Introduction of social and ecological capability forming the top after cost 
efficiency towards 
sustainability

Yes (ecological and social capability)
Yes (institutional 
uncertainty)

(continued )
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Table 1. Continued

Research theme Authors Sample size Constructs* Research method Results

Integration
corporate
sustainability Contingency factor

8. Sustainable 
Performance

Henao and Sarache (2023)
133 firms Operational, 

environmental and social 
performance under Lean Manufacturing

SEM Lean manufacturing practices improve 
operational performance 
first, followed by ecological and finally social performance. 
Partial evidence of trade-
offs when attempting simultaneous pursuit of all 
dimensions (economic, 
social, environmental) 

Yes (triple bottom line: economic, 
social and environmental 
performance)

No

Molinaro et al. (2024)
661 firms Environmental, social 

and financial 
performance

Longitudinal 
panel data, fixed effects model

Demonstrates a sand cone 
model for sustainability: 
environmental 
performance forms the 
base, followed by social 
performance and finally financial performance.
Social performance fully mediates environmental 
and financial outcomes

Yes (triple bottom line: economic, 
social and environmental 
performance)

No

(continued )
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Table 1. Continued

Research theme Authors Sample size Constructs* Research method Results

Integration
corporate
sustainability Contingency factor

Manufacturing trade-off and cumulative capability literature with reference to network capabilities9. Extension of the sand cone model 
to SCM

Newman et al.(2009)
4 firms Functional, cross-

functional, customer-
supplier and multi-tier 
effectiveness

Interviews Based on the sand cone
model, the framework also suggests four levels of 
SCM

 
integration 

No No

Bortolotti et al. 
(2015)

317 plants TSC: Quality, delivery, 
flexibility, cost efficiency

SEM Organisational fitness 
(e.g. supplier relationship) 
as a base of the sand cone 
model

No No

Vokurka et al. 
(2002)

n.a TSC: Quality, reliability, 
flexibility, agility, cost 
efficiency

Conceptual Proposes sequential 
capability building for 
supplier locations (quality to efficiency) to build competitiveness

No No

10. Synergies 
between SCM 

and operations 
capabilities

Tham
 

and Chiadamrong (2016)

302 firms Supply chain integration (SCI), supply chain operation (SCO), human resource management 
(HRM), quality, delivery, 
flexibility, cost efficiency

SEM SCI has direct and indirect positive effects on business performance. 
Other capabilities (SCO, 
HRM) influence business 
performance indirectly via competitive advantages. 
Following the sand cone 
model, quality improvements drive 
competitive advantages 
and performance

No No

(continued )
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Table 1. Continued

Research theme Authors Sample size Constructs* Research method Results

Integration
corporate
sustainability Contingency factor

11. Cumulative 
and sustainable 
SC
 
capabilities

Chen et al. (2023)
147 firms 
(secondary data)

DDT
 
(Data-driven transparency), ER (Environmental 

responsibility), CCA (Cleaner capabilities 
adoption), EGSCM

 (Efficient GSCM), RR (Resource recovery) 

Correlation analysis, 
Sequential 
testing, Path analysis

Identified two cumulative 
capability sequences. 
Both sequences 
emphasise the 
foundational role of DDT for transparency

Yes (environmental 
practices 
integrated)

No

Lee et al. 
(2016)

198 SMEs Economic, social and environmental SC capability

Hierarchical 
regression, 
cluster analysis

Identified four clusters of 
SC
 
capabilities: (1) All-

round (high in economic, 
social and environmental 
capabilities), (2) 
Economic-first, (3)
Social-first and (4) 
Environmental-first. The 
All-round cluster achieved the highest 
performance across all 
supply chain dimensions

Yes (triple bottom line: economic, 
social and environmental 
performance)

No

This research
12. Cumulative 
operations 
capabilities and network capabilities during HILF

 
disruptions

This research paper
135 plants ETSC: Operations 

capabilities with quality, 
delivery, flexibility, cost 
efficiency, social and ecological sustainability Network capabilities with collaboration, risk management, visibility, 
supply chain reengineering, agility

PLS-SEM
 

and sequential 
testing with dual 
perspective data 
collection

Adherence to Sand Cone 
sequence enhances 
sustainability by mitigating trade-offs. 
Network capabilities 
complement operations 
capabilities, fostering capability building for 
social and ecological 
sustainability

Yes (economic, 
social and ecological 
priorities through capabilities)

Yes (HILF disruption →
 environmental 

uncertainty and resource 
constraints)
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In recent years, the focus of manufacturing strategy has expanded beyond economic 
priorities to include social and ecological concerns. Plants increasingly face pressure from 
regulators, investors and customers to deliver on both economic and sustainability-related 
goals (Slack et al., 2016). As a result, scholars have extended the Sand Cone model to 
incorporate these additional dimensions. For instance, Gold et al. (2017) propose an expanded 
sequence in which capabilities related to labour standards, safety practices, resource 
conservation and emissions reduction build upon traditional operational capabilities. These 
extensions suggest that social and ecological sustainability can be integrated as outcomes of 
cumulative capability development.

Yet the Sand Cone’s applicability remains contested. Capability progression depends on 
internal factors, such as structure, and external factors, such as market volatility (Flynn and 
Flynn, 2004; Schroeder et al., 2011; Gold et al., 2017). Several studies confirm cumulative 
effects and reduced trade-offs under strategic or institutional uncertainty (e.g. Ehie and 
Schoenherr, 2021; Tamayo-Torres et al., 2017; Amoako-Gyampah and Meredith, 2007), 
though few explicitly include social or ecological priorities. Strategic uncertainty stems from 
ambiguity in business planning due to market turbulence, competitors, technological change 
or shifting customer expectations, while institutional uncertainty relates to weak or changing 
regulatory and governance structures (Dewulf and Biesbroek, 2018). Although Gold et al. 
(2017) found support for the extended Sand Cone under institutional uncertainty, it remains 
unclear whether this cumulative logic holds during global HILF disruptions.

HILF disruptions are conceptually understood as compound contingency conditions that 
combine environmental uncertainty and internal resource constraints. Environmental 
uncertainty refers to volatility in external factors, especially fluctuations in supply and 
demand, which undermine a plant’s ability to plan effectively (Milliken, 1987; Dewulf and 
Biesbroek, 2018). This study focuses on supply and demand variation observed during the 
COVID-19 pandemic (Kinra et al., 2020). Resource constraints arise internally as plants face 
shortages in labour, capacity or materials, particularly near their performance frontiers 
(Schmenner and Swink, 1998). We therefore use HILF as the contextual setting, supported by 
archival indicators of GSCP (Benigno et al., 2022). These combined pressures can intensify 
trade-offs within manufacturing plants.

Building on this logic, Rosenzweig and Easton (2010) argue that supply chain management 
plays a crucial role in capability development when plants face such compound contingencies. 
Supply chain integration can extend the resource base beyond organisational boundaries. 
Empirical studies show that supplier collaboration and multi-tier integration enhance the 
progression of traditional operations capabilities (Newman et al., 2009; Bortolotti et al., 2015; 
Tham and Chiadamrong, 2016). However, many focus only on collaboration and overlook 
other network capabilities such as visibility, agility, risk management culture and supply chain 
reengineering (Christopher and Peck, 2004). These capabilities are particularly relevant 
during HILF disruptions as they help plants manage uncertainty, improve responsiveness and 
adapt supply chain structures (Mandal, 2012). The present study, therefore, incorporates a 
broader set of network capabilities and examines their role in mitigating trade-offs during 
HILF disruptions.

Table 1 provides an overview of prior research on the Sand Cone model, its sustainability 
extensions and its integration at the supply chain level.

2.2 Paradox theory and the management of tensions under HILF disruptions
Paradox theory offers a powerful lens for understanding persistent tensions when 
organisations pursue competing economic and social-ecological goals (Hahn et al., 2015). 
Rather than viewing these tensions as problems to be resolved, it promotes a shift from “either-
or” thinking to “both-and” approaches that accommodate contradictory demands (Smith and 
Lewis, 2011). Paradoxical tensions are “contradictory yet interrelated elements that exist 
simultaneously and persist over time” (Smith and Lewis, 2011). These tensions may remain
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latent but often become salient under resource scarcity, environmental volatility or conflicting 
stakeholder pressures, which trigger trade-offs and intensify organisational tensions (Berti and 
Cunha, 2022). This perspective is particularly relevant in sustainability and disruption 
contexts, where uncertainty and resource constraints complicate efforts to pursue multiple 
priorities (Warmbier et al., 2022). Recent research in sustainable supply chains illustrates such 
tensions: plants may prioritise cost-efficient transport while undermining greener logistics 
(Bj€orklund et al., 2024) or reduce packaging costs at the expense of environmental 
performance (P�alsson and Sandberg, 2021).

To help organisations manage rather than resolve paradoxes, paradox theory suggests two 
core response strategies: separation and synthesis (Poole and van de Ven, 1989; Smith and 
Lewis, 2011; Hahn et al., 2015). Separation addresses “the two poles of a tension at different 
locations or at different points in time,” while synthesis introduces a “new element that links or 
accommodates both poles” (Hahn et al., 2015). Digitalisation initiatives, such as supply-chain 
traceability platforms that enhance both cost efficiency and sustainability, represent a 
synthesis because they reconfigure the two poles into a higher-order combined concept (Buer 
et al., 2019; Kinra et al., 2022, 2025). Our study, however, focuses on contexts where 
economic and social-ecological priorities remain distinct but must be managed in parallel 
during acute HILF disruptions. We therefore focus on separation as the more appropriate 
response strategy for this study while acknowledging synthesis as a long-term path for post-
disruption transformation, highlighted later as a future research path.

In our study, the two poles of the paradox are explicitly defined: economic priorities 
(represented by traditional operations capabilities such as quality, delivery, flexibility and cost 
efficiency) and social-ecological priorities (represented by social-ecological capabilities). We 
apply separation as the main response strategy, with temporal separation managing both poles 
over time through cumulative capability development and spatial separation managing them 
across multiple organisations by distributing resources and building capabilities across 
internal operations and external supply chain networks. These two forms of separation 
correspond to the cumulative logic of the Sand Cone model (H1a, b) and the integration of 
network capabilities (H2a, b), which together inform the following hypotheses.

