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ABSTRACT

As global visitation to PAs (Protected Areas) nears record highs, the Island Model of car-centric governance has become
a primary culprit of ecological degradation and social marginalization. This review follows changes in transportation in PAs
from early scenic drive glimpses in the aesthetics of nature, through the overwhelmed shock of COVID and over-tourism,
to coauthoring a new management approach, the Socio-Ecological Mobility Structure (SEMF). Envisioned as a revolution
in protected area governance, the SEMF aims to reconceptualize protected areas not as isolated sanctuaries but rather
as dynamic nodes within regional socio-ecological transportation networks. Combining three key concepts from Green
Transit Corridors, Soft Mobility Networks, and Digital Governance, the SEMF promises a new scalable strategy to meet
the Dual Mandate of public access and resource protection. In this paper, we discuss the technical needs and governance
interventions needed to transition toward Infrastructure Dematerialization, as exemplified by the use of the Mobility Health
Index (MHI) to inform visitor flow management. By comparing remote and urban fringe protected area dynamics, we
show that solving the Last Mile Problem and achieving Mobility Justice are part of ecological necessity, not altruism, and
decoupling visitation from the environment by a Decoupling Coefficient (D), to supply the intuition, data, and analytics,

will be essential to 21st-century conservation. Because of this, we conclude that maintaining the wildland urban interface
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in the future depends upon the reconceptualization of transportation from an added logistical burden to an elegant means of

fostering ecological and social resilience.

Keywords: Socio-Ecological Mobility Framework (SEMF); Protected Area Governance; Mobility Justice; Green Transit

Corridors; Recreation Ecology; Smart Mobility; Infrastructure Dematerialization; Dual Mandate

1. Introduction

Managing protected areas (PAs) has emerged as one of
the most challenging tasks of modern environmental gover-
nance. That is because of the inherent paradox in governing
the same area for two diametrically opposite institutional
requirements, identified as the dual mandate(!?!. The dual
mandate needs the agency to protect sensitive landscapes for
the ecological integrity of the area as a preservation mandate.
At the same time, the agency has to allow these sensitive
areas for public enjoyment and spiritual renewal as an access
mandate 3], While the dual mandate seems to have been a tug
of war between preservationist principles, emphasizing the
absolute right of wilderness free from human disturbances,
and conservationist principles emphasizing the rational use
of resources for human use!, some philosophers, such as
Bryan Norton ], have suggested a pragmatic compromise
where, in a larger system of sustainability, preservation and
conservation can be managed as overlapping management
strategies rather than common principles. Though, the very
scale of PA visitation, which is witnessing an exponential
increase in the recent past, has sharpened interest in the dual
mandate; in particular since PAs around the world are es-
tablished at a time when society held different moral values
towards nature than current times[®],

Historically, one of the dominant linking mechanisms
between conservation and transportation access has been con-
sidered solely from an ecological viewpoint. From conserva-
tion biology, transportation institutions represent a dominant
path to habitat fragmentation by dividing natural systems
into smaller, isolated fragments!’). In the US and Europe,
transportation corridors have been directly linked to air and
water pollution, changes in subsurface hydrology, and the
spread of invasive species®]. The most visible effect is the
increased chance of mortality for animals, as tens of thou-
sands are killed on US highways each year. In addition, roads
are also a series of behavioral barriers that prevent individ-

uals and genes from crossing a landscape*!%. Hence, the

need for classic adjustment of governance to unburden the
landscape with transport through contained zoning and light
infrastructure!!,

In the new millennium, transportation is no longer a
passive service to be used to access our cities but a profession-
alised management tool. Instead of a consumer-based ser-
vice, where facilities are sized for predicted population flows;
transportation managers use the transportation network to
get the right visitors to the right places at the right time['?].
This management by objectives setup employs transporta-
tion to control the carrying capacity of how much an area
can sustain before unacceptable impacts occur to resources
or experience!3]. Through reduction of use with ATS, as
in the use of forced monorail in Zion or Denali, managers
forgo illegal roadside parking, control to a degree the noise
generated by visitors, and can establish pass-through time

(141 In this sense,

windows that permit wildlife to cross roads
then, transportation becomes a fundamental part of a tool of
ecological and social policy. Yet, despite such technological
progress, this transition reveals a deep-seated mobility gap,
or a crisis of justice in conservation!'3],

The longstanding dependence on private, internal com-
bustion engine transportation has revealed an exhaustively
widened structural exclusion for over 30% of the U.S. popula-
tion who do not drive, including low-income groups, elderly
people, people with disabilities, and underrepresented people
of color['®), In rural counties, 5% of residents are completely
car-free, and an additional 18% are in vehicle-deficient house-
holds, and government park programs often exclude them
because of the prohibitive cost of vehicle ownership and lim-
ited access to transit!!7]. This car-centric access model neatly
walls off the mobility commons, providing access to the ki-
netically elite, while shutting out those without the economic
or technological resources to traverse such landscapes!!®).
Its effect on butchery leaves the leisure rights of many in the
middle-class parks. The lens of mobility justice links these
local relative inequalities to global climate and urban crises.

Sheller['”) conceptualizes movement governance as a kind
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of power, what he describes as kinopolitics, where freedom
of movement becomes a privilege of dominant movement
regimes, and others' movement is arrested via economic and
cultural restraints.

In protected areas, mobility justice demands that safety
and access be established by those most at risk by western
consumers and diverse visitors whose existence and behav-
ior is rendered unthinkable by psycho-socioeconomic barri-
cades (e.g., signage unfriendly to diverse users, transporta-
tion expenses, perceptions of danger) that disenfranchise
and enjoin low-income groups from an understanding of
nature-based recreation?’l. The crisis prompts conviction
that an automobile-based model is ecologically harmful,
socially unstable, and politically untenable, since a deficit

of diverse constituencies can undermine long-term politi-

TRANSPORT GEOGRAPHY

Spatial interaction, accessibility,
infrastucture, movement patterns

mEe i X

cal capital necessary to support the conservation mandate
itself!?1-22. This paper suggests that parks and protected
areas (PAs) should be approached not as isolated sanctuaries
but as nodes within wider socio-ecological networks and
mobility systems.

2. Theoretical Framework

This section tries to lay the interdisciplinary basis of
what is necessary to comprehend the link between PA gover-
nance and transport. By merging the literature of transport
geography, recreation ecology, and mobility justice, we are
able to regard PA as not isolated islands of nature but as

mobilised nodes in a socially and ecologically network as

portrayed in Figure 1.
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Figure 1. Protected areas as a dynamic socio-ecological network.

2.1. Transport Geography and Spatial Plan-

ning

Transport geography supplies the spatial principles of
how individuals travel to and within protected areas. The sec-
ond pillar of this approach, which is annexed to the field of
transboundary protected areas, analyzes distance decay fric-
tion and the infrastructural design's role in delineating those
able to reach a park and their usage behavior. The distance

decay principle contends that the interaction between two
locations will diminish with increasing costs, irrespective of
distance measured in time, money, or effort>}]. The Socio-
Ecological Mobility Framework (SEMF) distinguishes itself
by its way of accounting for that 'costs' through a poten-
tial concept of effective proximity?*. It rather proposes
an economic resistance factor (ERF) to 'correct' the grav-

ity model by agency and contextual variables. If a transit
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attraction/escalator exists and the fare value surpasses 5%
of a household's daily income, the park's attractiveness is
mathematically annihilated, transforming a classical gravity
formula into a pragmatic social justice instrument. The inter-
action formula (/) between an origin (/) and a destination ()
is: P,

ds;

Where P; is the number of people at the origin, A; is

]ij =

the allure of the destination (assessed as a normalized index
from 0-1 of recreational assets), d j is the distance (km),
and {3 is the friction coefficient indicating relative ease of
travel for marginalized populations having no private vehicle
access and limited transit options is extremely high. This
wealth distance paradox means that isolated and hard-to-
reach populations are often the populations with the most to
gain from access to the many health benefits we derive from

(25261 Land access is not just a matter of a flat rate of

nature
miles traveled, but of relative ease of miles traveled. Even a
park that is accessibly located for miles may be inaccessibly
located for transit options.

