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1. Introduction

Epidemic hazards do not damage transport systems in the same way as earthquakes, floods or technical failures.
Tracks, roads and vehicles may remain in place, but the perceived safety of movement changes quickly. During
COVID-19, many travellers reduced trips, avoided public or shared transport, shifted to private or active modes, or
replaced activities with online alternatives [1-7]. These changes were partly imposed by restrictions. They were also
shaped by judgement, fear, trust and the everyday question of whether another option was available.

Observed declines in public-transport use, changes in perceived crowding risk, and unequal access to private
or flexible travel options have been repeatedly reported in pandemic mobility studies [1-9]. These findings show
that disruption was not only a matter of whether services operated, but also whether travellers regarded those
services as safe and usable.

This makes mobility a useful case for hazard and resilience research. A transport system may look operational
on paper, yet remain socially fragile if travellers do not trust the service, cannot afford alternatives, or face unequal
exposure to crowding. In that sense, epidemic mobility disruption is not only a demand problem. It is a risk-
response problem, and it sits at the boundary between infrastructure, behaviour and governance.

The language of resilience is helpful here, but only if it is used carefully. In some studies, resilience means
that a public-transport network keeps running. In others, it means that travellers adapt their routines, or that
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aggregate ridership returns. These are related outcomes, but they are not identical. A metro line can operate while
vulnerable travellers still feel unsafe. A household can adapt by using a car while the wider system becomes less
sustainable. This review keeps these layers separate so that recovery, adaptation and equity are not folded into one
loose idea of resilience.

Existing transport studies have described changes in trip frequency, mode choice and public-transport use
during COVID-19. What is still less settled is how these findings should be read as evidence of resilience. A short-
term fall in bus use is not the same as a durable behavioural shift. A return of ridership is not automatically a return
of confidence. Likewise, an individual decision to avoid a mode may reflect personal risk appraisal, but it may
also reflect service unreliability, household resources, car access, work flexibility or social norms [8—12].

This review therefore reframes post-pandemic travel behaviour as post-hazard mobility adaptation. It asks
four questions: (i) how did perceived infection risk shape mobility responses; (ii) what coping capacities enabled
or constrained behavioural adaptation; (iii) what evidence supports recovery, persistence or recalibration; and (iv)
what lessons follow for risk communication and mobility-resilience planning? The contribution is not a new
estimate of effect size. It is a clearer way of organising a scattered body of evidence so that risk, coping and
resilience are not treated as interchangeable terms. The practical reason for this reframing is simple. Transport
agencies cannot manage future epidemic hazards only by restoring service levels. They also need to understand
how people read risk, which protective measures they believe, and which groups have no realistic way to avoid
exposure. A review that brings these strands together can support more grounded recovery planning than a review
focused only on mode share changes. This perspective also helps connect mobility research with the wider hazards
literature. Hazards research is concerned not only with the presence of a threat, but also with exposure,
vulnerability, preparedness, response and recovery. Everyday mobility contains all of these elements. Travellers
are exposed through shared spaces and repeated trips; vulnerability differs by health status, income, occupation
and access to alternatives; preparedness depends on agencies, employers and households; and recovery depends
on both service provision and public confidence. Reading the COVID-19 mobility literature through this lens
makes the transport evidence more useful for future epidemic preparedness.

The review also responds to a practical gap in the literature. Many studies were written quickly during the
pandemic, when the immediate need was to document abrupt behavioural change. That work was valuable, but the
language of change was sometimes loose. Decline, avoidance, adaptation, resilience and persistence were often used
close together, even when the underlying data measured different things. A more careful synthesis is now possible
because the literature includes both early crisis evidence and later recovery evidence. This makes it possible to ask
not only what changed, but what kind of change it was, how long it lasted, and for whom it mattered most.

2. Methods

A structured scoping review was used because the evidence base is broad rather than experimentally uniform.
The literature includes cross-sectional surveys, stated-preference studies, hybrid and structural choice models,
smart-card and GPS records, panel studies, qualitative work and policy reviews. Scoping review guidance
informed the reporting of search, screening and charting decisions [13]. No protocol was registered.

The review protocol was not registered because the study began as a structured mapping exercise rather than
as a pre-registered systematic review. The search concepts, eligibility criteria and charting fields were nevertheless
specified before screening. This limitation is now stated explicitly because protocol registration would have
improved transparency and reproducibility.

