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Abstract

Background: The COVID-19 pandemic has underscored the critical importance of supply
chain resilience. However, little is known about firms” willingness to implement logis-
tics and supply chain resilience strategies (SCRESTs), and how this willingness varies
across contexts. This study investigates the willingness of Japanese manufacturing firms
to implement SCRESTs and examines how the pandemic has influenced this willingness.
Methods: Using survey data from 549 Japanese manufacturing firms collected from March
to April 2022, we employed binary choice models and the average treatment effect on the
treated (ATET) analysis to examine the factors influencing the willingness to implement
SCRESTs before and during/after the pandemic. Results: Firms demonstrated significantly
higher willingness to implement SCRESTs during/after the pandemic compared with
before. Company size, industry sector, logistics strategy, implementation obstacles, and
past SCREST implementation significantly influenced willingness across both periods.
The ATET analysis confirmed that past SCREST implementation positively affects future
willingness. Conclusions: The pandemic served as a catalyst for enhanced supply chain
resilience awareness among Japanese manufacturers. Sector-specific interventions address-
ing both informational and structural barriers are essential to sustain and strengthen the
willingness to implement SCRESTSs, particularly in strategically important sectors where
financial incentives alone may prove insufficient.

Keywords: logistics resilience; supply chain resilience; supply chain disruption; COVID-19
pandemic; resilience strategies; Japanese firms; willingness to implement resilience strategies

1. Introduction

Logistics and supply chains (SCs) have emerged as critical infrastructure supporting
economic activity as production and consumption activities have become internationally
fragmented. Beyond their commercial roles, logistics and SCs have increasingly influenced
national security considerations, economic stability, and technological competitiveness.
Over the last few decades, firms have established global SCs that offer benefits such as
higher productivity, lower labor costs, and access to scarce foreign resources [1]. The
international dispersion of sourcing and production has intensified structural complexity
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and cross-firm interdependence within SCs [2]. In recent years, a series of exogenous
shocks, including environmental, political, and geopolitical events, have exposed latent
fragilities embedded in globally dispersed and complex SCs [3-5].

The COVID-19 pandemic subjected SCs to prolonged and simultaneous disruptions,
revealing gaps between their assumed resilience and actual adaptive capacity [6]. The
world economy, which was already facing the headwinds of trade wars and geopolitical
conflicts, experienced a further economic downturn after the inception of the COVID-19
pandemic [7]. Empirical evidence from the pandemic suggests that resilience capabilities
were insufficiently embedded in many SCs prior to the crisis [8]. Thus, SC resilience has
become a crucial research topic [9,10]. Many studies have acknowledged the significance
of SC resilience and proposed it as a way to combat SC disruptions [11-15]. Prior studies
suggest that firms with stronger resilience capabilities experienced reduced exposure to
disruption-related losses and exhibit superior resource coordination [16,17]. Thus, building
resilient SCs has become increasingly important for firms across the world [18,19] to handle
future shocks and disruptions.

Firms invest in various strategies to mitigate the financial impact of these disruptions.
Reducing risks and their negative effects on logistics and SC activities are the biggest
challenges for management today. Flexible strategies can help build resilient SCs by
managing risks and uncertainties [20]. In this study, such logistics and supply chain
resilience strategies (SCRESTs) refer to the coordinated strategies that enhance a firm’s
capacity for anticipation, absorption, adaptive response, and post-disruption recovery [21].

Because resilience investments are discretionary and forward-looking, decision-
makers’ interpretation of risk strongly shape whether resilience initiatives are prioritized
and enacted [22,23]. The implementation of SCRESTs by firms is a fundamental method
of enhancing SC resilience. Despite extensive conceptual development, empirical insights
into how firms operationalize logistics and SC-oriented resilience strategies remain frag-
mented and context-dependent. While prior research has documented SCRESTs and policy
initiatives, little is known about how pandemic-induced disruption has reshaped firms’
intentions to adopt such strategies. To address the gaps in literature and practice, we sur-
veyed the willingness of Japanese firms to implement SCRESTs and raised three research
questions (RQ):

1.  RQ 1: How did Japanese manufacturing firms’ willingness to implement SCRESTs
differ before and during/after the COVID-19 pandemic?
2. RQ 2: What firm-level and structural factors influenced the willingness to implement

SCRESTs across these periods?

3. RQ3: Does the prior implementation of SCRESTs causally influence firms’ willingness
to adopt such strategies in the future?

Building on our earlier work on logistics and SC resilience in the Japanese context,
this study makes several distinct and novel contributions. Firstly, it extends the analysis
by shifting the focus from the descriptive assessment of SCRESTs to firms’ willingness to
implement them, which represents forward-looking and discretionary investment decisions
that have received limited empirical attention. Secondly, this study examines whether
pandemic-induced disruptions have altered firms’ perspectives in implementing SCRESTs
using paired analysis to capture changes in willingness. Thirdly, this study identifies
and empirically tests the firm-level and experiential factors shaping willingness in the
post-COVID-19 environment. Finally, by estimating the average treatment effect of past
SCREST implementations on future willingness, this study provides new causal insights
that have not been previously addressed. In previous studies, Maharjan and Kato [21]
mainly focused on documenting the impact of COVID-19 on logistics and SCs based on
expert interviews, and evaluated the effectiveness of implemented SCRESTs [24].
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Japan provides a particularly relevant context for examining firms” willingness to
implement SCRESTs. As one of the world’s leading manufacturing economies and a
key supplier in global value chains, disruptions affecting Japanese firms often generate
ripple effects across international supply networks. At the same time, Japan is highly
exposed to systemic shocks, including natural disasters and large-scale disruptions, which
have historically underscored the importance of SC preparedness. Moreover, structural
characteristics of Japanese industry, such as long-term interfirm relationships and keiretsu-
type networks, may shape firms’ strategic responses to risk and uncertainty in ways
that differ from contexts. These features make Japan an informative and theoretically
meaningful setting for investigating the willingness to implement SCRESTs.