2.3 Development of hypotheses
In paradox theory, temporal separation is not mere pragmatic ordering but an explicit way to 
allocate attention and resources to competing poles across time while keeping both salient and 
cycling them rather than resolving them (Poole and Van de Ven, 1989; Smith and Lewis, 2011). 
This implies a back-and-forth pattern in which organisations emphasise one pole in the short 
run while sustaining the other for later emphasis, thereby achieving dynamic equilibrium. In 
this lens, the Sand Cone constitutes a temporal separation response: plants stage the emphasis 
on economic priorities (quality → delivery → flexibility → cost efficiency) to stabilise 
performance while preparing the base to accommodate social-ecological priorities (labour 
standards, health and safety, resource efficiency, emissions reduction). By stabilising the 
economic pole first, firms create routines and slack that enable them to safeguard the social-
ecological pole later. Temporality here thus means sustaining a both-and stance across time 
rather than pursuing simultaneous achievement.

This logic aligns with research on manufacturing strategy. Rosenzweig and Easton (2010) 
show that manufacturers with cumulative capability development and slack resources are less 
likely to experience trade-offs, whereas those near the performance frontier face sharper 
constraints. Pre-disruption sequencing can provide stability, routines and absorptive capacity, 
preparing firms to sustain social-ecological priorities when volatility and scarcity intensify 
under HILF conditions. Establishing this foundation only after disruption may strengthen 
firms for future events, but during disruption, it requires reordering scarce resources, which 
can increase trade-offs and compromise sustainability. Maintaining sustainability capabilities 
involves safeguarding routines and standards despite constraints, whereas developing them
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requires additional learning and investment. Both rely on the same resource base and represent 
different intensities of a temporal separation response, in which maintenance preserves 
continuity and development advances the established pole (Miller, 2003; Hahn et al., 2015).

Gold et al. (2017) extend the Sand Cone by showing that social-ecological sustainability 
can be integrated as additional capabilities, with firms’ ability to do so depending on the 
maturity of their traditional operations capabilities. Firms with a stable Sand Cone base were 
better able to develop social and ecological sustainability even under institutional uncertainty. 
Henao and Sarache (2023) provide supporting evidence, showing that sustainability 
improvements follow a cumulative sequence from operational to environmental and social 
outcomes, while attempts to pursue all dimensions simultaneously resulted in partial trade-
offs. This maturity perspective underscores why stabilised quality, delivery, flexibility and 
cost efficiency are prerequisites for sustaining or extending sustainability priorities. Prior 
studies also confirm that cumulative progression reduces trade-offs under institutional and 
strategic uncertainty (Amoako-Gyampah and Meredith, 2007; Tamayo-Torres et al., 2017; 
Ehie and Schoenherr, 2021). Taken together, the Sand Cone provides a pathway for embedding 
sustainability, though it remains unclear whether this logic holds in the extreme conditions of 
HILF disruptions. Thus, we hypothesise:

H1a. Plants that followed the Sand Cone sequence before HILF disruption events are less 
likely to experience trade-offs between traditional operations capabilities (quality, 
delivery, flexibility or cost efficiency) and sustainability capabilities (social or 
ecological) during such periods.

H1b. Plants that followed the Sand Cone sequence before HILF disruption events are 
more likely to maintain or further develop social and ecological sustainability 
capabilities during such periods.

The paradoxical response strategy of spatial separation manages tensions by addressing 
competing poles by distinct organisational loci (units, levels or firms), buffering conflict while 
sustaining both poles (Poole and van de Ven, 1989; Smith and Lewis, 2011; Hahn et al., 2015). 
Building on insights that tensions can be addressed across firm boundaries (Schrage and 
Rasche, 2022), we conceptualise spatial separation in global value chains as a mechanism 
through which internal operations hold both poles in tension while network partners buffer 
demand and supply volatility. Studies show that firms coordinate contradictory logics, such as 
cooperation and competition, by investing in both internal and shared boundary-spanning 
capabilities (Wilhelm and Sydow, 2018; Shi and Gregory, 1998; Teng and Cummings, 2002). 
Inter-organisational capability building in the form of collaboration, visibility, risk culture, re-
engineering and agility thus constitutes a paradox response because it distributes the 
management of tensions across firm boundaries rather than collapsing one pole into the other.

HILF disruption events, such as pandemics or geopolitical shocks, typically originate outside 
the firm’s boundaries but impose severe constraints on internal operations (Kinra et al., 2020). In 
such conditions, internal capabilities alone are often insufficient to absorb external shocks or to 
mitigate the resulting trade-offs between competing priorities (Li et al., 2023). External network 
capabilities are developed jointly with supply chain partners through shared resource 
investments and collaborative processes (Shi and Gregory, 1998; Teng and Cummings, 
2002), reducing the burden on internal resources and supporting sustainability performance.

Some Sand Cone extensions incorporate supplier relationships and collaboration into the 
development of traditional operations capabilities (Newman et al., 2009; Bortolotti et al., 
2015), but most do not address the broader set of network capabilities that extend cumulative 
development beyond the plant. Network capabilities, including collaboration, risk 
management culture, visibility, supply chain reengineering and agility, help plants buffer 
environmental uncertainty, especially in the form of volatile supply and demand, by stabilising 
interorganisational flows, enabling information exchange and facilitating coordinated 
responses across the supply chain (Christopher and Peck, 2004). They can complement
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internal operations by extending the firm’s performance frontier and enabling adaptive, 
distributed responses in crisis contexts (Rosenzweig and Easton, 2010). Recent studies on the 
disruptions caused by COVID-19 (Mohammed et al., 2023; Li et al., 2023) confirm this logic 
and show that externally embedded capabilities support supply chain networks and stabilise 
internal operational processes, thereby maintaining both poles in practice. Network 
capabilities, therefore, represent the missing extension of the Sand Cone model at the 
network level, enabling spatial separation during HILF disruptions. Thus, we hypothesise:

H2a. Plants with a high level of network capabilities within their supply chain networks 
before HILF disruption events are less likely to experience trade-offs between 
traditional operations capabilities (quality, delivery, flexibility or cost efficiency) 
and sustainability capabilities (social or ecological) during such periods.

H2b. Plants with a high level of network capabilities within their supply chain networks 
before HILF disruption events are more likely to maintain or further develop social 
and ecological sustainability capabilities during such periods.

Based on the constructs and relationships discussed, the research model is illustrated in 
Figure 1.

3. Research methodology
This study combines survey-based data collection with SEM techniques and sequence testing. 
PLS-SEM was employed due to its suitability for smaller sample sizes and exploratory studies 
focused on theory extension (Hair et al., 2021; Cheah et al., 2023). To ensure rigour, consistent 
PLS-SEM (PLSc-SEM) was utilised, offering reliability and validity comparable to those of 
CB-SEM for reflective models (Hair et al., 2021; Wang et al., 2023). Sequence tests according 
to Schroeder et al. (2011) and Chen et al. (2023) supplemented the analysis by triangulating the 
cumulative effect of the sand cone sequence and providing insights into the progress made in 
capacity building and the trade-offs observed in the data sets before and after the HILF 
disruption (Narasimhan and Schoenherr, 2013).

3.1 Survey development
The survey instrument was developed from the research model (Figure 1) and established 
constructs (Table 2). These constructs represent three categories: internal traditional

Figure 1. Conceptualisation of cumulative capability model tested with PLS-SEM and sequential testing. 
Source: Authors’ own elaboration
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Table 2. Constructs with measurement items

Construct Definition Representing
Formative/
reflective Measurement items

Internal operations capabilities (OC)
OCQ Quality Ability to ensure that the 

product meets the required 
standards and specifications 
(Schroeder et al., 2011)

Economic
priorities

Reflective Q1 Product capability and 
performance
Q2 Conformance to 
product specifications 

OCD Delivery The reliability in delivering 
products on time to customers 
or next processes (Schroeder 
et al., 2011)

Reflective D1 Fast delivery
D2 On time delivery 
performance

OCF Flexibility The ability to change 
manufacturing processes or 
adapt to new products, mix or 
volumes efficiently 
(Schroeder et al., 2011)

Reflective F1 Flexibility to change 
volume
F2 Flexibility to change 
product mix
F3 Speed of new product 
introduction into the plant 

OCC Cost efficiency Being able to produce with 
lower costs than competitors 
(Schroeder et al., 2011)

Reflective C1 Inventory turnover 
C2 Cycle time (from raw 
materials to delivery)
C3 Unit cost of 
manufacturing 

OCSS Social
sustainability

Ability to ensure social 
sustainability of employees 
during production and 
delivery of products and 
meeting the requirements of 
stakeholders (Gold et al., 
2017)

Social-
ecological 
priorities

Reflective S1 Health and safety
S2 Human and labour 
rights

OCSE Ecological
sustainability

Ability to ensure ecological 
efficiency and sustainability 
during production and 
delivery of products and 
meeting the requirements of 
stakeholders (Avella et al., 
2011; Gold et al., 2017)

Reflective E1 Pollution prevention 
E2 Recycling of materials 
E3 Waste reduction

External network capabilities (NC)
NCC Collaboration Ability of integrating and 

aligning various internal and 
external functions and 
members of the supply chain 
(Christopher and Peck, 2004; 
Manda, 2012)

Reflective CO1: Information and 
knowledge sharing 
CO2: Joint planning and 
decision making
CO3: Incentive 
availability

NCRM Risk 
Management 
culture

Ability to recognise, assess 
and address risks and 
uncertainties in the supply
chain (Christopher and Peck, 
2004; Manda, 2012)

Reflective RM1: Awareness of 
supply chain risks
RM2: Effectiveness of 
risk assessment
RM3: Implementation of 
risk mitigation strategies 
RM4: Adequacy of risk 
management training

(continued )
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operations capabilities, internal social and ecological sustainability capabilities and external 
network capabilities. Measurement items (Table 2) were derived from the literature and 
respondents rated their manufacturing plants on a 5-point Likert scale (Schroeder et al., 2011). 
While most constructs were multi-item, the quality construct was reduced to one item after 
low-loading removal, a limitation acknowledged.

