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ABSTRACT

Mobility networks worldwide face escalating challenges from climate-induced environmental shifts and major
disruptions such as the global COVID-19 pandemic. This scoping review investigates the resilience of public transport
systems through a structured 4R framework—robustness (strength), redundancy (alternatives), resourcefulness
(ingenuity), and rapidity (speed). The analysis draws on four diverse regional cases from Britain, Southern Africa,
Central America, and North America to provide comparative insights. The article reveals that weather-related
interruptions, including floods, storms, and extreme temperatures, predominantly expose structural weaknesses in
infrastructure and place significant strain on administrative and operational capacities. In contrast, pandemic-related
disruptions primarily test the adaptability and functional agility of transport services, highlighting the need for flexible
operational models and rapid response capabilities. Key findings underscore the critical role of effective early warning
and alert mechanisms in mitigating risks. Sustained investment in resilient infrastructure has proven valuable, as
demonstrated by proactive approaches in Britain and Central America. Conversely, chronic under-maintenance and
funding shortages have severely undermined system performance, particularly in Southern Africa. The study proposes
practical strategies to enhance resilience, emphasizing the development of integrated and diversified mobility networks

that combine public transport with active and shared modes. It also stresses the importance of strengthening inter-
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agency collaboration, governance structures, and preparedness planning to better equip transport systems for future

uncertainties.

Keywords: Environmental Shifts; Health Outbreak; Communal Transit; Durability

1. Introduction

Environmental shift-triggered incidents have grown
in frequency and severity during the past hundred years.
Per the global climate panel’s evaluation, pollutant releas-
es have kept increasing, causing planetary heating, with
numerous areas worldwide feeling the consequences '),
Intense climatic occurrences like inundations and tempests
influence financial growth and heighten the susceptibility
of individuals and setups. Specifically, mobility structures
suffer harm, leading to journey postponements and reduced
accessibility from these happenings **.

Multiple investigations have explored the effects
of environmental shifts on shared mobility. The United
States Environmental Protection Agency points out how
such changes may cause floods and severe heat periods,
thus harming roads and track connections. Earlier, about
half to three-fifths of roads and a third to two-fifths of rail
lines near the southern coastal area of North America were
prone to wave surges. Likewise, very cold conditions in a
European nation have injured track structures, resulting in

[5.6

operation lags ™. The instance of a major storm in a large

city demonstrates how broad floods caused halts, under-
ground cancellations, and extensive path destruction *.

Regarding passenger numbers, unfavorable climatic
states have been observed to decrease shared transit uti-
lization ™, frequently causing a move to individual cars,
particularly in urban centers lacking underground lines .
Elevated heat has been linked to rider unease and potential
switches in travel methods in an underground system ..
Conversely, the influence of warmth on underground usage
in an Asian metropolis shows a unique trend emphasiz-
ing the intricate link between mobility choices and harsh
climates ™. Moreover, severe climatic events affect recre-
ational journeys more than daily commutes '’

The health crisis also impacted shared mobility us-
age. Review indicates a transition from collective to per-
sonal travel options, like private cars, because of health

. . . 10 . . .. ..
worries and infection fears "”. This rise in individual ve-

hicles has raised ecological issues, as investigations show
that personal automobiles produce more pollutants than

U Further, studies have noted a drop

communal options
in shared mobility passenger counts relative to before the
crisis ', Both environmental changes and the health emer-
gency have had diverse influences on shared mobility set-
ups, highlighting the necessity to bolster their durability.

Even with the expanding collection of studies re-
viewing the influences of environmental shifts and crisis
interruptions on shared mobility, a major shortfall persists
in appraising applied durability actions responding to these
occurrences. A lot of current work concentrates on examin-
ing the effects of particular environmental incidents and al-
terations in journey habits during a health emergency. Yet,
only a few investigations have broadened this review to
evaluate real adjustment tactics used to guarantee durabil-
ity """, Also, most of these works center on advanced na-
tions, creating a notable void in comprehending how these
interruptions occur in emerging areas, thereby restricting
the capacity to learn from prior actions and create tailored
durable tactics.

This review article seeks to fill these voids by in-
vestigating how shared mobility setups have reacted to
difficulties from environmental shift interruptions and the
health crisis. Employing chosen examples from advanced
and emerging regions, the review emphasizes spotting
administrative and structural insights that guide durable
shared transit preparation and assessing the success of
these adjustment reactions. A descriptive durability mod-
el is used to evaluate how these adjustment steps improve
durability. The piece also points out the obstacles encoun-
tered in applying durable actions and offers suggestions for
developing a sturdy shared mobility setup.

The rest of the piece is organized like this: Section
2 reviews the work on the idea of durability, particularly
regarding mobility setups. Section 3 explains the approach
thoroughly, including example choice and information
gathering method. Section 4 shows and reviews the obser-

vations, concentrating on instant reaction and extended ad-
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justment tactics used during interruptions. Section 5 wraps
up the piece by outlining main understandings and provid-
ing suggestions for shared transit durability.