The remainder of this paper is organized as follows. Section 2 reviews the relevant
literature on SCREST implementation, focusing on the willingness to implement SCREST.
Section 3 presents the methods used to answer the research questions, while Section 4
presents the survey and data. Section 5 presents the empirical results for each research
question. Section 6 presents a discussion of the findings, and Section 7 concludes.

2. Literature Review
2.1. Significance of Logistics and SC Resilience

SCs operate across multiple organizational and geographic boundaries; hence, they
are structurally exposed to diverse sources of uncertainty, making vulnerability a persistent
systemic condition rather than an exceptional state. The concept of SC risk is closely associ-
ated with the notion of SC vulnerability, which refers to exposure to serious disturbances
that can cause negative effects or consequences [25,26]. Resilience is defined as the ability
to face SC vulnerabilities [27]. One of the first discussions on SC resilience emerged in the
early 2000s by Rice and Caniato [28], and several definitions have been presented since
then [29]. SC resilience is referred to as the ability of SCs to preserve their original state
after a disturbance [10,30]. Following the author’s prior work, logistics and SC resilience
can be understood as a system-level capability that enables firms to anticipate disruptions,
absorb their impacts, and recover quickly to return to their initial state, or grow by moving
to a new and more desirable state [31].

SC resilience has gained significant attention after the COVID-19 pandemic, which
heavily impacted consumers and businesses alike [32,33]. Publications on SC resilience
doubled in 2021 and 2022, underscoring its growing importance in managing SC risks [10].
Through a bibliometric analysis, Rhomri and Laqrib [10] identified resilient and agile SCs
amid disruptions as one of the key themes. The interdependencies within SC networks play
a critical role in SC resilience by proactively managing and adapting to disruptions [34].
Furthermore, ref. [21] highlighted that the implementation of SCRESTs is essential to
enhance system resilience. However, evidence from the pandemic indicates that resilience
considerations have not been systematically embedded into the strategic planning process
of many firms [35]. Consequently, serious questions have been raised about the resilience
of global SCs. Therefore, an expanding body of research now converges on the view
that strengthening SC resilience is imperative for firms operating in globally dispersed
networks [18,36,37].

2.2. Logistics and Supply Chain Resilience Strategies

Prior studies have proposed a wide range of SCRESTS, including multiple sourcing,
safety stock, and facility /supplier fortification; node density, complexity, and criticality;
facility redundancy, lateral transshipment, multiple allocation of facilities and customers,
alternative bill of materials, demand coverage, segregation/dispersion, flexible capacity
at the facilities, reassigning of customers, and expansion of facility capacity [24]. These
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SCRESTs include a combination of proactive and reactive strategies, and can be broadly
distinguished by their focus on structural redundancy, operational flexibility, and network
reconfiguration. They concluded that there is a lack of strategies aimed at enhancing the
resilience of SC links, and an abundance of strategies targeted at enhancing the resilience
of SC nodes. Zhu [19] summarized measures for improving SC resilience, such as diversifi-
cation and dual sourcing, vertical integration of SCs, decentralization of manufacturing
capacity, SC visibility, localization of SC, SC flexibility, digital transformation, and govern-
ment policy and assistance. Paul and Saha [20] conducted a systematic literature review of
flexible strategies for SC resilience, categorized as supply, transportation and distribution,
manufacturing and operational, and SC-level strategies.

During the COVID-19 pandemic, firms adopted multilayered response strategies
to recover from the pandemic and prepare for future “unknown” disruptions revolving
around an array of main actions. These include increasing the production and distribution
capacity of SCs and related utilization levels, improving workforce management at plants
and distribution centers, restructuring logistics and SC networks (e.g., facility location
and inventory allocation), introducing new partnerships with logistics service providers
and suppliers of raw materials, revisiting order allocation strategies, streamlining product
portfolios to focus on a reduced product range, being less sensitive to disruptions, and
being more manageable under constrained fulfilment capacity conditions [23,38,39].

The benefits of SCRESTs in mitigating COVID-19 impacts were investigated through
mixed-methods research by Japanese manufacturing logistics and SC professionals, offering
valuable empirical insights on assessing the impact of SCRESTs [40]. Cinti et al. [34]
explored the immediate response of Italian firms within global SCs during COVID-19
through semi-structured interviews and secondary data. They applied SC network theory to
define the dimensions of the supply network resilience framework, including SC structure,
interdependencies, coordination/collaboration, positioning, and temporary organization.
Qi et al. [41] measured the positive impact of integration practices such as information
sharing, joint planning, logistics cooperation, and procurement automation on SC resilience
in an e-commerce platform, as well as product flexibility on SC resilience through an
empirical investigation of the Chinese e-commerce platform. The positive impact of top
management support, communication, organizational culture, and product complexity on
SC resilience was confirmed, and the positive impact of SC resilience on SC performance
was assessed via a mixed-method approach for the Chinese healthcare sector with regard
to COVID-19 [33]. Trakoonsanti et al. [42] examined the impact of pharmaceutical SC
strategies on the accessibility of pharmaceutical products, lower operational costs, inventory
management, logistical performance, and SC resilience, and found a positive influence of
SC strategies on all variables.

2.3. Willingness to Implement SCRESTs

Prior empirical evidence suggests that disruption exposure can act as a cognitive
trigger, reshaping managerial evaluation of the costs and benefits associated with resilience
investments. Prataviera et al. [23] investigated the relationship of the impact of SC disrup-
tion on perceptions toward developing SCRESTs in the future, focusing on manufacturers
in grocery SCs in Italy. They found that the main element affecting perceptions about
future SCRESTs is the impact of experience on the manufacturing side of the SC process.
Regarding the factors affecting resilience strategy implementation, Kiinzli [43] investigated
the impact of firm age, firm size, managerial education, and managerial experience on
organizational resilience by surveying small and medium-size enterprises (SMEs) in the
Netherlands. They revealed that among all variables, only personal characteristics (levels of
education and experience of managers) were positively related to the level of organizational
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resilience. Todo et al. [44] investigated the robustness and resilience of SCs during the
pandemic by studying firms in Southeast Asia and India. They found that both larger
and newer firms are likely to have to resilient and robust SCs, which have led to their
higher performance.