Given the challenges of longitudinal studies, a cross-sectional study design was adopted. 
Prior research shows that cross-sectional data comparing different conditions can approximate 
temporal dynamics and reveal capability progressions over time (Schroeder et al., 2011; 
Narasimhan and Schoenherr, 2013). The plants were retrospectively assessed under pre-HILF 
conditions (2019) and post-HILF conditions using data from 2023 to 2024. The questionnaire 
underwent rigorous pre-testing for content and face validity with three academics and two 
practitioners, and the SoSci Survey tool was assessed to confirm instrument validity. The 
questionnaire can be found in supplementary file A.

3.2 Data collection
The analysis focused on individual manufacturing plants, which often house diverse 
capabilities and performance levels compared to the broader business unit (Boyer and Lewis, 
2002; Schroeder et al., 2011). Data collection occurred from November 2023 to March 2024. 
Plants were contacted via mailing lists and follow-ups, with outreach through industry 
associations. The process yielded a 10% response rate, reflecting the study’s complexity and

Table 2. Continued

Construct Definition Representing
Formative/
reflective Measurement items

NCV Visibility Ability of all stakeholders in 
the supply chain to access and 
share relevant data and 
information (Christopher and 
Peck, 2004; Jain et al., 2017)

Reflective V1: Visibility of 
inventory and demand 
levels
V2: Information sharing 
of strategy and changes 
V3: Visibility of tracking 
goods, supply chain 
partners and routes 

NCR SC 
reengineering 
and design

Ability to systematically 
analyse, redesign and 
reconfigure supply chain 
processes and structures 
towards threats and 
opportunities (Christopher and 
Peck, 2004; Manda, 2012)

Reflective SCR1: Supply chain 
analysis towards threats 
and opportunities
SCR2: Set up supply base 
strategy
SCR3: Effectiveness of 
implementation of 
process and structural 
changes
SCR4: Use of technology 
in evaluation and re-
design

NCA Agility Ability to detect and respond 
quickly to unpredictable 
changes in the environment by 
reconfiguring existing 
resources, structures and 
processes, acquiring new 
resources in a timely manner 
(Christopher and Peck, 2004; 
Manda, 2012)

Reflective A1: Detection speed
A2: Response efficiency 
A3: Timely resource 
reconfiguration and 
acquisition
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limited timeframe (Frohlich, 2002). Responses were collected via the SoSci Survey platform. 
Of 150 initial responses, 135 were retained after excluding entries with incomplete answers, 
uniform ratings or low self-reported confidence. The final sample includes 26 OEMs and 109 
Tier 1 or lower-tier suppliers, with 51 plants operating for more than 20 years, 47 for 10– 
19 years and 37 for 10 years or fewer. Sixty-eight plants are located in Europe, 22 in North 
America, 13 in China and 32 in other regions. Regarding size, 44 plants employ more than 
1,000 people, while 91 have fewer.

To ensure data quality, entries with uniform ratings or low response confidence were 
removed. At the survey’s conclusion, respondents rated their confidence on a scale from 1 
(very low) to 5 (very high); respondents with low confidence were excluded. To address 
common method bias (Podsakoff et al., 2003), we ensured respondent anonymity, cross-
verified supplier data with rankings of a collaborating OEM and applied statistical remedies to 
assess the measurement model. Specifically, a full collinearity assessment, as proposed by 
Kock (2015), was conducted, ensuring that all variance inflation factor (VIF) values were 
≤3.3. This indicates that the measurement model is free of significant common-method bias. 
To verify the disruption context, survey periods were compared with the New York Fed’s 
Global Supply Chain Pressure Index (Benigno et al., 2022), which showed unprecedented 
supply chain pressure in 2020–2022 and stabilisation in 2023–2024. This confirms that the 
2019 and 2023/24 datasets capture conditions before and after the HILF disruption phase.

3.3 Data analysis
The PLSc-SEM method was used to evaluate direct and indirect effects of operations 
capabilities and to assess the Sand Cone capability sequence as a prerequisite for testing H1a, 
b. Following Hair et al. (2021) and Wang et al. (2023), the approach included evaluating 
measurement and structural models, conducting mediation tests with bootstrapping and 
conducting robustness tests (Table 3). Data were analysed using SmartPLS 4.0 by two 
researchers independently.

To complement the PLS-SEM analysis, sequence testing followed Schroeder et al. (2011) 
and Chen et al. (2023) using the pre-HILF dataset. Constructs for quality, delivery, flexibility 
and cost efficiency were grouped into high (H) or low (L) based on sample medians. All 
theoretically valid sequences were compared against the Sand Cone logic and each plant was 
classified as consistent or inconsistent with this progression, enabling testing of H1a, b. An 
average network capability score was also calculated from the five network constructs, split at 
the median into high and low levels for testing H2a, b.

Trade-offs were identified when a sustainability capability decreased from high (H) to low 
(L) while a traditional operations capability increased from low to high. Capability building or 
preservation was observed when sustainability-related capabilities shifted from low to high or 
remained high across both periods. These patterns were analysed across the pre-disruption 
(2019) and post-HILF disruption (2023/2024) datasets, providing empirical insights into 
hypotheses H1a, b and H2a, b. Table 3 outlines these variables, including descriptions, data 
and corresponding hypotheses, which were then tested using Chi-square tests (Fahrmeir et al., 
2016) to assess associations between categorised variables and observations, providing 
empirical validation for H1a, b and H2a, b.

4. Analysis and results
4.1 Results from PLS-SEM analysis
4.1.1 Measurement model evaluation. Following the measurement model assessment, certain 
items were removed to enhance reliability and validity. Table 4 provides both the initial and 
final values after these adaptations. In the operation capability (OC) model, Q1 of quality 
(OCQ) was removed due to outer loadings falling below 0.7, as well as critical values observed 
for AVE, Cronbach’s alpha and reliability indicators, to improve the overall performance of the
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Table 3. PLS-SEM steps for data evaluation and operationalisation of categorical variables

I. Consistent PLS-SEM 
Steps Evaluation criterion Description References

1. Measurement model evaluation
Step
1.1

Indicator reliability Outer loadings >0.70. Indicators between 0.40
and 0.70 were removed only if their exclusion 
improved composite reliability or AVE 

Hair et al. (2021), Wang 
et al. (2023)

Step
1.2

Internal consistency 
reliability

Evaluated by Cronbach’s alpha, composite 
reliability rhoC and reliability coefficient 
rhoA. Acceptable range: 0.70–0.95

Hair et al. (2021), Dijkstra 
and Henseler (2015)

Step
1.3

Convergent validity Average Variance Extracted (AVE) > 0.50 Hair et al. (2021), Wang 
et al. (2023)

Step
1.4

Discriminant 
validity

HTMT ratio used for assessment (<0.90). 
Cross-loadings reviewed as an additional 
check

Hair et al. (2021), Wang 
et al. (2023)

2. Evaluation of the structural model
Step
2.1

Collinearity VIF < 5 to confirm no multicollinearity among
predictors. Additionally, VIF values used to 
address common method bias

Hair et al. (2021), Kock 
(2015)

Step
2.2

Significance and 
relevance

Path coefficients (β) of direct and indirect 
effects using bootstrapping (5,000 resamples). 
Significant effects: t-value >1.96 (p < 0.05) 

Hair et al. (2021)

Step
2.3

Mediation testing Mediation testing via bootstrapping (5,000 
resamples) results was classified as 
complementary, competitive, indirect-only or 
no mediation. Confidence intervals (95%) 
excluding zero indicated robust mediation 
effects

Hair et al. (2021)

Step
2.4

Predictive and 
explanatory power

Assessed via PLSpredict (Q 2 predict, RMSE, 
MAE) and R-square/R-square adjusted, 
showing strong fit with minimal R-square 
adjustment

Hair et al. (2021), Shmueli 
et al. (2019), Wang et al. 
(2023)

Step
2.5

Robustness checks Nonlinear effects using interaction terms and 
Ramsey’s RESET test, endogeneity through 
the Gaussian copula approach and unobserved 
heterogeneity via FIMIX-PLS segmentation

Sarstedt et al. (2020)

II. Operationalisation of categorical variables within sequence testing
Categorical 
variable Description

Selected data for
observations

Categorised
values

Related
hypothesis

Adherence to 
the TSC 
sequence

Use of the identified 
sequences and the plants 
and separating plants which 
follow traditional sand cone 
sequence (TSC) with 
LLLL, HLLL, HHLL, 
HHHL, HHHH or not 

Observations extracted 
from pre HILF disruption 
(2019)

yes (Y) and 
no (N)

H1a, b

Level of NC Dividing aggregated mean 
of NC into low level and 
high level by the use of 
median

high (H) and 
low (L)

H2a, b

(continued )
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measurement model. Similarly, items S2 of social sustainability (OCSS) and E3 of ecological 
sustainability (OCSE) were removed due to issues with discriminant validity, as indicated by 
HTMT criterion values exceeding the threshold of 0.9. In the network capability (NC) 
measurement model, items R3 and R4 of supply chain reengineering and design (NCR), RM3 
and RM4 of risk management culture (NCRM) and A3 of agility (NCA) were removed 
primarily due to failing the discriminant validity test, as indicated by the HTMT criterion, with 
high cross-loadings guiding the item selection for removal. More details on the HTMT criteria 
and cross-loadings are provided in Tables B.I–B.II of supplementary file B. All other 
measurement items in the models demonstrated highly stable results and measures, affirming 
their utility and reliability for measuring the constructs.
4.1.2 Structural model assessment. In the assessment of the operations capability model, 

the collinearity test (Figure 2) indicates no significant issues, as all VIF remain below the 
threshold of 5. Moving on to the network capability model, V1 of visibility (NCV) emerges as 
one item with the highest VIF in the post-HILF context (VIF 5.488), indicating slight 
multicollinearity concerns. However, the VIF in pre-HILF disruption remains below the 
threshold of 5 (VIF 3.218). The results suggest that multicollinearity may not be severely 
affecting the model’s estimates.

