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Abstract

Background: Logistics and supply chain resilience research typically assumes access to
formal infrastructure, including contracted fleets, warehouses, inventory systems, and
institutionalized contingency mechanisms. Yet many micro and small enterprises (MSEs)
in emerging economies operate without these resources, leaving their logistics practices un-
derexplored. This study examines how informal MSEs sustain operational continuity and
recover from disruptions through tacit relational support. Methods: Fuzzy-set Qualitative
Comparative Analysis (fsQCA) was applied to 400 informal MSEs in Ecuador’s manufac-
turing, services, and commerce sectors. Tacit network structure was measured using four
function-specific name generators covering transport, storage, contingency management,
and informal financing. Operational resilience was assessed through order fulfillment rate
and recovery time after disruption. Results: No relational-support domain was individually
necessary for resilience. Six sufficient configurations were identified, with consistency
values from 0.817 to 0.978 and solution coverage of 0.433. One configuration combined
contingency-management and informal-financing ties despite low membership in trans-
port and storage networks, indicating a compensatory relational pathway. Conclusions:
Tacit personal networks are better understood as context-dependent relational logistics
support systems than as substitutes for formal infrastructure. The findings offer bounded,
exploratory configurational evidence on selected pathways associated with operational
resilience in informal MSEs.

Keywords: informal logistics; tacit networks; micro and small enterprises; supply chain
resilience; operational resilience; fsQCA; disruption response; equifinality; emerging
economies; Ecuador

1. Introduction

Logistics and supply chain systems are increasingly exposed to turbulent environ-
ments characterized by recurrent disruptions, resource scarcity, institutional fragility, and
uneven access to formal infrastructure. In this context, supply chain resilience has become
a central concern for logistics research and practice. However, most resilience models
continue to assume the existence of formal logistics infrastructure, including contracted
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transportation providers, warehouses, inventory systems, supplier agreements, and institu-
tionalized contingency mechanisms [1,2]. These assumptions are reasonable for formal sup-
ply chains, but they leave a large segment of economic activity theoretically underexplored:
micro and small enterprises operating informally and without asset-based logistics systems.

This omission is especially relevant in emerging economies. According to the Interna-
tional Labour Organization, eight in ten enterprises worldwide operate informally, with
informality rates exceeding 90% in low-income countries [3]. In Latin America, informal
enterprises account for a substantial share of employment and economic activity, yet they
remain marginal in empirical logistics and supply chain management research. The prob-
lem is not simply that these firms lack formal infrastructure. The deeper theoretical issue
is that existing logistics frameworks have limited capacity to explain how firms sustain
operations, fulfill orders, and recover from disruption when the infrastructure normally
assumed by supply chain theory is absent or inaccessible.

This study addresses that gap by examining tacit personal networks as informal rela-
tional logistics support systems. In this article, this concept does not refer to infrastructure
in the material, institutional, or long-term sense associated with formal logistics assets,
such as fleets, warehouses, contracts, information systems, or institutionalized contingency
mechanisms. Rather, it refers to recurrent, function-specific personal ties that may help
informal MSEs access transport, temporary storage, disruption support, and short-term
liquidity when formal logistics resources are unavailable. The study therefore does not
claim that tacit networks are full substitutes for formal logistics infrastructure. Instead, it
investigates whether and how different configurations of relational support are associated
with operational resilience in resource-constrained informal settings.

This reframing has important implications for the study of resilience in turbulent
environments. If tacit networks provide relational support for logistics continuity, then
resilience cannot be explained only by asset endowment or by isolated organizational
capabilities. It must also be understood as a configurational outcome associated with the
topology, redundancy, density, and functional coverage of relational systems. Under these
conditions, different combinations of relational-support domains may be linked to resilient
outcomes, and weak membership in one domain may be partially compensated for by
stronger membership in others. This logic is consistent with conjunctural, asymmetric, and
equifinal causality, which cannot be adequately captured by methods focused on average
net effects [4,5].

These considerations motivate the present study. If logistics continuity in these firms
depends on personal ties rather than formal assets, then resilience must be examined as a
relational and configurational phenomenon.

Based on this motivation, the study addresses three research questions. First, which
configurations of tacit relational-support domains are associated with operational resilience
in informal MSEs? Second, can some relational domains partially compensate for weak
membership in others under resource-constrained conditions? Third, how can these con-
figurations be interpreted across manufacturing, services, and commerce activities in
Ecuador? These questions require a configurational approach because the expected rela-
tionship between tacit networks and resilience is conjunctural, asymmetric, and equifinal
rather than additive.

Accordingly, this study applies fuzzy-set Qualitative Comparative Analysis (fsQCA)
to 400 informal MSEs across the manufacturing, services, and commerce sectors in Ecuador.
The empirical objective is to identify which configurations of tacit logistics networks are
sufficient for operational resilience, measured behaviorally through order fulfillment rate
and recovery time after disruption. Four function-specific network domains are examined:
transport, storage, contingency management, and informal financing. These domains
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reflect both core logistics activities and relational mechanisms that may enable operational
continuity when formal logistics resources are unavailable or difficult to access.

The study makes three contributions. First, it extends supply chain resilience theory by
making informal MSEs visible as logistics actors rather than treating them as firms outside
the analytical boundaries of supply chain management. Second, it develops a bounded
operationalization of tacit networks as informal relational logistics support systems, linking
logistics function theory with social network and social capital perspectives. Third, it
provides an empirically derived typology of configurational paths to operational resilience,
showing how different relational architectures are associated with logistics continuity in
turbulent emerging-economy contexts. These contributions should be read as evidence of
partial, context-dependent relational support rather than proof of institutional equivalence
with formal logistics infrastructure.

The remainder of the paper is organized as follows. Section 2 develops the theoretical
framework and reviews the relevant literature on supply chain resilience, informal logistics,
tacit networks, and configurational causality. Section 3 describes the research design,
sample, measurement instruments, calibration procedure, and fsQCA approach. Section 4
presents the results of the necessity and sufficiency analyses. Section 5 discusses the
theoretical and practical implications of the findings. Section 6 concludes the paper and
outlines future research directions.

2. Theoretical Framework

Supply chain resilience has been widely discussed in logistics research since Christo-
pher and Peck conceptualized resilience as the capacity of a supply chain to return to its
original state or move to a more desirable state after disruption [2]. Subsequent studies have
identified flexibility, redundancy, visibility, collaboration, agility, and adaptive capacity as
key antecedents of resilient supply chain performance [6,7]. More recently, configurational
approaches have shown that resilience is rarely produced by a single capability. Instead, dif-
ferent combinations of capacities and strategies may generate equivalent resilient outcomes,
consistent with the principle of equifinality [5,8].

Despite these advances, most supply chain resilience research remains anchored in
formal institutional contexts. Resilience antecedents are generally conceptualized as or-
ganizational capabilities that presuppose access to formal structures, including contracts,
information systems, logistics providers, planned redundancy, and institutionalized coor-
dination mechanisms [1,2,9]. Even studies focused on smaller firms often assume some
degree of formalization, such as access to documented transactions, structured supply
relationships, or external logistics services [7]. This limits the explanatory power of existing
resilience frameworks for informal MSEs, which often operate without contracts, inventory
systems, proprietary facilities, formal credit mechanisms, or stable logistics partners.

The limitation is therefore both empirical and theoretical. It is empirical because
informal enterprises represent a large share of economic activity in emerging economies
but remain underrepresented in logistics research. It is theoretical because the mechanisms
through which resilience is supported in informal settings may differ from those assumed
in formal supply chains. Informal MSEs may not build resilience through supply chain
integration, digital visibility systems, or planned redundancy. Instead, they may activate
personal relationships to secure transport, access temporary storage, resolve disruptions,
or obtain short-term liquidity. These practices require a theoretical lens capable of treating
relational systems not as a peripheral social context, but as practical support mechanisms
through which logistics-related resources are accessed and coordinated [10-12].

The concept of tacit networks as informal relational logistics support systems builds
on two complementary theoretical traditions: embeddedness and social capital. Granovet-
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ter’s embeddedness perspective argues that economic action is situated within ongoing
structures of social relations and that these relations shape the execution of economic
transactions [12]. In informal MSEs, this implies that these tacit networks are not merely
background conditions surrounding logistics operations. Rather, they may become chan-
nels through which selected logistics-related functions are activated when formal assets,
contracts, or institutional mechanisms are unavailable.

Structural social capital theory further explains why the configuration of these net-
works matters. Burt’s work on structural holes emphasizes that network topology affects
access to resources, information, and adaptive capacity [13]. Redundant ties within a given
functional domain can provide alternative activation paths when disruptions occur, while
ties spanning different functional domains can increase flexibility by connecting the firm
to multiple types of resources. Nahapiet and Ghoshal’s social capital framework also
highlights the importance of structural and relational dimensions, including tie availability,
reciprocity, trust, and shared expectations [10]. These dimensions are directly relevant for
informal logistics, where access to resources often depends on the quality and reliability of
personal relationships rather than on formal contracts.