Eligible studies were English-language journal articles or substantive reviews published from January 2020 to
June 2026. Studies were included when they addressed everyday mobility, commuting, public or shared transport,
active travel, school or university travel, or post-epidemic mobility recovery, and when they included at least one
behavioural or psychological mechanism. Relevant mechanisms included perceived risk, threat appraisal, coping
appraisal, perceived behavioural control, affect, trust, habit, persistence, recovery or resilience. Tourism destination
choice, clinical travel, freight, supply chains and purely epidemiological mobility studies were excluded unless they
examined behavioural adaptation or recovery. The eligibility criteria are summarised in Table 1.

Searches were completed on 21 June 2026. OpenAlex was used as a broad bibliographic index covering
transport, planning, behavioural and social-science publications. PubMed was used to capture public-health and
risk-perception studies that might not appear in transport searches alone. A targeted OpenAlex update added terms
for post-pandemic travel persistence, public-transport recovery, university mobility and telework-related travel
change. The search identified 1263 records. DOI and normalised-title deduplication removed 118 records, leaving
1145 records for screening.
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The PRISMA extension for Scoping Reviews (PRISMA-ScR) informed reporting. Supplementary Table S5
identifies the corresponding manuscript sections, items that are only partly addressed and items that are not
applicable. It is a reporting checklist, not a claim that every PRISMA-ScR requirement has been fully met.

The core search combined three concept blocks: epidemic hazard terms, mobility or transport terms, and
behavioural or resilience terms. The generic Boolean structure was: (COVID-19 OR coronavirus OR pandemic
OR epidemic OR infectious disease) AND (travel behaviour OR mobility OR transport OR transit OR public
transport OR mode choice OR commuting OR telework) AND (risk perception OR perceived risk OR coping OR
resilience OR recovery OR adaptation OR habit OR persistence). Search fields and syntax were adapted to each
database. OpenAlex was searched across title, abstract and keyword-style metadata where available; PubMed was
searched using title/abstract terms. Records were limited to English-language journal articles and reviews
published from January 2020 to June 2026.

OpenAlex and PubMed were selected for pragmatic coverage of transport, behavioural and public-health
literature. We recognise that TRID, Scopus and Web of Science are important databases for transport and
engineering evidence. Their omission may have reduced coverage of some transport-planning and engineering
studies; this has been added as a major limitation rather than treated as a minor access constraint. Accordingly, the
resulting corpus is treated as a bounded evidence map rather than a comprehensive inventory of all transport and
engineering studies.

Screening was conducted using the same prespecified eligibility criteria for all 1145 unique records. Yating
Ye (Y.Y.) conducted the initial title-and-abstract screening of all 1145 records. Jiangling Wu (J.W.) subsequently
conducted the independent second screening of the complete reconstructed record set, after which the two decision
sets were compared. Assistance with organising records and materials was separate from the eligibility decisions
made by the reviewer responsible for each screening pass. Before consensus, the reviewers agreed on 988 records
and differed on 157 records, corresponding to an agreement rate of 86.3% and Cohen’s k = 0.390. The reviewers
then discussed each disagreement against the eligibility criteria and source metadata until consensus was reached.
The final screening set comprised 70 included studies and 1075 excluded records. Data charting extracted the study
context, population, data source, psychological or social constructs, mobility outcomes and main implications for
resilience. The study identification and screening process is shown in Figure 1.

Final eligibility decisions were made by human researchers. Al-assisted tools supported manuscript preparation
and checking of charted information and descriptive calculations; their role is disclosed in the Al-use statement. Both
reviewers made their own screening decisions using the prespecified criteria, and J.W. did not consult the initial
decisions or Al screening suggestions before recording her decisions. Tool-generated classifications or calculations
were not treated as source evidence. The need to check such outputs against publications is important because assisted
workflows can introduce automation bias and accountability concerns [14].

Because the included evidence comprised designs with non-equivalent bias domains, no single standardised
risk-of-bias instrument was applied. The review did not assign numerical quality scores, exclude studies on the
basis of an overall score, or classify one design as globally superior. Instead, claim-to-design matching limited
each source to the type of inference that its design could reasonably support. Cross-sectional surveys were used
for contemporaneous associations rather than causal or temporal claims; longitudinal studies were used to assess
change over time; sensor-derived records were used to document observed mobility patterns but not to establish
psychological mechanisms independently; and qualitative or policy evidence was used to interpret context rather
than prevalence or effect magnitude. This approach is appropriate for mapping heterogeneous evidence, but it does
not replace formal design-specific risk-of-bias assessment.