Direct and indirect effects and significance of relationships of the operations capability 
model: The final empirical model, including the direct and indirect path coefficients (β), 
standard deviation (STDEV) values and statistical significance with T and p-values, was 
extracted using bootstrapping with 5,000 resamples. These results are summarised in Figure 2, 
which presents only the direct path coefficients, their significance and explained variance (R 2 ). 
All remaining direct path coefficients (e.g. quality with flexibility) and indirect path 
coefficients, along with their significance results, are provided in the supplementary file 
(Table B.III). Following Hair et al. (2021), mediation testing was applied to classify the 
relationships as complementary, competitive, indirect-only or no mediation. In summary, both 
the indirect and direct effects are significant and point in the same positive direction, revealing 
complementary mediation. Delivery (OCD) and flexibility (OCF) were identified as key 
mediators across both the pre- and post-HILF disruption data sets.

Table 3. Continued

II. Operationalisation of categorical variables within sequence testing
Categorical 
variable Description

Selected data for
observations

Categorised
values

Related
hypothesis

Trade-offs Evaluation of changes in
OCSS and OCSE against
TSC (OCQ, OCD, OCF,
OCC); improvement in one
or more TSC (L to H) by
sacrificing OCSS or OCSE
(H to L) on a global
perspective

Observations extracted 
from changes in data sets 
between pre-HILF 
disruption (2019) and post-
HILF disruption (2023/24)

yes (Y) and 
no (N)

H1a and 
H2a

Capability
building

Building (change from L to
H)/Preserving (consistent
from H to H) vs. not
building (consistent from L
to L)/not preserving
(change from H to L) on a
global perspective

yes (Y) and 
no (N)

H1b and 
H2b

Note(s): The term “global perspectives” refers to the approach of dividing capabilities into low (L) and high (H)
categories based on the median value within the dataset and carried out related observations
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Table 4. Results summary
 
of reflective measurement models

Measure-
ment 
model

Latent
variable Indicator

Convergent validity Convergent internal consistency reliability
Discriminant
validity

Loadings AVE Cronbach’s alpha Reliability (rhoA) Composite reliability (rhoC) HTMT

>0.70 >0.50 0.70–0.95 0.70–0.95 0.70–0.95
Significantly
lower than 0.90?

High EU Low
 
EU High EU Low

 
EU High EU Low

 
EU High EU Low

 
EU High EU Low

 
EU

High 
EU

Low
EU

OC OCQ Q1 0.474//*– 0.410//*– 0.270//*– 0.341//*– 0.421//*– 0.454//*– 0.428//*– 0.545//*– 0.424//*– 0.491//*– yes yes
Q2 0.562//

*1.000
0.717//
*1.000

OCD D1 0.846//
*0.823

0.940//
*0.928

0.656//
*0.653

0.787//
*0.785

0.790//
*0.790

0.877//
*0.877

0.795//
*0.791

0.887//
*0.883

0.792//
*0.790

0.880//
*0.879

yes yes

D2 0.771//
*0.793

0.831//
*0.841

OCF F1 0.891//
*0.891

0.910//
*0.910

0.765//
*0.765

0.785//
*0.785

0.906//
*0.906

0.916//
*0.916

0.908//
*0.908

0.918//
*0.918

0.907//
*0.907

0.916//
*0.916

yes yes

F2 0.896//
*0.897

0.831//
*0.832

F3 0.836//
*0.835

0.914//
*0.914

OCC C1 0.799//
*0.798

0.840//
*0.830

0.700//
*0.699

0.764//
*0.764

0.874//
*0.874

0.907//
*0.907

0.878//
*0.877

0.908//
*0.909

0.874//
*0.874

0.907//
*0.907

no//
*yes

no//
*yes

C2 0.897//
*0.894

0.906//
*0.923

C3 0.809//
*0.814

0.875//
*0.867

OCSS S1 0.855//
*1.000

0.746//
*1.000

0.720//
*0.720

0.572//
*0.572

0.837//
*0.837

0.727//
*0.727

0.837//
*0.837

0.728//
*0.728

0.837//
*0.837

0.727//
*0.727

no//
*yes

no//
*yes

S2 0.841//*– 0.766//*–
OCSE E1 0.910//

*0.926
0.883//
*0.942

0.801//
*0.796

0.683//
*0.730

0.924//
*0.885

0.866//
*0.833

0.924//
*0.889

0.869//
*0.861

0.924//
*0.886

0.865//
*0.843

no//
*yes

no//
*yes

E2 0.869//
*0.858

0.772//
*0.757

E3 0.905//*– 0.820//*–
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Table 4. Continued

Measure-
ment 
model

Latent
variable Indicator

Convergent validity Convergent internal consistency reliability
Discriminant 
validity

Loadings AVE Cronbach’s alpha Reliability
 
(rhoA) Composite reliability (rhoC) HTMT

>0.70 >0.50 0.70–0.95 0.70–0.95 0.70–0.95
Significantly lower than 0.90?

High
 
EU Low

 
EU High

 
EU Low

 
EU High

 
EU Low

 
EU High

 
EU Low

 
EU High

 
EU Low

 
EU

High
 EU

Low
EU

NC NCC CO1 0.824//
*0.828

0.509//
*0.479

0.713//
*0.713

0.504//
*0.506

0.882//
*0.882

0.744//
*0.744

0.882//
*0.882

0.778//
*0.787

0.882//
*0.882

0.746//
*0.745

yes yes

CO2 0.863//
*0.876

0.827//
*0.853

CO3 0.845//
*0.829

0.753//
*0.747

NCRM RM1 0.899//
*0.936

0.899//
*0.958

0.817//
*0.834

0.773//
*0.870

0.947//
*0.909

0.931//
*0.930

0.948//
*0.911

0.933//
*0.932

0.947//
*0.909

0.932//
*0.930

no//
*yes

no//
*yes

RM2 0.854//
*0.890

0.850//
*0.907

RM3 0.951//*– 0.932//*–
RM4 0.907//*– 0.832//*–

NCV V1 0.920//
*0.918

0.870//
*0.866

0.849//
*0.849

0.790//
*0.790

0.944//
*0.944

0.918//
*0.918

0.944//
*0.944

0.919//
*0.919

0.944//
*0.944

0.919//
*0.918

yes yes

V2 0.925//
*0.921

0.872//
*0.877

V3 0.920//
*0.926

0.923//
*0.922

NCR SCR1 0.918//
*0.974

0.850//
*0.899

0.814//
*0.872

0.762//
*0.793

0.945//
*0.930

0.927//
*0.884

0.947//
*0.935

0.929//
*0.885

0.946//
*0.931

0.928//
*0.885

no//
*yes

no//
*yes

SCR2 0.835//
*0.892

0.838//
*0.882

SCR3 0.919//*– 0.937//*–
SCR4 0.934//*– 0.865//*–

NCA A1 0.935//
*0.937

0.896//
*0.951

0.861//
*0.882

0.824//
*0.870

0.949//
*0.937

0.934//
*0.930

0.950//
*0.937

0.936//
*0.931

0.949//
*0.937

0.933//
*0.930

no//
*yes

no//
*yes

A2 0.951//
*0.941

0.865//
*0.914

A3 0.898//*– 0.959//*–

Note(s): Font shows values with potential issues. *Represent changed results after the final adaptation of the measurement model, such as removing poorly performing indicators
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Analysis of the operations capability model in pre- and post-HILF disruption contexts 
reveals that all direct and indirect effects are statistically significant (p-values <0.001), 
indicating strong direct and cumulative indirect relationships between the constructs. Despite 
this overall significance, notable differences emerge when comparing the pre- and post-HILF 
disruption data sets. In the post-HILF disruption context, the model shows stronger effects, 
suggesting that heightened environmental uncertainty and internal resource constraints 
reinforce and intensify relationships among capabilities. The model also demonstrates robust 
explanatory and predictive power, performing better in post-HILF disruption contexts (see 
Tables B.IV and B.V in Supplementary File B). The robustness checks, detailed in Table B.VI 
in the supplementary file B, confirm the reliability and validity of the model. Nonlinear effects 
demonstrate significant dynamics, such as the role of flexibility and cost efficiency in OC, 
highlighting the models’ ability to capture complex relationships. Endogeneity testing 
revealed no major concerns, reinforcing the stability of key relationships, while FIMIX-PLS 
showed strong support for unobserved heterogeneity across segments, particularly under post-
HILF disruption conditions. Together, these results support the robustness of the model, 
validating its relevance for understanding capability interactions in diverse contexts.

4.2 Results from sequence testing
The evaluated capability sequences are listed in Table 5, along with the number of plants that 
fall under each identified pattern. The associated columns indicate whether the observed 
sequence corresponds to the hypothesised sand cone sequence (H1a, b), marked as “Possible” 
or “No”. The analysis of the data reveals that 70% of plants possibly followed a traditional 
Sand Cone sequence in the pre-HILF disruption context, increasing to 87% in the post-HILF 
disruption phase. In the pre-HILF phase, a notable share of plants focused on building 
capabilities in quality, delivery and cost-efficiency, often at the expense of flexibility. During 
the disruption, however, many were required to (re)build flexibility under pressure, facing 
resource constraints and operational instability. This realignment often came at the expense of 
previously prioritised sustainability capabilities, indicating trade-offs. The post-HILF data 
show that more plants subsequently fell under the traditional Sand Cone sequence, suggesting 
a return to cumulative capability development as a response to disruption-induced pressure.

The summary below presents the results of testing hypotheses H1a, b and H2a, b. It 
provides detailed insights into how adherence to the traditional Sand Cone sequence (H1a, b), 
along with a high level of network capabilities (H2a, b), is associated with reducing trade-offs 
between traditional operations capabilities and sustainability capabilities (H1a, H2a).