And in addition, the very spatial composition of the net-

work, which is the topography of the park roads, also has an
impact on visitor behavior. For some time, a common park
design method was the basis which used a core entrance like
a visitor center. But at some point, these terminals turned into
a bottleneck, creating traffic and pollution(2%]. Now, spatial
design is moving to an integrated regional station-to-station
approach that includes. This campaign calls for long-haul
all-day light rail or rapid transit lines to extend public transit
connections to the trailhead (rather than the trailhead as the
endpoint), and reframes protected areas as just part of the
networks of infrastructure that serve metropolitan areas!?7],
That managers can reframe protected areas as nodes in a re-
gional transit network, they can use the intermodal node (in
this case, the transition between the external high-capacity
regional transit stops to the internal park circulator bus sys-
tems) to effectively move visitors into the protected area
before they enter the sensitive areas, and ease the burden on
the area internally to the aggregation point (Table 1). More
generally, the transition will require expertise in the last mile
issue, a concept that refers to the last stretching of a journey

from a transit station to a trail or shuttle[28!,

Table 1. Comparison of access models in protected area planning.

Feature

Car-Centric Model (Traditional)

Transit-to-Trails Model (Modern)

Primary Mode
Spatial Focus
Barrier to Entry
Ecological Impact
Visitor Flow
Spatial Logic

High (Fragmentation, Pollution)
Unmanaged/Peak-driven
Point-to-Point (Discrete)

Private Internal Combustion Vehicle
Internal Loop Roads & Parking Lots
High (Ownership, Fuel, Licensing)

Shuttles, Biking, Rail, EV-Transit
Multi-modal Hubs & Gateway Links
Low (Fare-based or Free Public Service)
Low (Reduced Footprint, Concentrated Use)
Regulated/Scheduled
Network-to-Network (Integrated)

In urban environments, it can range from the urban
fringe to a metro station, while in wilderness it is often pre-
cisely the most environmentally sensitive and hardest to

s[?%1 This spatial planning can include the deploy-

reach area:
ment of micro-mobility devices, like bike shares or electric
shuttle loops that allow visitors to piggyback from the re-
gional transit and park-and-ride systems onto the trail system
without the large asphalt footprint. Once such spatial relation-
ships are made more efficient, transport geography begins to
be an effective means of channeling visitor demands to vari-
ous parts of the landscape, and so dispersing any high-use
sacrifice zones and maintaining ecological connectivity 2%,
In the end, the objective is to bring the spatial mismatch

between where people reside and where they have access to

high-quality natural settings down.

2.2. Recreation Ecology and the Road-Effect
Zone

While transport geography is mainly concerned with
the easier movement of people or materials, recreation ecol-
ogy is concerned with the effects of that movement on the
physical and biological environment. In this sphere, trans-
portation infrastructure is treated as a large-scale incursion
that distinctly modifies the basic morphology and function-
ing of an ecosystem[*%). One of the most useful ideas in this
sphere is the Edge Effect, which arises when a linear object
like a highway crosses an unbroken habitat. The Road-Effect

Zone extends well back into the forest from the paved sur-

112



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

faceB3l. Effects also result from modified microclimates,
where greater wind and light penetration induce warmer,
drier conditions suitable for pioneer species and not interior
competitors that require shade o

In certain systems, the zone runs up to 500 m from
the road edge, reducing the actual area of wilderness that
is conducive to natural processes[*3l. Roads are not only
a major means of introduction for physical disturbances,
but they also act as major vectors for the introduction of
many other non-native invasive species. Vehicles can carry
seeds and pathogenic organisms in the tires, undercarriage,
and on the shoes of travelers into the protected core ar-

eas¥¥. The number of invasive plants has been found to be

much greater within 50 m of park roads as compared with
the surrounding backcountry, implying that the protected
ecosystems are being invaded from the edges along road
corridors. Beyond the biological pathway, elements of the
transportation matrix inevitably contaminate the soil and
water of adjacent ecosystems. In particular, the various
toxic chemicals linked to transportation (metals, salts from
de-icing, petroleum hydrocarbons) do leach into the aquifer
and watersheds around roads, producing a chemical foot-
print that lingers long after the transportation activities end
(Table 2), thereby providing a legacy of contamination that
can negatively impact delicate species such as amphibians

and macroinvertebrates.

Table 2. Ecological impacts of transportation infrastructure on protected areas.

Impact Type Description

Ecological Consequences

Habitat Fragmentation

Edge Effects Altered microclimate at road boundaries.
Invasive Vectors Seeds/pathogens carried by vehicles.
Hydrological Change Altered runoff and subsurface flow.
Anthropophony Chronic noise from traffic and visitors.

Chemical Flux

Bisection of large habitats by roads.

Runoff of oils, salts, and heavy metals.

Loss of genetic diversity; population isolation.
Shift in species composition; increased predation.
Displacement of native flora and fauna.
Erosion; degradation of riparian zones.
Communication masking; behavioral avoidance.
Toxicity in soil and aquatic ecosystems.

One of the most glaring and least visible of an-
thropogenic impacts is anthropophony (subsets of human-
generated noise). Loud noises from motorcycles, large shut-
tle buses, and private vehicles can contaminate many species'
acoustic habitats, especially those that communicate for mat-
ing, territorial defense, or predator detection!**. Studies
show that chronic traffic noise at even low levels can create a
functional habitat loss where animals simply avoid areas they
normally would not because of the acidic environment of the
noise pollution3®). This is even worse for gleaning predators
such as owls or bats that hunt for prey using a mostly-and
sometimes-solely acoustic search image to discern slight rus-
tles. Recreation ecology today supports vehicle-free time
and electric alternative transportation systems (ATS), which
are technologies that prioritize electric propulsion or alterna-
tive fuels and decrease the chemical and sonic imprint of the
transit network [37. If managers understand the road not as a
fixed barrier but as a complex, multi-sensory stressor, they
will be able to craft transportation networks that operate as a

filter but not a barrier.

2.3. Mobility Justice and the New Mobilities
Paradigm

The third applies the new mobility system weighing
Sheller and Urry'sm] application of these ideas to the natural
environment to the WUI (Figure 2). This way of thinking
argues that mobility is never neutral; it is a social relation
that performs and reproduces existing social inequalities.
Mobility justice in WUI protected areas asks who has the
right to the forest(3%],
conceived of in terms of universal accessibility; the SEMF

Conservation has historically been

posits this is a kinopolitics of exclusion. In critically turning
the scenic drive design motif of Auto-age parks on its head,
we propose that park design operates as a spatial boundary
maker, disenfranchising 30% of the US population that does
not drive "], transforming the road from a symbol of access
into a symbol of socio-economic exclusion.

Extending to protected areas: Sheller's™!] idea of the
'kinetic elite' to protected areas, then the SEMF points to a

barrier of digital dual mandate. We argue that the kinetic
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elite could be identified not simply by ownership of vehicles,
but by 'digital capital, the ability to move elsewhere with
the available high-speed internet-enabled permit systems and
economic exclusions . Still, for marginalized and under-
served populations, such as low-income households, BIPOC,
and those with disabilities, there is a mobility gap that limits

access to the health benefits of nature. The physical and
mental health benefits of nature are not accessible to these
populations due to a history of racialized exclusion in the
outdoors, where the woods were (are) often viewed as un-
safe areas or areas that hold no space or place for [Black,
Indigenous, and People of Color (BIPOC)] (Table 3) 421,

PREMISE: Movement is not neutral; it is a dynamic
SOCIAL RELATION.

€ 2
] 2
S MECHANISM: “Mobility Capital” or “Motility” §
-:;é (Capacity to Move) is unevenly distributed. 2
< ]
BawpEs: | N CONSEQUENCE: Uneven distribution i v
Mobility Elite g Forced/Immobilized

—

(e.g., frequent
flyers, access to fast

reflects & reinforces existing
POWER DYNAMICS & INEQUALITIES.

—

(e.g., refugees,
prisoners, lack of

transport)

transport)

Figure 2. The new mobility paradigm, pioneered by Sheller and Urry (2006).

Table 3. Dimensions of mobility justice in protected area governance.

Dimension Barrier in Protected Areas

Equitable Solution

Informational Digital-only permits; English-only signs.

Financial High cost of car ownership and fuel.
Social/Safety Lack of diversity; perceptions of bias.
Spatial Remote parks with no transit links.
Physical Non-ADA-compliant shuttles or trails.

Multi-lingual, analog, and community-based information.
Subsidized or free public transit from urban hubs.
Inclusive programming and a diverse staff presence.
Transit-to-trails and regional connectivity.

Universal design in all transportation infrastructure.

Comfort mobility justice demands a transformation
from equality (everyone's given access) to equity (everyone's
given what they need to access). This must include the
psycho-socioeconomic factors that entrench access, the lack
of diversity in accommodating signage, the prohibitive ex-
pense of gear, and the absence of affordable, reliable public
transportation from urban cores to trailheads. In this scenario,
access solely by private vehicle results in the enclosure of
the mobility commons, bestowing the public good on a se-
lect elite, and achieving the privatization of what, in truth,
should be a common resource. To reclaim the commons, the
SEMF moves beyond the usual inclusive transit rhetoric to
infrastructure decoupling policy by mandating a 20% digital
buffer analog window of capacity for on-site access, so as
not to mechanize the socio-economic divide through digital
governance. This is not just a social policy, but the most
serious political innovation for the future of conservation,

as the physical access to landscapes is being limited to a

digital and car-bound elite, the rich and diverse constituency
that will sustain future support for conservation will be struc-
turally alienated from land. As the demographic base for
support is changing, future support for conservation will
depend on a rich and diverse constituency that has a real
personal relationship with the land, and some way of getting

to it.