Despite the growing recognition of logistics and SC resilience in the literature, research
on how SCRESTs are adopted across industries and how organizational characteristics
shape this adoption remains relatively scarce. A bibliometric analysis found that only 31
out of 623 publications between 2004 and 2022 focused on the Japanese context [10]. A
recent systematic review by Paul and Saha [20] identified SCRESTs with diverse method-
ological approaches and their impact on performance as key research themes. Despite
extensive conceptual development, empirical investigations into the determinants of firms’
willingness to implement SCRESTSs, particularly within the Japanese industrial context,
remain limited. Furthermore, the effects of the COVID-19 pandemic on firms’ willingness to
implement SCRESTSs, as well as the underlying influencing factors, remain underexplored.
Methodologically, much of the existing empirical work relies on descriptive or correlational
approaches, with limited attention to the causal assessment of prior implementation experi-
ence. Moreover, sectoral heterogeneity in resilience behavior during systemic disruption
has received insufficient empirical investigation. To address these gaps, this study conducts
an empirical investigation to (1) assess the impact of the COVID-19 pandemic on firms’
willingness to implement SCRESTS, (2) identify the key factors influencing this willingness,
and (3) examine whether the prior implementation of SCRESTs influence firms’ future
willingness to implement SCRESTs.

3. Methods

Table 1 lists eleven different SCRESTs: multiple sourcing, facility dispersion, backup
supplier, lateral transshipment, rerouting, facility fortification, facility redundancy, inven-
tory prepositioning, adding extra production capacity, collaboration with suppliers, and
business continuity planning (BCP). These SCRESTs include a combination of proactive,
reactive, qualitative, and quantitative strategies. The selection of these 11 SCRESTs was
based on (1) findings from the systematic literature review conducted by [24] (author’s
original work), (2) a review of the literature on articles published during the pandemic, and
(3) findings from interviews with logistics and supply chain professionals by [21] (author’s
original work). The list was further refined to ensure relevance to the Japanese manufactur-
ing context and clarity of interpretation for survey respondents. Prior to full deployment,
the questionnaire was pretested with a small group of industry practitioners and academic
experts to assess clarity, relevance, and completeness. Minor wording adjustments were
made based on their feedback to improve precision and reduce ambiguity.

We implemented three different methods to address the three research questions
raised in this study. McNemar’s test was selected to address RQ1, which is specifically
designed to analyze paired dichotomous outcomes measured in the same participants,
making it appropriate for identifying whether the impact of the COVID-19 pandemic has
led to an enhanced willingness to implement SCRESTs [45,46]. A binary choice model was
implemented to address RQ2, which is appropriate for analyzing the relationship between
a set of explanatory variables and a dichotomous outcome, such as identifying factors
influencing the willingness of firms to implement SCRESTs. The average treatment effect
on the treated (ATET) was employed to address RQ3, which allows the estimation of the
causal effect of firms’ prior implementation and future willingness to implement SCRESTs.
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Table 1. List of SCRESTs.

S.N. SCRESTs Explanation
1 Multiple sourcing [24] Having multiple suppliers for the same input.
2 Facility dispersion [24] Locating facilities across different geographic regions.
3 Backup supplier [21] Maintaining an alternative supplier for emergencies.
4 Lateral transshipment [21,24] Transferring goods between facilities at the same SC level.
5 Rerouting [24] Redirecting product flows through alternative transportation paths.
6 Facility fortification [24] Strengthening facilities to withstand disruptions.
7 Facility redundancy [24] Maintaining additional facilities beyond normal operational needs
8 Inventory prepositioning [24] Placing inventory in advance at strategic locations.
9 Adding extra production capacity [24] Increasing capacity beyond regular demand requirements.
10 Collaboration with suppliers [24] Coordinating and sharing information with suppliers.
11 Business continuity planning [21] Developing plans to sustain operations during disruptions.

3.1. McNemar’s Test

McNemar's test, a statistical method used to analyze paired nominal data, was per-
formed to address RQ1. It was applied to a 2 x 2 contingency table (Table 2) with a
dichotomous trait, with matched pairs of subjects, to determine whether the row and
column marginal frequencies were different. In other words, the existence of a “marginal
homogeneity” was examined. The 2 x 2 contingency table presents the outcomes of the
two tests on a sample of N participants.

Table 2. 2 x 2 Contingency table for McNemar’s test.

Test 2 Positive Test 2 Negative Row Total
Test 1 positive a b a+b
Test 1 negative c d c+d
Column total a+c b+d N

The null hypothesis of marginal homogeneity states that the two marginal probabilities
for each outcome are the same, that is, p; + py = pa + pc and p¢ + pg = pp + pa, where py, pp,
pe, and p, are the theoretical probabilities of occurrences in cells of the corresponding labels
with observations 4, b, ¢, and d, respectively.

HO. There is no significant difference between the willingness to implement SCRESTs before and
during/after the COVID-19 pandemic, i.e., HO: p, = pe.

H1. There is a significant difference between the willingness to implement SCRESTS before and
during/after the COVID-19 pandemic, i.e., H1: py # pe.

The McNemar test statistics can be represented using Equation (1).

2
, (b—¢)
= a 1
X b+c M
Under the null hypothesis, with a sufficiently large number of discordant cells, b and
¢ has a chi-squared distribution with one degree of freedom. If the result is significant,

this provides sufficient evidence to reject the null hypothesis in favor of the alternative
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hypothesis that p; # p.., which would mean that the marginal proportions are significantly
different from each other.