Claim-to-design matching is an interpretive boundary rather than a validated risk-of-bias tool. Recent scoping
reviews in adjacent modelling fields highlight transparent search and charting methods [15]. Supplementary Table
S1 records study characteristics and distinguishes observed change from retrospective reports and future intentions.
Its interpretive-scope column describes inference limits, not a quality score. Supplementary Table S3 reports
counts of the explicit charting labels, with the counting rule and contributing study IDs for each category. The
categories overlap and are not exhaustive counts of every construct mentioned in the full texts. Missing extraction
is distinguished from information confirmed to be absent from a source.
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Table 1. Eligibility criteria.

Element Operational Criterion
Everyday mobility, public/shared transport, active
Context travel, commuting, school or university mobility, or

post-epidemic recovery
Risk perception, threat appraisal, coping appraisal,
Mechanism perceived behavioural control, affect, trust, habit,

persistence, recovery or resilience

Trip frequency, mode, route, timing, public-transport
Outcome use, mobility recovery, behavioural persistence or

protective travel behaviour

Tourism choice, clinical travel, freight, supply chains,
Excluded and epidemiological mobility without behavioural or

recovery mechanisms

Records identified from:
OpenAlex (n = 1152)
PubMed (n=111)
Total (n = 1263)

|

Records after duplicates removed
(n=1145)

|

Deduplication|

El Records screened independently by two reviewers Records excluded (n = 1075)
8 (Title/Abstract; n = 1145) > .

1 Pre-consensus agreement: 988/1145 (86.3%); Cohen's kappa = 0.390 * No eligible outcome (n=801)

@ Disagreements resolved by consensus (n = 157) o S Eh @ 1)

« Tourism/clinical/commercial (n = 72)
l * No epidemic context (n = 63)

* No psychological mechanism (n = 27)
Studies included in review
(n=170)

Figure 1. Study identification, independent verification and screening flow.

3. Results

The included studies cover the acute disruption of mobility, the gradual return of public and shared transport,
the expansion of telework and digital substitution, and the uneven persistence of new routines. The first thing to
note is that the evidence is not equally strong. Cross-sectional surveys are useful for identifying perceived risk and
intention, but they cannot prove long-term persistence. Panel data, repeated mobility observations, smart-card
records and GPS traces provide stronger evidence because they can distinguish temporary restriction effects from
later recovery or recalibration [16—18].

Sensor-derived and administrative mobility data should not be treated as neutral ground truth. GPS traces,
smartphone records and smart-card transactions can contain sampling bias, missing trips, mode-classification
errors, platform effects and algorithmic artefacts. For this reason, the review treats them as stronger for temporal
observation than cross-sectional stated intentions, but not as automatically bias-free evidence [19].

The 70 included studies are listed in Supplementary Table S1 and correspond to references [1-12,16—18,20—
74]. References [13-15,19,75] provide methodological or contextual support and are not part of the 70-study
evidence set. The study IDs in Supplementary Table S1 are distinct from the main-text reference numbers; the
corresponding main-text reference number is provided with each full citation in that table.

The literature also differs in what it treats as the main outcome. Some papers focus on individual mode choice;
others examine city-level mobility, public-transport ridership, telework, or perceived well-being. These outcomes
should not be collapsed too quickly. Mode choice is a behavioural outcome. Ridership recovery is a system-level
outcome. Well-being and social equity are consequences of mobility conditions. A useful resilience reading needs
all three levels, but it should not pretend they measure the same thing.

A second feature of the evidence is its uneven geography. The evidence was concentrated in Europe (n =22,
31.4%), North America (n = 15, 21.4%), and East Asia (n = 10, 14.3%), while region-specific studies from the
Middle East (n = 3, 4.3%) and Southeast Asia (n = 2, 2.9%) were less numerous (see Supplementary Table S2 for
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the full geographical distribution). Each study was assigned to one geographical category. Studies spanning
multiple regions or having a global scope accounted for 7 studies (10.0%). No study was classified as exclusively
Africa-focused, but African settings were represented in cross-regional evidence, including Ghana and South
Africa in study 2 of Supplementary Table S1. Regional counts therefore should not be interpreted as an exhaustive
country-level coverage assessment or as an income-group classification. This matters because coping capacity is
strongly shaped by urban form, income, informal transport, household structure and digital access. The same
advice to avoid crowded vehicles can mean very different things in a car-oriented suburb, a dense city with good
cycling infrastructure, and a city where public or informal transport is the only affordable option. The evidence
base therefore supports broad mechanisms, but not one universal policy script.

Risk appraisal was the most visible mechanism. Travellers often perceived crowded, enclosed and shared
modes as riskier than walking, cycling or private cars [20—22]. This pattern helps explain reductions in public-
transport demand, but it should not be treated as a universal law. Local infection levels, government rules,
crowding, ventilation, route familiarity and pre-existing habits all changed how risk was interpreted. A person who
feared infection might avoid a train if a car was available, but take the train anyway if the alternative was
unaffordable or impossible.