Figure 2. Results summary of structural model evaluation. Source: Authors’ own elaboration
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Furthermore, it examines how these capabilities relate to the preservation and development of 
social and ecological sustainability during phases of HILF disruptions (H1b, H2b):

(1) H1a: Statistically supported; correlation with a χ 2 (1) value of 37.37, p-value <0.001 
and a large Cram�er’s V effect size of 0.53.

(2) H1b: Not statistically supported; no correlation with a χ 2 (1) value of 0.15, p-value of 
0.696 and a small Cram�er’s V effect size of 0.03.

(3) H2a: Statistically supported; correlation with a χ 2 (1) value of 12.52, p-value <0.001 
and a medium Cram�er’s V effect size of 0.30.

Table 5. Results sequence testing: number of plants exhibiting each particular sequence

Evaluated sand cone sequence* No. of plants

OCQ OCD OCF OCC OCSS OCSE
Pre 
HILF

Post
HILF TSC

L L L L L H 1 0 Possible
L L L H L L 0 2 No
L L H L L L 1 0 No
L L H L H H 1 0 No
L L H H H H 1 1 No
L H L H L L 0 1 No
L H H L H H 1 0 No
L H H H H H 1 0 No
H L L L L L 8 13 Possible
H L L L L H 0 1 Possible
H L L L H L 2 1 Possible
H L L L H H 2 0 Possible
H L L H L L 1 4 No
H L L H H L 4 0 No
H L L H H H 3 0 No
H L H L L L 1 3 No
H L H L H H 0 1 No
H L H H L L 0 1 No
H L H H H L 4 0 No
H L H H H H 0 1 No
H H L L L L 2 8 Possible
H H L L L H 0 1 Possible
H H L L H L 1 0 Possible
H H L L H H 0 1 Possible
H H L H L L 2 2 No
H H L H L H 1 0 No
H H L H H L 4 0 No
H H L H H H 16 1 No
H H H L L L 11 10 Possible
H H H L L H 1 3 Possible
H H H L H L 5 1 Possible
H H H L H H 4 2 Possible
H H H H L L 2 6 Possible
H H H H L H 0 0 Possible
H H H H H L 2 5 Possible
H H H H H H 41 56 Possible
L L L L L L 12 10 Possible
Percentage of plants following Traditional Sand Cone (TSC) 70% 87%
Note(s): *The following sequences were not listed due to missing observations in the data set: LLLLHL,
LLLLHH, LLLHLH, LLLHHL, LLLHHH, LLHLLH, LLHLHL, LLHHLL, LLHHLH, LLHHHL, LHLLLL,
LHLLLH, LHLLHL, LHLLHH, LHLHLH, LHLHHL, LHLHHH, LHHLLL, LHHLLH, LHHLHL, LHHHLL,
LHHHLH, LHHHHL, HLLHLH, HLHLLH, HLHLHL, HLHHLH, HHHHLH
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(4) H2b: Statistically supported; correlation with a χ 2 (1) value of 72.9, p-value <0.001 
and a large Cram�er’s V effect size of 0.73.

Additional information on observed versus expected frequencies in relation to H1a, b and H2a, 
b is detailed in Table B.VII in the supplementary file B.2.

5. Discussion and implications
5.1 Discussion of results
This study examines how manufacturing plants manage tensions between economic and 
social-ecological priorities during HILF disruptions by developing cumulative internal and 
network capabilities. Paradox theory conceptualises these tensions as persistent and 
intensifying under uncertainty and resource constraints. Our findings imply that plants 
manage these tensions through two separation strategies: temporal, via sequential 
development of internal capabilities (Sand Cone model) and spatial, through integration 
of external network capabilities. Plants adhering to the Sand Cone sequence before the 
disruption experienced fewer trade-offs between traditional operations and sustainability 
capabilities (H1a supported). Likewise, plants with strong network capabilities managed 
trade-offs more effectively (H2a supported), confirming the role of network-based 
capabilities (Christopher and Peck, 2004). In line with H2b, plants embedded in such 
networks were also more likely to sustain or enhance social and ecological capabilities 
during crisis conditions.

Surprisingly, many plants had not followed the traditional Sand Cone sequence before 
the COVID-19 pandemic. Under stable conditions, automotive manufacturers often 
prioritised cost efficiency over flexibility, consistent with Schroeder et al. (2011). Once 
exposed to high uncertainty and resource constraints, however, many shifted towards 
cumulative capability development paths, indicating a realignment with Sand Cone logic. 
This pattern aligns with earlier findings that uncertainty can reinforce cumulative progress 
(Amoako-Gyampah and Meredith, 2007; Ehie and Schoenherr, 2021; Gold et al., 2017). 
From a paradox theory lens, this shift reflects temporal separation: as tensions intensified, 
plants initially made short-term trade-offs but simultaneously pursued a long-term, staged 
process to accommodate competing priorities over time (Smith and Lewis, 2011; Hahn 
et al., 2015). Structured sequencing under disruption thus represents a paradoxical response 
aimed at stabilising performance while integrating conflicting priorities (Berti and 
Cunha, 2022).

Supporting H2a and H2b, strong network capabilities helped plants buffer uncertainty and 
sustain or improve sustainability performance. This aligns with the spatial separation logic of 
paradox theory, showing how inter-organisational capability building enables plants to address 
trade-offs across boundaries (Hahn et al., 2015). The result echoes Wilhelm and Sydow 
(2018), who find that firms developing relationship-oriented capabilities better manage 
supplier–network tensions and Schrage and Rasche (2022), who show that spatial separation 
can serve as a context-sensitive response to inter-organisational misalignments.

Exploratory post hoc analyses of network capability progression (Supplementary File B.3) 
show a sequence of collaboration and risk management culture, progressing with visibility and 
supply chain redesign to agility, reflecting the hierarchical capability model of Jain et al. 
(2017). Plants with higher resource sharing showed stronger network capabilities, as well as 
control tests on network sequence adherence and shared resources (Supplementary File B.3, 
Table B.VII) confirm this pattern.

An additional post hoc robustness check, alternative Sand Cone extensions were analysed, 
as proposed in prior literature (Avella et al., 2011; Henao and Sarache, 2023). Several models, 
including those prioritising ecological sustainability before cost efficiency, produced weaker 
results based on BIC, path coefficients and R 2 . The cumulative path tested here: from quality 
through delivery, flexibility and cost efficiency to social and ecological sustainability showed
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the best fit (Supplementary File B.4). This supports Gold et al. (2017), who position 
sustainability capabilities as the top layer of an extended Sand Cone, while contrasting with the 
reverse sequence proposed by Molinaro et al. (2024).

5.2 Contribution and implications for theory and practice
This study contributes to manufacturing strategy by re-examining the Sand Cone model under 
HILF disruptions and by proposing an extended Supply Chain Sand Cone model (Figure 3). 
Our empirical results support the cumulative capability logic and, therefore, the sand cone 
model as a valid mechanism to reduce trade-offs when firms face resource constraints and 
environmental uncertainty. This provides empirical insight into prior research linking strategic 
and institutional uncertainty to cumulative capability logic (Amoako-Gyampah and Meredith, 
2007; Ehie and Schoenherr, 2021; Gold et al., 2017) and responds to Wiengarten et al.’s (2023) 
call to evaluate sustainability-related capabilities under disruptive conditions.

Relative to prior extensions, our model advances the literature in four ways. Firstly, while 
Gold et al. (2017) extend the Sand Cone to integrate social and ecological sustainability, their 
analysis remains limited to the firm level and to institutional uncertainty. In contrast, our study 
embeds sustainability within a multi-level supply-chain model and demonstrates how social 
and ecological capabilities are safeguarded or developed during HILF disruptions. Secondly, 
earlier extensions have linked cumulative logic to supply-chain integration. Newman et al. 
(2009) outline four levels of integration from functional to multi-tier, but their insights remain 
exploratory. Bortolotti et al. (2015) emphasise organisational fitness, such as supplier 
relationships and stability, as the foundation of cumulative progression. Tham and 
Chiadamrong (2016) provide quantitative evidence that supply-chain integration, operations 
and human-resource-management capabilities reinforce traditional operations capabilities and 
performance in line with Sand Cone logic. While these studies show that integration supports 
progression, they focus mainly on direct buyer–supplier relationships and do not address 
broader network capabilities or social-ecological trade-offs. We extend this work by 
integrating a wider set of network capabilities, including visibility, risk-management culture, 
supply-chain re-engineering and agility, alongside collaboration. This allows cumulative logic 
to extend across multiple tiers while explicitly incorporating social-ecological priorities. Our

Figure 3. Extending the traditional sand cone to a multi-dimensional supply chain sand cone model. Source: 
Authors’ own elaboration
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exploratory post-hoc analysis further suggests that network capabilities follow a cumulative 
sequence at the supply-chain level, an empirical pattern not previously articulated.

Thirdly, our study re-examines the cumulative capability logic in the context of HILF 
disruptions. Whereas earlier studies focused on institutional or strategic uncertainty (Gold 
et al., 2017; Amoako-Gyampah and Meredith, 2007; Ehie and Schoenherr, 2021; Tamayo-
Torres et al., 2017), our study demonstrates how cumulative logic operates under global 
disruption conditions validated by archival indicators of the GSCP Index (Benigno et al., 
2022). This contextualisation expands the cumulative capability theory by showing that 
temporal separation within manufacturing plants and spatial separation across supply chain 
networks serve as paradoxical response strategies during crises. Fourthly, we provide novel 
empirical insights into tensions between economic and social-ecological priorities by 
operationalising them as observed trade-off patterns across pre- and post-disruption periods 
(Hahn et al., 2015; Berti and Cunha, 2022). Previous sand cone extensions were typically 
based on performance results from a single time period (Schroeder et al., 2011). Our design 
approximates a longitudinal study design through retrospective assessments and captures how 
specific capability progressions influence trade-offs under disruptive conditions.