This paper integrates insights from selected interna-
tional case studies and peer-reviewed literature to examine
how extreme weather events and public health crises have
affected urban transit systems through the lens of the 4R
resilience framework. The contribution of this study lies in
its comparative synthesis of documented experiences and
lessons learned, providing policy-relevant insights rather
than statistically generalizable conclusions. This article
is structured as a scoping review that synthesizes peer-re-
viewed and high-quality institutional literature on public
transport resilience to extreme weather events and public
health crises. The study maps existing evidence, analytical
approaches, and response patterns across heterogeneous
cases rather than generating new empirical data. Conse-
quently, conclusions are framed as context-dependent in-
sights and research directions rather than statistically gen-

eralizable findings.

2. Literature Review

2.1. Explaining and Evaluating Durability in
Mobility Setups

This scoping review covers literature published be-
tween 2010 and 2024. Sources were identified from three
categories:

(i) Academic databases (Scopus, Web of Science, Goo-
gle Scholar) to capture peer-reviewed research;

(i1) Institutional and policy reports (e.g., World Bank,
Union Internationale des Transports Publics
(UITP) (International Association of Public Trans-
port), American Public Transportation Association
(APTA)) to document operational and governance
responses; and

(iii) Grey literature (official agency releases and reputa-
ble media) is used only to contextualize event time-
lines and impacts.

The notion of durability originated with Bruneau et

[13] [14]

al. "' and Burchart-Korol and Folgga '™ in natural sys-
tem review. Afterward, the idea has been utilized in other

fields, like mental health, finance, and construction. Bu-

thelezi "*'and Calder " first explained durability in mobil-
ity setups, grouping it into ten aspects: alternatives, variety,
productivity, versatility, protection, movement, indepen-
dent parts, power, teamwork, and quick restoration ability.
Although these aspects offer a way to assess durability,
their intricacy complicates creating a clear gauge. Prior,
Calder """ suggested four aspects of durability: strength,
alternatives, ingenuity, and speed. Calnek-Sugin et al. !'”’
and Enoch ""® subsequently called this the “4R model,”
which is widely cited in studies. This review adopts the 4R

framework, mapping the dimensions as:

° Robustness (strength)—Robustness refers to the
ability of physical assets to withstand disruption;

° Redundancy (alternatives)—Auvailability of substitut-
able elements/routes/modes;

° Resourcefulness (ingenuity)—Capacity to mobilize
resources, adapt, and prioritize;

° Rapidity (speed)—Timeliness of response and recov-
ery.

Redundancy denotes the availability of alternative
routes or modes; resourcefulness captures institutional ca-
pacity to mobilize resources and coordinate responses; and
rapidity reflects the speed of service recovery.

Strength means the ability of a setup or its elements
to endure interruption without major operational drop.
Alternatives mean the level to which parts in a setup can
replace each other during a crisis. Ingenuity means the
skill to spot arising issues, set orders, and assign assets to
handle those issues. Lastly, speed means the setup’s skill
to react quickly and productively to crises, thus reducing
damage """\

Expanding on these prior explanations, the notion
of durability in mobility has advanced and been precisely
outlined. From a thorough work review, Chen et al. ' and
the Colorado Department of Transportation *” suggested
an explanation of urban mobility setup durability as the
“skill for a setup to oppose, lessen, and take in the effects
of an interruption (crisis, halt, or calamity), keeping a suit-
able service degree (fixed durability), and returning to nor-
mal and stable function in a fair time and expense (active
durability).” This explanation stresses two main parts of
durability: fixed durability, relating to the setup’s skill to

sustain service amid interruptions, and active durability,
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centering on restoration productivity *”. It portrays a du-
rable setup as one showing reduced breakdown chances,
lessened effects when breakdown happens, and briefer res-
toration period.

Regarding evaluating and gauging durability, various
ways and methods have been examined and created, span-
ning descriptive, partly numerical, and numerical meth-
ods. Descriptive methods assess mobility durability using
feature-based gauges like the 4R model. KwaZulu-Natal

. 21
Province 2!

created a descriptive model for a transport
body, including gauge groups connected to two aspects:
technical durability—including strength, alternatives, and
fail-safe ideas—and administrative durability—including
readiness for shifts, connections, and guidance and ethos.
The gauge groups were linked to each idea. But, this model
was not checked in actual situations. Expanding on these,
the Department of Planning, Monitoring and Evaluation
2] evaluated the durability of North American traveler rail
lines in a northern corridor, using a model from the prior
studies, picking 21 gauges and scoring them as poor, aver-
age, and strong.

Researchers suggested a model including six main
factors—construction, options, natural, community, fi-
nancial, and administrative—to assess mobility durability
from a preparation viewpoint ****. The suggested model
was used in an example in a New Zealand area. Research-
ers also spotted durability gauges but centered on structure
project choice, creating a choice-aid model to rank very
durable projects *>**. Moreover, researchers suggested
signs based on the 4R traits and proposed ways to mea-
sure each, used a descriptive method via joint workshops,
and spotted main factors adding to the durability of shared

27-29

transit setups 7>\, These factors are grouped into setup

arrangement, data handling, functional output, and subsys-

tem connection.
Numerical methods have been broadly studied.

Freckleton et al. "

created a way of evaluating durability
using gauges like average lag and drop in network pace
lags comparable to work. Other studies use structural gaug-
es, centering on network productivity. The most utilized
gauges are the large linked part and the average briefest
route, which use a mix of structural measures like average
level, average briefest routes, centrality between, group-
ing factor, and alternatives to gauge the durability degree
of a metro area’s mobility setup in a severe climatic event.
Gongalves and Ribeiro ”''and Haggag et al. "” suggested
a model for evaluating urban path networks’ durability by
using the large linked part as a sign of strength and central-
ity and as a sign of network productivity.