2.4. Adaptive Governance and Management-
By-Objectives

The transition of transportation from a resource to a
management tool is summarized succinctly in the MBO
(Management-By-Objectives) structure, depicted in Figure
3. Under this scenario, transportation shifts away from pas-
sive, reactive infrastructure development that responds to
congestion and enters a new reactive, proactive way of think-

ing, where transportation is used as the management lever
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that makes it easier to move toward the target conditions
of the resources and the visitors!??l. The Interagency Visi-
tor Use Management (IVUMC) model is the benchmark for
this model where carrying capacity is not conceived of as a

static number but as a management decision, prudently made

Set Transportation
System Goals

Define Employee
Transportation-
Related Objectives

subject to relevant management objectives!??). Transporta-
tion systems in this context are intended to put in an exact
dose of visitors that, when separated over a pre-established,
destination-specific period, will not produce impacts greater

than the predetermined acceptable impacts.

Monitor
Transportation Progress
Progress & Performance

Develop
Transportation
Action Plans

Develop
Transportation
Action Plans

Feedba
Continuou

&
roveme

Develop
Transportation
Management Plans

Develop
Transportation
Performance

Appraise

Transportation
Performance

Figure 3. Diagram of the MBO framework.

Indicators and standards are the basis of MBO. For in-
stance, a manager may decide that no visitor should have to
wait over 15 min for a shuttle or that sound levels should not
go above 40 decibels in a certain sanctuary. Transportation
systems give the data and the tools to meet standards. Re-
quired shuttle systems, such as Zion National Park, let man-
agers set the pace of incoming visitors to a canyon. Within
the system, they control how often the buses are coming
and how many passengers can fit, so that the parking lot
effect, where visitors circle empty parking lots for hours,
making road sides erosively hot while being socially frustrat-
ing, is replaced by a reliable, predictable flow of visitors[43].
The controlled flow of visitors becomes a valve that can be
opened or closed based on physiological measures.

An adaptive governance approach also emphasizes on-

going monitoring and stakeholder involvement. Since socio-
ecological systems are non-linear, an intervention (installing
a new bike path) could bring otherwise unforeseen effects
(greater disturbance of wildlife). An adaptive approach uses
transportation data, for example, continuous GPS tracking of
shuttle ridership or trail counters, to adaptively modify man-
agement strategies (Table 4). This form of decision-making
feedback loop creates a learning system, where policies are
fed into the system and taken in as hypotheses that are refined
over time[*]. This also demands transparency and public
input so that the standards being maintained for solitude, like,
represent the values of the public rather than just the agency
staff. Framing transportation as part of an MBO system al-
lows agencies to move beyond the dual mandate friction and

harness rich transit technology to manage volume and fidelity.

Table 4. Sample indicators and standards for transportation management.

Indicator Standard Management Action If Violated

Wait Time 95% of visitors wait <15 min. Increase shuttle frequency/capacity.
Roadside Parking Zero unauthorized vehicles on the shoulder. Install physical barriers; increase enforcement.
Ambient Noise Max 45 dB in designated Quiet Zones. Limit vehicle types; enforce Quiet Hours.

Wildlife Collisions
Social Encounter

<1 large mammal collision per 10k trips.
<10 groups seen per hour on the primary trail.

Implement vehicle-free intervals or speed caps.
Reduce transit drop-off frequency at trailheads.
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2.5. Socio-Ecological Systems and Regional In-
tegration

The last pillar of the structure considers protected areas
as Socio-Ecological Systems (SES) that are integral parts of
their surrounding regional landscapes (Figure 4). This point
of view, advanced by authors like Ostrom [, claims that
park boundaries are socially constructed and ecologically

porous. This approach considers that to manage any park,

: rical Syst
050 cal, Econo ystems (s P'"Olitt-
Ic,

the focus has to be on the dynamic nodes where the park
system mediates with the urban, agricultural, and transporta-
tion systems of the greater region!*]. And to make a point,
this is even more important at the wildland-urban interface,
where urban sprawl and outdoor recreation demands directly
force the ecological limits of the wildland. In an SES way

of thinking, a park is not a fortress but a node in a regional

metabolism of people, water, and wildlife.

0(\‘.6*‘ ,, Cy;,
e Governing System / Actors s "
<% Y
2 [Monitoring & Information] [Decision-Making & Rules]
{ Enforcement ]
" Interactions & Outsomes"
Feedback & # Social-Ecological ﬁ Feedback &
Information Fit & Sustainaibillty

}

Resource System / Ecosytem

Resource Units
(e. g), water, forests)

)|

Resource Units &
water, forests)

Public Infrastrocuture
(e.roads, parks)

Figure 4. An SES framework for protected areas.

While regional integration is important for transporta-
tion planning, a park should be planned in addition to county
and state transportation authorities. If a national park is
considered apart from surrounding land, then the transit is-
sue becomes one of difficulty in the Gateway Communities,
leading to friction with the State and Federal government (46,
Though, if the park is considered a part of the regional region,
then transit can be used to simultaneously address conges-
tion at the park and provide greater mobility to rural local
residents. With ecological resilience, cross-boundary gover-
nance is critical to mobilize local and global incentives for

[47] It inspires new

road-kill mitigation and habitat corridors
questions and a landscape-scale approach where the hope of
the park is directly tied to the viability of the region. The SES
perspective also draws our attention to the social-ecological
resilience of the urban transportation system. We acknowl-

edge the fragile nature of a car-based model, which is fragile

to fluctuations in fuel prices, climate-affected washouts, and
water conveyance for roads. An integrated multimodal trans-
portation system has better socio-ecological resilience for
providing diversified options and adaptabilities.

3. Methodology

To ground the Socio-Ecological Mobility Framework
(SEMF) in established administrative workflows, our quali-
tative integration matrices align with the sequential steps of
the Interagency Visitor Use Management Council (IVUMC)
planning framework. However, while the IVUMC model
provides an institutional guide for establishing baseline car-
rying capacities, it lacks explicit mathematical parameters
for measuring structural network friction. The SEMF bridges
this operational gap by taking the council's qualitative vari-

ables and formalizing them into dynamic network indices.
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This paper is a synthesis of existing research, but it follows a
specific, three-step process to move from theory to a practi-
cal management model. The goal was to build a framework
(the SEMF) that works across different types of parks, from
city edges to remote wilderness.

3.1. Step 1: Selecting and Sorting the Research

We did not just look at park management. We pulled
data and theories from three different fields to identify the
moving parts of our framework. First, we used transport
geography to understand movement patterns!3l. Second, we
looked at recreation ecology to measure how roads physically
impact wildlife and habitats 34, Finally, we integrated mo-
bility justice to see who is being left out of the landscape "
We focused on studies from the last 20 years that deal with

high-pressure parks that see millions of visitors annually.

3.2. Step 2: Building the Math

To make the framework practical for park managers,
we turned these observations into two main tools. We took
the gravity mode used in geography (Miller and Shaw, 2015)
and the road-effect zone used in ecology to create the Frag-
mentation Index (FI) and the Mobility Health Index (MHI).
By putting these ideas into formulas, we created a way for
managers to measure exactly when a park's infrastructure is

doing more harm than good /.

3.3. Step 3: Testing the Model against Real-
World Parks

Finally, we stress-tested our framework by looking
at two very different types of parks. We analyzed urban-
fringe parks, where the focus is on social equity and public
health?7>11 and remote parks, where the focus is on pre-
serving wilderness. By comparing these two archetypes, we
made sure the SEMF was not just a one-size-fits-all idea but

a flexible tool that adjusts to local needs.

4. The Evolution of Transport in Pro-
tected Areas

The history of protected areas is inseparable from the
history of the movement of mankind. With the change in
philosophies of management from the preservationist move-
ments of the early days to the multi-modal integration of
the current era, the transport infrastructure moved from the
means of civilizing the wilderness to the complex device
of balancing ecological health and social equity. The three
periods of development of transportation in the protected

areas have been discussed below in the adjoining sections.