Based on these findings, we propose an extended Supply Chain Sand Cone model for 
global HILF disruptions (see Figure 3). This model incorporates: (1) the cumulative 
development of internal operations capabilities as a foundation for social and ecological 
sustainability, (2) external network capabilities that amplify internal effects and reduce trade-
offs and (3) a multidimensional view of performance that includes financial, social and 
ecological outcomes (Elkington, 1994). Although firm performance was not part of this study, 
the proposed model reflects current research findings (Lee et al., 2016; Henao and Sarache, 
2023; Molinaro et al., 2024), demonstrating the positive impact of operational capabilities on 
economic, environmental and social firm performance.

Beyond these specific extensions, the study also contributes to broader debates on 
sustainability transitions by showing that cumulative operations and supply chain capabilities 
act as stabilising mechanisms that help firms maintain progress on social, ecological and 
economic priorities during periods of disruption (Pahl-Wostl et al., 2023). In addition, the 
findings empirically enrich paradox theory by showing how temporal and spatial separation 
strategies interact in managing tensions between economic and social-ecological priorities 
within plants and across inter-organisational supply networks (Berti and Cunha, 2022; Hahn 
et al., 2015).

This study provides practical guidance for plant managers trying to balance economic and 
social-ecological goals during HILF disruptions. A key implication of the expanded model is that 
capability development should be consciously sequenced to achieve both economic and social-
ecological priorities rather than trading one priority off against the other. Before disruptions, 
managers should strengthen fundamental capabilities in a stepwise approach, starting with 
quality, then delivery, to provide stability and routines to buffer shocks. Flexibility and, finally, 
cost efficiency can follow once these fundamentals are in place, supporting operational slack and 
resource efficiencies that secure sustainability initiatives. During disruptions, managers should 
resist sacrificing social-ecological priorities to short-term pressures and instead activate network 
capabilities to stabilise performance. Investments in visibility systems, contingency planning 
and collaborative platforms such as Catena-X enable shared quality, logistics and inventory 
information (Catena-X, 2025). Building trust and collaboration with suppliers establishes 
stronger risk management, visibility and agility, suggesting that network-capability development 
also follows a staged sequence. Mapping capabilities jointly across supply networks, as 
suggested by Newman et al. (2009), can help firms identify sequencing gaps and assign 
leadership responsibilities for collaborative initiatives.

Leading companies in the network should support their supplier base through step-by-step 
capability and collaborative development programmes, rather than withdrawing immediately, 
in line with the European Corporate Sustainability Due Diligence Directive (Kinra and 
Warmbier, 2025). Suppliers, in turn, should integrate internal sustainability practices into their
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development plans and gradually expand to network-wide initiatives such as Together for 
Sustainability or CSR Europe, which promote common standards and collaborative 
approaches. These implications underscore that a stepwise approach towards investments 
and collaborative governance is essential to manage tensions effectively between economic 
and social-ecological goals in times of uncertainty. Managers who view capability 
development as a cumulative, path-dependent process within their own manufacturing 
plants and across networks are better able to maintain competitiveness and meet the rising 
expectations of stakeholders in a volatile environment.

6. Conclusion
This study examined how manufacturing plants manage tensions between competing 
economic and social-ecological priorities under HILF disruptions, characterised by 
environmental uncertainty and internal resource constraints. Findings show that adherence 
to the Sand Cone sequence, beginning with quality, followed by delivery, flexibility and cost 
efficiency and extending towards social and ecological sustainability, mitigates trade-offs 
between traditional operations and social-ecological sustainability capabilities. Furthermore, a 
high level of network capabilities across the supply chain reduces trade-offs and supports the 
development of sustainability capabilities by reinforcing internal operations under volatile 
conditions.

By situating cumulative capability development within the paradox of competing 
economic and social-ecological priorities, this study advances the research agenda on 
corporate sustainability paradoxes under crisis conditions. It conceptualises HILF disruptions 
as a compound contingency that makes paradoxical tensions salient and proposes an extended 
Supply Chain Sand Cone model that links temporal separation within manufacturing plants 
(cumulative operations capabilities) with spatial separation across supply chain networks 
(network capabilities). This model explains how firms use cumulative operations and network 
capabilities to mitigate trade-offs, navigate sustainability-related tensions in practice and 
maintain momentum in sustainability transitions under disruptive conditions.

While the study advances understanding of cumulative capability development during 
HILF disruptions, it is not without limitations. The short survey duration may have affected the 
response rate and measurement models. Additionally, the use of cross-sectional data limits 
causal inferences, as it captures responses at a single point in time. Future research could 
therefore focus on longitudinal studies to better understand the dynamic effects of cumulative 
capability development. The reliance on dual perspectives collected at a single time point may 
introduce biases, despite efforts to reduce these through cross-checks, emphasis on historical 
company data and exclusion of low-confidence entries. Moreover, survey-based research 
remains susceptible to common method bias, including social desirability and item ambiguity. 
While steps were taken to minimise these biases, they cannot be fully ruled out. A further 
limitation is that HILF disruptions were conceptualised as a compound contingency but not 
directly measured, with archival indicators such as the GSCP index used for validation.

Future research should further extend this work on sustainability paradoxes under crisis 
conditions. Longitudinal studies could capture how capability sequences unfold across 
disruption phases and how plants shift between short-term trade-offs and longer-term 
balancing strategies. Future studies may also incorporate plant-level measures of uncertainty 
or examine different types of HILF disruptions to clarify when cumulative capability logic is 
most effective in mitigating tensions. Furthermore, examining how network capabilities and 
shared resources are owned and utilised within supply chains, particularly focusing on the 
buyer–supplier relationship, could significantly enhance the understanding of their 
effectiveness within manufacturing strategies. Finally, researchers could explore synthesis 
strategies, such as digitalisation, data-sharing platforms or collaborative governance, to 
understand how firms may simultaneously advance both poles of the corporate sustainability 
paradox. Together, these avenues would contribute to the broader agenda of understanding
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how organisations manage economic, social and ecological tensions and support sustainability 
transitions under conditions of severe uncertainty.

Supplementary material
The supplementary material for this article can be found online.

References
Amoako-Gyampah, K. and Meredith, J.R. (2007), “Examining cumulative capabilities in a developing 

economy”, International Journal of Operations and Production Management, Vol. 27 No. 9, 
pp. 928-950, doi: 10.1108/01443570710775801.

Avella, L., Vazquez-Bustelo, D. and Fernandez, E. (2011), “Cumulative manufacturing capabilities: an 
extended model and new empirical evidence”, International Journal of Production Research, 
Vol. 49 No. 3, pp. 707-729, doi: 10.1080/00207540903460224.

Ban, C., Bohle, D. and Naczyk, M. (2022), “A perfect storm: COVID-19 and the reorganisation of the 
German meat industry”, Transfer: European Review of Labour and Research, Vol. 28 No. 1, 
pp. 101-118, doi: 10.1177/10242589221081943.

Benigno, G., Giovanni, J., Groen, J. and Noble, A.I. (2022), “A new barometer of global supply chain 
pressures”, available at: https://libertystreeteconomics.newyorkfed.org/2022/01/a-new-
barometer-of-global-supply-chain-pressures/ (accessed 17 January 2022).

Berti, M. and Cunha, M.P. (2022), “Paradox, dialectics or trade-offs? A double loop model
of paradox”, Journal of Management Studies, Vol. 60 No. 4, pp. 861-888, doi: 10.1111/ 
joms.12899.

Bj€orklund, M., Forslund, H. and € Ulgen, V.S. (2024), “The paradoxical nature of greening
transportation: an analysis of tensions in buyer–supplier dyads”, International Journal of 
Physical Distribution and Logistics Management, Vol. 54 No. 6, pp. 532-557, doi: 10.1108/ 
ijpdlm-11-2023-0406.

Bortolotti, T., Danese, P., Flynn, B.B. and Romano, P. (2015), “Leveraging fitness and lean bundles to 
build the cumulative performance sand cone model”, International Journal of Production 
Economics, Vol. 162, pp. 227-241, doi: 10.1016/j.ijpe.2014.09.014.

Boyer, K.K. and Lewis, M.W. (2002), “Competitive priorities: investigating the need for trade-offs in 
operations strategy”, Production and Operations Management, Vol. 11 No. 1, pp. 9-20, doi: 
10.1111/j.1937-5956.2002.tb00181.x.

Brusset, X., Davari, M., Kinra, A. and La Torre, D. (2023), “Modelling ripple effect propagation and 
global supply chain workforce productivity impacts in pandemic disruptions”, International 
Journal of Production Research, Vol. 61 No. 8, pp. 2493-2512, doi: 10.1080/ 
00207543.2022.2126021.

Buer, T., Haasis, H.-D., Kinra, K. and Kotzab, H. (2019), “An overview to contemporary maritime 
logistics and supply chain management decision areas”, in Panayides, P.M. (Ed.), The Routledge 
Handbook of Maritime Management, 1st ed., Routledge, New York.

Catena-X (2025), “Catena-X is the first globally trusted and collaborative data ecosystem for the 
automotive industry”, available at: https://catena-x.net/ (accessed 8 December 2025).

Cheah, J.-H., Kersten, W., Ringle, C.M. and Wallenburg, C. (2023), “Guest editorial: predictive 
modeling in logistics and supply chain management research using partial least squares 
structural equation modeling”, International Journal of Physical Distribution and Logistics 
Management, Vol. 53 Nos 7/8, pp. 709-717, doi: 10.1108/ijpdlm-08-2023-552.

Chen, Y., Zhu, Q. and Sarkis, J. (2023), “Green supply chain management practice adoption sequence: 
a cumulative capability perspective”, International Journal of Production Research, Vol. 61 
No. 17, pp. 5918-5933, doi: 10.1080/00207543.2022.2118891.

Christopher, M. and Peck, H. (2004), “Building the resilient supply chain”, The International Journal 
of Logistics Management, Vol. 15 No. 2, pp. 1-14, doi: 10.1108/09574090410700275.