3.2. Binary Choice Model

We empirically analyzed the willingness of firms to implement SCRESTs using econo-
metric models to address RQ2. As the willingness to implement SCRESTs is affected by
many factors, and willingness is elicited in the form of willingness or unwillingness, it
can be regarded as a binary choice; hence, it cannot be analyzed through simple linear
regression [47,48]. Therefore, we formulated two binary choice models to identify the
factors influencing the willingness to implement SCRESTs before and during/after the
pandemic. The dependent variable represented a discrete choice regarding the willingness
of each respondent to implement SCRESTSs, while the independent variables represented
the factors influencing the willingness to implement SCRESTs. This study employed a
binary logit model to analyze the key driving factors affecting the willingness of Japanese
firms to implement SCRESTs. Figure 1 shows a schematic of the factors influencing the
willingness to implement SCRESTs during the pandemic.

Corporate characteristics

Firm size
Firm age
Industry sector

Manager experience

Logistics and SC attributes

Logistics strategy

Disaster experience

Past disaster experience

Obstacles

Obstacles to implement
SCRESTs

Resilience strategies

Impacts of COVID-19 on

Net sales

Profit

Ease of communication with
suppliers

Ease of transportation from
suppliers

Lead time

Inventory level

Customer satisfaction

SCREST Implementation

Willingness to
implement
SCRESTs

Figure 1. Schematic of the factors influencing the willingness to implement SCRESTs during
the pandemic.

Furthermore, we set two models to represent pre-pandemic and during/after pan-
demic scenarios to address RQ2. The pre-pandemic model hypothesized that the will-
ingness to implement SCRESTs before the COVID-19 pandemic was influenced by the
firm size, firm age, industrial sector, manager experience, logistics strategy, past disaster
experience, obstacles faced before the pandemic, and the implementation of SCRESTs.
The during-pandemic model hypothesized that the willingness to implement SCRESTs
was influenced by the organization size, age of the company, industrial sector, manager
experience, logistics strategy, past disaster experience, obstacles faced during the pandemic,
implementation of SCRESTs, and impacts of the COVID-19 pandemic. The impact of the
COVID-19 pandemic includes effects on firm performance (net sales and profit), logistics,
and SC activities (i.e., ease of communication with suppliers, ease of access to transportation
from suppliers, lead time, inventory level, and customer satisfaction).
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The probability that a firm is willing to implement SCRESTs based on the binary logit
model can be expressed using Equation (2) [49].

P(yf”> T+ l’yi" (2)

where P (y]-n) is the probability of choosing option j for firm n and y;, is the utility function
of option j for firm n.

The utility function was assumed to be linear. Equations (3) and (4) demonstrate the
utility functions associated with the independent variables for the willingness to implement
SCRESTs before and during/after the pandemic, respectively.

Yi, = Bo+ B1X1u + BaXon + B3Xan + BaXan + B5Xsu + BeXen + B7X7n + BsXsu + €ju (3)

Y = Bo + B1X1n + BaXou + B3 Xan + BaXan + B5Xsn + BeXen + B7X7n + BsXsn + BoXon + € (4)

where j represents an alternative (j = 0, 1) and n represents a firm; X1 is the firm size, which
was set to 1 when the firm was a large-scale enterprise and 0 otherwise; and X2 is the age,
which was set to 1 when the firm was older than 20 years and 0 otherwise. X3 represents the
industrial sector, which was set to 1 when the firm belonged to the transport equipment and
machinery manufacturing, pharmaceutical, semiconductor and device, or textile industry,
and 0 otherwise. X4 represents the experience, which was set to 1 when the experience
of the respondent was longer than 15 years, and 0 otherwise. X5 represents the logistics
strategy that reflects the firm’s overall approach to logistics management, which was set
to 1 when the firm used its own logistics assets and 0 otherwise. X6 represents the past
disaster experience, which was set to 1 when the company had experienced disasters in
the past and 0 otherwise. X7 captures the perceived barriers to implementing SCRESTSs,
which was set to 1 when the firm faced obstacles (such as financial constraints, lack of
information, organizational resistance, or operational complexity) to implement SCRESTs
and 0 otherwise. X8 represents SCREST implementation, which was set to 1 when the firm
had already implemented SCRESTs and 0 otherwise.

Finally, X9 represents the COVID-19 impact on net sales, profit, ease of communication
with suppliers, ease of transportation form suppliers, lead time, inventory level, and
customer satisfaction, measured using a five-point scale, vector of coefficients, and the error
term ¢&j,. Logit models were estimated using the maximum likelihood method and solved
using STATA 17.0.

3.3. Average Treatment Effect on Treated

The ATET is a concept in causal inference that measures the average effect of a treat-
ment on the entities that received the treatment. We employed the ATET to further examine
RQ2 because by focusing on the effect of the treatment (i.e., implementation of SCRESTs)
on entities that actually implemented it, the ATET can provide more accurate estimates of
the effectiveness of the treatment for the population of interest [50,51]. We estimated the
average effect of the past implementation of SCRESTs on future willingness by comparing
the willingness to implement SCRESTs between firms with (treated group) and without
(control group) SCRESTs before the pandemic using propensity score matching. This was
done to assess the impact of implementing SCRESTs before the pandemic more precisely
by comparing the future willingness of firms with and without SCRESTs. The difference
in the willingness between firms with and without SCRESTs was computed using one-to-
one matching. The propensity score model included key structural characteristics, e.g.,
company size and industry sector, which are theoretically and empirically associated with
both SCREST adoption and resilience behavior. Matching quality was assessed within the
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propensity score matching (PSM) procedure to ensure improved comparability between
the treated and control firms along the selected covariates. This approach helps mitigate
observable selection bias and allows for a more credible estimation of the treatment effects.

The formula for calculating the ATET using the PSM estimator, as outlined by Becker
and Ichino [52], is as follows:

ATETPSM = E(y;4D = 1, P(X)) — E(y,y|D = 0, P(X)) ©)

where the ATET in Equation (5) measures the effect of the past implementation of SCRESTs
on the future willingness to implement them. D denotes the treatment (past implementation
of SCRESTs) status of the firms. y;, and y;5 are ATET measures of the effect of prior
implementation of SCRESTs on the observed outcomes of future willingness, X is a vector of
the observed characteristics, P(X) denotes the propensity score of each company given the
observed covariates, and ATETPSM is the difference in outcomes between the willingness
and unwillingness appropriately matched by the propensity score P(X). The ATET was
estimated using PSM. We used a logit model to estimate each company’s propensity score
using covariates of the industry sector and company size. All statistical analyses, including
the ATET estimation, were conducted using STATA 17.0.