Several studies show that the same transport mode could carry different meanings in different settings. Public
transport could be seen as a source of exposure, a necessary service for essential workers, or a symbol of urban
recovery. Private cars could be interpreted as safer for infection control but worse for congestion and emissions.
Walking and cycling could be low-risk options for short trips, but not for long commutes, poor weather, disability
or unsafe street environments. At the same time, recreational mobility patterns also shifted: urban park visitation
changed during the pandemic as people sought local outdoor spaces for physical activity and relief from restrictions
[68]. Surveys of visitors to urban natural areas confirmed that local green spaces became more important for
physical activity and mental well-being during restrictions, highlighting the role of accessible local environments
in supporting mobility adaptation [69]. These examples show why epidemic mobility response cannot be reduced
to a simple ranking of modes.

Risk appraisal also changed over time. During acute outbreaks, travellers were often responding to immediate
information about infection, restrictions and crowding. Later, as vaccination, changing rules and pandemic fatigue
altered the social context, the same trip could be judged differently. This temporal movement is important. A study
conducted in the first months of the pandemic captures a different risk environment from a study conducted during
reopening. Treating all pandemic-period evidence as if it came from one stable context would flatten the very
process that resilience research is meant to understand.

Temporal interpretation distinguishes acute disruption, restriction/reopening, transition and later recovery,
but the evidence does not form a phase-harmonised longitudinal dataset. Table S1 identifies the observation period
where extracted and distinguishes observed mobility records, retrospective survey reports and expectations about
future travel. For example, the Seoul study follows transport-card observations from January 2019 to December
2023 [47], whereas several surveys ask about intended behaviour after restrictions rather than observe it. The
influenza-risk study uses March 2016 survey data and is retained as epidemic-risk evidence, not classified as an
observation of the COVID-19 acute phase [41]. Publication year is not treated as the observation period.
Consequently, differences between these sources cannot establish a quantified shift from risk appraisal to coping
capacity across pandemic phases.

Coping appraisal explains many of these risk-behaviour gaps. People did not simply ask, ‘Is this mode risky?’
They also asked, ‘Can I avoid it, and at what cost?’ Perceived behavioural control, alternative modes, remote work
or study, service frequency, information quality and trust in protective measures shaped whether risk perception
became actual behaviour [8-12,23,24]. This is where mobility resilience becomes social rather than purely
technical. A city can reopen services, but recovery will remain partial if travellers lack credible, affordable and
reliable options.

Trust is especially important because it links personal judgement to institutional action. Travellers may not
know the actual infection probability on a bus or train, but they can observe crowding, cleanliness, mask
compliance, ventilation messages and service reliability. These visible cues shape whether official risk
communication feels believable. In this sense, operational performance is part of risk communication. It is not
separate from it.

This finding has a methodological implication. If a study measures only perceived risk but ignores service
conditions, it may misread the source of behaviour. Avoidance may reflect fear, but it may also reflect long waiting
times, unreliable service, reduced frequency or lack of information. Conversely, a return to public transport may reflect
confidence, but it may also reflect necessity. Stronger future studies should therefore pair psychological measures with
contextual variables. This would make it easier to distinguish voluntary adaptation from constrained exposure.
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Affect and social influence also mattered. Fear, anxiety, subjective norms and descriptive norms influenced
willingness to travel and willingness to return to shared transport [5—7]. These variables are sometimes treated as
soft additions to transport models, but under epidemic hazards they become central. They help explain why two
travellers facing similar objective conditions may behave differently: one may trust the service and resume travel,
while another may continue to avoid it. Beyond mode choice, broader changes in time use and activity participation
during the pandemic had implications for subjective well-being, with some groups experiencing greater disruption
than others [70].

The evidence on persistence is mixed and should be interpreted carefully. Some studies show mobility
recovery after restrictions were relaxed, while others show lasting or semi-lasting changes in telework, trip timing,
route choice and public-transport confidence [8—11]. Stated intention alone is weak evidence of persistence. A
traveller may say they plan to avoid public transport, but that does not prove a new habit. Stronger claims require
repeated observations or designs that link perceived risk to later behaviour. City-level evidence from 62 North
American cities further shows that downtown visitation recovery was uneven across places, with some downtowns
recovering faster than others depending on local conditions [71]. That study used weekly location-based-services
observations from March 2020 through May 2022 and compared downtown visitation with the corresponding
weeks in 2019. Because local epidemiological and policy phases occurred at different times and intensities, the
findings represent heterogeneous recovery trajectories within a common calendar window rather than a phase-
harmonised comparison.