International 
Journal of 
Physical 

Distribution & 
Logistics 

Management

127

Downloaded from ftp.​nowpublishers.​com/​ijpdlm/​article-pdf/​56/​11/​102/​11196755/​ijpdlm-09-2024-0352en.​pdf by guest on 08 September 2026

https://doi.org/10.1108/01443570710775801
https://doi.org/10.1080/00207540903460224
https://doi.org/10.1177/10242589221081943
https://libertystreeteconomics.newyorkfed.org/2022/01/a-new-barometer-of-global-supply-chain-pressures/
https://libertystreeteconomics.newyorkfed.org/2022/01/a-new-barometer-of-global-supply-chain-pressures/
https://doi.org/10.1111/joms.12899
https://doi.org/10.1111/joms.12899
https://doi.org/10.1108/ijpdlm-11-2023-0406
https://doi.org/10.1108/ijpdlm-11-2023-0406
https://doi.org/10.1016/j.ijpe.2014.09.014
https://doi.org/10.1111/j.1937-5956.2002.tb00181.x
https://doi.org/10.1080/00207543.2022.2126021
https://doi.org/10.1080/00207543.2022.2126021
https://catena-x.net/
https://doi.org/10.1108/ijpdlm-08-2023-552
https://doi.org/10.1080/00207543.2022.2118891
https://doi.org/10.1108/09574090410700275


Dewulf, A. and Biesbroek, R. (2018), “Nine lives of uncertainty in decision-making: strategies for 
dealing with uncertainty in environmental governance”, Policy and Society, Vol. 37 No. 4, 
pp. 441-458, doi: 10.1080/14494035.2018.1504484.

Dijkstra, T.K. and Henseler, J. (2015), “Consistent and asymptotically normal PLS estimators for linear 
structural equations”, Computational Statistics & Data Analysis, Vol. 81, pp. 10-23.

Ehie, I.C. and Schoenherr, T. (2021), “Revisiting the cumulative capability model (CCM) among 
manufacturing firms in developing countries”, Production Planning and Control, Vol. 32 No. 9, 
pp. 715-729, doi: 10.1080/09537287.2020.1752839.

Elkington, J. (1994), “Towards the sustainable corporation: win-win-win business strategies for 
sustainable development”, California Management Review, Vol. 36 No. 2, pp. 90-100, doi: 
10.2307/41165746.

Fahrmeir, L., Heumann, C., K€unstler, R. and Tutz, G. (2016), Statistik: Der Weg zur Datenanalyse, 
Springer-Verlag, Berlin, Heidelberg.

Ferdows, K. and De Meyer, A.de (1990), “Lasting improvements in manufacturing performance: in 
search of a new theory”, Journal of Operations Management, Vol. 9 No. 2, pp. 168-184, doi: 
10.1016/0272-6963(90)90094-t.

Flynn, B.B. and Flynn, E. (2004), “An exploratory study of the nature of cumulative capabilities”, 
Journal of Operations Management, Vol. 22 No. 5, pp. 439-457, doi: 10.1016/j.jom.2004.03.002.

Frohlich, M.T. (2002), “Techniques for improving response rates in OM survey research”, 
Journal of Operations Management, Vol. 20 No. 1, pp. 53-62, doi: 10.1016/s0272-6963(02) 
00003-7.

Gold, S., Schodl, R. and Reiner, G. (2017), “Cumulative manufacturing capabilities in Europe: 
integrating sustainability into the sand cone model”, Journal of Cleaner Production, Vol. 166, 
pp. 232-241, doi: 10.1016/j.jclepro.2017.08.028.

Hahn, T., Pinkse, J., Preuss, L. and Figge, F. (2015), “Tensions in corporate sustainability: towards an 
integrative framework”, Journal of Business Ethics, Vol. 127 No. 2, pp. 297-316, doi: 10.1007/ 
s10551-014-2047-5.

Hair, J., Hult, G.T.M., Ringle, C.M. and Sarstedt, M. (2021), A Primer on Partial Least Squares 
Structural Equation Modeling (PLS-SEM), 3rd ed., SAGE Publications, Incorporated, 
Thousand Oaks.

Henao, R. and Sarache, W. (2023), “Effects of lean manufacturing on sustainable performance: results 
from two conceptual approaches”, Journal of Manufacturing Technology Management, Vol. 34 
No. 8, pp. 1448-1481, doi: 10.1108/jmtm-01-2023-0023.

Jain, V., Kumar, S., Soni, U. and Chandra, C. (2017), “Supply chain resilience: model development and 
empirical analysis”, International Journal of Production Research, Vol. 55 No. 22,
pp. 6779-6800, doi: 10.1080/00207543.2017.1349947.

Kinra, A. and Warmbier, P. (2025), “Von Paradoxien zu Fortschritt: Die Transformation globaler 
Lieferketten durch fortschrittliche Nachhaltigkeitsgesetze”, in Zimplemann, B., W€ulbers, S. and 
Eichner, T. (Eds), Lieferketten in Transformation, Springer.

Kinra, A., Ivanov, D., Das, A. and Dolgui, A. (2020), “Ripple effect quantification by supplier risk 
exposure assessment”, International Journal of Production Research, Vol. 58 No. 18,
pp. 5559-5578, doi: 10.1080/00207543.2019.1675919.

Kinra, A., Siekmann, F. and Kotzab, H. (2022), “Social media analytics in operations and supply chain 
management: opportunities, challenges, and paradoxes”, in Hornuf, L. (Ed.), Diginomics 
Research Perspectives: The Role of Digitalization in Business and Society, Springer eBook 
Collection, Springer International Publishing; Imprint Springer, Cham, pp. 185-212.

Kinra, A., Bhardwaj, D. and Kotzab, H. (2025), “Factors and their multilevel relationships in global 
facility location decision making: an integrative review and framework for offshoring and 
backshoring decisions”, International Journal of Production Economics, Vol. 289, 109736, doi: 
10.1016/j.ijpe.2025.109736.

Kock, N. (2015), “Common method bias in PLS-SEM”, International Journal of e-Collaboration, 
Vol. 11 No. 4, pp. 1-10, doi: 10.4018/ijec.2015100101.

IJPDLM
56,11

128

Downloaded from ftp.​nowpublishers.​com/​ijpdlm/​article-pdf/​56/​11/​102/​11196755/​ijpdlm-09-2024-0352en.​pdf by guest on 08 September 2026

https://doi.org/10.1080/14494035.2018.1504484
https://doi.org/10.1080/09537287.2020.1752839
https://doi.org/10.2307/41165746
https://doi.org/10.1016/0272-6963(90)90094-t
https://doi.org/10.1016/j.jom.2004.03.002
https://doi.org/10.1016/s0272-6963(02)00003-7
https://doi.org/10.1016/s0272-6963(02)00003-7
https://doi.org/10.1016/j.jclepro.2017.08.028
https://doi.org/10.1007/s10551-014-2047-5
https://doi.org/10.1007/s10551-014-2047-5
https://doi.org/10.1108/jmtm-01-2023-0023
https://doi.org/10.1080/00207543.2017.1349947
https://doi.org/10.1080/00207543.2019.1675919
https://doi.org/10.1016/j.ijpe.2025.109736
https://doi.org/10.4018/ijec.2015100101


Lee, J.S., Kim, S.K. and Lee, S.-Y. (2016), “Sustainable supply chain capabilities: accumulation, 
strategic types and performance”, Sustainability, Vol. 8 No. 6, p. 503, doi: 10.3390/su8060503.

Li, Y., Wang, X., Gong, T. and Wang, H. (2023), “Breaking out of the pandemic: how can firms match 
internal competence with external resources to shape operational resilience?”, Journal of 
Operations Management, Vol. 69 No. 3, pp. 384-403, doi: 10.1002/joom.1176.

Mandal, S. (2012), “An empirical investigation into supply chain resilience”, Journal of Supply Chain 
Management, Vol. 9, pp. 55-61.

Miller, D. (2003), “An asymmetry-based view of advantage: towards an attainable sustainability”, 
Strategic Management Journal, Vol. 24 No. 10, pp. 961-976, doi: 10.1002/smj.316.

Milliken, F.J. (1987), “Three types of perceived uncertainty about the environment: state, effect, and 
response uncertainty”, Academy of Management Review, Vol. 12 No. 1, pp. 133-143, doi: 
10.2307/257999.

Mohammed, A., Jabbour, A.B.L.d.S. and Diabat, A. (2023), “COVID-19 pandemic disruption: a matter 
of building companies’ internal and external resilience”, International Journal of Production 
Research, Vol. 61 No. 8, pp. 2716-2737, doi: 10.1080/00207543.2021.1970848.

Molinaro, M., Orzes, G., Sartor, M. and Nassimbeni, G. (2024), “A sand cone model of sustainability 
performance: an empirical analysis”, International Journal of Production Research, Vol. 62 
No. 10, pp. 3781-3799, doi: 10.1080/00207543.2023.2249125.

Narasimhan, R. and Schoenherr, T. (2013), “Revisiting the progression of competitive capabilities: 
results from a repeated cross-sectional investigation”, International Journal of Production 
Research, Vol. 51 No. 22, pp. 6631-6650, doi: 10.1080/00207543.2013.825739.

Newman, R.W., Hanna, M.D., Gattiker, T. and Huang, X. (2009), “Charting supply chain management 
integration and initiatives: a framework to guide implementation”, American Journal of 
Business, Vol. 24 No. 1, pp. 19-32, doi: 10.1108/19355181200900002.

Noble, M. (1995), “Manufacturing strategy: testing the cumulative model in a multiple country 
context*”, Decision Sciences, Vol. 26 No. 5, pp. 693-721, doi: 10.1111/j.1540-
5915.1995.tb01446.x.

Pagell, M., Parkinson, M., Veltri, A., Gray, J., Wiengarten, F., Louis, M. and Fynes, B. (2020), “The 
tension between worker safety and organization survival”, Management Science, Vol. 66 No. 10, 
pp. 4863-4878, doi: 10.1287/mnsc.2020.3589.