Descriptive and numerical methods emphasize the
varied approaches available for evaluating mobility du-
rability. While descriptive models stress technical and
administrative-based gauges, numerical models depend
on output-based gauges and network structure. The work
mainly centers on numerical methods, which provide de-
tailed understanding but often need broad information.
Conversely, descriptive ways are simply usable and need

less information.

2.2.Interruption Kinds and Their Importance
to Mobility Durability

Different interruptions affect mobility setups. These
interruptions can be grouped into various kinds based on
their type. Table 1 displays the varied groups of interrup-
tions and samples of those interruptions. Some of these in-
terruptions, like those from nature, severe climatic events,

and health crises, can be sudden and hard to forecast.

Table 1. Kinds of interruptions.

Interruption Kind

Samples

Nature and Climate-Triggered
blazes, slides and snowfalls

Artificial and Human-Triggered

Floods, repeated cold and melt, tempests, severe warmth, whirlwinds, snow and frost, quakes,

Usage spikes, changing supply needs, illegal/attack actions, extended structure usage, quick pop-

ulation shifts, collisions, ocean rise, increased community input, health crises

Administrative
political dangers, ordering

Financial

Asset handling, funding uncertainty, setup over limit, old structures, outdated plan, asset limits,

Tech interruption, trade uncertainty, shifting market states, mobility and supply expenses, ecolog-

ical shifts, declining natural system, trade conflicts, downturn and slump

Source: National Academies of Sciences, Engineering, and Medicine.
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Climate-linked interruptions like floods, heat peri-
ods and intense tempests are happening more often, thus
stressing the need to prepare for more durable structures
B9 These interruptions frequently cause physical harm,
journey lags, unreachability, financial loss, harms and fa-
talities ©'!, and in numerous instances, shared transit pas-
senger numbers are badly influenced ”*. These interrup-
tions heighten the current susceptibilities of shared transit
setups, particularly in city areas **’. Studies from advanced
areas point out varied durability tactics. For example, Jing
Bland Hattingh * spot measures like better structure plan
and upkeep, tech progress, and better interaction setups.
Likewise, some examined examples provide main insights
and physical and administrative measures to lessen the in-
fluence of natural calamities on transit setups. But, these
studies center on advanced areas with greater assets and
administrative abilities than emerging nations ***.

On the other hand, the health crisis triggered un-
matched interruptions to mobility setups, altering travel
needs and functions due to limits *”**), Shared transit man-
agers and bodies had to apply tactics to guarantee service
continuation. These included a reduction in vehicles and
regularity, plus alterations in service provision ">*". These
actions were frequently responsive, revealing shortfalls in

! The health crisis revealed the need for flex-

preparation
ible management and administrative teamwork in boosting
system-wide durability.

Both climate-triggered and crisis-triggered interrup-
tions influence varied aspects of shared transit durability.
Climate-triggered interruptions mostly affect structure du-
rability, while crisis-triggered interruptions mostly affect
the administrative side of durability. Bolstering the durabil-
ity of shared transit setups is thus vital, needing teamwork
between bodies and users in creating durability tactics >*,

In brief, from the work review, main shortfalls per-
sist. First, most studies centered on natural, climate-trig-
gered interruptions or crisis effects separately, often in
specific areas, thus missing a combined, cross-interruption
viewpoint. Second, most studies use a numerical method
to gauge durability, with restricted focus on descriptive
evaluations including technical and administrative aspects.
Third, restricted studies compare reactions across ad-
vanced and emerging countries or explore the combination

of administrative, user, and tech factors, thus restricting the

versatility of durability tactics to varied contexts.

This review fills these shortfalls by using a compara-
tive descriptive model to examine how varied areas, across
advanced and emerging contexts, react to climate and crisis
interruptions. By reviewing four examples, the piece seeks
to spot insights, assess reactions, and add to an improved

comprehension of shared transit durability. results.

3. Methodology

This review uses a descriptive method, employing
a mix of record review, web news pieces, and free-access
shared transit passenger information to explore the dura-
bility of shared transit setups during severe climatic events

and the health crisis. The approach is detailed below.

3.1.Information Gathering

Three main kinds of information were gathered:
scholarly articles and policy records, web news pieces, and
free-access transit passenger datasets. These origins were
chosen to catch the varied aspects of durability and to veri-
fy details across different types of information.

The records were obtained via scholarly databases
like web search engines for academics, science publish-
ers, the mobility studies group publication database, and
government and global bodies’ sites. These databases were
selected for their topic relevance and availability. The web
search engine was used for its broad scope of academic
pieces across varied fields, thus catching reviewed articles
on both crises and climate-linked interruptions. The sci-
ence publisher was employed for its emphasis on mobili-
ty, ecological studies, and city preparation, thus showing
articles centered on durability and mobility. The mobility
studies group database was picked for its full set of mobil-
ity-linked examples, reports, and review pieces, especially
in advanced contexts, thus giving useful insights into ad-
justment durability tactics. The combined use of these da-
tabases guaranteed a full evaluation of durability in shared
transit setups across varied geographic areas, matching the
review article’s main goals.