In this review, constrained mobility refers to limited practical capacity to change trips, modes, timing or
destinations despite perceived risk. Indicators included lack of car access, inflexible work or caregiving duties,
low income, dependence on public transport, limited digital access, disability or health vulnerability, and residence
in areas with weak transport alternatives. Vulnerability refers to higher exposure or harm, whereas constraint refers
to reduced room for behavioural adjustment.

Vulnerability and constraint affect the options available for mobility adaptation. Supplementary Table S4
maps explicitly charted populations and settings, including low-income respondents, older adults, educational
travellers, workers, women and public-transport users. It distinguishes focal populations from broader settings:
campus-location data do not identify every visitor as a student, commuting does not establish essential-worker
status, and ordinary transit use does not establish lack of car access. The table is not an exhaustive prevalence
estimate of subgroup evidence. A zero indicates that a direct population label was not identified in the charting,
rather than proof that no relevant evidence exists. Recovery estimates and coping measures are not sufficiently
comparable to pool across these groups. The implications are therefore interpreted through service continuity,
affordability, information access and available alternatives, without claiming that every vulnerable group has a
common observed recovery pattern. Public transport remains important both as a shared setting in which infection
risk is perceived and as an essential mobility option for people with limited alternatives.

Digital substitution, especially telework and online services, is another double-edged adaptation. It reduced
travel for some workers and students, and in that sense it acted as a coping resource. However, digital access itself is
unevenly distributed; broadband quality, device availability and digital literacy vary across households and
neighbourhoods, meaning that the ability to substitute physical travel with online alternatives is not equally available
[72]. Many service workers, low-income workers and care-related travellers could not simply move activities online.
For women with caregiving responsibilities, remote work could reduce commuting but also intensify work-family
role congestion, showing that digital substitution is not a neutral coping strategy [73]. This means that digital
substitution should not be described as a universal resilience strategy. It is better understood as one coping pathway
available to some groups, with indirect effects on travel demand, social participation and equity.

Digital substitution also has a psychological cost. Telework, online shopping and remote services reduce
physical exposure, but forced digital immersion may increase cognitive load, attentional fragmentation and fatigue.
These effects matter for resilience because a behaviour that is epidemiologically protective may still be difficult
to sustain if it erodes well-being or thinking time [75].

A further theme is that adaptation can transfer risk rather than remove it. A traveller who switches from a crowded
bus to a private car may reduce perceived infection exposure but increase congestion, emissions and household transport
costs. A shift to cycling may improve health and reduce exposure for some people but leave others excluded if
infrastructure is poor or trip distances are too long. These trade-offs matter because resilience is sometimes described as
if any successful adaptation is positive. The reviewed evidence suggests a more careful reading: adaptation is only
resilient when it maintains access, manages risk and avoids creating new burdens elsewhere.

The evidence on students and other semi-dependent groups illustrates this point. Students may have some
flexibility through online learning, but they can also face long-distance home-university trips, limited budgets,
luggage, parental financial support constraints and dependence on intercity connections. Older adults may reduce
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travel for safety, but that reduction can also mean isolation. Low-income workers may maintain travel because work
cannot be done remotely. These cases show why the review uses the phrase constrained mobility groups rather than
simply vulnerable groups. Constraint is not only a personal characteristic; it is produced by schedules, institutions,
infrastructure and money. The principal mechanism domains identified in the review are summarised in Table 2.

Table 2. Main mechanism domains identified in the review.

Domain Main Constructs Interpretive Role
Infection risk i . .
. . niection risk, severity, Explains perceived safety of travel
Risk appraisal vulnerability, crowding, .
o modes and settings
controllability
Coping capacit Alternatives, trust, cost, time, self- Explains whether perceived risk can
ping capactty efficacy, service reliability become actual adaptation
. THP SUPpressiof, mOd(? Slhlft’ Captures immediate behavioural
Mobility response timing/route change, digital .
= adjustment
substitution
Resilience outcome Recpvery, persistence, recalibration, Captuyes longer-term system and
equity effects behavioural consequences

4. Epidemic-Hazard Mobility Resilience Framework

The framework is anchored in several related theoretical traditions. Protection Motivation Theory helps explain
why perceived severity, vulnerability and response efficacy shape protective intentions. Coping theory clarifies why
stress appraisal alone is insufficient unless people believe that feasible coping options exist. The Theory of Planned
Behavior is relevant because perceived behavioural control, social norms and intention help translate risk judgement
into action. Vulnerability and disaster-resilience frameworks add a system lens: exposure, resources, institutional
support and recovery capacity determine whether adaptation is protective, costly or unequal.