The connection between these theoretical perspectives and the measurement model is
summarized in Table 1. Embeddedness theory informed the use of function-specific name
generators because the study examines logistics-related actions that are situated within
personal relationships rather than formal contracts [12]. Social capital theory informed
the alter-level indicators because network structure and relational quality affect access to
resources, information, reciprocity, and adaptive capacity [10,13]. Supply chain resilience
theory informed the outcome indicators because resilience was operationalized through be-
havioral evidence of continuity and recovery after disruption, specifically order fulfillment
and recovery time [1,2,14,15]. Thus, the measurement model links embedded relational
access, social-capital resources, and observed operational resilience rather than treating the
survey variables as isolated empirical proxies.

The logistics functions examined in this study are derived from both logistics theory
and the specific operational conditions of informal MSEs. Ballou identifies transportation
and storage as primary logistics activities because they directly create time and place
utility [16]. These two functions represent the physical execution side of logistics. However,
resilience to disruption also requires the ability to respond to unexpected events and
restore operational continuity, making contingency management central to research on
supply chain risk and resilience [1,2,14,15]. Informal financing is not a logistics function
in the traditional sense, but it becomes operationally relevant when liquidity constraints
determine whether a firm can pay for emergency transport, replace inputs, or maintain
deliveries after disruption. For informal MSEs lacking formal credit access, financing ties
can therefore act as an enabling condition for logistics continuity [10,17].

Together, transport, storage, contingency management, and informal financing repre-
sent a theoretically derived set of relational-support domains rather than logistics functions
of identical status. Transport and storage are core physical logistics functions because they
are directly related to the movement and temporary placement of goods [16]. Contingency
management is not a routine logistics function in the same sense, but it is closely related to
supply chain risk management and resilience, as it supports disruption response, problem-
solving, and operational recovery [1,2,14,15]. Informal financing is even more clearly an
enabling domain rather than a logistics function in the strict sense. It captures access
to short-term liquidity that may allow informal MSEs to pay for emergency transport,
replace inputs, secure temporary storage, or maintain deliveries when formal credit is
unavailable [10,17]. Therefore, the four domains should be interpreted as complementary
relational supports for logistics continuity: transport and storage capture physical-function
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support, while contingency management and informal financing capture adaptive and
resource-access support.

Table 1. Theory-to-measurement mapping of constructs and indicators.

Theoretical Basis

Measurement
Construct/Domain

Survey Operationalization

Rationale

Embeddedness
theory [12]

Function-specific tacit
networks

Name generators for transport,

storage, contingency
management, and informal

financing ties activated during

the previous 12 months

Captures the personal
relationships through which
informal MSEs access
logistics-related resources
outside formal contracts

Structural social
capital [10,13]

Network availability and
redundancy

Number of active alters;

presence of two or more active

alters within each function

Captures the availability of
alternative relational
activation paths when
disruption occurs

Relational social
capital [10]

Tie quality and reliability

Reciprocity, pre-existing
business ties, informal

agreement, activation frequency

Captures trust-based and
repeated relational access to
resources

Adaptive capacity
and disruption
response [1,2,14,15]

Contingency
management network

Disruption resolution rate,

multi-function capacity, number

of activations, response time

Captures relational support
for problem solving and
operational recovery during
disruption

Logistics function

Transport and storage

Urgency availability, response
time, peak-period availability,

Captures relational support
for movement and temporary

theory [16] support 1nf9rmfal storage agreement, placement of goods
activation frequency
Supply chain Accessible credit amount, Captures short-term liquidity

finance and resource
access [10,17]

Informal financing
support

pre-existing business tie,
activation frequency

access that may enable
emergency logistics actions

Supply chain
resilience [1,2,14,15]

Operational resilience
outcome

Order fulfillment rate and
recovery time after disruption

Captures continuity of service
and observed post-disruption

recovery performance

Note: MSE = micro and small enterprise. The table shows the conceptual link between the theoretical framework
and the survey indicators used to construct the fsSQCA conditions and outcome.

From this perspective, tacit personal networks should not be understood as logistics
infrastructure in the same material, institutional, or durable sense as formal logistics
assets, such as fleets, warehouses, contracts, information systems, or formal contingency
protocols [1,2,9,16]. Rather, they can be conceptualized as informal relational logistics
support systems: recurrent, function-specific personal ties that may help MSEs access
selected logistics-related resources when formal mechanisms are unavailable or difficult
to activate [10-12]. This distinction is important because the present study does not
seek to demonstrate that tacit networks possess infrastructure-level stability, long-term
sustainability, or full functional substitutability. Instead, it examines whether different
combinations of relational ties are associated with operational resilience in informal MSEs.

The comparison proposed in this study is therefore bounded and functional, not
institutional or structural. Transport and storage ties may support physical logistics execu-
tion, while contingency management and informal financing ties may support adaptive
response and short-term resource mobilization [1,16,17]. These relational mechanisms may
partially compensate for weak access to selected formal resources under specific conditions,
but they should not be interpreted as complete substitutes for formal logistics infrastruc-
ture. This bounded interpretation allows the study to connect logistics function theory,

https://doi.org/10.3390/logistics10070166


https://doi.org/10.3390/logistics10070166

Logistics 2026, 10, 166

6 of 27

embeddedness, and social capital without overstating what the empirical analysis can
demonstrate [10-13].

This theoretical framing leads to three empirical expectations. First, resilience in infor-
mal MSEs should be configurational rather than additive; it should depend on combinations
of relational-support domains rather than on isolated relational assets. Second, multiple
configurations may be associated with the same resilient outcome, because different rela-
tional architectures can partially compensate for different resource constraints. Third, the
causal structure should be asymmetric: the conditions sufficient for high resilience are not
necessarily the inverse of the conditions associated with low resilience.

These expectations justify the use of fuzzy-set Qualitative Comparative Analysis.
fsQCA is designed to examine necessary and sufficient conditions under set-theoretic,
conjunctural, asymmetric, and equifinal causality [4,8]. Unlike regression-based methods,
which estimate average net effects, fSQCA identifies alternative configurations that can
lead to the same outcome. This makes it especially appropriate for studying informal
logistics resilience, where the theoretical claim is not that one relational-support domain
has a uniform effect across all firms, but that different combinations of relational capacities
may be associated with operational continuity under turbulent conditions.

Three research gaps motivate the present study and are summarized in Table 2. First,
informal enterprises remain underrepresented in supply chain resilience research despite
their economic importance in emerging economies. Second, logistics scholarship lacks
an operational framework for analyzing tacit personal networks as informal relational
logistics support systems. Third, configurational methods have been insufficiently applied
to informal economy logistics, even though the partial compensation logic of relational
support makes equifinal causality theoretically expected. Although prior research has
advanced understanding of supply chain resilience, logistics functions, social capital,
informal enterprises, supply chain finance, and configurational causality, these streams
have rarely been integrated to explain how informal MSEs sustain logistics continuity and
recover from disruptions when formal logistics infrastructure is unavailable or difficult
to access. This study addresses this gap by examining how configurations of transport,
storage, contingency management, and informal financing networks are associated with
operational resilience among informal MSEs in Ecuador.

Whereas Table 1 maps each theoretical construct to its measurement indicators, Table 2
positions the study against prior research by identifying the specific gap that each research
stream leaves unaddressed.

Table 2. Research gap and positioning of the present study.

Research Stream

Main Contribution of
Prior Research

Remaining Limitation or Gap Positioning of the Present Study

Supply chain
resilience

collaboration, robustness, providers, inventory systems,
and adaptive capacity as  and institutionalized
antecedents of resilience.  coordination mechanisms.

Identifies capabilities Most studies assume formal
such as ﬂex1b11.1t.y T .supply. chain structures, Extends resilience analysis to
redundancy, visibility, including contracts, logistics

informal MSEs operating without
formal logistics infrastructure.

Logistics function
theory

Provides limited explanation

Defines transport and of how these functions are .
- . Examines how transport and
storage as core logistics performed when firms lack
.o : : storage may be accessed through
activities that create time  contracted carriers, - s .
s . function-specific personal ties.
and place utility. warehouses, or proprietary

logistics assets.
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Table 2. Cont.

Research Stream

Main Contribution of
Prior Research

Remaining Limitation or Gap

Positioning of the Present Study

Embeddedness
and social capital

Explains how economic
action is shaped by social
relations and how
networks provide access
to resources, information,
trust, and reciprocity.

These perspectives are rarely
operationalized as
logistics-support mechanisms
in informal MSE supply
chains.

Conceptualizes tacit personal
networks as informal relational
logistics support systems.

Informal economy

Shows that informal
enterprises represent a
large share of economic

Informal firms remain
marginal in empirical logistics

Makes informal MSEs visible as
logistics actors and examines their

and MSE research TP . and supply chain resilience relational mechanisms for
activity in emerging A
. research. continuity and recovery.
economies.
Financing is often treated
Supply chain Highlights the separately from logistics Treats informal financing as an

finance and
resource access

importance of liquidity
and financial access for
supply chain continuity.

operations, despite its role in
enabling emergency transport,
input replacement, and
delivery continuity.

enabling relational-support
domain rather than as a core
logistics function.

Configurational
approaches to
resilience

Demonstrates that
resilience may result from
multiple combinations of
capabilities and
strategies.

fsQCA has been used mainly
in formal organizational and
supply chain contexts, with
limited application to informal
logistics systems.

Applies fsQCA to identify
alternative configurations of
relational support associated with
operational resilience.