4.1. The Era of the Automobile

The early 20th-century creation of the United States
National Park System was not just a biological mission but
an overtly political and industrial process*?]. In order for a
young agency to flourish, the first Director of the National
Park Service (NPS) had to band together with the young au-
tomobile industry and the American Automobile Association
(AAA). The golden age of the scenic drive era created the
private car, and not the camera, as the dominant means of
experiencing wild nature>3]. The dominant way of thinking
pointed out that for a landscape to be worth protecting, it first
had to be accessible. This of course, resulted in numerous
towering feats of engineering, most particularly the Going-
to-the-Sun Road spanning the glaciers of Glacier National
Park, and the Skyline Drive across the Shenandoah®*!, The
defining architectural feature of this period was the parkway,
a privileged road route that was designed for the pleasure of
automobiles, unlike their utility (Table 5). The Blue Ridge
Parkway, perhaps the best known, was built to be a museum
of the landscape, and every turn, overlook, and stone wall was
within the planning and engineering of the design to construct

a world, or rather a film, of mediated, curated experience (531,

Table 5. Historical evolution of transportation policy in U.S. national parks.

Era Primary Goal

Infrastructure Focus

Management Philosophy

Pioneer (Pre-1916)
Auto-Centric (1916-1960)
Expansion (Mission 66)
Sustainability (1990s—Present)

Extraction and Exploration
Public Use & Buy-in
Modernization
Resource Protection

Rail and Stagecoaches

Scenic Parkways and Grand Hotels
Standardized Roads and Large Lots
Shuttles, Rail, and E-Bikes

Exploitative Conservation
Windshield Wilderness
High-Volume Efficiency
Management-by-Objectives
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Scholars draw attention to the occurrence of the wind-
shield wilderness, a term the historian Louter®® uses to
denote the strange paradox where the ability to see wilder-
ness is itself an obstacle to experiencing it. Transportation
planning during this time was exclusively concerned with
how the drive could produce the best environment for view-
ership, and not how the decision to dismantle large areas of
roadside habitat or deny the park experience to the walk-ins
might affect the park ecologically or socially. The automo-
bile was considered to be a democratizing invention that
would connect all Americans with the national park-lands,
yet in practice, it brought the middle-class nuclear family to
the center of the park experience ™.

By the mid-20th century, the Mission 66 program re-
inforced this auto-centricity. Over its decade-long duration,
the program sought to update park infrastructure for the post-
WWII tsunami of cars. The program implemented a standard-
ized approach to road width, massive asphalt parking lots,
and visitor centers that processed thousands of vehicles per
day. Although Mission 66 was successful in growing atten-
dance, it also set the stage for the 21st century car congestion
crises[*8). It reaffirmed the spatial perceptions that the park
was its road system, and that the experience of nature was a
matter of stopping repeatedly at formal paved overlooks. As
aresult, the legacy of PA continues to be its auto inhospitable
governance, as managers endeavor to retrofit park systems

designed in the 1950s to meet 21st-century expectations %,

4.2. The Congestion Crisis

Ironically, in the 21st century, the automobile way of
thinking's triumph has become its downfall. Visits to pro-
tected areas around the world are at record levels. This is
overtourism, the situation in which visitation exceeds the
physical and social carrying capacity of the site®”. Visi-
tors often experience scenic gridlock as they seek to enjoy
landscapes like those depicted in iconic parks like Yosemite,

Zion, and Arches. During the busy season, visitors need to

sit in stop-and-go traffic for hours, and often get turned back
at the gates because the lots are filled to capacity at eight in
the morning. The increased impervious surface caused by
parking lots and traffic will, with time, lead to degradation
of the visitor experience and the ecological health of the park
through the creation of unauthorized 'social trails' by vehicles
parking in sensitive vegetation[©!],

Congestion is not just overpopulation; it is a meltdown
of the demand-side urban planning way of thinking. The
conventional reaction to a congested road has been to make
it wider or supply more parking ™ This strategy is a publicly
funded self-defeating circular trap in a protected space like
Yosemite Valley. Each new acre of asphalt replaces a patch of
natural habitat and causes the Road Effect Zone (Subsection
2.2) to grow a little more. Transport geographers also allude
to the idea of induced demand: that enhanced capacity invites
increased use until the congestion just occurs again?®l, At
times, bumper-to-bumper traffic volumes in the downtown
entry-areas of Yosemite Valley have produced downwind
urban air quality as foul as anything in a metropolis[®! and a
breach of the forest's purpose as a monument as mandated
by the NPS Organic Act (Table 6).

The mental health impacts of this congestion are signif-
icant. Studies show that this crowding perception drastically
diminishes the spiritual and healing experience visitors seek
in nature[%?!, The moment a national park starts to resemble
a crowded theme park, the sense of place is diminished, and
the park ceases to be the healing refuge it was intended to
be. The crisis has also motivated managers to become more
than reactive; they have had to become proactive, institut-
ing reservation systems, timed-entry passes, and mandated
vehicle caps. While these measures are vital to preserve
the resource, they have also magnified the mobility justice
issues previously discussed, alienating those who lack the
internet, or the time, ability, or money to plan so far ahead.
The invasion of national park wilderness has become the
pinnacle of the confluence of preservation and access man-
dates (%3],

Table 6. Impact metrics of overtourism in high-visitation protected areas.

Metric Impact of Congestion

Consequence for Management

Visitor Displacement
Resource Degradation
Operational Strain
Social Conflict
Acoustic Quality

Solitude-seeking visitors avoid the park.
Off-road parking and soil compaction.
Staff time diverted to traffic control.
Stress and road rage among visitors.
Constant engine noise and idling.

Loss of diversity in visitor types.
Increased restoration costs; habitat loss.
Neglect of interpretation and science roles.
Decrease in visitor satisfaction and support.
Disruption of wildlife behavior (anthrophony).
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4.3. The Shift to Multi-Modality

Knowing that private automobile use may be the only
means of access in a high visitation future, protected area
managers are making a trend toward the use of ATS. Itis a
transition to a multimodal system where a visitor must use
a mixture of modes (bus, bike, rail, and foot) to traverse a
landscape. The best example of this improvement came in
the form of the Zion Canyon Shuttle System. In the year
2000, Zion decided to cease allowing private vehicles to
access the scenic Zion Canyon, placing the park's visitors
on a mandatory propane-powered system (which is in the
process of shifting to electric). This one management deci-
sion prevented thousands of car trips each day. Apart from
restoring an acoustic environment, it also shifted the same
number of people with a much smaller physical footprint[©4],
The proliferation of e-bikes is the newest development in
PA multimodal. E-bikes extend the reach of PA multimodal,
allowing older adults or those with moderate physical dis-
abilities to travel longer and ascend steeper grades in the
absence of a car.

It is the hope that this type of micro-mobility will take
cars off the road, at least at trailheads. Yet, as with every PA

multi-modal development, there are associated management

considerations, such as speed differentials on shared-use

paths and potential impact on wildlife corridors that were
sparsely used (Table 7). To address the management consid-
erations, Parks are adopting integrated corridor management,
where different modes can be separated in a paved environ-
ment to allow safe, conflict-free transit[®®]. The designs aim
for the smoothest, most unnoticeable user experience, where
the transition from regional train, to park transit, to rental
E-bike is seamless.

The future of park investment in PA transportation
should be in regional rail and transit connections. The Los
Angeles area, for example, has begun to develop Transit-to-
Trails projects that link the urban metro to the trailhead at
the mountain top?”!. By bringing the park into the regional
transit web rather than extending the cultural suburban to
the mountain edge, agencies can close the mobility gap that
prevents many city residents from accessing a park while
simultaneously shrinking the ecological footprint of that ac-
cess. This will take a kind of cross-boundary governance that
was never envisioned in the age of the scenic drive[*®. In this
new perspective on park access, transportation is not only
how one arrives, but a central tool for ecological restoration
and social justice. Bringing more people on fewer vehicles al-
lows protected areas to finally begin to meet the implications
of the dual mandate in a sustainable way for the environment

and the citizenry.

Table 7. Comparison of multimodal transportation options in PAs.

Mode Capacity Flexibility Key Benefit Key Challenge
Mandatory Shuttle High Low (Fixed Route) Max protection; removes cars. High operational cost; wait times.
E-Bikes Low High Active recreation; last-mile link. Speed conflicts; trail wear.
Regional Rail Very High Low Urban-to-Wildland link. Infrastructure cost; limited routes.
Micro-Transit Medium Medium Flexible on-demand service. Complex logistics; tech-dependency.

5. Integrative Planning Models

In this section, I overview the art of the fusion of trans-
portation technology, spatial planning, and ecological gov-
ernance. Protected areas could be able to erase the conflict
between mass access and ecological protection through the
relaxation of demand-driven and car-by-car construction into

integrative and MBO approaches.