The work search was done using terms like shared
mobility, durability, environmental shift, severe climate,
crisis, health outbreak, and adjustment. The starting search

gave 200 pieces. Then, the records were reviewed to grasp
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the practical sides of shared transit durability, adjustment
tactics, and policies, and 131 pieces were selected for more
review. The pieces and reports were checked for relevance
to shared transit durability, adjustment actions and tactics,
and management reactions to climate- and crisis-triggered
interruptions. The addition rules needed that the records
directly tackle mobility-linked interruptions due to severe
climatic events or the health crisis between 2019 and 2024
and give understandings into reactions and adjustment
actions. The removal rules excluded origins that missed
detailed understandings or generalizations without proof.
Following these rules, a total of 95 records were included
in the review.

The web news pieces were obtained from area and
country news sites using web news search and media
stores. Targeted terms included storm halts, environmen-
tal shift happenings, shared transit halts, and health crises.
These pieces were reviewed to pull real-time stories of
climate-triggered interruptions, their effects on the mo-
bility field, and the varied reactions toward restoration.
Pieces were picked if they gave specific details of the in-
terruptions, including their influences on shared transit and
groups, and instant reactions by officials. The addition of
these media origins gave a local viewpoint and details not
in the work.

Two free-access datasets were used for the pattern
review of passenger information:

The initial dataset was from the North American
Shared Mobility Group, which holds transit passenger in-
formation in North America for varied travel modes, in-
cluding major rail lines, light rail lines, traveler rail lines,
cart buses, and traveler buses. The review chose to use the
information on traveler rail lines and traveler buses since
this information gives understandings into the influence of
the crisis on shared mobility, particularly in an advanced
context.

The second dataset was obtained from the Global
Economic Group data tool and included information on the
total length journeyed by shared transit riders in Central
America using varied modes. The information pulled was
from 2019 to 2023, which aided in exploring the crisis’s
influences on shared transit in Central America, which is
seen as a nation in emerging areas.

The choice of these two datasets sought to show both

advanced and emerging contexts, thus providing compara-
tive understanding. Limits include variations in meanings
between origins, which were noted in the review. Context
prejudice was lessened by cross-checking observations
with work and media origins and by placing each dataset
in its context.
Literature Search and Selection Approach

The literature review was conducted between Janu-
ary 2010 and March 2024 using Scopus, Web of Science,
Google Scholar, and selected institutional databases (e.g.,
World Bank, APTA, UITP). Core search terms includ-

FI T

ed combinations of “extreme weather events,” “climate

EEYS s

change,” “public transport,” “urban transit resilience,’

“Covid-19 pandemic,” and “4R resilience framework.”

Studies were included if they (i) examined impacts
of climate extremes or pandemics on public transport sys-
tems, (ii) reported operational, ridership, or governance
outcomes, and (iii) provided empirical or documented
case-based evidence. Opinion pieces without case ground-
ing and studies unrelated to urban transit were excluded.
This approach ensures transparency while remaining ap-
propriate for a scoping-style review.

Ridership in this section is measured in terms of to-
tal passenger trips per year, aggregated at the metropolitan
system level, based on publicly reported agency statistics.
While this metric captures overall demand trends, it does
not account for trip length or passenger-kilometers trav-
eled. Differences in data reporting practices, service cov-
erage, and urban form mean that cross-region comparisons
are indicative rather than strictly comparable and should be
interpreted as contextual contrasts rather than direct per-

formance rankings.

3.2. Example Choice

This piece reviews four examples: Major Storm in
Britain; the spring 2022 floods in coastal Southern Africa;
and two crisis-linked examples regarding shared transit
passenger patterns in Central America and North America.
The major storm was one of the worst tempests that lately
hit Britain, causing major track and path mobility halts.
This example gives a viewpoint on durability from an ad-
vanced context. The coastal floods were among the most
destructive floods in Southern Africa, broadly harming

mobility structures. This example gives an understanding
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of durability from an emerging context. The crisis-linked
examples in Central America and North America center on
shared transit passenger numbers and add to comprehend-
ing how crisis-triggered need shocks were handled from
emerging and advanced contexts.

Together, these four examples match closely with
the review goals by permitting the review to compare ad-
ministrative ability, structures, and management in both
advanced (Britain and North America) and emerging (Cen-
tral America and Southern Africa) contexts. Also, the mix
of climate and crisis-linked interruptions aids a review of
how varied shocks affect distinct aspects of durability. The
goal is not to broaden observations but to spot patterns of
durability tactics that may be adjusted or thought about in

other contexts.

1. Major Storm (Britain) — Storm Babet (October
2023), primarily affecting eastern Scotland and
northern England; focus on rail (ScotRail/Network
Rail) and major roads (A90, etc.).

2. Coastal Floods (Southern Africa) — April 2022
KwaZulu-Natal floods, centered on the eThekwini
(Durban) metropolitan area; focus on road infrastruc-
ture and limited public transport impacts.

3. Covid-19 (North America) — United States/Canada
transit systems (heavy rail + bus), using APTA/Tran-
sitCenter-style aggregated ridership.

4.  Covid-19 (Central America) — Mexico (focus on
Mexico City Metro + bus/BRT systems), using

World Bank/national statistics on passenger-km.