3. Materials and Methods
3.1. Research Design

This study used a cross-sectional survey design combining ego-network elicitation
with fuzzy-set Qualitative Comparative Analysis (fsQCA). The design was appropriate
because the objective was not to estimate the average net effect of individual variables, but to
identify combinations of relational-support domains associated with operational resilience
in informal micro and small enterprises (MSEs). The cross-sectional approach enabled the
simultaneous measurement of network structure, relational support for logistics-related
activities, and recent resilience outcomes across a relatively large sample of firms operating
under comparable institutional conditions.

Ego-network elicitation was used to capture the personal relationships activated by
each MSE to access logistics-related support, including transport, storage, contingency man-
agement, and informal financing. This approach is consistent with the theoretical premise
that, in informal settings, logistics continuity may be embedded in the entrepreneur’s
relational system rather than in formal assets or contractual arrangements.

fsQCA was selected because the study’s central proposition implies conjunctural,
asymmetric, and equifinal logic. In other words, operational resilience may be associated
with different configurations of relational-support domains; the same outcome may be
linked to multiple relational architectures; and the conditions associated with resilience are
not necessarily the inverse of those associated with non-resilience. Set-theoretic methods
are therefore better aligned with the research objective than regression-based approaches
focused on average net effects [4,5,8].
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3.2. Sample and Sampling Procedure

The target population comprised micro and small enterprises (1-9 employees) operat-
ing in the informal economy across three productive sectors in Ecuador: manufacturing,
services, and commerce. Purposive sector-stratified sampling was applied to ensure analyt-
ical comparability across sectors, with a target allocation of approximately 133 units per
stratum. Within each stratum, firms were identified through municipal commerce registries
and market association directories, supplemented by referrals from confirmed participants;
firms with no registry presence were included if verified by the field team as actively
trading. The final sample comprised 400 MSEs, services (n = 134, 33.5%), manufacturing
(n =133, 33.3%), and commerce (1 = 133, 33.3%), with a mean operational age of 11.0 years
(SD = 6.0) and a mean of 5.3 employees (SD = 3.4). Firms that declined to participate were
replaced with the next eligible firm on the registry within the same stratum; the replacement
rate was 12.4%, consistent with field survey norms in informal economy research [18].

The sample was restricted to firms with active market participation in the twelve
months preceding data collection, defined as at least one completed commercial transaction.
Firms with formal logistics contracts, proprietary warehouse facilities, or fleet ownership
were excluded, as the study concerns logistics execution in the structural absence of asset-
based infrastructure. Of the 400 MSEs included, 76.2% lacked a dedicated commercial
premises and 83.5% lacked proprietary vehicles.

For the purposes of this study, informal MSEs were defined as micro and small enter-
prises with 1-9 employees that participated actively in the market but lacked formalized
logistics arrangements such as contracted carriers, proprietary warehouse facilities, fleet
ownership, or institutionalized contingency mechanisms. Active market participation was
defined as having completed at least one commercial transaction during the 12 months
preceding data collection. Firms were included when they relied primarily on informal,
personal, or weakly formalized arrangements to move goods, access temporary storage,
respond to disruptions, or mobilize short-term liquidity. Firms were excluded when they
had formal logistics contracts, proprietary warehouse facilities, or fleet ownership, because
these characteristics would indicate access to asset-based logistics infrastructure outside
the scope of the study.

3.3. Measurement Instruments and Variable Construction

Tacit relational logistics support was measured through four domain-specific name
generators corresponding to the relational-support domains derived from the theoretical
framework: transport (TRA), storage (ALM), contingency management (CON), and infor-
mal financing (FIN). For each generator, respondents were asked to name the individuals
or contacts they had activated during the previous 12 months to access the corresponding
type of support. Each named alter was then evaluated using relational attributes specific to
that domain.

The full wording of the name generator items, alter-level attributes, coding rules, and
aggregation procedures is provided in Appendix A to improve measurement transparency
and reproducibility.

Each domain used attributes tailored to its function—for example, urgency availability
and response time for transport, peak-period availability and informal agreements for stor-
age, disruption-resolution rate and multi-function capacity for contingency management,
and pre-existing business ties and accessible credit for informal financing. The complete
set of alter-level attributes, coding rules, and formative weights for all four domains is
reported in Appendix A (Tables A2 and A3).

The four network indices were specified as formative constructs rather than reflective
scales. This specification is theoretically appropriate because the indicators represent
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distinct and complementary components of relational logistics-support capacity rather
than interchangeable manifestations of a single latent construct. For example, urgency
availability, reciprocity, response speed, redundancy, and accessible credit capture different
properties of relational support. Under a formative specification, internal consistency
coefficients such as Cronbach’s alpha are not appropriate because they assume indicator
interchangeability, which is not expected in this measurement model [19,20].

The indicators were selected to operationalize the theoretical dimensions summarized
in Table 1: embedded relational access, structural and relational social capital, adaptive dis-
ruption response, resource access, and observed operational resilience. Content validity was
established by deriving the indicators from ego-network, social capital, logistics function,
and supply chain resilience studies [10,11,16,21]. The indicators captured three comple-
mentary dimensions of tacit relational support: structural characteristics, such as alter
count and redundancy; relational characteristics, such as reciprocity, informal agreements,
pre-existing business ties, and disruption-resolution capacity; and functional characteristics,
such as urgency availability, peak-period availability, response time, activation frequency,
and accessible credit.

For formative constructs, multicollinearity among indicators was assessed as a key
diagnostic criterion. Inter-indicator correlations were computed at the MSE level after
aggregating alter-level information within each generator. Maximum pairwise correlations
were low across all four constructs: TRA |rlmax = 0.069, ALM |r|Imax = 0.080, CON

[rlmax = 0.124, and FIN |r|Imax = 0.106. These values are well below the 0.70 thresh-
old commonly used to identify problematic multicollinearity in formative measurement
models [20], confirming that each indicator contributed independently to its correspond-
ing index.

Composite indices were constructed by aggregating alter-level responses at the MSE
level for each domain-specific name generator. Indicators measured in different units,
such as Likert-type ratings, counts, hours, binary attributes, and monetary values, were
normalized to a common 0-1 scale before being combined. For indicators where lower raw
values represented stronger relational capacity, such as response time, reverse coding was
applied before normalization. The normalized indicators were then combined into domain-
specific formative indices reflecting complementary dimensions of relational logistics-
support capacity. The weighting procedure is reported in Appendix A, where each indicator
is listed with its measurement basis, coding direction, and assigned formative weight.
Weights were assigned according to the theoretical relevance of each indicator within
its corresponding relational-support domain and summed to 1.00 within each domain.
These weights reflect theory-driven researcher judgment about the relative centrality of
each indicator within its domain, rather than empirically estimated coefficients; they
were assigned a priori from the logistics-function, social-capital, and ego-network studies.
MSEs with no active alters in a given generator were assigned a score of zero for that
domain, treating the absence of a functional relational network as a theoretically meaningful
condition rather than as missing data. Appendix A also provides the name generator items,
alter-level attributes, coding directions, and aggregation procedures used to construct the
four formative indices.

Operational resilience was measured through two behavioral indicators from the
previous 12 months: order fulfillment rate and recovery time after disruption. Order
fulfillment rate was calculated as the ratio of orders delivered in full to the total number of
orders received and was interpreted as an indicator of operational continuity. Recovery
time was measured as the number of days between the reported onset of the most severe
disruption and the restoration of normal operations. Because recovery can only be observed
when a disruption has occurred, firms reporting no disruptions during the reference period
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were not interpreted as having high recovery capacity. In the main calibration, the recovery
component was therefore based only on firms with observed disruptions. As a conservative
robustness specification, non-disrupted firms were treated as crossover cases in the recovery
set, reflecting conceptual ambiguity rather than demonstrated recovery capacity. This
approach is consistent with the conceptualization of resilience as the capacity to absorb,
respond to, and recover after disruption [1,2,9,15], while avoiding the assumption that the
absence of a shock is equivalent to demonstrated recovery ability. The primary resilience
outcome used in the fsQCA analysis required simultaneous high membership in order
fulfillment and observed recovery performance.

Several procedural steps were used to reduce the risk of common method bias, re-
call bias, and social desirability bias. First, the questionnaire separated the elicitation of
network conditions from the measurement of resilience outcomes. Name-generator and
alter-level relational questions were administered before the outcome questions, reducing
the likelihood that respondents would anchor their network reports to perceived perfor-
mance outcomes. Second, network utilization was measured through domain-specific
name generators and alter-level attributes rather than through broad perceptual evalua-
tions of resilience or logistics performance. Third, the outcome variables were anchored
to behavioral indicators within a defined 12-month reference period: order fulfillment
rate and recovery time after the most severe disruption. Respondents were asked to recall
named contacts and concrete disruption events rather than general tendencies or subjective
impressions. Fourth, respondents were informed that the study was academic, that indi-
vidual responses would be treated confidentially, that there were no correct or incorrect
answers, and that there was no expected or desirable number of network contacts. These
procedures reduced, but did not eliminate, the possibility that respondents” perceptions
influenced both conditions and outcomes.