5.1. Green Transit Corridors

Green transit corridors are a move away from the iso-

lated haven model toward viewing protected areas as terminal

nodes within a regional public utility system " This system
shifts the assumption that a visitor's experience is initiated
at the park gateway by positioning the beginning of the vis-
itor experience at the urban residential community's curb-
side. Green corridors de-carbonize the recreation lifestyle
by creating dedicated low-carbon links between population-
dense communities and ecological preserves and disman-
tle the socio-economic scavengers of private automobiliza-
tion[®). Corridors act as a concentration of human move-
ment by functioning as super-efficient arteries that prohibit
the parking lot and secondary road proliferation necessary

for low-concentration sprawl, and ultimately guarantee the
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last-mile conundrum is solved. This last mile is the gap that
exists between the regional transit drop-off points and the in
situ trailheads/viewsheds. In many North American and Euro-
pean PA's a last-mile deficit Public Transit desert re-privatizes
access, marginalizing those who are most ready and willing
to travel sustainably (8],

To cross this divide, integrative planning takes advan-
tage of intermodal transit centers in which, in the same facil-
ity, high-capacity regional networks are linked with narrow-
body, zero-pollution park shuttles (Table 8). The measure of
the efficiency of such a corridor is not by speed, but through-
put, which is a measure of capacity: you knock a given
number of visitors through the corridor without overrunning
the social or ecological capacity of the destination. This
can be mathematically represented through a basic transit

throughput formula:
c*f
T= 5
where: T is the total hourly throughput of the corridor, C
is the capacity of the individual transit vehicle (e.g., shuttle
bus), f is the frequency of service, and 4 is the headway (the
time interval between vehicles).

Creating green corridors necessitates a new, landscape-
based approach to governance divorced from the boundaries
of the park corresponding to the scale and systems-based
approach of regional public transportation networks, requir-

ing collaboration between federal agencies (like the NPS)

responsible for parks, regional transit agencies, and govern-
ment at the local level. Reduced fares and synchronized
schedules coinciding with their ephemeral nature with peak
recreation time turns protected areas into a public rather than
a gated kinetic elite[®®). Ecological permeability must also
be prioritized in designing green corridors. For example,
wildlife over- and underpasses are often used in green cor-
ridor planning with transit infrastructure itself acting as a
scaffold to reach, overcome, and join the other side using the
same systems diagram approach that helps (and not hinders)
pedestrian access. This shows that the transportation systems
approach to recreation and preservation can be one-in-the-
same if the regional systemic logic takes precedence over
the final, single-location destination!7%],

The spatial arrangement of green corridors can take the
form of the buffer zone idea. Focusing pedestrians to certain
segments that can support high throughput allows managers
to keep most of the protected area away from being thorough-
fare to protect the interior habitat from the Edge Effects laid
out in Subsection 2.2. This model accepts the diminishing lo-
cus of where people can drive as its premise, and concentrates
on controlling how people are transported, thereby providing
a model for a more surgical and less destructive practice of
landscape architecture. Green transit corridors would become
the core infrastructural component for sustainable mass na-
ture tourism, as reducing one's carbon footprint becomes an

inevitable mandate imposed by climate change .

Table 8. Key components of green transit corridors.

Component Function

Socio-Ecological Benefit

Intermodal Hubs
Zero-Emission Shuttles
Subsidized Fares
Permeable Infrastructure

Seamless transfer between regional and park transit.
High-frequency internal transport.
Financial incentive for public transit use.
Wildlife crossings integrated into transit lines.

Reduces private vehicle dependency and last-mile gaps.
Eliminates tailpipe emissions and reduces anthrophony.
Enhances mobility justice for low-income populations.
Maintains habitat connectivity despite human movement.

5.2. Soft Mobility Networks

In contrast, Soft Mobility Networks consisting of walk-
ing trails, world-class bike infrastructure, and boat access
are a form of slow tourism that emphasizes sensorial full-
immersion and hand-held sensations over direct and expedi-
ent transportation(’?!. For the modern visitor, a scenic drive
is increasingly perceived as a character-forming barrier to
deep ecological engagement, as the steel and glass of the

car insulates visitors from the multi-sensory truths of a place.

Soft mobility popularizes the environmental psychologist con-
cept of Attention Restoration Theory (ART), a passive form
of attention that allows the human psyche to recover from
the mental exhaustion of urban travel”>74l. The design of
walking, paddling, or biking networks can facilitate this har-
mony of human movement and natural rthythm, minimizing
ambient noise and toxin emissions "> while elevating mental

well-being.

This method is derived from Biophilic Design and is
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based on the theory that human beings possess an innate bio-
logical need to interact with the natural environment through
bodily activity, not as mere observers[’*). Ecological benefits
are also numerous. Because sources of soft mobility (Non-
Motorized Trails, Blue Corridors, Trails for Paddling) require
a lot less impervious surface than motor vehicle roads and
provide the underside of the potential Road Effect Zone, soft
mobility better preserves wildlife habitat’, and prevents
fragmentation of the ecological terrain.

Another ecological benefit is the reduced anthrophony
(human-created noise) in the environment provided by soft
mobility modes, which helps preserve soundscapes®l. With-
out noisy engines to compete with, animals (and humans)
will be able to appreciate the crispness of the wind as well as
the rushing of the stream and the sound of birds singing 7”81,
In a riparian or marine protected area, utilizing blue corridors
can mean access for paddling trips to the wilderness without
requiring any land infrastructure, allowing a pristine core
to be protected from excessive pavement while providing a

high-quality visitor experience (Table 9)!7°1.

If soft mobility is to be integrated into a comprehensive
system, it must join seamlessly with the green mobility corri-
dors. This multi-modal seamlessness is necessary to elevate
soft mobility to a realistic alternative to the car. Transporta-
tion design must also accommodate the physical diversity
of users. Universal design features will prevent soft mobil-
ity from becoming an elite mobility only accessible to the
athletic/able-bodied. Devices like e-bikes will help older vis-
itors and visitors with mobility disabilities conquer steeper
slopes without the added costs and emissions of gasoline-
powered motors ], If the slow, active human organism is
to be the focus of visitor experience, protected areas will
not only provide the spiritual renewal of sacred spaces, but
will also set global benchmarks for sustainable, eco-friendly
outdoor recreation®!]. Research on the physiological effects
of slow modes of transportation (cruise ships, sailboats, bi-
cycles, and walking) shows their relative ability to lower
cortisol and blood pressure levels when compared to car-
based tourism, establishing transportation as a human health

variable in tourism planning 7%,

Table 9. Comparison of soft mobility modes and their impacts.

Mode Spatial Footprint

Acoustic Impact Psychological Depth

Pedestrian Trails
Cycling Paths
Blue Corridors
E-Bike Trails

Minimal (0.5-2 m width)
Low (2-3 m width)
Zero (Natural waterways)
Low (Assisted grade)

None High (Slowest immersion)
Low (Tire friction) Medium (Active exploration)

None High (Riparian connection)
Low (Motor hum) Medium (High accessibility)

5.3. Digital Governance and Smart Mobility

Visitation to protected areas has reached a global crisis,
and in this climate, passive infrastructure management is no
longer sufficient for preserving the resource or the visitor
experience. Digital governance and smart mobility are the
futuristic manifestations of PA management, where the Inter-
net of Things (IoT), streaming data analysis, and geofencing
are used to control the visitor flow with precision®?. This
realization of the dual mandate transports the problem into
cyberspace, allowing managers to use virtual tools to address
the physical problems of over-crowding and ecological de-
cline. Through the use of infrared trail counters, Bluetooth
beacons, and GPS-enabled park applications, managers can
monitor a real-time image of where visitors are concentrated
(Table 10). This information can be used by way of sense
and response management, where schedules can be manu-

ally adjusted and push notifications sent directly to visitors'

smartphones, stating they may want to divert their trip from
a grid-locked site to an under-utilized area!®’,

Perhaps the most effective example of digital gover-
nance is the use of reservation and timed-entry systems. Re-
quiring visitors to secure a reservation via a digital portal,
agencies can avoid the parking lot effect, where thousands
of cars drive in circles forever, creating local air pollution
and soil compaction on road shoulders. These systems use
predictive algorithms to level out peak demand, ensuring the
number of visitors (/') does not exceed the Carrying Capacity

(K) of a given site (V' < K), often calculated as:

where: A; is the area or resource available at site 7, Ryq i 1S
the management standard for space per person (e.g., square
meters per visitor to maintain solitude or prevent erosion) and

t is the time-flow variable to determine hourly throughput
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(pax/hr).