4. Survey and Data
4.1. Survey

This study focused on Japanese manufacturing firms because the manufacturing sector
is a key pillar of Japan’s economy, contributing significantly to its status as the world’s
third-largest economy by GDP and a recognized global manufacturing powerhouse [53]. In
FY 2019-20, manufacturing accounted for approximately 20% of Japan’s GDP, with major
contributions from the automotive industry and other sectors [53].

Empirical data were collected from four major manufacturing subsectors in Japan:
transport equipment and machinery, pharmaceuticals, semiconductor and devices, and
textiles. These sectors were selected based on their economic significance and strategic
importance. The transport equipment and machinery manufacturing sector has the largest
share of Japan’s manufacturing output, accounting for approximately 20% of all manufac-
turing industries in Japan. Japan’s pharmaceutical industry is one of the largest globally,
comprising approximately 7% of the global market, and has been identified as a high-
potential growth area [54]. Japan is recognized for producing high-quality semiconductors
both within and outside Japan. The Japanese government has prioritized this industry as
part of its economic security agenda [55,56]. Japan is the world’s third-largest importer of
textiles and apparel, with imports valued at USD 37.14 billion in 2019 [57,58].

Given Japan’s high exposure to natural and man-made disasters, strengthening na-
tional resilience is a major policy concern [59]. Since 2014, under the “policy promoting
initiatives to build national resilience,” the transportation and logistics sectors have been
recognized as critical to enhancing national preparedness and flexibility [60]. In support
of these efforts, the Japanese government has implemented several initiatives, including
earmarked subsidies for implementing SCRESTs [61], promoting investments in Japan to
strengthen SCs, and broader regional initiatives to enhance SC resilience in the Indo-Pacific
region [62].

Primary data were collected using a structured questionnaire in Japan between
29 March and 15 April 2022. The survey was conducted by a professional survey firm
using a stratified sampling approach based on firm size and industry sector to ensure
adequate representation across key categories. Within each stratum, firms were randomly
selected from the survey firm’s database. The questionnaire included questions regarding
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the profile of firms, attributes of respondents, and their willingness to implement SCRESTs.
A total of 8000 firms that met the selection criteria were contacted nationwide through a
combination of mail and web-based outreach. The target respondents were logistics and
SC professionals. A total of 549 valid responses were obtained, yielding a response rate of
approximately 7%.

4.2. Descriptive Statistics

Table 3 presents the descriptive statistics of the respondents” profiles. Out of the
549 valid responses, 5.3% were from large enterprises (LEs) and 94.7% were from SMEs.
This finding suggests that SMEs dominate the survey sample. Furthermore, 62% of the
total responses were from the transport machinery and equipment manufacturing industry,
followed by the textile manufacturing industry (19%), pharmaceutical manufacturing in-
dustry (11%), and semiconductor and device manufacturing industry (7%). The highest
proportion of firms was in the age ranges of 11-20 years (36%) and 21-50 years (44%). In
terms of logistics and SC strategies, the highest proportion (44%) of firms fully outsourced
their logistics activities to third-party logistics companies, 31% partially used their own lo-
gistics assets, 14% fully used in-house logistics assets, 8% partially used third-party logistics
companies, and the remaining 3% chose other options. In terms of managerial experience,
49% of respondents had 20 or more years of experience. While survey-based research
may be subject to nonresponse bias, the distribution of responding firms across major
industry categories and size groups is consistent with national manufacturing statistics. No
systematic response patterns were observed that would suggest a strong nonresponse bias.

Table 3. Profile of respondents (firm size, sector, and other characteristics). (Source(s): Authors’

own work).
Variable Frequency Percentage (%)
Firm size
SME 520 94.7
LE 29 5.3
Industrial sector
machnery manufacturing i 2
Pharmaceutical manufacturing 62 11
Semiconductor and device manufacturing 39 7
Textile manufacturing 105 19
Firm age
Less than or equal to 10 years 32 6
11-20 years 49 9
21-50 years 200 36
51-100 years 240 44
Greater than or equal to 101 years 28 5
Logistics strategy
Fully used in-house logistics assets 77 14
Partially used own logistics assets 169 31
Fully outsourced to logistics companies 241 44
Partially outsourced to logistics companies 46 8
Others 16 3
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Table 3. Cont.
Variable Frequency Percentage (%)
Manager experience

Less than or equal to 5 years 62 12

6-10 years 63 12

11-15 years 76 15

16-20 years 64 12

Greater than or equal to 20 years 255 49

4.3. Willingness to Implement SCREST

Figure 2 shows the willingness to implement SCRESTs before and during/after the
pandemic. Before the COVID-19 pandemic, 13% of respondents stated that they were
willing to implement SCRESTs. Among these, 14% were LEs and the remaining 56% were
SMEs. The proportion of firms that implemented SCRESTs before the pandemic was 9%,
which was lower than the stated willingness. During the pandemic, the proportion of firms
that stated that their willingness to implement SCRESTs increased to 20%. Among the
firms willing to implement SCRESTs during/after the pandemic, 11% were LEs and the
remaining 89% were SMEs.

During/After COVID-19 (%) F 80

Before COVID-19 (%) 13 87

0 20 40 60 80 100

® Not willing to implement ~ ® Willing to implement

Figure 2. Predicted willingness to implement SCRESTs before and during/after the pandemic.
Source(s): Authors” own work.