The examples were picked using the following rules:

1.  Information availability: Access to free reports, me-
dia records, and functional information, enabling a
strong descriptive review of effects, reactions, and
durability tactics;

2. Comparability: Choice of examples that show both
advanced and emerging contexts, permitting admin-
istrative and structural comparison;

3. Interruption happenings: Examples centered on re-

cent interruptions from 2019 onward.

3.3. Information Review

The information review involved various methods
to pull main understandings from the information origins.
A pattern review method was used to group reports and
scholarly pieces into themes of durability, adjustment tac-
tics, and policy models. This method allowed for spotting
repeating patterns and insights from past interruptions.
Likewise, the news pieces were pattern-organized to spot
tactics and obstacles faced by shared transit officials in re-
acting to interruptions. The themes were created from the
information origins, and repeated review and cross-check-
ing of the pieces were used for confirmation to guarantee
consistency in explanation. While pattern and content re-
view are idea-linked, content review was used to pull spe-
cific details and to group the particular tactics, effects, and
obstacles included in the comparative model detailed in
Table 2.

Table 2. Comparative review model.

Durability Idea Descriptive Sign: Climate-Triggered Interruption Descriptive Sign: Crisis-Triggered Interruption

Strength Physical wholeness of transit structures, upkeep record Physical structure versatility to lowered ability

Alternatives Presence of other roads, options or transit modes that ~ Presence of other movement choices (i.e., small-mobility)
can work during interruption

Ingenuity Administrative ability: gathering of funds, crisis reac- Range of service redesigns and structure growth, gather-
tions, alerts, interaction, aid ing of funds

Speed Time to remove and restore key transit connections, Time for service restoration (i.e., passenger restoration),

pace of reaction and choice-making

pace of applying choices

Pattern review was applied to the study of the shared
transit information to compare passenger numbers before,
during, and after the crisis. The aim was to spot passenger

patterns, thus pointing out the influence of the crisis on

shared transit usage. The information was reviewed using
basic statistics and was graphed over time to show highs,
lows, and restoration roads. The seen patterns were con-

nected to the administrative reactions spotted in the work

96



Transportation Development Research | Volume 04 | Issue 01 | May 2026

origins.

An organized comparative review model was created
based on the 4R durability model, including gauges ad-
justed from Kim et al. " and KITE Projects "), and a state
mobility body. As shown in Table 2, this review model
was systematically used on the picked examples. In this
study, the 4R dimensions are interpreted as follows: Ro-
bustness refers to the ability of transit infrastructure and
operations to withstand disruptions; Redundancy denotes
the availability of alternative routes, modes, or backup sys-
tems; Resourcefulness captures institutional capacity to
mobilize resources, adapt operations, and coordinate stake-
holders; and Rapidity reflects the speed at which services
are restored following disruptions. Ratings of Strong, Av-
erage, or Poor reflect relative performance based on docu-
mented evidence across cases.

Each example was given a descriptive durability

score as outlined in the clearly outlined rules below:

° Very strong durability: All needs fulfilled (i.e.,
strength, alternatives, ingenuity, speed, all fulfilled
well);

° Strong durability: Suitable output, but enhancements
could be done;

° Average durability: Less than the wanted output. Pri-
ority to some enhancements;

° Poor durability: Bad output. Major enhancements
needed.

Robustness (climate):

° Strong: minimal physical damage + effective pre-
event mitigation (barriers/pumps/alerts);
° Average: moderate damage but partial protection;

° Poor: widespread structural failure + poor upkeep.

While scoring durability can bring some opinions,
the rules were outlined consistently, and each score is
based on the recorded information. This model serves as a

comparative view rather than an absolute gauge.

The combined use of these methods backs the re-
view’s aim of revealing context-tailored durability tactics
and administrative reactions, adding to a better comprehen-
sion of how shared transit setups adjust when faced with
climate-linked events and crisis-triggered interruptions.
Non-peer-reviewed sources are used primarily to document
disruption timelines, infrastructure damage, and immediate
operational responses. To ensure reliability, only official
agency statements, audited reports, or corroborated media
accounts were considered. Core analytical claims are sup-
ported primarily by peer-reviewed literature; where this is

not possible, interpretations are presented cautiously.

4. Results

This part shows the observations from examples,
reviewing the effects of climate-triggered and crisis-trig-
gered interruptions and discussing the durability shown in
each example. The review includes the 4R model (strength,
alternatives, ingenuity, and speed) to strictly assess the ac-
tions applied, evaluate their success, and compare effects
across varied contexts. The repeating patterns in interrup-
tions, administrative reactions, and insights gained were

reviewed and outlined.

4.1. Durability Evaluation

Using the descriptive review model created, the
examples can be comparatively reviewed, catching the
administrative and structural aspects of durability across
varied contexts (see Table 3). Each example’s seen actions
and results were reviewed and grouped below.

The next parts provide a more detailed review of
the durability shown in each example, drawing on the 4R
model and expanding on the details provided in Table 3.
The repeating patterns, like interruptions, administrative
reactions, and insights gained, were reviewed and outlined
in Table 4.

Table 3. Comparative review model for evaluating durability.

Example Strength Alternatives Ingenuity Speed Rating
Major Storm Harm to roads and rail ~ Track service halt shows a Strong ingenuity in gathering Speed in releasing Strong
(Britain) lines in some spots lack of alternatives in that emergency options, funds for fixes alerts and reacting to Durability

showed some suscepti-
bility to floods; Crisis
readiness

present

mode; Some other roads were and releasing alerts; Funding for
long-term durability shows strong Restoration of mobility
ingenuity

interruptions right away;

structures varied
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Table 3. Cont.