Additional benefits of digital governance to flow man-
agement are virtual fencing for precision conservation o
or non-intrusive notification of visitors about a sensitive
nesting site or wildlife passageway®¥. Geofencing offers
information to warn drivers to slow down or avoid it entirely,
to maintain aesthetic integrity in the wilderness, avoiding
perhaps ugly physical infrastructure 3. This type of pseudo-
non-intrusive governance makes the protected boundaries
more porous and adaptable, fluctuating around real-time nest-
ing seasons or weather events. But, the digital dual mandate
creates fresh difficulties.

Faultfinders note that the link-up comes at the expense

of the untrammeled wilderness feeling and may prove to be
exclusionary for those on the wrong side of the digital divide.
In response to these concerns, the goal should be to introduce
smart mobility with an equity-first approach by ensuring the
provision of at least 20% on-site walk-up availability and
that geofencing does not supplant critical physical safety
signage™!]. In addition, the data generated by these efforts
needs to be subject to rigorous privacy precautions in order
for the park to remain a place of freedom, not surveillance.
In the end, smart mobility simply supplies the data-enabled
nervous system to adaptively monitor a 21st century pro-
tected area system under unprecedented levels of pressure

while providing vision for the future®3.

Table 10. Smart mobility tools and management objectives.

Digital Tool Management Objective

Ecological/Social Benefit

Geofencing

IoT Sensors
Timed-Entry Apps
Digital Twins

Habitat protection/Safety
Real-time density monitoring
Demand leveling
System simulation/ Planning

Eliminates physical fences; protects nesting zones
Prevents overcrowding and soil compaction
Reduces idling emissions and entrance gridlock
Allows for what-if modeling of transport changes

6. Comparative Analysis of Urban-
Fringe vs. Remote Landscapes

Governance of transport within protected areas (PA)
is not universal. The site-specific goals, ecological limita-
tions, and social missions diminish or explode as a function
of the distance from a city in two main archetypes. This
section offers a small comparison of the two: Urban-Fringe
PA (the city's lungs) and Remote Landscapes (biodiversity
cathedrals).

6.1. Urban-Fringe Protected Areas

Urban-fringe PAs like New York's Gateway National
Recreation Area or San Francisco's Golden Gate National
Recreation Area are strung administrators were asked for the
primary mandate on which these PAs were established so-
cial equity and everyday recreation®'1. In such high-density
contexts, the SEMF reconception of transportation does not
rely on it as a tool for the health of the public, but as a
primary cause of regional metabolism. Although the fric-
tion of distance is low for physical travel, it remains high
for socio-economic transport; that means, the SEMF con-
siders urban-fringe PAs as socio-ecological filters!®®l. By

focusing transit investment on high-capacity corridors to try
to meet extreme local demand, urban-fringe PAs function
as an essential systemic component: they draw the recre-
ational pressure away from two fragile wilderness coasts.
This metabolism-oriented approach enables the efficient bal-
ancing of the access and preservation mandates.

Governance is described as Municipal-Federal partner-
ships. Since the transit lines (subways, city buses, bike-share)
that traverse to feed the park are operated by city or state
agencies, success hinges on collaboration across political
boundaries. Governance from this perspective, is Because of
this a challenge of high volume, low duration throughputs, as
thousands of visitors arrive for a few hours of leisure; the ul-
timate congestion problem, creating enormous user pressure
on gateway infrastructure during weekend peaks[®”]. In the
SEMF, the last mile, the gap between a metro station and a
trailhead, is conceptualized as a failure of cross-jurisdictional
synchronization. Our normative position is that urban-fringe
governance should accept the park as a contiguous part of the
city's public space[?”), which ultimately calls for a transition
from the passive Municipal-Federal partnership to a holis-
tic MHI approach in which the transit frequency adaptively
varies with the ecological load.

122



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

6.2. Remote Wilderness Landscapes

In contrast, distant PAs like Yellowstone, Yosemite, or
the Serengeti are more informally managed based on biodi-
versity and wilderness value. These are 'destination' parks
where the journey to reach the parks often takes several hun-
dred or thousand miles. The governance of these parks is
more federal and directed by the United States, as a high
degree of centrally-controlled internal movement is exerted
within the park system to safeguard more delicate core areas.
One problem that seems to arise in the management of these
parks is the carbon footprint of the journey!l. While the
low-carbon urban-fringe visitor arrives by low/zero-emission
transit modes like a metro system, the presumably more
carbon-intensive visitor of a remote park arrives by con-
ventional train, flying, or high-tailpipe-emissions internal
combustion vehicle. The stark paradox of the nature con-
servation movement is most evident in these distant PAs;
those visitors who have gone to great lengths to visit the
wilderness at the heart of the planet are the ones who have
contributed most to climate change, which will eventually
impact on their destination. To quantify this, managers must

look at the Total Carbon Footprint (CF},,) of a visitor’s trip:

CFtotal = Zm (dm*em) + Ein,ternal;

where: d,, is the distance traveled by mode m (air, rail, car),
em 1S the emission factor per kilometer for that mode, and
Einternal T€presents the emissions generated by the visitor's
movement within the park (e.g., shuttle buses or private ve-
hicles).

In remote areas, where governance has the objective
to help the transit burden become internalized (see above),

agencies would attempt to disassociate wilderness experience

from engine experience by inducing shuttle systems between
parks and creating vehicle-free parks during part of the year.
Still, these parks are usually less integrated into the region
due to their remoteness and then generate an archipelago
management of the park as a fortress to the transit systems

that would contribute to its sustainability (%81,

6.3. Comparative Features and Management
Outcomes

The differences between these two are shown in Ta-
ble 11 below. It compares how the applications of smart
mobility (Subsection 5.3) can be equally valid for the urban
fringe and remote landscapes. But, the desired outcomes of
these applications are different. Digital governance for the
urban fringe would uphold distance regulation for equity and
throughput, but digital governance for the remote landscape
would regulate solitude and ecocentricity.

The sample suggests that urban-fringe PAs are some-
what of a gateway drug, gearing the political and social
constituency required for supporting remote PAs. When
there is no access to nature nearby (urban fringe), people are
less likely to favor protection of remote wilderness areas®%,
Because of this, the transport governance of both scales is
mutually constituted. To address the divergent challenges,
managers use a Mobility Efficiency Index (MEI) to compare
the performance of transit systems across these scales:

V xQ

?

MEI =

where: V' is visitor throughput (number of people moved),
Q is the Quality of Experience (a standardized score based
on crowding and noise), and E is the total energy or environ-

mental cost of the transport.

Table 11. Comparative analysis of transportation governance archetypes.

Feature Urban-Fringe PAs (e.g., Gateway NRA) Remote PAs (e.g., Yellowstone)
Primary Goal Social equity and daily recreation. Biodiversity and wilderness experience.
Strategic Focus Public health and Universal Access. Resource preservation and Solitude.
Primary Transport Mode Metro, city bus, cycling, micro-mobility. Long-distance rail, air, private vehicle, shuttles.

Governance Structure
Spatial Network
Typical Visitor Flow
Primary Challenge
Access Metric

Municipal-Federal partnerships.
Integrated into the urban fabric.
High frequency, short duration (daily).
High volume peaks; last-mile gaps.
Effective Proximity (minutes via transit).

Federal/centralized management.
Isolated island or gateway model.
Low frequency, long duration (multi-day).
High carbon footprint; internal congestion.
Ecological Footprint (carbon per trip).
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In the urban fringe, the goal is to optimize V (access)
while keeping E low using public transportation, while in re-
mote areas, the goal is to promote Q (solitude/integrity) with
constricted 7 or much diminished £ through zero-emission

technology .

6.4. Cross-Scale Lessons and Systemic Re-
silience

The comparative demonstrates how those divisions
within protected areas between urban-fringe and remote
are drawing to an end, and a socio-ecological continuum

is emerging. Remote parks can no longer afford to operate

Table 12. Cross-scale strategy

as isolated ecological fortresses, just as urban-fringe parks
can no longer be managed as mere city playgrounds. The
cross-pollination of management strategies is essential for
the survival of both archetypes (Table 12). Specifically, Re-
mote Landscapes are beginning to adopt the active transit
philosophies of the urban fringe, such as integrated e-bike
share programs and real-time transit data, to mitigate the car-
bon footprint of internal movement®'l. Conversely, urban-
fringe parks are adopting the rigorous MBO and carrying
capacity frameworks pioneered in the wilderness to prevent
high-volume daily use from permanently degrading local

biodiversity 221,

transfer for PA governance.

Strategy Origin Target Management Outcome

(Archetype) (Archetype)
Real-time Crowding Apps Urban Fringe Remote Redistributes overtourism spikes in sensitive cores.
Silent Electric Shuttles Remote Urban-Fringe Restores the acoustic health of urban-adjacent forests.
Multi-modal Hub Design Urban-Fringe Remote Reduces the last-mile barrier for carless visitors.
Zoned Access Control Remote Urban-Fringe Protects sacrifice zones from permanent compaction.