Figure 3 shows the willingness to implement SCRESTs based on the industrial sector.
The transport equipment and machinery manufacturing sector had the highest propor-
tion of firms willing to implement SCRESTSs, both before and during/after the pandemic,
followed by the pharmaceutical, textile, and semiconductor and device manufacturing
industries. Overall willingness increased by 56% from before the pandemic. The transport
equipment and machinery manufacturing sector had the highest proportionate increase
(89%) in the number of firms willing to implement SCRESTs. Although semiconductor
and device manufacturing is considered a highly important sector from the perspective of
national security by the Japanese government, the proportion of firms willing to implement
SCRESTs has decreased by 25%. This was the only industrial sector where a decrease in
willingness was observed.
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Textile -

Semiconductor and device =

Pharmaceutical =

Transport equipment and machinery —

0 10 20 30 40 50 60 70 80 90 100

® During/After COVID-19  m Before COVID-19

Figure 3. Predicted willingness to implement SCREST based on the industrial sector. Source(s):
Authors” own work.

5. Results
5.1. Impact of the COVID-19 Pandemic on the Willingness to Implement SCRESTs

Table 4 lists the counts for the 2 x 2 contingency table for McNemar’s test. The
number of firms willing to implement SCRESTs before the pandemic did not equal the
number of firms willing to implement it during/after the pandemic. This suggests that
we can reject the null hypothesis and accept the alternative hypothesis that stated that
there was a significant difference between the willingness to implement SCREST before
and during/after the COVID-19 pandemic. We further investigated whether the impact
of the pandemic was the reason for the increase in willingness among the studied firms.
McNemar'’s test resulted in a chi-square value of 17.89 with one degree of freedom, and the
exact McNemar's significance probability was 0.1%. The reported McNemar's chi-square
value of 17.89 with one degree of freedom exceeds the critical value of 3.84 at the 5%
significance level, indicating that the COVID-19 pandemic had a significant impact on the
change in firms” willingness to implement SCRESTs among the Japanese firms studied in
the four manufacturing sectors.

Table 4. Counts for 2 x 2 contingency table for McNemar'’s test.

Control (During/Post-Pandemic)

Case - -
(Pre-Pandemic) Willing to Not Willing to Total
Implement Implement
Willing to implement 47 23 70
Not willing to implement 62 417 479
Total 109 440 549

5.2. Factors Influencing the Willingness to Implement SCRESTs

Table 5 lists the estimation results of the logit models before and during/after the pan-
demic. Among all the variables tested, the company size and logistics strategy were found
to be statistically significant at the 5% level. The obstacles to implementing SCRESTs before
the pandemic and existing SCRESTs were statistically significant at the 0.1% level in the
pre-pandemic case. In the during /post-pandemic case, the industrial sector (semiconductor
and device manufacturing) variables were statistically significant at the 5% level, logistics
strategy was statistically significant at the 1% level, and obstacles to implementing SCRESTs
during the pandemic were statistically significant at the 0.1% level. The reported pseudo R2
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values in Table 5 are consistent with expectations for cross-sectional survey data in logistic
models, where pseudo R2 statistics are typically lower than conventional ordinary least
squares R2 measures. The values suggest that the model captures meaningful variations in
firms” willingness to implement SCRESTs, while acknowledging that unobserved factors
may also influence adoption behavior.

Table 5. Estimation results of willingness choice models at pre-pandemic and during/post-pandemic.

Pre-Pandemic During/Post-Pandemic

Variables . . .
Coefficient S.E. z Coefficient S.E. z
Firm size (0: SME; 1: LE) 1.340 * 0.577 2.32 —0.156 0.526 —0.30
Firm age (0: 20 years or less; 1: 0.149 0.477 0.31 —0.046 0.375 —0.12
21 years or more)
Industrial sector (base line is the textile manufacturing sector)
Transport equipment and —0.734 0.434 ~1.69 0.192 0.371 0.52
machinery
Pharmaceutical 0.291 0.524 0.56 0.558 0.489 1.14
Semiconductor and device —0.730 0.809 —0.90 —1.924* 0.937 —2.05
Manager experience 0.091 0.114 0.79 0.058 0.089 0.65
Logistics strategy —1.488 % 0.717 —2.07 —2.014 ** 0.654 —3.08
Past disaster experience —0.610 0.361 -1.69 0.040 0.283 0.14
Obstacle 2.156 *** 0.349 6.18 —2.204 *** 0.305 —7.23
SCREST implementation 3.087 *** 0.433 7.13 2.235 *** 0.378 5.92
COVID-19 impact
Impact on net sales — — — 0.033 0.272 0.12
Impact on profit — — — -0.219 0.264 —0.83
Impact on ease of — — — ~0.250 0.289 ~0.87
communication with suppliers
Impact on ease of access .to L L o 0363 0236 154
transportation from suppliers
Impact on lead time — — — —0.14 0.206 —0.68
Impact on inventory level — — — 0.004 0.177 0.02
Impact on customer — — — 0545 0291 187
satisfaction
Pseudo R? 0.4033 0.3553

Notes: *** p < 0.001; ** p < 0.01; * p < 0.05. Coef. represents the coefficient, and S. E. represents the standard error.

The coefficient for the semiconductor sector was negative and statistically significant.
This indicates that, holding other factors constant, firms in the semiconductor industry are
less likely to express a willingness to implement SCRESTs compared to other sectors. This
may be due to substantial Japanese government support, including earmarked funding
and industrial policy measures, which partially mitigate perceived risks and reduce the
urgency for firms to adopt additional SCRESTs independently.

Surprisingly, none of the factors related to the pandemic’s impact were statistically
significant. Although the COVID-19 pandemic caused widespread and severe disruptions,
the estimated results indicate that pandemic-related impacts did not affect a firm’s will-
ingness to implement SCRESTs. A plausible explanation is that the pandemic functioned
as a systemic shock that affected most firms simultaneously, thereby reducing cross-firm
variations in perceived impacts. Overall, the results imply that the COVID-19 pandemic
acted more as a contextual trigger than a heightened general awareness of risk. At the
same time, the actual adoption willingness of SCRESTs was conditioned by firm-specific
capabilities and constraints rather than the severity of the pandemic impacts per se.

https://doi.org/10.3390/logistics10030065


https://doi.org/10.3390/logistics10030065

Logistics 2026, 10, 65

14 of 20

5.3. Impact of Past Implementation of SCRESTs on Future Willingness

Table 6 shows that there is a statistically significant difference between firms that
did and did not implement SCRESTs in terms of their future willingness to implement
SCRESTs at 1% significance level. The sign of the ATET coefficient is positive, indicating
that the willingness of firms that implemented SCRESTs before the pandemic is signifi-
cantly higher than that of firms that did not implement it before the pandemic. Hence,
our analysis indicates that past implementation of SCRESTs has a positive effect on the
future willingness.