3.4. Calibration and fsQCA Procedure

All conditions and outcomes were calibrated into fuzzy sets using the direct calibration
method. Calibration is a critical step in fsQCA because it defines the degree to which each
case belongs to a theoretically meaningful set [4,8]. For each variable, the 10th percentile
was used as the anchor for full non-membership (fs = 0.05), the median as the crossover
point (fs = 0.50), and the 90th percentile as the anchor for full membership (fs = 0.95).
These anchors were selected because the study examines relational logistics capacity in an
informal-economy context, where no externally established thresholds for high or low tacit
logistics-network capacity exist and where several network variables are right-skewed due
to the structural absence of some logistics functions among part of the sample.

The percentile-based calibration was not treated as a purely mechanical distributional
procedure. Each anchor was interpreted substantively. Full non-membership indicated
very weak or structurally marginal membership in a given relational logistics-support set.
In terms of network conditions, this corresponded to firms with no active or very limited
function-specific relational support. The crossover point indicated the maximum ambiguity
between membership and non-membership, representing firms with intermediate network
capacity in the informal MSE context. Full membership indicated comparatively strong
relational support within a given function, reflected in higher alter availability, stronger
relational quality, greater redundancy, or faster activation capacity.

For the order fulfillment outcome, the calibration anchors were 0.672, 0.813, and 0.921.
Order fulfillment was interpreted as a set of high operational continuity, where full member-
ship represented comparatively high fulfillment rates and full non-membership represented
clearly weak fulfillment performance. For the recovery-time component, calibration was
applied to firms that reported at least one operational disruption during the reference

https://doi.org/10.3390/logistics10070166


https://doi.org/10.3390/logistics10070166

Logistics 2026, 10, 166

11 of 27

period. Higher fuzzy-set membership indicated faster observed recovery. The inverted
recovery-time anchors were 14.0, 23.0, and 28.0 days from the maximum recovery-time
value, where higher values indicated shorter recovery. Firms with no reported disruption
were not assigned full membership in the recovery set, because recovery capacity was not
empirically observed in those cases. As a conservative robustness specification, the analysis
was repeated using an all-sample approach in which non-disrupted firms were assigned
crossover membership of 0.50 in the recovery set, representing maximum ambiguity rather
than demonstrated recovery capacity. This procedure avoided equating the absence of
disruption with the ability to recover from one.

For the four relational-support conditions, calibration anchors were defined using
the 10th, 50th, and 90th percentiles of each domain-specific formative index, as summa-
rized in Table 3. Because the indices were constructed on a normalized 0-1 scale and
no external benchmarks exist for high or low relational logistics-support capacity in in-
formal MSEs, these anchors were interpreted substantively rather than treated as purely
mechanical distributional cutoffs. Full non-membership represented very weak or struc-
turally marginal relational support, the crossover point represented maximum ambiguity
between membership and non-membership, and full membership represented compara-
tively strong function-specific relational support within the observed informal-MSE context.
Fuzzy scores were computed using a logistic transformation, with the crossover point
defining maximum ambiguity between membership and non-membership. The primary
resilience outcome used in the fsQCA analysis required simultaneous high membership in
operational continuity and observed recovery performance.

Table 3. Calibration criteria for fuzzy-set membership.

Full Non-Membership Crossover Full Membership

Variable/Domain  Set Interpretation (fs = 0.05) (fs = 0.50) (fs = 0.95)
vedunoie %00 peeniet
10th percentile of the domain-specific index: inter pre ted as
Relational-support High domain-specific index;  index; interpreted as ’ p

conditions (TRA,

function-specific

comparatively strong

interpreted as very weak ~maximum ambiguity relational support

ALM, CON, FIN) relational support  or structurally marginal ~ between weak and e
relational support strong relational within the
support informal-MSE
PP context
Order fulfillment ' 18" OPerational 0672 0813 0.921
continuity
Fast observed
Recovery time recovery after 14.0 23.0 28.0

disruption

Note: TRA = transport network; ALM = storage network; CON = contingency management network;
FIN = informal financing network. Calibration followed the direct method, using the 10th, 50th, and 90th
percentiles of each formative index for the relational-support conditions. Recovery time was inverted so that
higher fuzzy-set membership indicated faster recovery. Firms without reported disruptions were not treated as
full members of the recovery set.

The fsQCA analysis proceeded in two stages. First, each of the four network conditions
was tested for necessity with respect to the combined operational resilience outcome. Fol-
lowing established fsQCA standards, a consistency threshold of 0.90 was used to identify
necessary conditions [4,8]. Second, a truth table with 2* = 16 logically possible configu-
rations was constructed. Configurations with an empirical frequency of n > 5 and fuzzy
consistency >0.75 were classified as sufficient for the outcome. Logical remainders were
treated as “don’t care” conditions in the standard analysis. The complete truth table, in-
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cluding all 16 logically possible configurations, empirical frequency, proportion of resilient
cases, consistency, PRI, and outcome assignment, is reported in Appendix A, Table A4.

All analyses were conducted in R version 4.3.1 using the QCA package version 3.22.
Robustness was assessed through three alternative specifications. First, the analysis was
repeated with alternative calibration anchors based on the 5th, 50th, and 95th percentiles.
Second, the truth-table frequency threshold was increased from n > 5 to n > 8. Third, the
conservative all-sample recovery specification assigned crossover membership to firms
without reported disruptions. These robustness checks assessed whether the identified
configurational patterns were sensitive to calibration anchors, truth-table frequency thresh-
olds, or the treatment of non-disrupted firms. The comparison focused on the number of
retained configurations, consistency range, solution coverage, and recurrence of the main
relational patterns across specifications.

To visualize the observed network structure for each sufficient configuration, one
representative case was selected. The representative case was defined as the resilient
MSE whose fuzzy condition profile minimized the Euclidean distance to the configuration
centroid. This procedure allowed the graphical representation of empirically observed
network topologies rather than hypothetical or idealized configurations.

4. Results
4.1. Descriptive Statistics

Across the four function-specific name generators, 3208 alter-level relational ties were
recorded. Transport network activation was universal: all 400 MSEs named at least one
transport alter (M = 3.31, SD = 1.43). Activation rates for the remaining generators were
substantial but not universal: storage (n = 318, 79.5%; M = 1.93, SD = 0.97), contingency
management (n = 337, 84.3%; M = 2.22, SD = 1.10), and informal financing (n = 292, 73.0%;
M =178, SD = 0.98). MSEs with no active alters in a given generator reflect genuine
structural absence of that logistics function, not data loss.

Relational quality varied systematically across relational-support domains. Transport
alters were rated 3.04 out of 5 on urgency availability, and 41.9% of ties exhibited reciprocity.
In contingency networks, 72.1% of alters had a confirmed record of disruption resolution,
and 32.7% operated across multiple logistics functions simultaneously, consistent with the
multi-function redundancy that network theory predicts as a source of adaptive capac-
ity [15]. In informal financing networks, 67.5% of alters maintained pre-existing business
ties with the focal MSE, and mean accessible credit amounted to $ 1181 per relationship.

The mean order fulfillment rate was 0.801 (SD = 0.100, range: 0.409-0.966). Of the
400 MSEs, 273 (68.3%) reported at least one operational disruption in the preceding twelve
months, with a mean recovery time of 9.30 days (SD = 5.88, max = 31). The remaining
127 MSEs reported no disruptions during the reference period. These firms were not
interpreted as having demonstrated recovery capacity, because recovery performance
is directly observable only after a disruption. Accordingly, they were not assigned full
membership in the recovery set. Following calibration, the combined resilience outcome
was interpreted as high operational continuity together with observed post-disruption
recovery performance.

Table 4 reports the firm-level profile of the surveyed MSEs.

Since the unit of analysis is the enterprise, the table summarizes organizational and
operational characteristics rather than individual respondent demographics. The sample
was balanced across services, manufacturing, and commerce, and the firms were generally
small, resource-constrained, and weakly equipped with asset-based logistics resources. This
profile is consistent with the study’s focus on informal relational logistics support systems.
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Table 4. Profile of surveyed MSEs.
Characteristic Category/Statistic Value
Total sample MSEs surveyed 400
Services 134 (33.5%)
Sector Manufacturing 133 (33.3%)
Commerce 133 (33.3%)
Operational age Mean (SD) 11.0 years (6.0)
Firm size Mean number of employees (SD) 5.3(3.4)
Dedicated commercial premises Firms without dedicated premises 305 (76.2%)
Proprietary vehicles Firms without proprietary vehicles 334 (83.5%)

Disruption experience

Reported at least one disruption in previous 12 months 273 (68.3%)
Reported no disruption in previous 12 months 127 (31.7%)

Data collection

Replacement rate 12.4%

Note: Recovery time is reported only for firms that experienced at least one disruption during the reference period.
Firms without reported disruptions were not interpreted as having demonstrated recovery capacity.

4.2. Necessary Condition Analysis

No condition, in either its presence or absence, constituted a necessary condition
for operational resilience. As reported in Table 5, all consistency values fell below the
0.90 threshold, with the transport network (TRA) reaching the highest value among present
conditions (0.675) and the absence of the storage network (~ALM) reaching the highest
value among negated conditions (0.644).

Table 5. Necessary condition analysis for operational resilience (1 = 400).