Example

Strength Alternatives Ingenuity

Speed Rating

Coastal Floods
(Southern Afri-
ca)

Covid-19 (North
America)

Covid-19 (Cen-
tral America)

Structures are highly Restricted alternatives, as Ingenuity in providing aid; Inge-

Slow starting reaction, ~ Poor Dura-

susceptible to floods; Bad some groups became unreach- nuity at the group level; Restricted evaluation of harm and  bility

upkeep of the drainage  able ability to do quick harm and fixes
structures added to a lack
of strength

Passenger drop shows Service growth and small-mo- Ingenuity in applying tactics to
susceptibility, but the set- bility combination guaranteed boost passenger numbers
up can keep some service alternatives

Passenger drop shows Path growth and quick bus  Ingenuity in providing funding,

some susceptibility, transit (BRT) growth boosted aids and tax relief, as well as
but the setup can keep ~ alternatives structure growth
service

restoration; Long-term
plans for environmental
shift adjustment show a
focus on speed

Quick reaction in ap- Strong
plying tactics; Gradual ~ Durability
passenger restoration

Quick restoration of Average
bus passenger numbers, Durability
but rail lines are slowly

restoring

Table 4. Comparative outline of observations.

. . Coastal Floods Health Crisis - .
Patterns Major Storm (Britain) (Southern Africa) (North America) Health Crisis (Central America)
Interruption Type Intense tempests and floods ~ Strong overflowing Community health emergency Community health emergency
Key impact Mobility lags, track service  Structure harm (main roads Sharp fall in shared transit Passenger fall
shuts, and structure harm and connections) and groups usage
unreachable

Main interven-
tions

4R Dimension
Strengthened

Evidence/Source

Alerts, crisis fixes, and dura- Safe places, aid aid, and slow Small-mobility, fare change,  Quick bus build, aids, and tax relief

bility funding crisis fixes service redesign

Timely alert and partial fixes Restoration was slow, thus Average passenger restoration Successful in the bus field as

were sufficient, as track showing restricted administra-  as restoration actions were passenger numbers restored, not so
service was restored tive ability applied quickly much in rail lines

Value of overflow prepa- Need for structure upkeep and ~ Worth of new ideas and quick Worth of new ideas, funding and
ration, forward action and  quick administrative action administrative action mode specific mobility preparation
funding

4.2. Climate-Triggered Interruptions

4.2.1. Example of Major Storm in Britain

In autumn 2023, a severe storm hit Britain, causing

major halts, including energy cuts, overflowing homes and

roads, and journey lags due to path closures. Track options

and water travels were halted, and a regional airport was

ern area alone was guessed at a certain amount !

briefly shut on a specific date . The fix expense in a north-

4l Figure

1 shows some of the harms to the mobility structures.

Figure 1. Harm to train lines. Origins: (a) Track Body in Garcia (2023); (b) “Overflow-hit dwellers ‘won’t be home for holiday’”

(2023).
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The starting reaction to the storm showed a level
of strength in the form of crisis readiness. The release of
early climate alerts and the use of barriers and pumps by
the ecological body displayed a forward-thinking method
to lessen the immediate effects. The alert setups were suc-
cessful in protecting community safety and aiding moves
and the barriers and pumps guarded many properties. The
presence of such assets, plus an overflow durability plan
for affected property holders, showed a degree of ingenuity
in reacting to the emergency.

The speed of restoration varied across travel modes.
Track service givers worked hard to clear waste and fix
harm to restart service as fast as possible. Temporary fixes
were done to some affected roads, allowing for the restart
of traffic, though some badly damaged roads stayed shut
4741 hence suggesting a need for betterment in handling
key structural failures.

Regarding long-term restoration and adjustment,
structural funding for drainage tasks, cold readiness plans,
overflow risk reduction, and combined transit plans has
been applied in different areas. These efforts center on
boosting strength and improving the structure’s ability

to endure future interruptions. Also, the national body

awarded funding for projects that center on growing du-
rable structures. To guarantee durability in track options,
the track body, which manages track options in the nation,
planned to fund upkeep and update of ground works and
drainage, smart structures, which includes distant watching

[49

and sensing, and review and new solutions "*\. These long-
term funds further show a dedication to building long-term
strength and alternatives into the mobility setup and back

the “Strong Durability” rating in Table 3.

4.2.2. Example of the Coastal Spring 2022
Floods

In spring 2022, heavy rain in the coastal area, in-
cluding a major city and the southern coast, resulted in bad
overflowing that led to deaths, property damage, and de-
struction of structures, such as roads, connections, energy
lines, and tubes """, Figure 2 shows some of the harm to
the path structures. Bad upkeep of the drainage structures
and insufficient control of unofficial areas worsened the
overflow effects °*. The fixed expense was guessed to be
around a certain amount ', The harm to roads and con-
nections resulted in the mobility structures leaving many

groups unreachable by roads ***.

Figure 2. Harm to roads due to spring 2022 floods in the coastal area.

Source: Local Reporter (2022).