Table 6. Estimation results of willingness to implement SCRESTs post-pandemic.

ATET Al Robust S.E. z P> lzl

Willingness to
implement SCRESTs
Notes: *** p < 0.001.

0.4912 0.0667 7.36 0.000 ***

6. Discussion

The discussion section is arranged around the three research questions raised in
this study.

6.1. The Impact of the COVID-19 Pandemic on Willingness to Implement SCRESTs

The survey findings highlight a gradual but uneven increase in the willingness to
implement SCRESTs among Japanese firms in the four manufacturing sectors. While
the overall willingness to implement SCRESTs increased during and after the COVID-19
pandemic, the pattern was sector-dependent. Notably, the semiconductor and device
manufacturing sector, despite being prioritized by the Japanese government as critical
to national security and economic resilience, was the only sector that exhibited a 25%
decrease in willingness. This counterintuitive decline suggests a complex interplay of
sector-specific pressures such as global demand volatility, production bottlenecks, and
perceived resilience through government backing. The cautious uptake of SCRESTs across
sectors may also reflect structural features of Japanese business culture such as long-term
supplier relationships, risk sharing within keiretsu networks, and strong disaster awareness,
which contribute to an implicit form of resilience. These embedded practices may reduce
the perceived need for formalized, strategic interventions such as SCRESTSs, particularly
among firms with established internal coordination mechanisms.

The results of McNemar’s test revealed that the COVID-19 pandemic increased the
willingness to implement SCRESTs among Japanese firms in the four manufacturing sectors.
While it is difficult to assess whether this level of willingness is high or low owing to the
lack of comparable data from other countries and time periods, it highlights a critical need
for future improvement in Japan. This urgency is underscored by two key factors. First,
willingness is the primary determinant of whether firms actually implement SCRESTs.
Second, Japan’s high exposure to natural disasters makes it particularly vulnerable to
operational disruptions. Given Japan’s central role in global SCs, disaster-induced inter-
ruptions can have far-reaching consequences beyond its borders. Therefore, strengthening
SCREST adoption is essential not only to ensure business continuity within Japan, but also
to safeguard the stability of global supply networks that depend on Japanese industries.

6.2. Factors Influencing Firms’ Willingness to Implement SCRESTs

The results of the binary logit models revealed that before the pandemic, only the com-
pany size, logistics strategy, obstacles to implementing SCREST before the pandemic, and
existing SCREST implementation were statistically significant in influencing willingness
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to implement SCRESTs. During and after the pandemic, the significant factors shifted to
include the industrial sector (semiconductor and device manufacturing), logistics strategy,
obstacles encountered during the COVID-19 pandemic, and SCREST implementation dur-
ing that period. These findings suggest that targeted emphasis on these significant variables
can effectively increase a company’s willingness to adopt SCRESTs. The statistically signifi-
cant coefficient for the semiconductor and device manufacturing sector underscores the
role of sector-specific policy contexts in shaping resilience behavior. Government support
for this industry may lower firm-level incentives for further SCREST adoption, suggesting
that policy- and firm-level interventions should be carefully coordinated to encourage
proactive resilience investments. Importantly, the results also underscore the strong link
between willingness and the actual implementation of SCRESTs, highlighting that efforts
to boost willingness may directly translate into greater adoption of SCRESTs.

While McNemar’s test indicated that the COVID-19 pandemic had a significant effect
on increasing willingness, none of the variables that directly measured the impact of the
pandemic were statistically significant in the logit models. When exposure to disruption
was relatively uniform, impact-related variables lost their explanatory power in distin-
guishing willingness across firms. Instead, the willingness to implement SCRESTs appears
to be driven primarily by structural and organizational characteristics, such as firm size,
logistics strategy, sectoral positioning, and perceived implementation obstacles. These
factors shape firms’ capacity, preparedness, and decision-making processes, which are more
persistent and discriminating than short-term shock experiences. This finding suggests
that experiencing disruption alone is insufficient to induce proactive resilience investments.
Rather, firms’ strategic orientation and internal constraints determine whether disruption
is translated into forward-looking resilience actions.

This apparent contradiction points to the complexity of the factors driving willingness
and highlights the need for further investigation. Therefore, we identified the exploration
of additional influencing factors as an important direction for future research.

Our findings align in part with previous research but also reveal distinct differences.
For example, while our study identified firm size as a significant factor influencing the
willingness to implement SCRESTs before the pandemic, Kiinzli [43] found that in the
context of SMEs in the Netherlands, organizational resilience was more strongly associated
with the personal characteristics of managers, specifically their education and experience,
rather than firm size or age. This contrast suggests that the drivers of resilience-related
behaviors may differ between contexts or industries, and that individual-level factors may
play a greater role in smaller firms, while organizational factors, such as size and logistics
strategies, may be more influential in larger or more industrially integrated firms. Todo
et al. [41] found that both larger and newer firms in Southeast Asia and India demonstrated
higher resilience and robustness during the COVID-19 pandemic, which contributed to
stronger performance. This supports our finding that firm size continues to influence
preparedness actions such as SCRESTs, at least before the pandemic. However, our study
also revealed a unique insight: while the willingness to implement SCRESTs increased
during the pandemic, none of the variables directly capturing the impact of the pandemic
were statistically significant in the logit models. This suggests that while the pandemic
triggered behavioral shifts, the underlying drivers of willingness may be more complex
and indirect than initially assumed. Taken together, these comparisons underscore the
importance of exploring both organizational and managerial factors, as well as contextual
variables, in understanding the adoption of resilience-enhancing practices such as SCRESTs.
Further cross-contextual studies are needed to untangle these influences and develop more
targeted strategies to foster SC resilience.
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6.3. Influence of the Past Implementation of SCRESTs on Firms’ Future Willingness to
Implement SCRESTs