Condition Consistency Coverage
Transport network (TRA) 0.675 0.457
Storage network (ALM) 0.581 0.408
Contingency network (CON) 0.640 0.442
Financing network (FIN) 0.549 0.403
~Transport network (~TRA) 0.616 0416
~Storage network (~ALM) 0.644 0.420
~Contingency network (~CON) 0.598 0.396
~Financing network (~FIN) 0.643 0.403

Note: Consistency = X min(fsqondition, fSoutcome) /2 fSoutcome. Coverage = £ min(fscongdition, fSoutcome) /2 fScondition-
Threshold for necessary condition: consistency > 0.90 [4]. No condition meets this threshold.

The absence of any necessary condition establishes that operational resilience in
informal MSEs is not contingent on any single logistics network function, no channel is
indispensable, and the absence of any channel does not preclude resilience.

4.3. Sufficient Configurations

The configurations should be interpreted as sufficient set-theoretic patterns associated
with operational resilience, not as direct proof of causal mechanisms. fsQCA identifies
combinations of conditions that are consistently linked to high membership in the outcome
set, but it does not by itself establish temporal ordering, causal process, or mechanism
activation. Accordingly, the terms “pathway” and “configuration” are used in an associative
and configurational sense.
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A truth table with 2% = 16 logically possible configurations was constructed from the
four relational-support domains. For readability, Table 6 reports the six configurations
that met the sufficiency criteria and were retained in the sufficient solution. The complete
truth table, including both sufficient and non-sufficient configurations, is provided in
Appendix A, Table A4.

Table 6. Sufficient configurations for operational resilience, fSQCA solution (1 = 400).

Config. TRA ALM CON FIN n Resilient (%) Consistency  Coverage
C1 . @) O @) 25 36.0 0.978 0.075
C2 . O . O 23 43.5 0.954 0.083
C3 . @) O . 20 35.0 0.940 0.058
C4 . . @) O 25 32.0 0.899 0.067
C5 @) @) . . 28 25.0 0.890 0.058
Co6 . . O . 29 379 0.817 0.092

Solution 150 0.433

Note: ® = condition present (fuzzy score > 0.50); O = condition absent (fuzzy score < 0.50). TRA = transport;
ALM = storage; CON = contingency management; FIN = informal financing. Consistency threshold > 0.75;
frequency threshold 1 > 5. Resilience (%) indicates the proportion of resilient cases within each configuration;
solution coverage indicates the proportion of all resilient cases covered by the sufficient configurations. Resilience
(%) and fuzzy-set consistency are distinct: Resilience (%) is the observed proportion of resilient cases within the
configuration, whereas consistency measures the degree to which membership in the configuration is a subset of
membership in the resilience outcome; a configuration can thus show high consistency with a moderate Resilience
(%), and vice versa.

Figure 1 presents the observed ego-network of the representative case for each con-
figuration, the resilient MSE whose fuzzy condition profile is closest to the configuration
centroid. Euclidean distance was used because the four calibrated conditions share a
common 0-1 fuzzy-set metric, so straight-line distance in this space is a transparent and re-
producible index of proximity to the configuration’s typical membership profile. Each panel
therefore displays an empirically observed ego-network, an actual case, not an illustrative
or idealized example; it is representative only in the specific sense of being the closest
observed case to the configuration centroid, and should not be read as a statistical average
of the cases in the configuration. Each node represents a named alter; node color encodes
the logistics function through which the tie was activated; edge width is proportional to the
relational quality weight of each tie (urgency availability for TRA; peak-period availability
for ALM; disruption resolution rate for CON; pre-existing business tie for FIN). The six
panels should be read comparatively: topological differences across configurations make
visible the structural diversity of paths to resilience identified by the solution.

In each panel, the central node (dark purple) is the focal MSE (ego) and peripheral
nodes are named alters coloured by logistics function. C5 (row 2, left) shows low ob-
served membership in the transport and storage relational-support domains and higher
membership in contingency management and informal financing ties. TRA = transport;
ALM = storage; CON = contingency management; FIN = informal financing.

C1 (TRA-~ALM-~CON-~FIN; n = 25, consistency = 0.978) produced resilience through
a transport network alone, with no active alters in the remaining three functions (Figure 1,
panel C1). MSEs averaged 3.5 transport alters; storage, contingency, and financing activa-
tion was negligible. Service-sector firms accounted for 56.0% of cases.

C2 (TRA-~ALM-CON-~FIN; n = 23, consistency = 0.954) combined transport and
contingency management networks in the absence of storage and financing ties (Figure 1,
panel C2). This configuration produced the highest resilience rate in the solution (43.5%).
MSEs averaged 3.6 transport alters and 2.6 contingency alters. Manufacturing firms ac-
counted for 57.0% of cases.
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Figure 1. Representative tacit logistics networks observed in sufficient configurations associated with
operational resilience in informal MSEs. C1-C6 denote the six sufficient configurations identified in
the fsQCA solution.

C3 (TRA-~ALM-~CON-FIN; n = 20, consistency = 0.940) combined transport and infor-
mal financing networks in the absence of active storage and contingency management ties
(Figure 1, panel C3). This configuration showed the highest average number of transport
alters among the six configurations (M = 4.1), together with an average of 2.4 financing
alters and accessible credit averaging $ 1181. Service-sector firms represented 50.0% of the
cases in this configuration.

C4 (TRA-ALM-~CON-~FIN; n = 25, consistency = 0.899) combined transport and
storage networks in the absence of contingency and financing ties (Figure 1, panel C4).
Storage alters averaged 2.0 per MSE. Manufacturing firms accounted for 40.0% of cases.

C5 (~TRA-~ALM-CON-FIN; n = 28, consistency = 0.890) was characterized by high
membership in contingency management and informal financing networks, together with
low membership in the transport and storage network sets. This configuration should not
be interpreted as showing that transport or storage functions were unnecessary. Rather, it
indicates that, among the measured relational domains, these firms did not display strong
transport- or storage-specific network membership. Contingency alters averaged 2.5 (mean
fs = 0.835), and financing alters averaged 2.0 (mean fs = 0.839). MSEs in C5 recorded a mean
order fulfillment rate of 0.802, close to the sample mean of 0.801, and a mean recovery time
of 5.82 days, below the sample mean of 9.30. Commerce-sector firms accounted for 46.4%
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of cases. This pattern suggests a possible compensatory pathway in which contingency
management and informal financing ties may support ad hoc problem-solving and short-
term resource mobilization when strong membership in transport and storage networks is
not observed.

C6 (TRA-ALM-~CON-FIN; n = 29, consistency = 0.817) activated three of four network
channels, transport (M = 3.7 alters), storage (M = 2.1), and financing (M = 2.2), in the absence
of contingency ties (Figure 1, panel C6). This configuration produced the largest group size
(n = 29) and the highest individual coverage (9.2%) in the solution. Manufacturing firms
accounted for 48.0% of cases.

The six sufficient configurations collectively covered 43.3% of resilient cases (solution
coverage = 0.433), encompassing 150 of the 400 MSEs. This level of coverage should be
interpreted cautiously. It indicates that the four relational domains examined in this study
capture a relevant but incomplete portion of the configurational structure associated with
operational resilience. The uncovered resilient cases suggest that additional mechanisms
beyond transport, storage, contingency management, and informal financing may also
contribute to resilience in informal MSEs. These may include customer relationships,
supplier trust, family labor, neighborhood governance, digital communication groups,
market associations, or local institutional intermediaries. The individual coverage values
were relatively balanced across the six retained configurations, ranging from 0.058 to
0.092. This indicates that no single configuration dominated the solution and supports the
interpretation that the identified patterns represent distinct, partial, and complementary
relational pathways rather than one prevailing route to resilience. Therefore, the solution
should be read as an exploratory typology of specific relational pathways rather than as a
comprehensive model of informal MSE resilience.

Transport network membership appeared as a present condition in five of the six
configurations (C1-C4, C6). Its presence in five paths without reaching the necessity
threshold (consistency = 0.675, well below 0.90) indicates that transport-related relational
support was the most recurrent element in the identified resilience pathways, but not an
indispensable condition in all cases. C5 should therefore be interpreted cautiously. It shows
that some firms with low membership in the measured transport and storage network sets
also displayed resilient outcomes when contingency management and informal financing
ties were jointly present.

The contingency—financing dyad appeared jointly in C5 and in complementary roles
across C2 (contingency + transport) and C3 (financing + transport). In C5, this dyad was
the dominant measured relational pattern associated with resilience, but it should not be
interpreted as a structurally equivalent substitute for transport, storage, or formal logistics
infrastructure. Rather, contingency ties may help firms identify alternative operational
solutions during disruption, while informal financing ties may provide liquidity to activate
those solutions. This interpretation is consistent with the configurational logic of fsQCA,
but it remains associative and context-specific rather than proof of direct substitution.

4.4. Robustness Analysis

To assess the stability of the fsQCA solution, three robustness specifications were exam-
ined. The first used alternative calibration anchors based on the 5th, 50th, and 95th percentiles.
The second retained the original calibration anchors but applied a stricter truth-table frequency
threshold of > 8. The third used a conservative recovery specification in which firms with-
out reported disruptions were assigned crossover membership in the recovery set. Table 7
summarizes the comparison across the main and alternative specifications.
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Table 7. Robustness analysis of fsQCA solution.

