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Abstract

This study examines how green supply chain management (GSCM) contributes to long-
term supply chain viability (SCV) and whether supply chain resilience (SCRES) mediates
this relationship. Drawing on dynamic capabilities theory, GSCM is conceptualised as a set
of structured operational practices, SCRES as an adaptive capability, and SCV as a higher-
order outcome reflecting sustained supply chain functioning under prolonged disruption.
A cross-sectional survey was administered to 420 manufacturing firms in Saudi Arabia.
GSCM and SCV were modelled as higher-order multidimensional constructs, whereas
SCRES was modelled as a single reflective construct. The model was estimated using a
two-stage hierarchical component approach, and structural relationships were tested using
PLS-SEM with 5000 bootstrap resamples. GSCM was positively associated with SCRES
(B =0.465, p <0.001) and SCV (3 = 0.263, p < 0.001), and SCRES was positively associated
with SCV (B = 0.438, p < 0.001) and partially mediated the GSCM-SCV relationship (indirect
effect = 0.204; VAF = 43.7%). The model accounted for 21.7% of the variance in SCRES
and 36.9% in SCV. The results integrate GSCM, resilience, and viability within a capability-
based mediation framework and indicate that green practices are associated with long-term
viability primarily through resilience capability. The findings carry direct implications for
manufacturers operating under the policy ambition of Saudi Vision 2030 and the Saudi
Green Initiative.

Keywords: green supply chain management; supply chain resilience; supply chain viability;
dynamic capabilities; PLS-SEM; sustainable manufacturing; Saudi Arabia

1. Introduction

Supply chain management (SCM) has long been considered a lever for operational
efficiency, cost reduction, and competitive performance [1]. The coordination of material,
information, and financial flows across organisational boundaries enables scale advan-
tages and tighter responsiveness to market signals. However, the conventional emphasis
on efficiency and cost minimisation has been progressively destabilised by the growing
complexity and uncertainty of the global business environment.

Over the past two decades, firms have faced increasing pressure to address environ-
mental and social responsibilities alongside economic performance. Regulatory tightening,
stakeholder scrutiny, and rising awareness of the environmental footprint of production and
logistics have pushed environmentally oriented practices (green purchasing, eco-design,
waste reduction, and supplier environmental cooperation) into the operational core of
supply chains, rather than leaving them as peripheral compliance activities.
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This trajectory has established green supply chain management (GSCM) as a major
research stream within SCM. A substantial body of empirical work has shown that GSCM
practices improve environmental performance, operational efficiency, and competitive
positioning [2—-4]. However, most of this evidence has been generated under the implicit
assumption of relatively stable operating conditions and has had less to say about how
green practices shape supply chain functioning under uncertainty and disruption. Recent
evidence indicates that GSCM also strengthens resilience-oriented outcomes by reduc-
ing financing and transaction costs, improving productivity, and reinforcing operating
conditions, thereby supporting the development of adaptive capabilities [5].

In parallel, supply chains have become more exposed to disruptions arising from
pandemics, geopolitical realignments, climate-related shocks, and resource scarcity. These
events have laid bare the vulnerability of supply chains optimised for efficiency but lacking
adaptive capacity. The response in the literature has been a rapid expansion of work on
supply chain resilience (SCRES): the capacity to prepare for, respond to, and recover from
disruption [6,7]. Empirical evidence has identified flexibility, redundancy, and responsive-
ness as central to maintaining performance under disruption [8,9]. Recent work shows
that resilience helps sustain performance under severe disruptions and scarce-resource
conditions, reinforcing its role as a foundational adaptive capability rather than a short-term
recovery response [10], and that green innovation strategies and green logistics practices
materially shape this resilience [11].

Nonetheless, a growing chorus of scholars has argued that resilience alone is insuffi-
cient when disruption is persistent and systemic. Although resilience captures response
and recovery, it does not exhaust the ability of supply chains to maintain functionality
over extended periods of instability. This recognition has led to the concept of supply
chain viability (SCV), which emphasises long-term system functioning and the capacity
to sustain operations under prolonged disruption [12]. Initial empirical work suggests
that viability is a higher-order capability that extends beyond resilience, incorporating
long-term adaptation and continuity [13], and that resilience operates as a key antecedent
through which integration- and risk-management practices translate into viability [14]. The
broader interface between sustainability and resilience remains characterised by divergent
conceptualisations, which makes conceptual precision a precondition for any attempt to
link adaptive capability to long-term supply chain functioning [15].

Despite these advances, the literature remains limited regarding how sustainability-
oriented practices may translate into long-term, system-level outcomes. Recent work shows
that green practices and integration mechanisms can strengthen resilience through informa-
tion sharing, joint planning, logistics cooperation, and supplier integration [16,17], and that
resilience can mediate the effects of GSCM dimensions on organisational outcomes [18].
However, these insights have not yet been consolidated into a coherent explanatory account
of how green practices may be transformed into adaptive capabilities and, in turn, into
long-term viability.

The gap matters. Recent disruptions have shown that long-term supply chain func-
tioning is not produced by isolated practices or single capabilities but by their integration.
However, an explanation of the pathway connecting operational practices, adaptive capa-
bilities, and system-level outcomes is lacking.

Drawing on dynamic capabilities theory [19], this study treats supply chains as layered
systems in which operational practices provide the substrate for adaptive capabilities,
which in turn enable higher-order outcomes. From this perspective, GSCM represents a
set of structured practices, SCRES represents an adaptive capability, and SCV represents a
higher-order capability associated with sustained system functioning.
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Accordingly, the purpose of this study is to examine the relationships among GSCM,
SCRES, and SCV, and to develop a model that explains how these constructs are linked.
Specifically, we investigate whether SCRES mediates the relationship between GSCM and
SCV in a sample of 420 manufacturing firms operating in Saudi Arabia, a context in which
environmental policy ambition (Vision 2030, the Saudi Green Initiative) coincides with
persistent supply- and demand-side uncertainty [20], providing a useful empirical setting
for examining the chain from GSCM through SCRES to SCV.

The remainder of this paper is organised as follows. Section 2 reviews the literature
and develops the hypotheses. Section 3 presents the methodology. Section 4 reports
the analysis and results. Section 5 discusses the findings, and Section 6 concludes with
theoretical contributions, managerial implications, limitations, and directions for further
research.

2. Theoretical Background and Hypotheses Development
2.1. Green Supply Chain Management

Green supply chain management (GSCM) is defined as the integration of environ-
mental considerations into supply chain management practices, including product design,
material sourcing, manufacturing, delivery, and end-of-life management [2]. The definition
signals a clear shift away from supply chain management framed solely in economic terms
toward a logic that places environmental objectives alongside operational performance [21].

Subsequent work has refined the construct into a multidimensional one. Zhu et al. [3]
identified five recurring dimensions: internal environmental management, green purchas-
ing, eco-design, customer cooperation, and investment recovery. These dimensions span
both intra- and inter-organisational practices, indicating that GSCM is not limited to internal
process improvements but extends to relational mechanisms across the supply chain.

Empirically, GSCM practices have been consistently linked to improvements in envi-
ronmental and operational performance. Srivastava [22] emphasised that green practices
reduce waste and improve resource efficiency; Green et al. [4] showed that GSCM improves
operational performance through tighter process integration; and Azevedo et al. [23] pro-
vided evidence that environmentally oriented supply chain practices can simultaneously
enhance environmental and economic performance.