The results of the ATET analysis revealed that firms that implemented SCRESTs before
the COVID-19 pandemic demonstrated a significantly higher willingness to implement
them in the future compared to those that did not. This finding suggests that past experi-
ences have a positive and reinforcing effect on future proactive behavior, which is a novel
contribution of this study to the literature on SC resilience. This finding is consistent with
prior research that highlights the role of experiential learning in shaping organizational
responses to risks. For example, Grotsch [63] demonstrated that firms with prior disruption
experience are more likely to adopt proactive risk management strategies. Baghersad
et al. [64] found that past exposure to disruptions mitigated the negative impacts of sub-
sequent events, indicating learning effects over time. In the Japanese context, Okada and
Shirahada [65] showed that firms affected by the Great East Japan Earthquake used that
experience to redesign more resilient SCs. Recent findings by Maharjan and Kato [21] sug-
gested that existing SCRESTs contributed to more effective responses during the COVID-19
pandemic. Given Japan’s vulnerability to natural disasters and its integral role in the global
supply network, this reinforcing effect underscores the importance of promoting initial
SCRESTs implementation, ultimately cultivating a long-term commitment to resilience.

7. Conclusions

This study examined the willingness of Japanese firms in four key industry sectors,
transport equipment and machinery manufacturing, pharmaceutical manufacturing, semi-
conductor and device manufacturing, and textile manufacturing, to implement SCRESTs.
It investigated both the influencing factors and relationship between past implementation
and future willingness. While the critical role of SC resilience was widely acknowledged,
especially in the wake of global disruptions, empirical data-driven research on this topic
remains limited in the Japanese context. This study addressed this gap by providing new
evidence on sectoral differences, behavioral drivers, and policy relevance.

This study demonstrated a post-pandemic increase in Japanese manufacturing firms’
willingness to adopt SCREST5, although this trend varies across sectors. The notable decline
observed in the semiconductor industry, despite its national strategic importance for Japan,
highlights the need for closer alignment between public initiatives and firm-level realities.
The findings also revealed that firms with past SCREST implementation were significantly
more likely to express future willingness to implement SCRESTSs, reinforcing the value of
experiential learning in resilience planning. These findings underscore the complexity of
factors influencing SCREST adoption in Japan.

7.1. Implications

Building on the findings of our study, we present theoretical and practical implications.

Theoretical implications: This study advances the academic discourse on logistics and
SC resilience by extending the investigation to firms” willingness to implement strategies
before and during/after disruptions. Contrary to much of the existing literature that focuses
on defining resilience capabilities or evaluating performance outcomes, this study intro-
duces a new behavioral dimension by examining firms’ willingness to implement SCRESTs.
This perspective contributes to the proactive—reactive resilience debate by highlighting how
disruptive events influence strategic intent, not only operational outcomes. Second, the
study explores both internal and external factors influencing willingness, demonstrating
that firm-level characteristics, structural constraints, and temporal effects of disruption
jointly shape resilience behavior. These findings suggest that major disruptions, such as
COVID-19, may function as catalysts that reinforce or amplify existing structural determi-
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nants rather than acting as isolated drivers of change. Third, by providing multi-industry
evidence from Japan, this study contributes to the contextualization of resilience theory
by demonstrating how institutional and sector-specific environments influence strategic
responses. Collectively, these insights extend resilience research beyond capability assess-
ment toward a more dynamic and behaviorally grounded understanding of SC strategy.

Practical implications: In recent years, the Japanese government has launched several
initiatives aimed at strengthening national SC resilience, particularly in light of lessons from
the COVID-19 pandemic and geopolitical tensions. Notably, earmarked funding has been
allocated to incentivize the reshoring of manufacturing, particularly in the semiconductor
industry. Other initiatives include support for SC diversification, digitalization, disaster
preparedness frameworks, and risk data platforms to enhance visibility and preparedness.
These national efforts reflect a broader policy shift toward formalizing SC resilience across
strategic sectors. However, the observed decline in the willingness to implement SCRESTs
within the semiconductor industry suggests that financial incentives alone may not be
sufficient. Firms in this sector may perceive government prioritization as a substitute for
internal resilience efforts or may lack clarity on how SCRESTs align with sector-specific
realities. This highlights the need for sector-sensitive policy design, including improved
communication of the benefits of implementing SCRESTs, integration into existing op-
erational frameworks, and targeted capacity-building for industries in which informal
resilience mechanisms have traditionally prevailed. To maximize the impact of resilience
policies, government interventions should not only provide financial support but also
address informational and structural barriers that inhibit adoption, particularly in sectors
of high strategic importance.

7.2. Limitations and Future Research

While this study offers new insights into the willingness of Japanese firms to im-
plement SCRESTS, it has limitations that open up directions for future research. A key
challenge lies in the empirical nature of the study, particularly the sector-specific variations
and reliance on self-reported willingness as a proxy for actual implementation. Although
McNemar’s test indicated that the COVID-19 pandemic may have contributed to increased
willingness, none of the pandemic-related variables were statistically significant in the
regression models. This suggests that unobserved or more nuanced factors, such as man-
agerial perceptions, SC complexity, or institutional trust, may influence willingness but
remain unexplained in the current framework.

Moreover, the decline in willingness within the semiconductor and device manufac-
turing industry, despite strong government support, points to potential misalignments
between policy initiatives and firm-level decision-making. Future research should explore
the interaction between formal government incentives and embedded business practices,
particularly in sectors deemed critical for national resilience. Expanding the study across
more sectors, incorporating longitudinal data, and integrating qualitative insights would
offer a more comprehensive understanding of how firms evaluate and adopt SCRESTs
over time.
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LEs Large Enterprises
METI Ministry of Economy Trade and Industry
PSM Propensity Score Matching
SC Supply Chain
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