Pahl-Wostl, C., Odume, O.N., Scholz, G., Villiers, A.de and Amankwaa, E.F. (2023), “The role of 
crises in transformative change towards sustainability”, Ecosystems and People, Vol. 19 No. 1, 
2188087, doi: 10.1080/26395916.2023.2188087.

P�alsson, H. and Sandberg, E. (2021), “Packaging paradoxes in food supply chains: exploring characteristics, 
underlying reasons and management strategies”, International Journal of Physical Distribution and 
Logistics Management, Vol. 52 No. 11, pp. 25-52, doi: 10.1108/ijpdlm-09-2019-0270.

Podsakoff, P.M., MacKenzie, S.B., Lee, J.-Y. and Podsakoff, N.P. (2003), “Common method biases in 
behavioral research: a critical review of the literature and recommended remedies”, The Journal 
of Applied Psychology, Vol. 88 No. 5, pp. 879-903, doi: 10.1037/0021-9010.88.5.879.

Poole, M.S. and van de Ven, A.H. (1989), “Using paradox to build management and organization 
theories”, Academy of Management Review, Vol. 14 No. 4, pp. 562-578, doi: 10.2307/258559.

Rosenzweig, E.D. and Easton, G.S. (2010), “Tradeoffs in manufacturing? A meta-analysis and critique 
of the literature”, Production and Operations Management, Vol. 19 No. 2, pp. 127-141, doi: 
10.1111/j.1937-5956.2009.01072.x.

Rosenzweig, E.D. and Roth, A.V. (2004), “Towards a theory of competitive progression: evidence from 
high-tech manufacturing”, Production and Operations Management, Vol. 13 No. 4, pp. 354-368, 
doi: 10.1111/j.1937-5956.2004.tb00223.x.

Sarstedt, M., Ringle, C.M., Cheah, J.-H., Ting, H., Moisescu, O.I. and Radomir, L. (2020), “Structural 
model robustness checks in PLS-SEM”, Tourism Economics, Vol. 26 No. 4, pp. 531-554.

Schmenner, R.W. and Swink, M.L. (1998), “On theory in operations management”, Journal of 
Operations Management, Vol. 17 No. 1, pp. 97-113, doi: 10.1016/s0272-6963(98)00028-x.

International 
Journal of 
Physical 

Distribution & 
Logistics 

Management

129

Downloaded from ftp.​nowpublishers.​com/​ijpdlm/​article-pdf/​56/​11/​102/​11196755/​ijpdlm-09-2024-0352en.​pdf by guest on 08 September 2026

https://doi.org/10.3390/su8060503
https://doi.org/10.1002/joom.1176
https://doi.org/10.1002/smj.316
https://doi.org/10.2307/257999
https://doi.org/10.1080/00207543.2021.1970848
https://doi.org/10.1080/00207543.2023.2249125
https://doi.org/10.1080/00207543.2013.825739
https://doi.org/10.1108/19355181200900002
https://doi.org/10.1111/j.1540-5915.1995.tb01446.x
https://doi.org/10.1111/j.1540-5915.1995.tb01446.x
https://doi.org/10.1287/mnsc.2020.3589
https://doi.org/10.1080/26395916.2023.2188087
https://doi.org/10.1108/ijpdlm-09-2019-0270
https://doi.org/10.1037/0021-9010.88.5.879
https://doi.org/10.2307/258559
https://doi.org/10.1111/j.1937-5956.2009.01072.x
https://doi.org/10.1111/j.1937-5956.2004.tb00223.x
https://doi.org/10.1016/s0272-6963(98)00028-x


Schrage, S. and Rasche, A. (2022), “Inter-organizational paradox management: how national business 
systems affect responses to paradox along a global value chain”, Organization Studies, Vol. 43 
No. 4, pp. 547-571, doi: 10.1177/0170840621993238.

Schroeder, R.G., Shah, R. and Xiaosong Peng, D. (2011), “The cumulative capability ‘sand cone’ 
model revisited: a new perspective for manufacturing strategy”, International Journal of 
Production Research, Vol. 49 No. 16, pp. 4879-4901, doi: 10.1080/00207543.2010.509116.

Shi, Y. and Gregory, M. (1998), “International manufacturing networks-to develop global competitive 
capabilities”, Journal of Operations Management, Vol. 16 Nos 2-3, pp. 195-214, doi: 10.1016/ 
s0272-6963(97)00038-7.

Shmueli, G., Sarstedt, M., Hair, J.F., Cheah, J.-H., Ting, H., Vaithilingam, S. and Ringle, C.M. (2019), 
“Predictive model assessment in PLS-SEM: guidelines for using PLSpredict”, European Journal 
of Marketing, Vol. 53 No. 11, pp. 2322-2347.

Skinner, W. (1969), “Manufacturing: missing link in corporate strategy”, Harvard Business Review, 
No. 47, pp. 136-145.

Slack, N., Brandon-Jones, A. and Johnston, R. (2016), Operations Management, Always Learning, 8th 
ed., Pearson, Harlow, England.

Smith, W.K. and Lewis, M.W. (2011), “Toward a theory of paradox: a dynamic equilibrium model of 
organizing”, Academy of Management Review, Vol. 36 No. 2, pp. 381-403, doi: 10.5465/ 
amr.2009.0223.

Tamayo-Torres, J., Roehrich, J.K. and Lewis, M.A. (2017), “Ambidexterity, performance and 
environmental dynamism”, International Journal of Operations and Production Management, 
Vol. 37 No. 3, pp. 282-299, doi: 10.1108/ijopm-06-2015-0378.

Teng, B.-S. and Cummings, J.L. (2002), “Trade-offs in managing resources and capabilities”, Academy 
of Management Perspectives, Vol. 16 No. 2, pp. 81-91, doi: 10.5465/ame.2002.7173548.

Tham, T.T. and Chiadamrong, N. (2016), “Relationships between supply chain capabilities, 
competitive advantages, and business performance: an exploratory study of the food industry in 
Vietnam”, International Journal of Logistics Systems and Management, Vol. 25 No. 2, p. 145, 
doi: 10.1504/ijlsm.2016.078911.

Vokurka, R.J., Zank, G.M. and Lund, C.M. (2002), “Improving competitiveness through supply chain 
management: a cumulative improvement approach”, Competitiveness Review: An International 
Business Journal, Vol. 12 No. 1, pp. 14-25.

Wang, S., Cheah, J.-H., Wong, C.Y. and Ramayah, T. (2023), “Progress in partial least squares 
structural equation modeling use in logistics and supply chain management in the last decade: 
a structured literature review”, International Journal of Physical Distribution and Logistics 
Management, Vol. 54 Nos 7/8, pp. 673-704, doi: 10.1108/ijpdlm-06-2023-0200.

Warmbier, P., Kinra, A. and Ivanov, D. (2022), “Supply chain sustainability and resilience - relationship 
and congruent capability analysis based on paradox theory”, IFAC-PapersOnLine, Vol. 55 
No. 10, pp. 311-316, doi: 10.1016/j.ifacol.2022.09.625.

Wiengarten, F., Durach, C.F., Franke, H., Netland, T.H. and Schmidt, F.K. (2023), “Impact pathways: 
towards an adapted understanding of the development of operational capabilities”, International 
Journal of Operations and Production Management, Vol. 43 No. 13, pp. 50-67, doi: 10.1108/ 
ijopm-08-2022-0475.

Wilhelm, M. and Sydow, J. (2018), “Managing coopetition in supplier networks – a paradox 
perspective”, Journal of Supply Chain Management, Vol. 54 No. 3, pp. 22-41, doi: 10.1111/ 
jscm.12167.

Wu, Z. and Pagell, M. (2011), “Balancing priorities: decision-making in sustainable supply chain 
management”, Journal of Operations Management, Vol. 29 No. 6, pp. 577-590, doi: 10.1016/ 
j.jom.2010.10.001.

Corresponding author
Piotr Warmbier can be contacted at: warmbier@uni-bremen.de

For instructions on how to order reprints of this article, please visit our website:
www.emeraldgrouppublishing.com/licensing/reprints.htm
Or contact us for further details: permissions@emeraldinsight.com

IJPDLM
56,11

130

Downloaded from ftp.​nowpublishers.​com/​ijpdlm/​article-pdf/​56/​11/​102/​11196755/​ijpdlm-09-2024-0352en.​pdf by guest on 08 September 2026

https://doi.org/10.1177/0170840621993238
https://doi.org/10.1080/00207543.2010.509116
https://doi.org/10.1016/s0272-6963(97)00038-7
https://doi.org/10.1016/s0272-6963(97)00038-7
https://doi.org/10.5465/amr.2009.0223
https://doi.org/10.5465/amr.2009.0223
https://doi.org/10.1108/ijopm-06-2015-0378
https://doi.org/10.5465/ame.2002.7173548
https://doi.org/10.1504/ijlsm.2016.078911
https://doi.org/10.1108/ijpdlm-06-2023-0200
https://doi.org/10.1016/j.ifacol.2022.09.625
https://doi.org/10.1108/ijopm-08-2022-0475
https://doi.org/10.1108/ijopm-08-2022-0475
https://doi.org/10.1111/jscm.12167
https://doi.org/10.1111/jscm.12167
https://doi.org/10.1016/j.jom.2010.10.001
https://doi.org/10.1016/j.jom.2010.10.001
mailto:warmbier@uni-bremen.de

	Managing sustainability tensions under disruptive conditions: the role of cumulative operations and network capabilities
	Introduction
	Theoretical background
	From trade-offs to cumulative capability development under HILF disruptions
	Paradox theory and the management of tensions under HILF disruptions
	Development of hypotheses

	Research methodology
	Survey development
	Data collection
	Data analysis

	Analysis and results
	Results from PLS-SEM analysis
	Measurement model evaluation
	Structural model assessment

	Results from sequence testing

	Discussion and implications
	Discussion of results
	Contribution and implications for theory and practice

	Conclusion
	Supplementary material
	References