Recent evidence further suggests that the contribution of GSCM extends beyond
performance to capability development. GSCM has been shown to strengthen resilience
by lowering transaction and financing costs, increasing productivity, and reinforcing op-
erating efficiency [5]. Related studies show that green supplier integration, information
sharing, joint planning, and logistics cooperation strengthen both proactive and reactive
resilience capabilities [16,17], and that green innovation strategy translates into supply
chain resilience through green logistics practices [11]. Together, these findings indicate
that GSCM contributes not only to environmental and operational gains but also to the
relational and informational conditions that make adaptive responses possible. However,
the literature still lacks an account of how these operational and relational improvements
may translate into higher-order capabilities and sustained system-level outcomes.

2.2. Supply Chain Resilience

Supply chain resilience is defined as the capability of supply chains to prepare for,
respond to, and recover from unexpected disruptions [6]. This definition foregrounds
adaptability and continuity under uncertainty. Building on this baseline, Pettit et al. [7]
conceptualise resilience as the alignment between vulnerabilities and adaptive capacities.
Christopher and Peck [24] emphasise flexibility and redundancy, while Sheffi and Rice [25]
highlight the role of adaptive processes in disruption management.
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Empirical evidence confirms the centrality of resilience capabilities in sustaining per-
formance under disruption [8,9]. More recent work shows that resilience helps maintain
performance under severe disruptions and resource scarcity [10] and that it serves as a
mechanism linking antecedent capabilities and relational conditions to sustainable opera-
tional outcomes [26]. Issa et al. [11] further demonstrate that green innovation strategies,
channelled through green logistics practices, materially enhance supply chain resilience un-
der varying conditions of structural and dynamic complexity. The thrust of these findings
is that resilience should not be narrowly treated as a recovery-oriented response but rather
as an adaptive capability with implications for sustained functioning.

However, the bulk of the resilience literature has remained focused on short- to
medium-term disruption management. While resilience explains how supply chains cope
with discrete shocks, it does not capture the higher-order condition of long-term functioning
under prolonged instability.

Importantly, resilience and viability are conceptually distinct, rather than simple vari-
ants of one another along a time horizon. Resilience has been predominantly conceptualised
as a closed-system, bounce-back capability oriented toward returning the supply chain to a
prior equilibrium after a discrete disruption [6,24]. In contrast, viability has been theorised
as an open-system, adaptation-driven property of supply chains operating under contin-
uous structural dynamics, where the objective is not recovery to a pre-disruption state
but sustained functioning through ongoing reconfiguration of structures, resources, and
design [12,13]. This distinction implies that viability incorporates structural and resource-
allocation logics absent from the resilience construct, and that resilience is more accurately
understood as an antecedent capability feeding into viability rather than a proxy for it [14].
Recent ontological work sharpens this demarcation. Ivanov [27] distinguishes a stability-
based view of resilience (triggered by disruption and oriented toward returning the system
to a normal state) from an adaptation-based view oriented toward proactive adaptation and
performance persistence under deep uncertainty, and Padovano and Ivanov [28] formalise
viability as a multidimensional system property that subsumes, but is not reducible to,
disruption-specific recovery capability. The distinction is therefore one of system type
rather than time horizon: resilience as restoration of a functional state, and viability as
continuation of functioning through transformation. The demarcation is mirrored at the
level of measurement. The dimensions through which SCV is operationalised in this
study (organisational structures, organisational resources, dynamic design capabilities,
and operational aspects [13]) capture structural endowments of the system, the capacity
to redesign the network itself, and sustained functioning, none of which reduces to the
response-recovery—-adaptation content of the resilience indicators.

2.3. Conceptual Framework and Hypotheses

The preceding discussion suggests that GSCM and SCRES are distinct but interrelated.
While GSCM reflects structured operational practices embedded in supply chain processes,
SCRES represents an adaptive capability that enables supply chains to respond to disrup-
tions. However, the relationship between these constructs and long-term supply chain
viability remains underdeveloped. Dynamic capabilities theory is employed here as an
interpretive lens that organises the layered relationships among GSCM, SCRES, and SCV;
its sensing, seizing, and transforming microfoundations [19] provide conceptual scaffolding
for this layering rather than constructs measured in this study.

From a dynamic capabilities perspective [19], organisational outcomes are not deter-
mined by operational practices in isolation but by the ability to reconfigure and deploy
resources in changing conditions. This perspective implies a layered architecture in which
practices feed capabilities, which, in turn, enable higher-order outcomes. Translated to
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supply chains, GSCM may influence supply chain viability both directly and indirectly by
developing resilience capabilities.

This layered structure can be mapped more precisely onto the microfoundations iden-
tified by Teece [19]. GSCM practices align with the sensing and seizing microfoundations:
environmental scanning embedded in green purchasing and supplier evaluation, cross-
functional coordination under internal environmental management, and customer and
supplier integration enable firms to detect environmental and operational signals and
commit resources to coordinated responses. SCRES corresponds to the transforming micro-
foundation: the capacity to adapt, reconfigure, and realign supply chain processes when
those signals demand change. SCV represents a higher-order organisational condition that
emerges when these capabilities are repeatedly exercised under prolonged uncertainty;,
producing sustained functioning through continuous structural and resource reconfigura-
tion. The mapping clarifies a key theoretical claim: GSCM is not theorised here as a direct
driver of long-term viability but as a set of practices whose contribution is channelled
substantially through the adaptive capability represented by SCRES.

2.3.1. Supply Chain Resilience and Supply Chain Viability

Supply chain resilience enables firms to maintain continuity under disruption by
supporting response, recovery, and adaptation [6]. These capabilities allow supply chains
to absorb shocks and adjust to changing conditions, thereby sustaining operations over
time. Empirical evidence indicates that resilience is central to maintaining performance
in uncertain environments [8]. Recent evidence further shows that resilience supports
performance under severe and prolonged disruptions, reinforcing its role as a foundational
capability for sustained functioning [10], and that resilience operates as a key antecedent
of supply chain viability in pandemic-era empirical models [14]. Given that supply chain
viability reflects long-term system functioning, resilience can therefore be treated as a
foundational capability that supports such outcomes.

Hypothesis 1 (H1). Supply chain resilience positively influences supply chain viability.

2.3.2. Green Supply Chain Management and Supply Chain Resilience

GSCM practices enhance coordination, information sharing, and process discipline
across supply chains [3]. These properties are precisely those required for adaptive re-
sponses: improved supplier relationships and increased transparency enhance responsive-
ness, while formalised processes support coordinated adjustments under disruption. Direct
empirical support is available. Li and Zhu [5] show that GSCM improves resilience by en-
hancing coordination efficiency, reducing transaction costs, and strengthening operational
capabilities. Integration-based practices, such as green supplier integration, information
sharing, joint planning, and logistics cooperation, strengthen both proactive and reactive
resilience [16,17], and green innovation strategies operate through green logistics practices
to enhance resilience under varying complexity conditions [11].

Hypothesis 2 (H2). Green supply chain management positively influences supply chain resilience.

2.3.3. Green Supply Chain Management and Supply Chain Viability

GSCM practices improve resource efficiency and strengthen coordination across the
supply chain [4,22]. These improvements are conducive to long-term system functioning.
However, their direct effect is likely to be limited in the absence of adaptive capability:
green practices alone do not guarantee continuity under prolonged disruption. There-
fore, the argument advanced here is not that GSCM is unrelated to viability but that its
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direct contribution is meaningful yet incomplete, stronger when operational and relational
improvements are converted into resilience capability.

Hypothesis 3 (H3). Green supply chain management positively influences supply chain viability.