Number of Solution
. . . Treatment of ; .
Specifica- Calibration Frequency . Retained Consistency Coverage/ .
tion Anchors Threshold Non'g;zlslpted Configura- Range Reporting Main Pattern
tions Status
Excluded from
Main observed . .
solution 10th/50th/90th n>>5 recovery 6 0.817-0.978 0.433 Baseline solution
calibration
Excluded from Structurally
Alternative observed recurrent, but
calibration 5th/50th/95th n>5 recovery 6 0.471-0.530 n.r. below sufficiency
calibration threshold
Higher Excolélg:lé(\i] giom Stable; same
frequency 10th/50th /90th n>8 recover 6 0.817-0.978 0.433 configurations
threshold calibrat ic})]n retained
. Assigned Structurally
ngggrv‘éartywe 10th/50th/90th ~ n>5 CToSSovS, 6 0.459-0.543 nr i Ay
specification - membership ' ’ - below sufficiency
fs = 0.50 threshold

Note: n.r. = not reported. The alternative calibration and conservative recovery specifications reproduced the
same configurational structures, but their consistency values fell below the sufficiency threshold used in the main
analysis. These checks should therefore be interpreted as sensitivity evidence and structural recurrence, not as full
confirmation of sufficiency stability across all specifications. Solution coverage is reported only for specifications
whose configurations meet the sufficiency threshold. In the alternative-calibration and conservative-recovery
specifications, consistency fell below that threshold, so the configurations do not qualify as a sufficient solution
and solution coverage is therefore not reported (n.r.).

The robustness analysis examined whether the fsQCA solution was sensitive to al-
ternative calibration anchors, a stricter truth-table frequency threshold, and the treatment
of firms without reported disruptions. The stricter frequency threshold retained the same
six configurations and the same consistency range as the main solution, since all retained
configurations exceeded the higher frequency threshold. The alternative calibration and
conservative recovery specifications also reproduced the same configurational structures,
suggesting recurrence of the main relational patterns. However, their consistency values
fell below the sufficiency threshold used in the main analysis. These results, therefore,
indicate that the main configurational logic is structurally recurrent, but also sensitive to
alternative calibration and recovery specifications. Accordingly, the robustness checks
should be interpreted as evidence of sensitivity transparency and pattern recurrence rather
than as full confirmation of sufficiency stability across all specifications.

5. Discussion
5.1. Main Findings and Configurational Interpretation

The findings show that informal micro and small enterprises (MSEs) can sustain oper-
ational performance and recover from disruptions despite lacking warehouses, contracted
fleets, proprietary logistics assets, or formal supply agreements. Across the 400 firms
analyzed, average order fulfillment reached 0.801, while the average recovery time after
disruption was 9.30 days. This result challenges the implicit assumption that operational
resilience necessarily depends on formal logistics infrastructure. Instead, the evidence
suggests that, in informal MSEs, resilience may be partly associated with tacit relational
systems through which selected logistics-related functions are accessed or coordinated.

This finding extends the supply chain resilience literature by shifting attention from
asset-based and capability-based mechanisms toward relationally embedded forms of
logistics support. Foundational resilience studies emphasize the capacity to anticipate,
absorb, respond to, and recover from disruptions [1,2,15], while later research highlights
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flexibility, redundancy, visibility, collaboration, robustness, and relational competencies
as important antecedents of resilience [6,7,22,23]. However, these perspectives generally
assume some degree of formal supply chain structure. The present study suggests that,
when formal structures are absent or difficult to access, tacit networks may provide partial
and context-dependent support for logistics continuity.

The results are also consistent with embeddedness and social capital perspectives.
Granovetter’s embeddedness argument [12] suggests that economic action is situated
within ongoing social relations. In the context of informal logistics, these relations are
not merely a background condition for exchange; they may become practical channels
through which transport is secured, temporary storage is accessed, disruptions are resolved,
and emergency liquidity is mobilized. Similarly, social capital theory helps explain why
network structure, redundancy, reciprocity, and relational quality may matter for access
to resources and adaptive capacity [10,13]. The fsQCA configurations show associations
between combinations of relational-support domains and operational resilience, but they
do not establish long-term stability, sustainability, or functional substitutability.

The study also contributes to research on informal and community-based responses
to disruption. Carrero et al. [24], for example, show that informal networks of relatives,
neighbors, friends, temples, and local clubs played a crucial role in disaster response after
the 2015 Gorkha earthquake in Nepal. Although that context differs from everyday logistics
operations among informal MSEs, the underlying mechanism is comparable: when formal
systems are incomplete, delayed, or inaccessible, relational networks can become important
channels for mobilizing resources. The present study extends this insight to routine logistics
continuity by showing that informal relational systems may support order fulfillment and
recovery after operational disruptions.

A second central finding is that no single relational-support domain is necessary
for operational resilience. Transport, storage, contingency management, and informal
financing all appeared in some sufficient configurations, but none reached the consistency
threshold required for necessity. Even transport, which appeared in five of the six sufficient
configurations, was not a necessary condition. This result supports the configurational in-
terpretation of resilience: resilient outcomes in informal logistics systems are not explained
by one indispensable resource, but by combinations of relational supports whose relevance
depends on the broader configuration in which they appear [5-8].

The six sufficient configurations also confirm the relevance of equifinality. Different
combinations of transport, storage, contingency management, and informal financing
were associated with similar resilient outcomes. In formal supply chains, equifinality
often reflects different combinations of formal capabilities, such as flexibility, redundancy,
integration, visibility, or collaboration. In informal MSEs, the configurational logic appears
to operate through partial relational compensation: weaker membership in one relational-
support domain may co-occur with stronger membership in others in configurations
associated with resilient outcomes, without implying that one domain functionally replaces
another. This configurational reading must be qualified by the robustness results: under the
alternative calibration and the conservative recovery specification, the six configurations
recurred structurally but their consistency fell below the sufficiency threshold applied
in the main solution. The configurational logic should therefore be read as structurally
recurrent yet sensitive to calibration and recovery specification, not as a solution whose
sufficiency is confirmed across all specifications.

Configuration C5 illustrates this logic but should be interpreted cautiously. In this
configuration, firms with high contingency management and informal financing network
membership showed resilient outcomes despite low membership in the measured transport
and storage network sets. This does not mean that transport or storage functions were
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unnecessary, nor that contingency and financing ties replaced formal logistics infrastructure.
Rather, C5 suggests that, under specific conditions, problem-solving ties and liquidity ties
may help firms coordinate ad hoc responses, access temporary alternatives, or recover more
quickly when strong transport- and storage-specific relational support is not observed.
Therefore, C5 is best understood as a partial compensatory pathway, not as a general
substitute mechanism.

The methodological implication is that average-effect models would be insulfficient to
capture this type of pattern. A regression-based model could estimate whether transport
network strength is generally associated with resilience, but it would not show that some
resilient firms combine low transport-network membership with other relational supports.
fsQCA is appropriate for this study because it captures conjunctural causality, equifinality,
and causal asymmetry [4,5,8]. In this context, the absence of one relational-support domain
does not necessarily imply vulnerability; its meaning depends on the configuration in
which that absence is embedded.

The following observations on sectoral composition are exploratory and descriptive;
the study was not designed to test sector effects. With that caveat, the sectoral composition
of the configurations offers additional descriptive insight into how industry-specific operat-
ing conditions may shape relational logistics-support patterns. Service-sector firms were
more visible in C1 and C3, where transport-related ties played a central role. This may
reflect the importance of rapid mobility, direct customer response, and flexible delivery
arrangements in service activities. Manufacturing firms appeared more frequently in C2,
C4, and C6, suggesting that production-oriented activities may require more combined
relational support involving transport, contingency management, storage, or financing.
These firms often need to coordinate inputs, production interruptions, temporary storage,
and delivery commitments. Commerce-sector firms were especially visible in C5, where
contingency management and informal financing ties appeared jointly despite low member-
ship in the measured transport and storage network sets. This may reflect the importance
of liquidity access, supplier flexibility, and ad hoc problem solving in trading activities
exposed to demand fluctuations, stock shortages, and short-term cash-flow constraints.
These sectoral patterns should be interpreted as descriptive and exploratory rather than
causal, since the study was not designed to estimate sector-specific effects.

5.2. Theoretical, Managerial, and Social Implications

The findings generate theoretical, managerial, and social implications. Theoretically,
the study extends supply chain resilience research by making informal MSEs visible as
logistics actors. These firms are often treated as outside the analytical boundaries of
logistics and supply chain management because they lack formal contracts, proprietary
fleets, warehouses, inventory systems, and institutionalized contingency mechanisms. The
present study shows that they can still be analyzed as logistics actors when attention shifts
from formal infrastructure to relational logistics support systems.

A second theoretical implication concerns the bounded conceptualization of tacit
personal networks. The findings do not support the claim that tacit networks are equivalent
to formal logistics infrastructure. Rather, they suggest that function-specific personal ties
may operate as informal relational logistics support systems under specific conditions.
Transport and storage ties represent relational access to physical logistics functions, while
contingency management and informal financing ties represent adaptive and enabling sup-
port domains. This distinction helps connect logistics function theory with embeddedness
and social capital perspectives without overstating the empirical evidence.