6.4.1. The Decoupling Coefficient

A central lesson from this cross-scale integration is the
need to decouple visitation growth from ecological impact.
In an integrated system, managers use a Decoupling Coeffi-
cient (D) to evaluate whether transportation improvements

are successfully reducing the impact per visitor (/,):

AV
D= N
where 7 is a measurable ecological impact (e.g., decibels of
noise or tons of CO,) and ¥ is the total number of visitors.
A value of D > 0 indicates that the transportation governance
is successfully greening the access model, allowing more
people to experience the landscape with a lower per-capita

(2] In remote parks like Zion, the tran-

environmental cost
sition to mandatory electric shuttles has pushed D toward a
high positive value by removing thousands of idling private

vehicles.
6.4.2. Transport as a Cultural Bridge

While scale-ability addresses the technical efficiency
of the system, it also addresses the cultural gap that often
prevents marginalized urban populations from visiting the

more remote wilderness. Carr et al.” argues that the ab-

sence of representative imagery and inclusive infrastructure
in remote parks is due to the lack of experience with nature-
based recreation in urban dwellings. If the transportation
system in an urban-fringe park, like a Transit-to-Trails bus
line, is itself culturally competent, including multi-lingual
signs, affordable transportation, and an equally culturally
competent staffer, it becomes a modal on-ramp to the larger
national conservation dialogue 4.

It becomes a social on-ramp whereby today's diverse
urban park visitors become the conservation stewards of the
future remote wilderness. Also, by institutionalising these
landscapes as one SES, we have a more resilient governance
system. In a system that ultimately depends on a single
mode of mobility (the private automobile), fuel shocks, in-
frastructure failures, and changing use patterns can greatly
diminish the utility of our protected areas[?'). By broadening
the Utopian mobility portfolio of our protected area system
to include rail, bus, bike, and digital flows, the Right to the
Forest will be permanent in public life, no matter its remote-
ness from the city center*!l. This systemic resilience is in
fact a reality of vital necessity for the long-term political-
ecological sustainability of the conservation mandate in the

increasingly urbanized earth.
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7. Challenges to Integration

Moving from a car-oriented model to an integrative,
multimodal transportation system is not just a technical chal-
lenge; it is a structural challenge that reveals contradictions
within the dual mandate of PA management. In theory, green
corridors and smart mobility may have advantages for PA
administration; in practice, institutional financial and eco-
logical paradoxes derail the best intentions of integrated,

multimodal transport systems.

7.1. Institutional Silos

The breakdown of integrative transit occurs because of
the separation of institutional arrangements. For example, in
the Golden Gate National Recreation Area, NPS mandates
for using the institution itself to aid in resource protection
are diametrically opposed to the urban throughput efficiency
mandates of municipal transit authorities (DOTs). These are
not just de facto divergences in information; they are rooted
in radically incompatible logic of a place high speed transit
as a utility that can also pose important threats to sensitive
habitat. By institutionalizing the friction of the park, the park
is unable to function as a contiguous part of the urban fabric
and remains caught in perpetual administrative festivity.

This is further compounded by the effects of path de-
pendency. Once a park has its transportation system routed
first and foremost through roadways, it becomes systemati-
cally difficult to reorganize other aspects of the system, such
as administrative boundaries, maintenance allocations, and
staffing. Instituting a multi-modal project calls for signifi-
cant inter-agency cooperation that most legal systems do not

have the capacity to handle. For example, a Transit-to-Trails

system creates a complex redistribution of responsibility by
requiring the National Park Service to direct visitors along
routes over which it does not have control, and requiring local
transit authorities to shift scheduled priorities to recreation
ecology's untra-diurnal scheduling patterns. Most agencies
actively resist this statement, as it would diminish their pri-

[47) In addition, the National Environmental Policy Act

macy
(NEPA) process can also transform into a bureaucratic stale-
mate. Any change in transportation infrastructure like a new
shuttle loop or an e-bike path will require lengthy Environ-
mental Impact Assessment Survey (EIA) reviews. Disparate
criteria among agencies for what is acceptable impacts can
drag a project into a long and costly cycle of lawsuits and
redefinition. A new model of adaptive governance must be
implemented, in which consensus-building, multi-agency
panels will use integrated ecological and social metrics in-
stead of departmental quotas to make broad infrastructure

decisions ?>%],

7.2. Funding Gaps

The second notable obstacle is the Tragedy of the Bud-
get. Whereas constructing a road often is a one-time capital
investment (funded by the federal highway system), manag-
ing a high-frequency shuttle transit system is an operating
expense. In many protected areas, the rider's cost for a park
shuttle ranges from $10 to over $25 per rider, given distance

and trip frequency[?%%7]

. Unlike municipal transit, which
can be supported by ongoing tax revenue, park transit is
often supported by an uncertain combination of entrance
fee revenue, federal subsidies, and transportation agencies'

pass-through funds (Table 13).

Table 13. Financial comparison of road maintenance vs. Shuttle operations.

Feature Road-Centric Funding

Shuttle-System Funding

Primary Source

Expense Type Capital/Periodic (Maintenance)
Revenue Model Gas Tax (Externalized)
Scalability Fixed (Hard to widen roads)
Sustainability Low (Encourages car use)

Federal Highway Trust Fund

Entrance Fees/FLTP Grants
High Operational/Daily (Labor and Fuel)
User Fee (Internalized)
Scalable (Add/Remove units)
High (De-carbonized access)

This dual mandate finance crisis has been brought about
by costs externalization: Really, at Zion National Park, the

effective operating cost of the required shuttle is incorporated

into an unstable budget, while the total costs of private vehi-
cles (anthrophony, An, and chemical runoff) are subsidized

by the public. This distorts managerial incentives, since
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managers are privately rewarded for supporting a car-centric
model that is more damaging to the environment but free
from the budget. The SEMF solves this problem by apply-
ing the revenue balance equation to effectively demonstrate
that R,,,,; can only remain stable if private vehicle fees are
continually escalated to generate zero-emission transit. This

can be modeled through a Revenue Balancing Equation:

Rtotal = (‘/;ar * Fcar) + (Vshuttle * Fshuttle) - Oshuttlea

where Ry, is the net revenue for the park, V" and F are the
volume and fee for each mode, and Ogpyye s the operational
cost of the transit system.

For a system to be sustainable, R;,¢,; must remain pos-
itive, which often necessitates high car fees that can raise
concerns about mobility justice. Is the park a pay-to-play
land if the park bus is paid for solely through car user tax? De-
termining a funding mechanism that is both environmentally
sustainable and socially just is one of the most recalcitrant
challenges in contemporary PA transportation planning *®.

7.3. Ecological Trade-Offs

This last challenge is the paving paradise paradox,
which the SEMF describes as an infrastructure demateri-
alization crisis. Whereas traditional management perceives
the Road-Effect(s) dilemma as a black-and-white environ-
mental trade-off between one asphalted road or more green
corridors, we state that the ultimate objective must be the
reduction of the Road-Effect Zone (W.,,.). Instead of simply
adding in green infrastructure that is as well-classifiable and
problematic as landscape fragmentation, the SEMF proposes
the adaptive reuse of current footprints via autonomous, ge-
ofenced electric shuttle corridors. This improves access for
visitors without requiring a larger paved environment and
so mitigates the fundamental Dual Mandate tension through
technology, rather than space. This tradeoff grows in partic-
ular pronounced with the introduction of smart mobility. To
provide real-time GPS tracking and geofencing, parks are re-
quired to place cell towers, sensors, and digital kiosks, which
can be seen as an intrusion into the wildernessP?], threat-
ening the pristine nature of the National Park experience.
To assess this impact, the SEMF applies the Fragmentation
Index (FI) to identify ecological tipping points at which the

social benefit is actually mathematically exceeded by the

interior habitat loss:
FI — Z LW, one
Atotal

where L, is the length of the new transit corridor, Wgpe 1s
the width of the Road-Effect Zone, and Ay 1S the total area
of the protected core.