2.3.4. The Mediating Role of Supply Chain Resilience

Dynamic capability theory holds that operational practices influence higher-order
outcomes through the development of adaptive capabilities [19]. In the present model,
supply chain resilience is theorised as the mechanism linking GSCM practices to long-
term outcomes. Emerging empirical evidence supports this mediation logic. Resilience
has been shown to function as an intermediate capability linking antecedent conditions to
sustainable operational outcomes [26], and recent evidence suggests that resilience mediates
the effects of GSCM dimensions on firm-level performance [18]. Studies in the supply
chain viability literature also report that resilience mediates the influence of integration-
and risk-related antecedents on viability [14], and recent Saudi-context evidence shows
resilience to be a robust mediator between strategic supply chain choices and sustainability
performance [20]. Although the evidence base is still consolidating, it is consistent with the
dynamic capabilities logic advanced here: sustainability-oriented practices do not translate
directly into long-term viability but do so through the adaptive capability that enables
supply chains to reconfigure under persistent uncertainty.

Hypothesis 4 (H4). Supply chain resilience mediates the relationship between green supply chain
management and supply chain viability.

Figure 1 summarises the conceptual model and hypothesised relationships among
GSCM, SCRES, and SCV.

Internal env. mgmt (IEM)

Org. structures (OS)

H4: Mediation through SCRES

Green purchasing (GP)

Org. resources (OR)

GSCM H2 (+) SCRES HI (+) SGV

Eco-design (ECO "
co-design (ECO) Higher-order construct Adaptive capability Higher-order construct

Dynamic design cap. (DDC)

Cooperation customers (CC)

H3 (+) — direct effect

Operational aspects (OA)

Investment recovery (IR)

Figure 1. Conceptual model linking GSCM, SCRES, and SCV. Solid arrows denote direct paths (H1,
H2, H3); the dashed bracket denotes the mediation hypothesis (H4). Reflective arrows from GSCM
and SCV indicate the higher-order construct’s relationship to its first-order dimensions.

3. Materials and Methods
3.1. Variable Measurement and Questionnaire Design

A cross-sectional survey-based research design was adopted to test the relationships
among green supply chain management (GSCM), supply chain resilience (SCRES), and
supply chain viability (SCV) in manufacturing firms operating in Saudi Arabia. The Saudi
context is appropriate for the present study because it combines accelerating environmental
policy ambition under Vision 2030 and the Saudi Green Initiative with persistent exposure
to supply- and demand-side uncertainty arising from regional geopolitical pressures, energy
market volatility, and post-pandemic supply chain reconfiguration [20]. This combination

https://doi.org/10.3390/su18157790


https://doi.org/10.3390/su18157790

Sustainability 2026, 18, 7790

7 of 23

makes the setting well-suited for examining the links among green practices, adaptive
capabilities, and long-term supply chain functioning.

The questionnaire was structured into three measurement sections corresponding to
the focal constructs (GSCM, SCRES, and SCV) and a demographic section. All constructs
were operationalised using validated original measurement models, and the questionnaire
design followed strict construct-specific logic. This is particularly important because
the model combines constructs with different structural properties: GSCM and SCV are
modelled as higher-order multidimensional constructs, whereas SCRES is modelled as a
single reflective latent construct. Therefore, the questionnaire design preserved the original
dimensionality and item structure of each construct rather than reconstructing scales from
conceptual definitions.

GSCM was measured as a higher-order multidimensional construct based on the
original scale developed by Zhu et al. [3], in which GSCM implementation is operationalised
through 21 items distributed across five a priori dimensions: internal environmental
management (IEM), green purchasing (GP), eco-design (ECO), cooperation with customers
(CC), and investment recovery (IR). Because Zhu et al. [3] explicitly tested and validated
both first- and second-order structures, this study adopted the original multidimensional
specification without collapsing, deleting, or redefining any dimension at the questionnaire
design stage.

SCRES was measured as a single reflective latent construct, adapted from Ambulkar
et al. [9], whose study addressed the ambiguity surrounding resilience in the supply chain
literature and operationalised it as the capability of the firm to remain alert, adapt, and
respond effectively to supply chain disruptions. The literature also contains a hierarchical
multidimensional specification of resilience [29], but this approach was not adopted here.
Because GSCM and SCV are already modelled as higher-order constructs, introducing a
further hierarchical specification for SCRES would unnecessarily increase model complexity
and weaken the conceptual separation between resilience and viability. Accordingly, SCRES
was measured as a direct capability-based construct rather than as a multidimensional one.
The items were adapted from the original scale, with one additional item capturing the
proactive anticipation of disruptions, in line with the prior resilience literature [30]. This
adjustment preserves the unidimensional reflective specification while ensuring that both
the reactive and anticipatory elements of resilience are represented.

SCV was measured as a higher-order multidimensional construct following the scale
development and nomological validation study of Ruel et al. [13], in which SCV was
conceptualised and validated as a hierarchical construct that captures long-term supply
chain functioning under prolonged disruption. The original validated structure reflects
four dimensions: organisational structures (OS), organisational resources (OR), dynamic
design capabilities (DDC), and operational aspects (OA). Because SCV is still an emerg-
ing construct, this study adopted the original validated structure without reconstructing
alternative dimensions from conceptual definitions.

All questionnaire items were adapted directly from the original measurement studies,
with only minor wording adjustments made to improve clarity and contextual fit for the
Saudi manufacturing environment. These adjustments did not alter the conceptual meaning
of the items. The full item pool was retained at the initial design stage, and item purification
was deferred to empirical validation rather than imposed a priori. Content validity was
assessed through a review by academic experts in supply chain management and practition-
ers with managerial experience in supply chain and operations. Their feedback focused on
conceptual alignment, item clarity, contextual relevance, and redundancy, leading to minor
changes in wording. A pilot test with 30 respondents confirmed that the questionnaire
was understandable, logically ordered, and suitable for full-scale administration. All items
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were measured using a seven-point Likert scale ranging from 1 (strongly disagree) to 7
(strongly agree). Table 1 summarises the measurement specifications.

Table 1. Construct specification and measurement sources.

Construct Structural Specification Measurement Logic Source
s shergrle mulidinsiond v ot e EMGT 7
SCRES Single reflective latent construct Direct capab(iéi’iczfe-ll;ass)ed construct Hﬁr}?:riltt ?rrl itt 211" [[93]0’]

SCV Higher_T;i?tT;;£1fiI§enSional Four firsg%rg,eg in(rieznlstleo;llz) 0S, OR, Ruel et al. [13]

3.2. Sample and Data Collection

The empirical setting is Saudi Arabia, and the target population comprises manufactur-
ing firms operating within the Saudi industrial context. The manufacturing sector provides
an appropriate context because it involves complex supply chain coordination, substantial
operational interdependence, and significant exposure to both sustainability pressures and
disruption-related risks: the conditions under which the hypothesised relationships are
most likely to be observable. The contextual relevance of this setting is reinforced by recent
reviews documenting the systemic transformation of Saudi supply chains under Vision
2030 and the Saudi Green Initiative [20].

The unit of analysis is the focal firm’s assessment of its supply chain practices and
capability. Key respondents were managerial-level individuals with direct knowledge of
supply chain practices, disruption response, and operational continuity, including supply
chain, operations, procurement, logistics, and plant managers, as well as senior executives
involved in supply chain-related decision-making.

Data were collected through a structured online questionnaire distributed via direct
email contact, professional industrial networks, and chamber-of-commerce membership
directories covering manufacturing firms across major industrial regions (Riyadh, Eastern
Province, and Makkah). Respondents were informed that participation was voluntary,
that their responses would remain confidential, and that the study was intended solely
for academic purposes. Following the procedural remedies recommended by Podsakoff
et al. [31], the predictor, mediator, and outcome constructs were psychologically separated
by placing a short buffer section of unrelated demographic items between the independent
and dependent variable blocks; respondent anonymity was assured; and item wording
was reviewed to minimise ambiguity. An attention-check item was embedded in the
questionnaire, and responses that failed the check were excluded during data screening.