Managerially, the results suggest that MSE owners, support organizations, and local
policy actors should not treat resilience-building as a uniform process. The configurations
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indicate that firms depend on different relational architectures. For transport-dominant
configurations, the priority may be to strengthen reliability and redundancy by identifying
alternative carriers or backup delivery arrangements. For configurations involving storage,
shared temporary storage schemes or trusted storage agreements may be more relevant. For
contingency-dependent configurations, firms may benefit from stronger problem-solving
ties, emergency coordination routines, trusted broker networks, and mutual-aid structures
that can be activated during disruptions. For financing-dependent configurations, resilience
may depend on access to short-term liquidity that allows firms to pay for emergency
transport, replace inputs, or maintain deliveries.

These managerial and policy considerations are exploratory implications derived from
configurational associations, not from tested interventions; they are offered as directions
to be evaluated rather than as evidence-based prescriptions. These findings also have im-
plications for public agencies, local governments, business associations, and development
organizations. Standardized interventions, such as formal logistics platforms, warehouse-
sharing programs, or credit schemes, may not benefit all firms equally because informal
MSEs do not rely on the same relational configurations. A configuration-sensitive ap-
proach would first identify whether a firm’s resilience depends mainly on physical-function
support, adaptive response ties, liquidity access, or a combination of these domains. In-
terventions could then reinforce existing relational capacities while reducing excessive
dependence on a small number of informal contacts. For financing-dependent configura-
tions, support mechanisms could include community finance cooperatives, rotating savings
arrangements, or microcredit schemes linked to existing trust networks, provided that
these mechanisms reduce vulnerability without undermining the relational arrangements
through which informal firms currently access emergency liquidity.

Socially, the study highlights the importance of recognizing informal MSEs as active
participants in local logistics systems rather than as marginal or deficient economic ac-
tors. These firms contribute to employment, local supply, and community-level economic
continuity, yet their logistics practices are often invisible in formal policy frameworks.
Resilience policies should therefore not focus exclusively on formalization or infrastructure
provision. They should also recognize, map, and strengthen the relational systems through
which informal firms access resources. At the same time, these networks should not be
romanticized. Reliance on tacit networks may generate dependence, exclusion, limited
scalability, or unequal access to support. Socially inclusive resilience policies should there-
fore reinforce useful relational capacities while creating safer, more transparent, and more
accessible support mechanisms for firms that lack strong tacit networks.

5.3. Limitations and Future Research

This study has several limitations that should guide future research. First, the cross-
sectional design captures network structure and resilience outcomes at a single point in
time. As a result, the study identifies sufficient configurations associated with operational
resilience but cannot establish the temporal process through which those configurations
emerge, stabilize, or change after repeated disruptions. This limitation is especially relevant
because recovery capacity can only be fully assessed when firms are observed before,
during, and after disruptive events. Future studies should adopt longitudinal designs to
examine how informal logistics networks evolve over time and how relational supports are
activated during actual disruption episodes.

Second, the main condition and outcome variables were collected from the same
respondents, creating potential risks of common method bias, recall bias, and social desir-
ability bias. The study used several procedural remedies to reduce these risks, including
confidentiality assurances, separation between network elicitation and outcome questions,
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function-specific name generators, alter-level questions, and behavioral indicators anchored
to a 12-month reference period. Nevertheless, same-source bias cannot be fully ruled out.
MSE owners may overstate network availability, fulfillment performance, or recovery
speed, particularly when formal records are unavailable. Future research should triangu-
late self-reported data with delivery records, transaction histories, customer reports, mobile
payment records, or observational field data where feasible, and should consider multi-
informant designs in which key alters or business partners confirm network activation
from their own perspective.

Third, recovery time is directly observable only for firms that experienced a disruption
during the reference period. Firms without reported disruptions cannot be assumed to
possess high recovery capacity, because the absence of a shock does not demonstrate the
ability to recover from one. For this reason, the revised analysis treats non-disrupted firms
conservatively and distinguishes operational continuity from observed post-disruption
recovery. Although the absence of reported disruption may reflect preventive or absorptive
capacity, this cannot be verified with the cross-sectional data used in this study. Future
research should distinguish more explicitly between disruption exposure, prevention,
absorption, operational continuity, and post-disruption recovery.

Fourth, the study was conducted in Ecuador, a national context with specific in-
stitutional conditions, informal economy structures, cultural norms of reciprocity, and
sectoral characteristics. Although the theoretical logic may be relevant to other emerging
economies, the empirical typology should not be assumed to be universally transferable.
The sector-stratified sampling strategy improved analytical comparability across manufac-
turing, services, and commerce, but the use of purposive sampling limits generalization to
all informal MSEs in Ecuador. The configurations should therefore be interpreted as em-
pirically grounded patterns observed in the study sample rather than as population-level
prevalence estimates. Comparative research across Latin America, Africa, and Asia would
help determine whether the identified configurations are context-specific or reflect broader
informal logistics-support architectures.

Fifth, the fsQCA solution coverage indicates that a substantial share of resilient cases
remains outside the six sufficient configurations. The solution coverage of 0.433 shows that
the four-domain framework captures a relevant but incomplete part of informal logistics
resilience. Transport, storage, contingency management, and informal financing should
therefore not be interpreted as explaining the entire structure of resilience among informal
MSEs. Future studies should examine additional relational, organizational, sectoral, and
institutional domains, such as customer networks, supplier trust, neighborhood gover-
nance, digital communication groups, family labor, market associations, local institutional
intermediaries, entrepreneurial experience, and sector-specific operating routines.

Sixth, the fsSQCA results are sensitive to calibration decisions, as in all set-theoretic
analyses. Although the revised manuscript provides a substantive justification for the
calibration anchors and reports robustness checks using alternative anchors, a stricter
frequency threshold, and a conservative treatment of non-disrupted firms, the configura-
tions should not be interpreted as deterministic causal laws. They represent empirically
supported set-theoretic patterns under the calibration choices adopted in this study. Future
research should compare alternative theoretically grounded calibration schemes, test addi-
tional robustness specifications, and report full truth tables and calibrated datasets where
possible to strengthen transparency and reproducibility. Relatedly, the formative index
weights were assigned on theoretical grounds and reflect researcher judgment; although the
low inter-indicator multicollinearity limits the influence of any single weight, alternative
theoretically defensible weighting schemes are possible, and future research should test the
sensitivity of the indices to alternative weighting and aggregation choices.
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Seventh, the study focuses on the presence and quality of function-specific ties but does
not fully analyze the internal structure of alter networks. Future research could incorporate
more detailed social network analysis, including tie multiplexity, network centrality, bro-
kerage roles, clustering, and the overlap between logistics and non-logistics relationships.
This would make it possible to distinguish between firms that rely on several independent
alters and firms that depend on a small number of multi-function brokers. In addition,
the representative network visualizations were selected using Euclidean distance to the
fuzzy-set configuration centroid. Although this criterion is transparent and reproducible,
future studies could compare Euclidean, Mahalanobis, and medoid-based procedures to
improve representative-case visualization in configurational logistics research.

Finally, future research should examine the boundary conditions under which tacit
networks support resilience and when they may create vulnerability. Relational logistics
support systems may be flexible and adaptive, but they may also generate dependence,
exclusion, limited scalability, or unequal access to resources. A more complete theory of
informal logistics resilience should therefore examine not only the resilience benefits of
tacit networks, but also their potential costs and failure modes.

6. Conclusions

This study shows that operational resilience in informal micro and small enterprises
can be associated with configurations of tacit relational networks that support selected
logistics-related functions when formal resources are unavailable or difficult to access. The
fsQCA results identified six sufficient configurations associated with operational resilience,
confirming that no single network domain is necessary and that multiple structurally
distinct relational patterns may be linked to resilient outcomes. These configurations
should be interpreted as set-theoretic associations rather than as direct proof of causal
mechanisms. They are also sensitive to calibration choices: under alternative anchors and a
conservative recovery specification, the same configurations recurred but with consistency
below the sufficiency threshold, so the solution is best described as structurally recurrent
rather than fully stable across specifications.

The most distinctive finding is the role of partial relational compensation: in some
configurations, especially C5, firms showed resilient outcomes despite low membership
in the measured transport and storage network sets when contingency management and
informal financing ties were jointly present. This result should not be interpreted as
evidence that transport or storage functions are unnecessary, but rather as suggesting
that adaptive response and liquidity ties may support ad hoc operational solutions under
specific conditions.

The study contributes to logistics and supply chain resilience research by extending
the analysis of resilience to firms that operate outside formal logistics systems. Theoretically,
it proposes a bounded conceptualization of tacit networks as informal relational logistics
support systems, grounded in logistics function theory, embeddedness, social capital, and
network topology. Methodologically, it demonstrates the value of fsQCA for examining
informal logistics contexts where resilience is expected to be conjunctural, asymmetric,
and equifinal. Practically, it offers a bounded, configuration-sensitive account of selected
resilience-building pathways, distinguishing firms that depend primarily on physical-
function support from those that rely more strongly on adaptive and enabling relational ties.

These findings are particularly relevant for turbulent emerging-economy environ-
ments, where formal logistics assets, contractual arrangements, and institutionalized con-
tingency mechanisms are often limited or unevenly accessible. Strengthening resilience in
such contexts requires more than providing standardized infrastructure. It also requires
recognizing, mapping, and reinforcing the relational systems through which informal firms
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may organize logistics continuity, solve disruptions, and mobilize short-term resources.
However, these relational systems should not be interpreted as full substitutes for formal
logistics infrastructure, since the present study does not establish their long-term stability,
durability, scalability, or institutional equivalence.