The synthesis points to a five-stage framework: hazard context, risk appraisal, coping capacity, mobility
response and longer-term resilience outcome. Hazard context includes epidemic intensity, restrictions, built
environment and baseline mobility. Risk appraisal includes perceived infection risk, severity, vulnerability and
controllability. Coping capacity includes available alternatives, trust, cost, time, information and self-efficacy.
Mobility response includes trip suppression, mode change, route or timing changes, digital substitution and
protective practices. Resilience outcomes include recovery, selective persistence, new routines and equity effects.

This framework is deliberately modest. It does not claim that a single psychological construct explains post-
hazard mobility. It instead shows where psychological mechanisms enter a system shaped by infrastructure and
social resources. The same risk perception can produce different behaviours depending on whether a traveller has
money, time, a car, a safe walking route, a reliable bus service or permission to work remotely.

The framework also helps explain apparent contradictions in the literature. A survey conducted during high
infection risk may find strong avoidance of public transport, while a later ridership study may show recovery. Both
findings can be true. The first captures risk response; the second captures adaptation and system recovery. Without
a temporal lens, the literature looks more inconsistent than it really is. The 62-city comparison should therefore
not be interpreted as evidence of a synchronised North American recovery process and cannot isolate the causal
contribution of any individual restriction, reopening measure, infection wave or vaccination phase.

A further value of the framework is that it keeps agency and constraint in the same picture. Travellers make
decisions, but they make them within a field of options created by employers, schools, transport operators,
households and governments. In future epidemic hazards, mobility resilience will depend on how these actors
interact. Remote work rules, school attendance policies, service frequency, fare policy and health messaging can
either widen or narrow the choices available to travellers. The framework can also guide empirical design. A study
focused on the first two stages should measure perceived severity, vulnerability, controllability and affect. A study
focused on coping should measure available alternatives, cost, time, trust and information access. A study focused
on resilience outcomes should use repeated behavioural observations where possible. Making this distinction
explicit would reduce the tendency to use one-off intention data as evidence for all stages of the process.The
framework is also useful for policy timing. During the acute phase of an epidemic, agencies may focus on keeping
essential mobility available and communicating immediate risk controls. During the transition phase, the priority
shifts toward rebuilding confidence, monitoring uneven return, and protecting users who still have limited
alternatives. During the recovery phase, the question becomes whether temporary adaptations should be retained,
revised or discouraged. Treating these phases separately would prevent a common planning mistake: using
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recovery-stage ridership as if it fully explains acute-stage risk perception, or using acute-stage fear as if it predicts
permanent behaviour.

The framework should not be read as a linear path that every traveller follows in the same order. In practice,
people move back and forth between stages. New infection waves, policy changes, family health concerns or
service disruptions can push travellers back into risk appraisal after they had resumed travel. Similarly, a coping
strategy can become a routine, and a routine can later be abandoned if costs become too high. The arrows in the
framework therefore represent a recurring process rather than a one-time transition from crisis to recovery.

The framework should be read as a logical sequence rather than as a mathematical transition model. A traveller
may move back from adaptation or recovery to renewed risk appraisal when perceived hazard rises, when service
trust falls, when protective measures are relaxed, when a new outbreak occurs, or when a coping strategy becomes
too costly. In simple terms, feedback occurs when the perceived balance between threat, coping capacity and travel
necessity changes. The resulting five-stage framework and its contextual conditions are shown in Figure 2.

-

° Pre-hazard o Risk o Coping o Mobility o Resilience
Exposure Appraisal Capacity Adaptation Outcomes

Social vulnerability
*  Ageand health status

* Income and car access

* Work and household duties
* Digital access

Mobility baseline
* Travel frequency
* Mode dependence
* Activity space

Perceived hazard
* Infection risk

* Crowding and enclosure
* Severity and vulnerability

Affective response
* Fear

* Anxiety

* Womry

Coping evaluation

¢ Response efficacy

* Self-efficacy

* Time, cost and information

Available strategies
* Mode substitution
* Activity rescheduling
* Protective behaviour
* Travel avoidance

Short-term response

* Trip reduction

* Route or time change
* Digital substitution

Pattern adjustment

* Activity-space contraction
* Trip-chain change

* Purpose shift

Recovery and persistence

* Ridership recovery

* Selective mode persistence
* New routine formation

System implications
* Confidence in shared transport
* Well-being

* Equity and sustainability

* Built-environment exposure

v v v v v

Structural and Contextual Conditions (Influencing All Stages)

transport supply * risk governance * public communication * cultural norms * technology access * social vulnerability

Note: The framework reads post-epidemic travel change as a resilience process. Travellers first encounter unequal exposure, then appraise hazard and coping options, adapt mobility routines, and finally contribute
to recovery, persistence or uneven resilience outcomes.