A total of 612 questionnaires were distributed, and 451 responses were received, repre-
senting a response rate of 73.7%. After screening for missing data, response consistency,
attention-check failure, and questionnaire completeness, 420 valid responses were retained
for the final analysis. Sample size sufficiency was verified using the inverse square root
method [32]. For a minimum detectable path coefficient of 0.10 at &« = 0.05 and 80% power,
the required sample size was approximately 155, well below the realised N of 420.

Nonresponse bias was assessed by comparing early and late respondents (the first and
last 25% of returned questionnaires) on the focal construct means using independent-sample
t-tests, following the method of Armstrong and Overton [33]. No statistically significant
differences were observed (all p > 0.10), suggesting that nonresponse bias was unlikely to
be a material concern. Table 2 reports the demographic profile of the respondent firms.
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Table 2. Respondent and firm profile (N = 420).
Characteristic Category Frequency %
Industry (top 6 of 21) Food products 49 11.7
Fabricated metal products 47 11.2
Rubber and plastics 35 8.3
Computer, electronic and optical 30 7.1
Machinery and equipment 26 6.2
Basic metals 23 55
Other (15 sectors) 210 50.0
Firm size (employees) <50 109 26.0
50-249 146 34.8
250-499 90 214
500-999 43 10.2
1000+ 32 7.6
Respondent position Senior management (Director/GM/VP) 40 9.5
Department head (SC/Operations) 75 17.9
SC/Operations supervisor 69 16.4
Procurement manager/supervisor 72 17.1
Logistics/Warehouse manager 50 11.9
Production/Plant manager 57 13.6
Quality /HSE manager 37 8.8
Other supervisory role 20 4.8

3.3. Data Analysis Procedure

The analysis followed a three-step protocol: preliminary analysis, measurement model
assessment, and structural model assessment. Partial least squares structural equation
modelling (PLS-SEM) was selected as the estimation approach for three reasons: it accom-
modates higher-order constructs in a hierarchical component model framework; it is robust
under non-normal data and moderate sample sizes; and it is well-suited to predictive
theory-building research of the kind pursued here [34]. Three considerations make this
choice substantive rather than conventional. First, both GSCM and SCV are higher-order
constructs estimated through the two-stage hierarchical component approach, for which
PLS-SEM is the standard procedure [35]. Second, the research orientation is prediction-
oriented (asking how well GSCM and SCRES jointly predict SCV rather than testing exact
covariance fit), an orientation corroborated empirically through the out-of-sample assess-
ment reported in Section 4.3.3. Third, all 39 indicators exhibit skewness between —0.27
and 0.03 and excess kurtosis between —0.52 and 0.17: modest but non-zero departures
from normality across a seven-point response format, consistent with a distribution-free
estimator. All statistical analyses were conducted using R version 4.5.2 (R Foundation
for Statistical Computing, Vienna, Austria) through RStudio version 2026.01.1+403 (Posit
Software, PBC, Boston, MA, USA).

The preliminary analysis included data screening, missing-data inspection, response-
pattern checking, and bias assessment. Common method variance was assessed using
established procedural and statistical techniques. The measurement model was assessed in
terms of internal consistency reliability (Cronbach’s o« and composite reliability), convergent
validity (average variance extracted [AVE] and indicator loadings), and discriminant valid-
ity (Fornell-Larcker criterion and the heterotrait-monotrait ratio of correlations [HTMT]).

Because GSCM and SCV are higher-order multidimensional constructs and SCRES is
a single reflective construct, the model was estimated using a two-stage hierarchical com-
ponent model approach [34]. In the first stage, the lower-order dimensions of GSCM (IEM,
GP, ECO, CC, and IR) and SCV (OS, OR, DDC, and OA) were estimated alongside SCRES,
and latent variable scores were computed. In the second stage, these scores were used to
estimate the higher-order constructs and the structural relationships among GSCM, SCRES,
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and SCV. This two-stage approach reduces model complexity and improves estimation
clarity when multiple higher-order constructs coexist with single-level mediators.

The structural model was evaluated using path coefficients, t-values, p-values, the
coefficient of determination (R?), Stone-Geisser predictive relevance (Q?), and Cohen’s
f? effect sizes. Significance was assessed using bootstrapping with 5000 resamples and
bias-corrected 95% confidence intervals (CIs). The mediating role of SCRES was tested by
examining the indirect effect of GSCM on SCV through SCRES and by classifying the medi-
ation type using the decision tree of Zhao et al. [36] (no effect, full, partial complementary,
or partial competitive mediation).

4. Results
4.1. Preliminary Analysis

Examination of the data showed no missing values in the final sample of 420 responses.
Inspection of response patterns revealed no straight-lining or careless responding: row-
mean band counts indicated that 1.4% of responses fell below 3.5, 52.1% in the mid-range
(3.5-4.99), and 46.4% at 5 or above, producing a unimodal distribution centred around
the construct means. Univariate normality was modestly violated (skewness and kurtosis
within +1), supporting the use of PLS-SEM, which does not assume multivariate normality.

Multicollinearity was assessed prior to estimating the structural model. Variance infla-
tion factors (VIFs) for all predictor constructs were comfortably below the commonly ac-
cepted threshold of 3.0, indicating that collinearity does not distort the parameter estimates.

Given the single-source, self-reported nature of the data, common method bias was
considered explicitly. Procedural steps were taken at the design stage, including assur-
ances of anonymity and reducing evaluation apprehension. From a statistical standpoint,
Harman'’s single-factor test showed that no single factor accounted for the majority of the
variance (32.92%).

To provide a more stringent assessment, full collinearity VIFs were also examined
following Kock [37]. All values remained well below the critical threshold of 3.3, suggesting
that common method bias is unlikely to meaningfully affect the results. These screens
cannot rule out residual method variance entirely; this point is acknowledged explicitly in
Section 6.3.

4.2. Measurement Model Assessment
4.2.1. Reliability and Convergent Validity

Reliability and convergent validity were assessed at the level of each lower-order con-
struct, consistent with a two-stage approach. As shown in Table 3, all constructs exhibited
Cronbach’s « values above the 0.70 threshold (range 0.733-0.915) and composite reliability
values above 0.80 (range 0.849-0.934). All AVE values exceeded the 0.50 cut-off (range
0.653-0.718), supporting convergent validity. Standardised indicator loadings ranged from
0.78 to 0.87, all significant at p < 0.001 (full item-level loadings are reported in Appendix B).

4.2.2. Discriminant Validity

Discriminant validity was assessed using the Fornell-Larcker criterion and the
HTMT ratio. As reported in Table 4, the square root of the AVE for each construct
exceeds its correlation with the other constructs [38]. All HTMT values were below
the 0.85 threshold [39], with the highest pair (SCRES-SCV) at 0.629. Therefore, the con-
structs are empirically distinct.
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Table 3. Reliability and convergent validity for first-order constructs.