One could argue that the SEMF, through its use of the
MHI and digital geofencing, runs the risk of turning the free
realm into a controlled simulation. Concerns might be raised
that boiling visitors' Yellowstone, Gateway NRA experience
down to a bunch of mathematical coefficients (i.e., S; and
E,) destroys the wilderness of its serendipitous, explorative
makeup. Many argue that we are merely trading the physi-
cal trap of the automobile for a digital cage of algorithmic
governance. We believe, in the given age of 300 million
visits, that freedom is an utter illusion; that the real choice
is total ecological bankruptcy of the resource. The SEMF
does not intend to police the individual, but instead to de-
materialize the barriers so that they no longer lead visitors
into long, paved sacrifice zones. Once FI thresholds reach a
limit, governance must flip from an access first mentality to
one of select permeability; this does not have to be a rigid,
hard cap where social opposition occurs because of precon-
ceived notions of entitlement to nature. Examples of this
would be to introduce virtual trails and autonomous shuttles
that involve no new physical infrastructure, fulfill visitor
desires for space with no intrusion in physical transforma-

(991 and still meet the preservation obligation. It met the

tion
21st-century call for access!®!! without paving paradise, by

dematerializing how we traverse it.

8. The Integrative Model

The arguments in the preceding have traced the jour-
ney of transport in PAs from the pre-ecological aesthetics
of the scenic drive to the current crisis of overtourism and
the ensuing embrace of multimodal transport. This perspec-
tive demonstrates that the Dual Mandate of balancing eco-
logical integrity and public access is not attained through a
static skeletal allocation of space but by managing a dynamic
tension. Our Socio-Ecological Mobility Setup (SEMF) pre-
dicts that solving this tension in the 21st century calls for
a structural shift in PA management, from the designation
of PAs as static oases of wilderness to a management ap-

proach that treats PAs as dynamic components of a regional
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socio-ecological network.

8.1. Defining the Socio-Ecological Mobility
Framework (SEMF)

The SEMF is the 21st-century composition assessment
system. Whereas the traditional (but now obsolete) 'Island
Model' assumed the park gate was a physical border, we find
that this is precisely where congestion (Section 7) comes
from. The SEMF treats the park as a fluid node. Our so-
lution is the MHI (Mobility Health Index), a mathematical
stress test of these flows. MHI high enough to suggest a
Zion-like landscape can successfully afford the S; benefits
of social activity while decreasing the F,. (physical footprint
of transportation). Finally, the model has gone from a con-
cept to a reproducible management tool. In this context, the
performance of a park is no longer defined by the number
of visitors who enter through its gate(s), but by the systemic
health of its flows. Efficiency assessment can be under-
taken with the help of the MHI index, which measures the
efficiency of the transport system in providing the social
benefits of the services it brings while reducing ecological
disruption to a minimum.

(w1 % .S;) + (wa * Ey)
(wsx F.) + (wyg x Ap)’

MHI =

where, S; = Social Inclusivity (measure of diversity and ac-
cessibility), Eq = Ecological Quality (measure of habitat
connectivity and species health), F.= Fragmentation Coef-
ficient (the physical footprint of transport infrastructure),
A= Anthrophony (levels of human-generated noise over the
natural ambient baseline (dBgcrai/dBambient)-

The structural selection of these four core variables
(Si, Ey, Fe, and 4,)) emerged from a systematic synthesis of

indicators established in contemporary recreation ecology
and transport geography literature. Specifically, social inclu-
sivity and ecological metrics correspond to the multi-criteria
parameters used in regional land planning[1°%191] while the
fragmentation and anthrophony indices are modeled after
established biophysical impact metrics[!°%191  This theoret-
ical synthesis ensures that the conceptual parameters of the
MHI are anchored directly in validated environmental and
spatial access indicators rather than arbitrary assignments.
Consequently, a high MHI on the SEMF indicates a park that
is reconciling high volume human circulation with effective
conservation. Focusing management on this index will push
the SEMF toward an integration of the three pillars of sus-
tainable transport: spatial planning, recreation ecology, and

mobility justice.

8.2. From Static Boundaries to Managed Flows

Managing a PA as a dynamic node demands a transition
from static infrastructure-based management to active flow-
based management (Table 14). In the static management
model, a traffic jam at the trailhead of Zion or Yellowstone
led to calling for larger parking lots, which typically esca-
lated marginal demand; the SEMF addresses the problem
by computerized control of regional transit network valves
through space and digital integration. In spatial integration,
the SEMF integrates the park into the regional metabolism
by matching park transit with the metropolitan rail and bus

routes Transit-to-Trails 271,

This turns the gated commu-
nity from a bottleneck into a filter. Instead of thousands of
single-occupancy vehicles entering the park, the regional
system introduces a statistically managed impulse of visitors

traveling along high-capacity, zero-emission corridors.

Table 14. Transition from traditional to SEMF governance.

SEMF Dynamic Node Model

Feature Traditional Island Model
Primary Goal Fixed Carrying Capacity
Transport Lens Utility (The Drive)
Data Usage Historical/Anecdotal
Stakeholder Reach Internal (Park Staff)
Access Philosophy First Come, First Served

Ecological Focus Boundary Protection

Dynamic Flow Management
Strategy (The Filter)
Real-time/Predictive

Regional (Transit Agencies/Cities)
Equitable Managed Access
Connectivity & Permeability

Regional integration recognizes that the ecological in-
tegrity of the park is affected by land use management outside

the park boundary. If urban sprawl is stimulated up to the
boundary of the park, the blocks outside the boundary are des-
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ecrated also regardless of the internal rules*’]. The digital
assimilation or prediction nervous system discussed in Sub-
section 4.3 enables smart mobility to be the nervous system
of the SEMF. Using real-time information, managers can ap-
proach visitor flows as a fluid dynamic, achieving temporal
dispersion through shifting demand from peak weekends to
shoulder weekdays by dynamic pricing or reservation alerts
and spatial dispersion using push notifications to disperse
visitors to underutilized satellite nodes of the park and avoid

iconic zone sacrifice zones (Table 14)[0],

8.3. Mobility Justice as a Core Conservation
Strategy

A central critique of the SEMF is that mobility justice
is an ecologically imperative. Conservationists have tradi-
tionally considered more people as threats to nature'*. The
SEMF asserts that the political and financial sustainability
of protected areas in a heterogeneous and urbanized society
requires a generalized conception of ownership. The park
ceases to be democratic if the transportation system contin-
ues to circulate 30% of travelers who do not drive*'-%1. In
the SEMF, accessibility is democratized through universal
design. This makes the shuttle systems, e-bike network, and
intersection of internet, which are designed for the extremes
(the elderly, linguistically challenged, and disabled), more
efficient for the masses. System design for the most ex-

1051 Eliminating the

treme makes it more efficient for most[
car as an enabling technology for adventure and wilderness
redeployment equally removes the digital dual mandate, de-
mocratization of access, that would otherwise threaten the
political survival of the landscape.

Designing for S; does not require more land; it takes a
kind of infrastructure dematerialization, which is challenged
by a new constituency who views protected landscapes as a
public health amenity rather than a designer vacation [10%-106],
This is achieved by upgrading high-impact private vehicle
corridors to high-capacity transit corridors. For instance,
turning a two-lane road into a 500 private vehicles per hour
into a two-lane high-capacity transit corridor capable of car-
rying 5,000 shuttle riders per hour increases access by a factor
of 10 while decreasing the overall individualized asphalt foot-
print. With virtual infrastructure such as geo-fencing and
digital twins!%] managers can eliminate physical signage

that creates visual blight. The outcome is a ghostly operating

system!!], or one that offers above-average quality of move-
ment with a virtually-zero sensory and chemical signature
(4,), because of this, solving the paradox of paving the very
paradise that the public yearns to walk.

9. Conclusions

The governance of movement in protected areas is now
at a pivotal juncture. As this review has shown, the island
model of the car-oriented protected area of the 20th cen-
tury (a world consisting of isolated parks highly accessible
by private vehicles) is no longer tenable given the forces
of mass urbanization, unprecedented climate change, and
the increased public appetite for nature-based recreation. A
fundamental change in management structure is needed to
solve the chronic access and conservation dilemma. The
Socio-Ecological Mobility System (SEMF) offers this sys-
tem shift by reimagining protected areas as complex nodes
within a regional network of socio-ecological flows. Incor-
porating the three current pillars of Green Transit Corridors,
Soft Mobility Networks, and Smart Digital Governance into
one integrated approach, park managers will be able to shed
the figure/ground of gridlock and take a surgical approach
to managing visitor flows using the MHI to achieve mobil-
ity equilibrium without sacrificing ecological integrity and
acoustic health. But these principles cannot be achieved
without also securing the twin goal of mobility justice. As a
strategic conservation priority, it is imperative that we make
our most valuable wilderness public, equitable, and carbon
neutral precisely because it is the right thing to do. Only
by convening our cars or scooters, removing the windshield
barrier to nature, and designing our transportation systems as
leading-edge experiences of ecological governance can we
make our restorative visions for wild places a reality, while
conserving those places for the multitude rather than the few.
The wilderness of tomorrow will be as much about mobility

as it will be about destination.
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