Figure 2. Epidemic-hazard mobility resilience framework.

5. Implications for Risk Governance and Resilience Planning

For risk governance, the review suggests that communication and service design need to be treated together.
Safety messages may help rebuild confidence, but they will not work well if travellers still experience crowding,
unreliable services or poor information. In epidemic hazards, trust is partly communicated and partly observed.
Travellers look at what the system does, not only at what agencies say. The effectiveness of public-health
communication, however, is not independent of the broader political and institutional context. Evidence from the
United States shows that partisan affiliation shaped compliance with public-health recommendations, which has
implications for how transport and health agencies design risk messages across different communities [74].

For resilience planning, the evidence argues against a narrow ‘return to normal’ benchmark. Some recovery
is desirable, especially when it restores access to work, education, health care and social participation. Yet some
recalibration may also be beneficial, such as safer active travel or flexible activity patterns. The harder question is
who gets to benefit from adaptation. A shift away from public transport may reduce perceived infection risk for
some travellers while increasing car dependence, emissions and inequality for others.

This matters for evaluation. If success is defined only as ridership recovery, agencies may overlook whether
passengers feel safe or whether vulnerable users have returned. If success is defined only as reduced travel,
planners may overlook isolation, lost access and unequal ability to work from home. A resilience-oriented
evaluation should therefore ask three questions at once: Did mobility access recover? Did perceived and actual
risk become manageable? Were the benefits and burdens of adaptation fairly distributed?

For research design, future studies should separate risk appraisal, coping capacity and resilience outcomes.
They should report actual behaviour where possible, rather than relying only on intention. They should also
examine heterogeneous effects for captive users, students, older adults, disabled travellers and low-income groups.
This is not a minor subgroup issue. Under epidemic hazards, the distribution of coping capacity is part of the
resilience problem itself.

The review also suggests that future research should connect psychological constructs with observable
service conditions. Measures such as fear, perceived severity and trust are useful, but they become more
informative when linked to crowding, headway, fare cost, trip distance, neighbourhood design and access to private
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vehicles. This kind of mixed evidence would make it easier to distinguish a communication failure from a service
failure, or an individual preference from a structural constraint. For practice, the findings point to several low-
regret actions. Transport agencies can maintain clearer real-time information on crowding and service reliability,
design contingency plans for spacing and ventilation, protect minimum service for captive users, and coordinate
mobility advice with schools and employers. These actions are not only technical. They also shape perceived
controllability, which is one of the conditions under which travellers feel able to resume necessary movement. A
system that feels unpredictable will struggle to regain trust even when formal restrictions have ended. Equally,
planners should avoid treating behavioural recovery as automatic once a hazard weakens. Trust can return slowly,
especially when travellers experienced inconsistent rules, crowded vehicles or poor information during the crisis.
Recovery plans therefore need a behavioural component as well as an operational one. This point is central for
future preparedness. The review also points to a need for coordination beyond transport agencies. Employers
influence commuting through remote-work rules, universities influence student travel through timetables and
campus requirements, and health agencies influence perceived risk through public advice. If these actors send
inconsistent signals, travellers face uncertainty even when transport services are available. Future preparedness
plans should therefore include communication protocols between transport operators, public-health authorities,
schools, employers and local governments.

One practical implication is that mobility resilience should be included in public-health preparedness
exercises. These exercises often focus on hospital capacity, emergency communication and continuity of essential
services. Everyday mobility deserves the same attention because it determines whether workers, patients, students
and caregivers can reach the places they need. Scenario planning could test how service reductions, crowding
controls, school closures, telework policies and public advice interact. It could also identify which groups would
lose access first and which services should be protected as minimum mobility lifelines.

Another implication is that agencies should monitor behavioural recovery with more than ridership counts.
Ridership is important, but it does not reveal who has returned, who remains absent, who travels under stress, or who
has shifted to more costly alternatives. Short passenger surveys, crowding data, service reliability indicators and
targeted engagement with vulnerable users would give a richer picture. In hazard terms, this would turn recovery
monitoring from a simple volume measure into an assessment of access, confidence and distributional impact.