Construct Items Mean SD ot CR AVE +/AVE

Internal environmental management (IEM) 5 4.898 0.927 0.895 0.923 0.705 0.840
Green purchasing (GP) 4 4910 0.868 0.852 0.900 0.693 0.832
Eco-design (ECO) 4 4.869 0.880 0.843 0.894 0.680 0.824
Cooperation with customers (CC) 4 4.896 0.893 0.856 0.903 0.699 0.836
Investment recovery (IR) 4 4.883 0.904 0.834 0.889 0.667 0.817

6

3

3

3

Supply chain resilience (SCRES) 4.847 0.910 0.915 0.934 0.702 0.838
Organisational structures (OS) 4.870 0.902 0.803 0.884 0.718 0.847
Organisational resources (OR) 4.956 0.883 0.789 0.877 0.704 0.839

Dynamic design capabilities (DDC) 4.946 0.826 0.762 0.863 0.678 0.823
Operational aspects (OA) 3 4.899 0.839 0.733 0.849 0.653 0.808

Notes: & = Cronbach’s alpha; CR = composite reliability; AVE = average variance extracted. All values met the
recommended thresholds.

Table 4. Discriminant validity (Fornell-Larcker criterion and HTMT).

HTMT HTMT
Construct GSCM SCRES SCV (GSCM) (SCRES)
GSCM 0.804 0.465 0.467 — —
SCRES 0.465 0.838 0.561 0.499 —
SCV 0.467 0.561 0.775 0.518 0.629

Notes: Diagonal values (in bold) are the square roots of the AVE for each higher-order construct; off-diagonal
values are inter-construct correlations. HTMT values were below the 0.85 threshold.

4.2.3. Higher-Order Construct Assessment

The higher-order specifications of GSCM and SCV were evaluated by examining the
loadings of the first-order dimensions on their respective higher-order constructs. As
shown in Table 5, all five GSCM dimensions loaded strongly on the second-order GSCM
construct (range 0.763-0.827; CR = 0.901; AVE = 0.646), and all four SCV dimensions loaded
strongly on the second-order SCV construct (range 0.757-0.792; CR = 0.857; AVE = 0.600).
Therefore, the hierarchical specification is supported.

Table 5. Higher-order construct loadings.

Lower-Order Dimension Loading t-Value
GSCM (CR = 0.901; AVE = 0.646)
Internal environmental management 0.795 37.42
Green purchasing 0.809 40.18
Eco-design 0.827 44.27
Cooperation with customers 0.763 32.65
Investment recovery 0.825 43.81
SCV (CR = 0.857; AVE = 0.600)
Organisational structures 0.778 34.92
Organisational resources 0.773 34.21
Dynamic design capabilities 0.792 36.89
Operational aspects 0.757 32.04

Notes: All loadings are significant at p < 0.001 based on bootstrap with 5000 resamples.

4.3. Structural Model Results
4.3.1. Direct Effects

Path coefficients and significance levels were estimated using bootstrapping with
5000 resamples. Multicollinearity was not a concern; the variance inflation factors for the
predictors of SCV (GSCM and SCRES) were below the 3.0 threshold [34].
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As reported in Table 6, supply chain resilience exerted a positive and significant effect
on supply chain viability ($ = 0.438, t = 9.97, p < 0.001), supporting H1. Therefore, resilience
capabilities play a central role in sustaining long-term supply chain functioning. Green
supply chain management has a positive and significant effect on supply chain resilience
(B =0.465, t = 10.75, p < 0.001), supporting H2: environmentally oriented supply chain
practices contribute substantively to the development of adaptive capability. The direct
effect of GSCM on SCV is also positive and significant ( = 0.263, t = 5.98, p < 0.001),
supporting H3, although the magnitude of this direct effect is markedly smaller than the
indirect effect operating through resilience (see Section 4.3.2).

Table 6. Structural model results: direct effects.

Hypothesis

Path B t-Value p-Value £ Result

H1
H2
H3

SCRES — SCV 0.438 9.97 <0.001 0.238 Supported
GSCM — SCRES 0.465 10.75 <0.001 0.277 Supported
GSCM — SCV 0.263 5.98 <0.001 0.086 Supported

Notes: Standardised path coefficients. Bootstrap with 5000 resamples. 2 thresholds: 0.02 small, 0.15 medium,
0.35 large [40].

4.3.2. Mediation Analysis

The mediating role of SCRES was tested by examining the indirect effect of GSCM on
SCV through SCRES using bias-corrected bootstrap confidence intervals (5000 resamples).
The indirect effect was positive and statistically significant (3 = 0.204, t =7.74, p < 0.001),
with a 95% bias-corrected confidence interval of [0.154, 0.258] that excluded zero, supporting
H4. Because the direct effect of GSCM on SCV remains significant after the mediator is
included and is in the same direction as the indirect effect, the result corresponds to
complementary partial mediation in the classification of Zhao et al. [36]. The variance
accounted for (VAF) by the mediator is 43.7% (Table 7), indicating that almost half of the
total effect of GSCM on SCV operates through resilience capability.

Table 7. Mediation analysis: the path from GSCM through SCRES to SCV.

Effect

Coefficient  t-Value p-Value 95% BC CI Conclusion

Direct effect (GSCM — SCV) 0.263 598 <0.001 [0.181, 0.342] Significant
Indirect effect (GSCM — SCRES — SCV) 0.204 7.74 <0.001 [0.154, 0.258] Significant
Total effect (GSCM — SCV) 0.467 10.83 <0.001 [0.387,0.547] Significant

VAF (indirect/total)

43.7% — — Complementary partial mediation

Notes: BC CI = bias-corrected confidence interval based on 5000 bootstrap resamples. VAF = variance accounted
for. Mediation type follows Zhao et al. [36].

4.3.3. Model Explanatory and Predictive Power

The explanatory power of the model is presented in Table 8. GSCM accounts for
21.7% of the variance in SCRES (R? = 0.217), and GSCM and SCRES together account for
36.9% of the variance in SCV (R? = 0.369). Stone-Geisser predictive relevance, computed
using leave-one-out cross-validation as a proxy for blindfolding, was positive for both
endogenous constructs (Q? = 0.210 for SCRES; Q? = 0.359 for SCV), indicating satisfactory
predictive relevance. Cohen’s f2 effect sizes (Table 6) suggest a medium-to-large effect of
GSCM on SCRES (f? = 0.277), a medium-to-large effect of SCRES on SCV (f> =0.238), and a
small effect of GSCM on SCV (f? = 0.086), a pattern consistent with the mediation logic.
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Table 8. Model explanatory and predictive power.

Endogenous Construct

R? Q? Interpretation

SCRES
SCv

0.217 0.210 Moderate explanatory power; satisfactory predictive relevance
0.369 0.359 Substantial explanatory power; satisfactory predictive relevance

Notes: R? thresholds following Hair et al. [34]: 0.25 weak, 0.50 moderate, 0.75 substantial. Q? > 0 indicates
predictive relevance.

Figure 2 summarises the structural model, including standardised path coefficients
and significance levels.

Indirect effect (GSCM — SCRES — SCV): 8 = 0.204*** | VAF = 43.7%

1
A 4

GSCM
Green supply chain
management

SCRES
B = 0.465%+* B =0.438%** SCV

> Supply chain resilience —> Supply chain viability
R2=10.369

A

R2=10.217

f

B =0.263*** (direct effect)

Figure 2. Structural model with standardised path coefficients (*** p < 0.001). Solid arrows denote
direct effects; the dashed arc denotes the indirect (mediation) effect through SCRES.

To corroborate the prediction-oriented rationale for the estimation approach, out-of-
sample predictive performance was further assessed using leave-one-out cross-validation
at the construct level, complementing the Stone-Geisser estimates above. The predictive
relevance for SCV was Q? predict = 0.363, and a cross-validated predictive ability test
(CVPAT) [41] indicated that the structural model significantly outperformed the naive
indicator-average benchmark (average loss difference = 0.363, t(419) = 7.05, p < 0.001),
supporting the predictive adequacy of the model beyond in-sample explanation [41,42].