The instant reaction to the overflow included the
creation of safe places, the provision of aid to the affected

J : 56
families, and an emergency aid fund ®*. However, harm

evaluation and fixes were lagged due to a lack of ability
5738 thus blocking quick restoration. This lack of ability

resulted in some dwellers fixing the damaged roads and
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connections to restore accessibility

, showing a degree
of group ingenuity in the face of administrative lagged ac-
tion.

Traffic on some damaged roads was handled through
detours or reopened after risk reviews and temporary fixes,
with permanent fixes planned for later in 2022; however,
the overall restoration process was slow. The presence of
detour roads for traffic shift shows a level of alternatives,
but this is restricted since some groups were left unreach-
able. Long-term adjustment efforts included boosting en-
vironmental shift awareness, improving access to early
climate alerts, and encouraging local bodies to create envi-
ronmental shift reaction plans, thereby boosting the area’s
adaptive ability and readiness. Overall, the example shows

poor durability due to structural susceptibility, making it

6000 000
5000000
4 000 000
3000 000

2000 000

Ridership (000s)

1000 000

prone to the effects of the interruption and administrative

ability limits, which led to lagged reaction and restoration.

4.3. Crisis-Triggered Interruptions

4.3.1. Example of Shared Transit Passenger in
North America

Figure 3 shows the traveler track and bus passenger
patterns in North America from 2014 to 2023. As shown,
passenger numbers dropped sharply during 2020 due to the
health crisis, with a gradual restoration afterward, though
passenger levels remain lower than before the crisis. The
drop in passenger numbers led to financial losses and a re-
duction in service levels. This drop shows an initial lack of

strength in the face of the crisis.

0
2014 2015 2016 2017

Commuter Rail Ridership (000s)

\___-___.__

2018 2019 2020 2021 2022 2023
Year

Bus Ridership (000s)

Figure 3. Annual unlinked passenger boardings (trips) for heavy rail and bus modes, aggregated across major U.S./Canadian systems.
Source: American Public Transportation Association (APTA) Ridership Reports, 2014-2023.

However, some service givers applied tactics to
boost passenger numbers amid the crisis, which proved
successful. These tactics included service growths, new
track stops and bus options connecting to the track stops,
bus path growth and redesign, transit sign priority and
bus lanes, exclusive bus-only roads, small-mobility op-
tions, funding for new tech like wireless on buses and
ticket machines, discounts for bike-sharing riders and
quick bus features like jump queues and improved stops,

(60811 These mea-

free fare areas, and many other actions
sures represent a major adjustment to service provision
in reaction to the interruption, showing ingenuity in spot-

ting and applying solutions. The quick combination of

small-mobility options and extending functions boosts
alternatives.

Using such chances and making the best practices
from the crisis period standard will guarantee the durability
of shared transit in the post-crisis period alongside ensur-
ing social fairness. The free-fare tactic has been one of the
actions adjusted for after-crisis application, with the releas-
ing guides to back state mobility bodies and transit groups
in using these tactics. While passenger numbers are restor-
ing, they are still below pre-crisis levels, showing that full
restoration is ongoing and that quick return to pre-crisis
levels is variable. The prompt doing of restoration plans

and quick versatility show strong durability.
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4.3.2. Example of Shared Transit Passenger in
Central America

Figure 4 shows the yearly rider distances by bus in
Central America from 2019 to 2023, showing a major drop
in 2020 due to the crisis, followed by a strong, quick resto-
ration in the following years, suggesting a high durability

in this mode of travel. In a major city, small buses, which

form a core part of the shared mobility setup, expanded
their roads during the crisis to provide options to edge ar-
eas ), showing ingenuity and boosting alternatives within
the setup.

The track rider distances, as shown in Figure 5, de-
creased during the crisis and had a slow restoration there-
after, compared to the bus field. This points out different

levels of durability within different modes of travel.
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Figure 4. Passenger-kilometers traveled by bus.
Source: World Bank/national statistics, 2019-2023.
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Figure 5. Passenger-kilometers traveled by metro.

Source: World Bank/national statistics, 2019-2023.

To foster restoration, energy aids and local tax reliefs
were given for some time to back the shared transit op-
tions. Also, new quick bus structures were built, changing
a car-centered corridor in a city into a dedicated quick bus
path >4 thus improving alternatives. The government
has also approved funding to boost rider and cargo track
options "7, These funds represent ingenuity and aim to
improve the setup’s alternatives and strength. While the

reaction was generally prompt, the variation in mode resto-

ration points out the need for betterment in administrative
alignment to boost overall durability, hence the average

[68-70]

durability rating

4.4. Review

The examples reveal differences and likenesses in
how shared transit setups react to climate- and crisis-trig-

gered interruptions """, Both kinds of interruptions led to
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major reductions in transit service usage, though the inter-
ruption type varied. Climate events caused physical harm
to structures, while the crisis mainly affected needs. This
difference reflects the distinction between soft (habit, ad-
ministrative, and policy-based) and hard (structure-based)

374 The reactions to climate

parts of the transit setup |
events centered on giving calamity aid, structure fix, and
long-term adjustment actions, whereas the crisis reactions
involved service changes and money back to service man-
agers "7,

Regarding cross-example review of climate-trig-
gered interruptions, Britain and coastal areas showed dif-
ferent obstacles and reactions. Britain’s experience with
the major storm showed the value of strength through
alert setups and structure funds, as well as speed in reac-
tion, as outlined in Table 4, which is consistent with alert
setups coupled with funding in structures would boost
durability "7,