The conclusions should also be read within the explanatory scope of the fsQCA solu-
tion. The six configurations covered a relevant but incomplete portion of resilient cases.
Therefore, the four relational domains examined in this study should not be interpreted as
explaining the entire structure of resilience among informal MSEs. Rather, they identify spe-
cific relational mechanisms that may support operational resilience under certain conditions.

Future research should extend the typology to other national and sectoral contexts, in-
corporate longitudinal designs capable of tracking how tacit logistics networks evolve after
disruptions, and develop more detailed instruments for measuring network dimensions
such as multi-function alter capacity, informal credit depth, tie multiplexity, and broker
dependence. Further studies should also examine the boundary conditions of relational
logistics support systems, including when tacit networks enhance resilience and when they
may generate vulnerability, exclusion, dependence, or limited scalability.
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Appendix A. Name Generator Items and Measurement Procedures

This appendix reports the name generator items and measurement procedures used to
construct the four relational-support domains included in the fsQCA analysis. All questions
referred to the 12 months preceding data collection. Respondents were asked to identify
individuals, contacts, or informal partners activated for each function. Each named alter
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was then evaluated using function-specific attributes. Responses were aggregated at the
MSE level to construct formative indices for transport, storage, contingency management,
and informal financing networks.

Table A1l. Name generator items and alter-level measurement attributes.

Relational Logistics-Support
Domain

Name Generator Item

Alter-Level Attributes
Collected

Coding and Aggregation
Procedure

Transport network (TRA)

During the last 12 months,
which people or contacts did
you activate when you needed
to move products, inputs,
merchandise, or deliveries?

Urgency availability;
reciprocity; exclusivity;
activation frequency;
response time in hours

Each named transport alter was
evaluated using the listed attributes.
Alter-level values were aggregated
at the MSE level. A redundancy
indicator was added when the firm
had two or more active transport
alters. Firms with no active
transport alters received a score of
zero for this domain.

Storage
network (ALM)

During the last 12 months,
which people or contacts did
you activate when you needed
temporary storage space for
products, inputs, merchandise,
or materials?

Peak-period availability;
existence of an informal
agreement; activation
frequency

Each named storage alter was
evaluated using the listed attributes.
Alter-level values were aggregated
at the MSE level. A redundancy
indicator was added when the firm
had two or more active storage
alters. Firms with no active storage
alters received a score of zero for
this domain.

Contingency management

During the last 12 months,
which people or contacts did
you activate when you faced
an operational disruption,

Disruption resolution
rate; multi-function
capacity; number of

Each named contingency alter was
evaluated using the listed attributes.
Alter-level values were aggregated
at the MSE level. A redundancy
indicator was added when the firm

network (CON) 32%?;10%53;2 P;f(zl;mé activations; response had two or more active contingency
el y ’ otod & " time alters. Firms with no active
fi ay, or Lgne.xpec €d event ) contingency alters received a score
atfecting business continuity? of zero for this domain.
During the last 12 months, Each named financing alter was
which people or contacts did evaluated using the listed attributes.
you activate when you needed Pre-existing business tie; Alter-level values were aggregated
hort-t , inf 1 A /
Informal S ToTLIerm motiey, Totma accessible credit amount ¢ the MSE level. A redundancy

financing network (FIN)

credit, payment flexibility, or
emergency liquidity to
maintain operations, replace
inputs, pay transport, or fulfill
orders?

in USD; activation
frequency

indicator was added when the firm
had two or more active financing
alters. Firms with no active
financing alters received a score of
zero for this domain.

Note: MSE = micro and small enterprise; TRA = transport; ALM = storage; CON = contingency management;
FIN = informal financing. Name generators were function-specific: transport and storage captured physical-
function support, while contingency management and informal financing captured adaptive and enabling
relational support.

Table A2. Measurement attributes and coding criteria.

Attribute Domain Measurement Description Coding
Respondent’s assessment of whether
Urgency availability TRA the alter could be activated when Five-point Likert-type scale
urgent transport was needed
Whether the relationship involved Binary or ordinal coding
Reciprocity TRA reciprocal support between the MSE  according to reported
and the alter reciprocity
Whether the transport alter was Binary or ordinal coding
Exclusivity TRA mainly available to the focal MSE or ~ according to reported

also regularly served other firms exclusivity
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Table A2. Cont.

Attribute Domain Measurement Description Coding
Number of times the alter was
Activation frequency TRA, ALM, FIN activated during the previous 12 Count or frequency category
months
Response time TRA, CON Time requm?d for the alter to respond Hours
after activation
. P Availability of the storage alter . s
Peak-period availability ALM during high-demand or peak periods Five-point Likert-type scale
Existence of an informal agreement or
Informal agreement ALM repeated arrangement for storage Binary coding
access
Respondent’s assessment of whether ~ Proportion or ordinal
Disruption resolution rate CON the alter helped resolve previous coding according to
disruptions reported resolution
Whether the alter could support more Binarv or count-based
Multi-function capacity CON than one logistics-related function o diny
during disruption &
Number of times the alter was
Number of activations CON activated for disruption response Count
during the previous 12 months
Whether the financing alter had an
Pre-existing business tie FIN established business relationship with ~ Binary coding
the MSE before the financing request
Maximum short-term amount that
Accessible credit amount FIN the respondent reported being able to  USD
access through the alter
P f tive alt Binary indicator added to
Redundancy TRA, ALM, CON, FIN ilféifleenscaerr?e g\cl)?ngli"r{nore active alters frhe corresponding formative
index
Note: The four network indices were specified as formative constructs because each indicator captured a distinct
facet of relational logistics-support capacity. Alter-level responses were aggregated at the MSE level. Firms with
no active alters in a domain received a score of zero, treating network absence as a meaningful condition rather
than missing data.
Table A3. Index construction: alter-level indicators, measurement, and weights.
Function  Indicator Measurement Weight
o e . 5-point Likert (1 = never available, 5 = always available);
TRA Urgency availability (disp) normalized as (disp — 1)/4 0.30
TRA Reciprocity Binary (1 = alter also activates respondent for equivalent function) 0.20
TRA Exclusivity Binary (1 = tie activated selectively, not as generic contact) 0.15
TRA Response time (inverted) Hours from contact to arrival; inverted as 1T — (¢/tmax) 0.20
TRA Redundancy Binary (1 = two or more active transport alters) 0.15
ALM Peak-period availability Binary (1 = alter available during peak demand periods) 0.35
ALM Informal agreement Binary (1 = standing informal agreement exists with alter) 0.20
ALM Actlvatlpn frequency Monthly activations, normalized by min—-max scaling 0.25
(normalized)
ALM Redundancy Binary (1 = two or more active storage alters) 0.20
CON Disruption resolution rate Proportion of activations resulting in confirmed resolution 0.35
CON Multi-function capacity Binary (1 = alter can assist across multiple disruption types) 0.25
CON Response time (inverted) Hours from contact to arrival; inverted as 1 — (t/#max) 0.20
CON Redundancy Binary (1 = two or more active contingency alters) 0.20
FIN Pre-existing business tie Binary (1 = relationship predates financing activation) 0.30
FIN é%iii;ﬁ;igedlt amount USD, normalized by min-max scaling 0.25
FIN Actlvatlpn frequency Monthly activations, normalized by min—-max scaling 0.20
(normalized)
FIN Redundancy Binary (1 = two or more active financing alters) 0.25

Note: Alter-level attributes were averaged within each function before computing the composite index, and
weights summed to 1.00 per function. Binary indicators were coded 0/1 and averaged as proportional MSE-level
scores. Response time and activation frequency were normalized before weighting. Redundancy was computed
at the MSE level as a network property, not as an alter-level attribute.
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Table A4. Complete truth table for operational resilience, main fsQCA solution (1 = 400).

TRA ALM CON FIN n Resilient (%) Consistency PRI Outcome
0 0 0 0 28 14.3 0.462 0.107 0
0 0 0 1 23 21.7 0.442 0.085 0
0 0 1 0 27 40.7 0.513 0.172 0
0 0 1 1 30 33.3 0.449 0.160 0
0 1 0 0 21 28.6 0.485 0.090 0
0 1 0 1 25 32.0 0.436 0.142 0
0 1 1 0 19 26.3 0.506 0.141 0
0 1 1 1 21 23.8 0.440 0.073 0
1 0 0 0 25 36.0 0.978 0.198 1
1 0 0 1 20 35.0 0.940 0.109 1
1 0 1 0 23 43.5 0.954 0.194 1
1 0 1 1 24 37.5 0.489 0.176 0
1 1 0 0 25 32.0 0.899 0.099 1
1 1 0 1 29 37.9 0.817 0.159 1
1 1 1 0 27 43.5 0.470 0.139 0
1 1 1 1 21 38.1 0.502 0.142 0
Note: 1 = condition present (fuzzy score > 0.50); 0 = condition absent (fuzzy score < 0.50). Outcome = 1
when frequency n > 5 and consistency > 0.75; otherwise Outcome = 0. TRA = transport; ALM = storage;
CON = contingency management; FIN = informal financing. Resilient (%) indicates cases with combined resilience
outcome > 0.50. PRI = proportional reduction in inconsistency.
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