4.4. Alternative Model Assessment

Because the hypothesised structure is not the only plausible arrangement of the
three constructs, a formal alternative-model assessment was conducted following the
prediction-oriented model-selection framework of Sharma et al. [42] and the CVPAT logic
of Liengaard et al. [41]. Two nested rival specifications sharing SCV as the target construct
were compared with the hypothesised partial-mediation model (M0): a full-mediation
model omitting the direct path from GSCM to SCV (M1) and a direct-effects model omitting
the mediator (M2). Table 9 reports the comparison.

Table 9. Alternative model assessment: information-theoretic and predictive comparisons.

Model

Specification R? (SCV) BIC LOO-RMSE CVPAT vs. M0

MO (hypothesised)
M1 (full mediation)
M2 (no mediator)

SCV ~ GS5CM + SCRES 0.369 —176.0 0.799 —
SCV ~ SCRES 0.314 —147.4 0.831 p =0.006
SCV ~ GSCM 0.218 —-92.2 0.887 p <0.001

Notes: BIC = Bayesian information criterion (lower values indicate better expected out-of-sample performance).
LOO-RMSE = leave-one-out cross-validated root-mean-squared error for SCV. The CVPAT column reports the
significance of per-observation squared-loss differences relative to M0 [41]; MO predicts SCV significantly better
than M1 (average loss difference = 0.051, t(419) = 2.76) and M2 (average loss difference = 0.148, t(419) = 4.57).
N =420.

The hypothesised model is decisively preferred among the nested rivals. Relative to

MO, the Bayesian information criterion deteriorates by 28.5 points for M1 and by 83.7 points
for M2 (both far beyond the threshold of 10 classified by Raftery [43] as very strong
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evidence), and the CVPAT comparisons in Table 9 confirm the predictive superiority of
MO. Fully reversed orderings of the three constructs (e.g., SCV as antecedent of SCRES
and GSCM) were also estimated. Because the three-construct path system is saturated,
such reversals are covariance-equivalent and cannot be discriminated statistically with
cross-sectional data: the variance explained when SCRES is regressed on GSCM and
when GSCM is regressed on SCRES, for example, is identical (0.217) by construction.
The modelled direction therefore rests on the dynamic-capabilities logic that operational
practices precede capability development and on prior empirical evidence for the GSCM-
to-resilience direction [5]; this point is acknowledged as a limitation in Section 6.3.

4.5. Robustness Check: Dimensionality of Supply Chain Resilience

The unidimensional specification of SCRES adopted in Section 3.1 was additionally
subjected to a formal dimensionality check. Following the proactive/reactive taxonomy
in the resilience literature [30,44], the six SCRES items were partitioned into a proactive
subscale (SCRES3, anticipation of disruptions; SCRES5, maintaining operations despite
disruptions; « = 0.756) and a reactive subscale (SCRES], rapid response; SCRES2, adapta-
tion; SCRES4, rapid recovery; SCRES6, process adjustment; o« = 0.887). Confirmatory factor
analysis (maximum likelihood, N = 420) compared the unidimensional and two-factor
specifications; Table 10 reports the results.

Table 10. Dimensionality of SCRES: confirmatory factor analysis comparison.

Model X2 (df) p CFI TLI RMSEA  BIC
Unidimensional 12.11 (9) 0.207 0.998 0.997 0.029 724
Two-factor (proactive/reactive) 12.01 (8) 0.151 0.997 0.995 0.035 78.5

Notes: Maximum-likelihood estimation, N = 420. In the two-factor model, the latent correlation between the
proactive and reactive factors is @ = 0.994 (HTMT = 0.993).

The two specifications are statistically indistinguishable in fit (Ax?(1) = 0.09, p = 0.759),
the Bayesian information criterion favours the more parsimonious unidimensional model
(ABIC = +6.0), and, decisively, the latent correlation between the proactive and reactive
factors is ¢ = 0.994, with HTMT = 0.993, far above the 0.90 threshold for construct distinct-
ness [39]. The two putative dimensions are therefore empirically inseparable in these data,
and the unidimensional specification is retained on demonstrated rather than asserted
grounds. This result may be sample-specific: in settings with greater heterogeneity in
disruption exposure, the proactive/reactive separation may be empirically recoverable [45],
which is flagged as a direction for future research.

5. Discussion

This study aimed to examine how green supply chain management contributes to long-
term supply chain viability and whether this relationship operates through the development
of supply chain resilience. The findings yield several insights that extend and integrate
research streams that have developed largely in parallel until recently. Because the design is
cross-sectional, capability evolution cannot be observed directly; the findings are therefore
interpreted as patterns consistent with (rather than a direct empirical demonstration of) the
dynamic-capabilities logic developed in Section 2.

5.1. Interpreting the Relationship from GSCM Through SCRES to SCV

Why is GSCM associated with resilience in these data? GSCM practices (supplier
coordination, information sharing, eco-design integration, and internal environmental
management) produce relational and informational conditions that constitute the substrate
on which resilience capability develops: visibility into upstream operations, joint planning
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routines, and redundancy through diversified green sourcing. The association captured by
H2 is consistent with this reading: what green practices supply is not resilience itself but
the organisational raw material from which a resilience capability can be formed.

Why does resilience channel the association between GSCM and viability? Resilience
represents the capacity to deploy GSCM-derived resources and information under disrup-
tion, not merely to possess them. This is consistent with the dominant role of the indirect
path: green practices without deployment capacity yield static green capacity, whereas
green practices accompanied by resilience are associated with adaptive, system-level func-
tioning. The dominance of the indirect path (VAF = 43.7%) is precisely the pattern this
layered reading implies.

Why does a direct association between GSCM and SCV remain? GSCM practices have
direct positive associations with system functioning (waste reduction, efficiency gains, and
supplier-base stability) that operate independently of resilience deployment. These associa-
tions are real but limited in magnitude (f> = 0.086), and the residual direct effect plausibly
also reflects intermediating capabilities not modelled here, such as integration capability,
absorptive capacity, digital capability, and risk-governance capability (see Section 6.3).

The empirical setting sharpens this interpretation. Saudi manufacturing remains
structurally dependent on imported industrial inputs (machinery and electrical equipment
alone account for roughly a quarter of total imports [46]) and operates within the structural
transition mandated by Vision 2030 [20]. Under such conditions, the deployment capac-
ity captured by SCRES is particularly consequential for sustained functioning, which is
consistent with the dominance of the indirect path observed in this sample.

5.2. Findings in Relation to Prior Research

First, the results indicate that supply chain resilience is strongly associated with
long-term supply chain functioning (3 = 0.438, p < 0.001). Prior studies have consistently
shown that resilience supports disruption response and recovery [6,9]. The present results
extend this understanding: the pattern of effects is consistent with resilience operating as a
key mechanism underlying supply chain viability. This interpretation is consistent with
recent evidence that resilience helps firms sustain performance under severe disruptions
and resource constraints rather than merely supporting short-term recovery [10], and with
empirical work in the SCV literature showing resilience to be a robust antecedent of viability
under pandemic-era disruption [14]. Therefore, resilience should not be viewed solely as a
short-term adaptive capability but as a foundational capability for sustained functioning
and continuity over time.