Finally, the evidence suggests that resilience planning should be evaluated before the next crisis, not only after it.
Agencies can identify routes serving hospitals, schools, low-income districts and carless households; test communication
materials with different user groups; and prepare flexible service plans that protect essential access while managing
crowding. These preparations may look ordinary compared with emergency response, but they are exactly the kinds of
ordinary arrangements that determine whether mobility remains usable during a prolonged hazard. The resulting
priorities for future hazard-mobility research are summarised in Table 3.

Table 3. Recommendations for future hazard-mobility research.

Priority Recommended Practice

Separate risk appraisal, coping capacity, trust, perceived
control and observed behaviour

Use panel data, repeated surveys, smart-card/GPS
records or before-after links

Estimate heterogeneous effects for vulnerable and
constrained mobility groups

Assess risk communication together with service
reliability, crowding management and affordability

Measurement

Temporal design

Equity

Policy evaluation

6. Limitations

Compared with earlier COVID-19 mobility reviews, the added value of this review is not simply listing travel
changes. Its contribution is to connect risk appraisal, coping capacity and structural constraint within a hazard-
resilience frame. This makes it possible to distinguish acute disruption from longer-term recalibration, and to show
why behavioural resilience can be uneven across traveller groups and sometimes in tension with sustainability goals.

For policy use, the framework can be translated into measurable resilience indicators. Relevant indicators
include minimum service availability for captive users, crowding levels, ventilation or perceived air-safety
information, service reliability, affordability, access to essential destinations, perceived passenger confidence,
speed of ridership recovery, continuity of essential-worker mobility, and distributional impacts across income,
gender, age, disability and car-ownership groups.
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This review has several limitations. First, the search used OpenAlex and PubMed rather than Scopus, Web
of Science or TRID. Some transport-engineering and disaster-management studies may therefore have been
missed. The omission of specialist and comprehensive databases means that incomplete retrieval remains possible,
and the corpus should not be interpreted as an exhaustive census of the field. Second, the initial screening by Y.Y.
was completed before the full second-reviewer assessment by J.W. was documented. During the present revision,
however, J.W. independently assessed all 1145 reconstructed records before comparison with the initial decisions
made by Y.Y. The pre-consensus comparison produced 988 agreements (86.3%), 157 disagreements and Cohen’s
Kk = 0.390; all disagreements were subsequently resolved through discussion, yielding a final set of 70 included
studies and 1075 exclusions. Because this complete second assessment was conducted during revision rather than
concurrently with the original screening, its timing remains a methodological limitation even though every record
ultimately received two human decisions and consensus review. Third, full texts were not available for every
record, and some charting relied on abstracts and bibliographic information. Fourth, no formal risk-of-bias scoring
was conducted. Claim-to-design matching provides a transparent boundary for interpretation, but it is not a
validated risk-of-bias assessment and does not eliminate reviewer judgement; the absence of formal, design-
specific appraisal tools limits the certainty that can be assigned to the synthesis. These limits mean that the review
maps mechanisms and evidence patterns, but it does not estimate pooled effects or validate a causal model.

The scope is also intentionally narrow. The paper focuses on epidemic hazards and everyday mobility. It does
not review all pandemic policies, all telework effects, or all disaster-related transport studies. That boundary keeps
the synthesis coherent, but it means that some relevant resilience literature sits outside the review. A final limitation
concerns terminology. The reviewed studies did not use risk, coping, adaptation, persistence and resilience in a
uniform way. Some papers used these concepts directly; others measured related constructs under different labels.
The framework proposed here therefore involves interpretation. It is meant to make the evidence easier to compare,
not to impose a single theory on all studies.

7. Conclusions

Epidemic hazards reshape mobility through more than physical restrictions. They change perceived risk,
trust, coping options and the social conditions under which people decide whether and how to travel. Public and
shared transport were often perceived as risky, but risk perception alone did not determine behaviour. Coping
capacity and structural constraint explained why similar risk appraisals led to different mobility responses.

The best summary of the evidence is selective recalibration rather than a universal ‘new normal’. Some
behaviours recovered, some persisted, and some changed only for travellers with enough resources to adapt. For
hazard and resilience research, the key lesson is that mobility resilience is not only about keeping services open.
It is about keeping safe, credible and affordable mobility choices available when people are making decisions
under uncertainty.

This conclusion is deliberately cautious. The reviewed studies do not support a single permanent post-
pandemic mobility pattern, and they do not show that all travellers adapted in the same way. They do show that
risk perception, coping resources and service conditions need to be studied together. Future epidemic preparedness
should therefore treat mobility as part of social resilience: a condition that allows people to maintain work,
education, care and community life while managing health-related uncertainty. This framing makes mobility
planning a core part of hazard governance, not a secondary operational concern. It also gives future reviews a
clearer basis for comparison.
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