In contrast, the coastal floods exposed susceptibil-
ities related to structure upkeep and speed in emergency
reaction and structure fixes. These observations align with
a prior review, which pointed out the lack of consideration
of climate change in the mobility field in the coastal city
area, thus making it susceptible to climate-linked effects.
The influence of socio-financial susceptibility and man-
agement shortfall in emerging areas, which block durabil-
ity [80-82

adjustment. Still, the coastal example shows the value of

1. Both examples point out the need for long-term

handling underlying socio-financial factors to improve the
overall durability of the transit setup *>*,

Comparing the North America and Central America
examples, we see that both nations experienced a sharp
fall in shared transit use. However, the speed of restoration
differed. Central America’s bus setup was restored quickly
compared to North America. This could be due to socio-fi-
nancial differences, policy reactions, and the structural
features of the setup, as there was a center on small bus
path growth and the building of a quick bus path, which

589 1 ikewise, North America centered

backs alternatives |
on service growth, path growth, small-mobility options,
and tech progress. While direct numerical comparison is
restricted, the review reveals understandings of factors af-
fecting durability *"*",

The comparative review pointed out the influence

of interruption kind on durability output and the varying
adjustment abilities of different country contexts. An out-
line of the implications of each climate-triggered interrup-
tion tends to expose the physical susceptibilities of transit
structures and challenge administrative ability for quick
reaction. In contrast, crisis-triggered interruptions stress
functional versatility, new ideas, and policy adjustment.
Ultimately, the 4R model reveals that durability depends
not only on strong structures but also on management set-

. . . 89-91
ups, readiness tactics, and new ideas (89-911

4.5. Outline of Main Insights

Value of Alert Setups: Alert setups are critical in
lessening the influence of interruptions. Britain’s
successful release of emergency alerts and timely
use of barriers successfully protected lives and struc-
tures. In contrast, Southern Africa’s lack of such set-
ups and lagged reaction points out the need for ad-
ministrative models to apply early action plans.

. Asset Ability: Suitable money and human assets are
necessary to guarantee timely reaction and resto-
ration of transportation setups and structures. South-
ern Africa faced obstacles in doing an early risk re-
view due to restricted ability, resulting in restoration
lags, thereby forcing group-led restorative efforts.
On the other hand, Britain, North America, and Cen-
tral America could quickly react and adjust due to
well-established bodies.

. Long-Term Funds in Durable Structures: Funding in
durable structures is a priority. Britain centered on
boosting the drainage structures, reducing overflow
risk, and building smart structures. Likewise, North
America and Central America funded new methods
such as redesigning transit roads and growing quick
bus structures. Despite asset limits, Southern Africa
also aimed to handle structural vulnerabilities.

. Adjustment Through New Ideas: New methods used
by North America, including the free-fare tactic,
redesign of bus roads, small-mobility options and
tech improvements, and Britain’s funding in distant
watching and sensing, show the potential for new
ideas to back restoration and durability in shared

transit setups.
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Ridership refers to unlinked passenger boardings,
unless otherwise stated. Because case reports demand us-
ing different metrics and temporal resolutions, cross-case
comparisons are interpreted as qualitative contrasts in re-
covery processes and system capability, not direct perfor-

mance rankings.

5. Conclusions

Growing durability in shared transportation setups
is vital to handling the growing dangers posed by cli-
mate-triggered interruptions and worldwide health emer-
gencies. This review points out the value of forward prepa-
ration, structure funding, and versatile tactics to lessen the
effects of such obstacles. Examples from advanced and
emerging countries show that durability needs a multi-sid-
ed method, covering physical structure betterments, ad-
ministrative readiness, and user-centered actions. Main ob-
servations stress the need for funding for connected transit
structures that can endure and adjust to shocks, including
varied networks and service growth. Moreover, administra-
tive ability bolstering is necessary through strong alert set-
ups, using new solutions like distant sensing, digitization,
and cross-body teamwork. Also, there is a need to order
the upkeep of current structures to lessen susceptibility.

This review underscores the necessity of a full and
inclusive method to durability, offering doable tactics to
bolster shared transportation setups. However, transit set-
ups are affected by community, political, and space set-
ups. Therefore, the observations of this review should be
explained with care, as the examples shown reflect varied
contexts. Rather than offering worldwide solutions, the
observations of this review offer understandings into dura-
bility-growing that can inform context-tailored tactics. The
limits of this review include the reliance on secondary in-
formation, which might miss unrecorded durability actions.
Moreover, the descriptive evaluation model used is opin-
ion-based and depends on the availability and consistency
of the information. Also, using the example method limits
the broadening of the review’s observations. It brings a
certain level of prejudice, which may fail to fully cover the
topic of shared transit durability across varied areas.

Future studies should center on doing more local ex-

amples based on primary information to catch the actual

experiences of the interruptions, growing a standard dura-
bility gauge that can be used across varied contexts while
guaranteeing local relevance and checking the durability
of unofficial shared transit setups to these interruptions, es-
pecially in emerging areas, which are rarely reported. Ulti-
mately, this review offers understanding into the durability
of shared transit setups, stressing the need for inclusive,
context-tailored methods. Adjusting the insights from this
review will be vital in enabling the versatility and resto-
ration of shared transit setups in the event of an interrup-

tion.
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