Second, GSCM substantially contributes to the development of resilience (3 = 0.465,
p <0.001; £ = 0.277). This finding extends the GSCM literature beyond its traditional focus
on environmental and operational performance [3,4] and clarifies the mechanism: GSCM
strengthens resilience not because it is “green” per se, but because it improves the structural
and relational conditions that make adaptive response possible. This interpretation is
supported by recent empirical evidence that GSCM lowers transaction costs, increases
productivity, and strengthens operating efficiency [5], and that green supplier integration,
information sharing, joint planning, and logistics cooperation reinforce both proactive
and reactive resilience [16,17]. Issa et al. [11] further demonstrate that green innovation
strategy translates into resilience through green logistics practices, with the strength of this
transformation contingent on supply chain complexity. What these mechanisms share is an
improvement in coordination quality, information visibility, and collaborative adjustment
capacity: the precise substrate on which resilient response depends.

Third, GSCM exerts a direct but weaker effect on supply chain viability ( = 0.263,
p < 0.001; f? = 0.086) than its indirect effect through resilience (3 = 0.204; 43.7% of the total ef-
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fect). This pattern is theoretically important because it clarifies how sustainability-oriented
practices influence long-term outcomes. Although GSCM improves resource efficiency
and coordination, these improvements alone do not fully explain sustained functioning
under prolonged disruption. However, these improvements appear more consequential
when channelled through adaptive capabilities. This interpretation is consistent with recent
evidence that supply chain resilience significantly mediates the effects of GSCM dimensions
on organisational outcomes [18] and that resilience operates as a robust mediator between
strategic supply chain choices and sustainability performance in the Saudi context [20].
Therefore, the contribution of the present study is not merely to confirm that GSCM matters
but to show that a substantial part of its contribution to viability operates through resilience
as the intervening capability that converts operational practices into adaptive continuity.

Taken together, these findings support a layered view of supply chain functioning,
in which operational practices (GSCM) provide the structural foundation, adaptive ca-
pabilities (SCRES) act as the intermediating capability, and higher-order outcomes (SCV)
represent sustained system functioning. This interpretation is consistent with recent studies
showing that resilience links dynamic and relational capabilities to sustainable operational
outcomes [26]. Therefore, this study applies dynamic capabilities theory [19] to the supply
chain context as an interpretive lens, examining how structured sustainability-oriented
practices relate to adaptive capability and, in turn, to long-term viability.

More broadly, this study integrates three research streams that have rarely been exam-
ined together within a single explanatory framework. The GSCM literature has primarily
focused on environmental and operational performance, the resilience literature on disrup-
tion response and recovery, and the emerging viability literature on long-term system con-
tinuity. While recent studies have begun to link subsets of these constructs [5,11,14,17,18],
their integration within a single mediation framework remains to be developed. The con-
tribution here is to specify a capability pathway through which sustainability-oriented
practices are associated with long-term system-level outcomes: not merely to establish that
GSCM,, resilience, and viability are related, but to articulate the mechanism through which
their relationships are theorised to unfold within a coherent capability-based framework.

At the same time, the explanatory boundaries of the model warrant emphasis. The
model accounts for 21.7% of the variance in SCRES and 36.9% in SCV; a substantial share of
the variance in both constructs therefore remains attributable to factors outside the frame-
work. Digitalisation, environmental turbulence, integration capability, risk governance,
and absorptive capacity are plausible candidates, and recent evidence underscores their
relevance in closely related settings [20]. The framework advanced here should accord-
ingly be read as capturing one substantial pathway from sustainability-oriented practice to
long-term functioning, not the complete explanation.

The findings also intersect with the emerging literature on technology-intensive and
digitally coordinated supply chains. The capability architecture identified here offers one
organisational foundation on which such digitally enabled resilience-building can operate,
although digital capabilities were not measured directly in this study.

6. Conclusions
6.1. Theoretical Contributions

This study contributes to the supply chain management literature in three ways. First,
it specifies the mechanism by which green supply chain management influences long-term
outcomes. Rather than assuming a direct relationship between GSCM and performance,
the findings show that this relationship operates substantially through the development of
a resilient supply chain. This addresses an important limitation of prior work, which has
often emphasised outcomes without identifying the underlying transformation processes.
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The result is consistent with recent evidence that supply chain resilience mediates the
effects of GSCM dimensions on organisational outcomes [18] and reinforces the view that
resilience serves as the mechanism by which sustainability-oriented practices translate into
more durable outcomes.

Second, this study contributes to the resilience literature by positioning resilience
not only as a disruption-response capability but also as a capability that supports long-
term supply chain viability. This is consistent with recent studies showing that resilience
links antecedent capabilities and relational conditions to sustainable operational outcomes,
rather than merely operating as an isolated response variable [26], and with empirical
work demonstrating its mediating role in pandemic-era viability models [14]. Therefore,
resilience deserves to be theorised as a transformational capability with implications for
both short- and long-term time horizons.

Third, this study contributes to the emerging literature on supply chain viability by
providing empirical integration with established constructs. Existing research on viability
has been largely conceptual or focused on scale development [12,13], highlighting the criti-
cal need to transition these theoretical propositions into tangible practices [47]. By linking
viability to both operational practices (GSCM) and adaptive capabilities (SCRES) within
a single mediation framework, this study situates viability within a broader nomological
network, thereby strengthening its theoretical grounding.

Overall, this study advances a layered capability perspective in which GSCM rep-
resents structured operational practices, SCRES represents adaptive capability, and SCV
represents higher-order system-level functioning. The layered view provides a more
coherent understanding of supply chain behaviour across analytical levels and time hori-
zons than the traditional view. This interpretation is reinforced by recent evidence that
GSCM strengthens resilience through efficiency improvements, lower transaction costs,
and stronger operating conditions [5].

6.2. Managerial and Policy Implications

The findings have several implications for managers operating in complex and un-
certain supply chain environments, particularly in the Saudi manufacturing context. First,
green supply chain practices should not be framed solely as compliance or efficiency instru-
ments but also as resilience-building investments. Practices such as supplier collaboration,
eco-design, and internal environmental management improve coordination and informa-
tion flow, which are central to responding to disruptions. This implication is reinforced
by recent evidence that GSCM improves resilience through better coordination efficiency,
lower transaction costs, and improved productivity [5].

Second, because resilience appears to be the channel through which green practices
are linked to long-term outcomes, managers should actively develop resilience capabilities
(such as flexibility, responsiveness, rapid decision-making, and redundancy in critical
nodes) rather than assuming that sustainability practices alone will ensure continuity under
disruption. This is especially salient under severe disruption and resource scarcity, where
resilience sustains operational performance rather than merely supporting short-term
recovery [10].

Third, achieving supply chain viability requires a system-level perspective. Firms
should move beyond isolated initiatives and align sustainability initiatives with disruption-
management strategies and long-term planning. From a policy standpoint, the findings
also support the orientation of national programmes such as Saudi Vision 2030 and the
Saudi Green Initiative, which combine environmental ambition with industrial resilience
objectives, by clarifying that the two agendas are mutually reinforcing rather than compet-
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ing [20]. The findings therefore align directly with the Special Issue’s focus on sustainable
enterprise operations and circular value creation in supply chains.

6.3. Limitations and Future Research

Several limitations qualify these findings and suggest directions for further research.
First, the study is based on cross-sectional survey data, which limits the ability to capture
dynamic changes in supply chain capabilities over time and to draw strict causal inferences.
Future research could adopt longitudinal or quasi-experimental designs to examine how
the relationships among GSCM, resilience, and viability evolve under different disruption
regimes. Such designs would also permit direct empirical separation of resilience and
viability: a longitudinal study could observe both the return-to-baseline trajectory after a
discrete disruption (operationalising resilience) and continued functioning under sustained
structural change over a longer horizon (operationalising viability), and could test whether
the two trajectories covary within firms. Relatedly, because the three-construct path system
estimated here is saturated, fully reversed orderings are covariance-equivalent in cross-
sectional data (Section 4.4); the modelled direction rests on theory and prior evidence rather
than on statistical adjudication, and longitudinal designs are required to discriminate
it empirically.

Second, the empirical context is limited to manufacturing firms in Saudi Arabia. While
appropriate for the research objectives, this choice may limit generalisability to other in-
dustries or geographical settings. Replication is needed in different contexts: for example,
service supply chains and agri-food chains in low-income economies, where developing
context-specific resilience is crucial to mitigate disruptive impacts [48]. On balance, the as-
sociation between GSCM and SCRES may transfer to non-manufacturing settings, because
the underlying coordination, information-sharing, and process-discipline mechanisms
generalise, and the association between SCRES and SCV captures a generic capability
relationship; the relative magnitudes of the paths, however (particularly the dominance
of the indirect over the direct path), are likely to be context-dependent. Replications in
lower-income economies would be especially informative because they would test whether
the resilience-mediation pattern holds where the resource base for capability development
is more constrained.

Third, although the study adopts validated measurement models, the operationali-
sation of supply chain viability remains relatively recent, and scholars may differ on its
dimensional structure. Further psychometric work is needed to refine and validate this
construct across different empirical settings and methodological approaches. Fourth, the
data are single-source and self-reported. The questionnaire did not include a theoretically
unrelated marker variable at the design stage, which precludes formal marker-based cor-
rections [49,50], and the unmeasured-latent-method-construct approach was deliberately
avoided because it neither reliably detects nor corrects method variance in PLS settings [51];
despite acceptable Harman and full-collinearity screens (Section 4.1), residual common-
method variance may therefore remain. The single-informant design is a related constraint
when measuring system-level outcomes such as SCV, and future studies should triangulate
executive assessments with multi-respondent designs and objective indicators such as
disruption-recovery times and on-time delivery performance. Finally, this study focused
on a single mediating mechanism. Future research could explore additional pathways
(digitalisation, supply chain integration, risk management capabilities, and circular value
creation) within multi-mediator and moderated-mediation frameworks, to provide a more
comprehensive account of how supply chains achieve long-term viability.
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CR Composite reliability

DDC Dynamic design capabilities

ECO Eco-design

GpP Green purchasing

GSCM Green supply chain management
HTMT Heterotrait-monotrait ratio of correlations
IEM Internal environmental management
IR Investment recovery

OA Operational aspects

OR Organisational resources

oS Organisational structures

PLS-SEM  Partial least squares structural equation modelling
SCM Supply chain management

SCRES Supply chain resilience

SCV Supply chain viability

SD Standard deviation

VAF Variance accounted for

VIF Variance inflation factor

Appendix A. Measurement Items

All items were measured on a seven-point Likert scale (1 = strongly disagree,
7 = strongly agree).

Appendix A.1. Green Supply Chain Management (Adapted from Zhu et al. [3])

Internal environmental management (IEM)

IEM1. Commitment of senior managers to environmental management.
IEM2. Support for environmental programs by top management.

IEM3. Total quality environmental management.

IEM4. Environmental compliance and auditing programs.

https://doi.org/10.3390/su18157790


https://doi.org/10.3390/su18157790

Sustainability 2026, 18, 7790

20 of 23

IEM5. Cross-functional cooperation for environmental improvement.
Green purchasing (GP)

GP1. Selection of suppliers based on environmental criteria.

GP2. Cooperation with suppliers for environmental objectives.

GP3. Requirement for suppliers to adopt environmentally friendly practices.
GP4. Evaluation of suppliers” environmental performance.
Eco-design (ECO)

ECOL. Design of products for reduced consumption of materials and energy.
ECO2. Design of products for reuse, recycling, and recovery.

ECO3. Reduction of hazardous materials in products.

ECO4. Design of products to reduce environmental impact.
Cooperation with customers (CC)

CC1. Cooperation with customers for eco-design.

CC2. Cooperation with customers for cleaner production.

CC3. Cooperation with customers for green packaging.

CC4. Cooperation with customers to reduce environmental impact.
Investment recovery (IR)

IR1. Sale of excess inventory and materials.

IR2. Sale of scrap and used materials.

IR3. Recovery of reusable materials and components.

IR4. Recycling of materials within the operations.

Appendix A.2. Supply Chain Resilience (Adapted from Ambulkar et al. [9]; Hohenstein et al. [30])

SCRESL. Our firm can respond quickly to supply chain disruptions.

SCRES2. Our firm can effectively adapt to unexpected changes in the supply chain.
SCRES3. We can anticipate potential disruptions in the supply chain.

SCRES4. Our supply chain recovers quickly from such disruptions.

SCRES5. We can maintain operations despite disruptions.

SCRES6. Our firm can adjust its supply chain processes in response to unexpected
conditions.

Appendix A.3. Supply Chain Viability (Adapted from Ruel et al. [13])

Organisational structures (OS)

OS1. The supply chain structure supports continuity in the event of disruption.
0S2. Organisational design allows for flexible structural adjustments.

OS3. Supply chain configuration enables long-term functionality.
Organisational resources (OR)

OR1. Resources can be reallocated under disruptive conditions.

OR2. Supply chain resources support sustained operation.

OR3. Resource availability supports continuity in the face of uncertainty.
Dynamic design capabilities (DDC)

DDC1. The supply chain can be redesigned in response to changing conditions.
DDC2. The network structure can be reconfigured as necessary.

DDC3. Firms can dynamically adapt their supply chain design.

Operational aspects (OA)

OAL. Operations can be maintained during prolonged disruption.

OAZ2. Supply chain processes ensure continuity.

OAB3. Operational activities remain stable amid uncertainty.
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Appendix B. Item-Level Loadings, Means and Standard Deviations

Construct Item Mean SD Loading (M)
IEM IEM1 4.888 1.164 0.821
IEM2 4.886 1.117 0.853
IEM3 4.905 1.090 0.823
IEM4 4919 1.089 0.864
IEM5 4.893 1.062 0.836
GP GP1 4910 1.021 0.809
GP2 4914 1.047 0.839
GP3 4.940 1.022 0.829
GP4 4.874 1.080 0.852
ECO ECO1 4.874 1.071 0.839
ECO2 4.848 1.121 0.858
ECO3 4.874 0.999 0.796
ECO4 4.881 1.079 0.803
CcC cC1 4.898 1.069 0.791
cC2 4.890 1.085 0.859
CC3 4.910 1.075 0.869
CC4 4.888 1.047 0.823
IR IR1 4.931 1.124 0.825
IR2 4.881 1.125 0.825
IR3 4.890 1.087 0.792
IR4 4.829 1.090 0.826
SCRES SCRES1 4.855 1.055 0.834
SCRES2 4.814 1.081 0.840
SCRES3 4.826 1.048 0.797
SCRES4 4.867 1.097 0.844
SCRES5 4.840 1.112 0.843
SCRES6 4.881 1.123 0.867
oS 0OSs1 4.886 1.093 0.846
0Ss2 4.843 1.045 0.870
0S3 4.881 1.057 0.824
OR OR1 4.936 1.078 0.810
OR2 4.950 1.050 0.867
OR3 4981 1.029 0.839
DDC DDC1 5.021 1.012 0.831
DDC2 4.888 1.008 0.810
DDC3 4.929 0.989 0.828
OA OAl 4.895 1.031 0.782
OA2 4.850 1.010 0.832
OA3 4952 1.074 0.809

Notes: All loadings are significant at p < 0.001 based on bootstrap with 5000 resamples
(N =420).
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