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Abstract

Cities are in the middle of a parking transition. Minimum parking requirements are being reduced
or eliminated, curbs are being repriced, and the goal of planning is shifting from supplying more
parking to making better use of the parking that already exists. Yet most parking analytics still answer
a question that this transition has retired: where should we build more? We argue that the distinctive
value of agentic Al in parking is not better prediction of where to build, but the ability to expose
contradictions that conventional workflows suppress—when demand says build but policy says
restrain; when inherited rules say comply but theory says question; when market logic says maximize
but equity says redistribute; and when stated public frustration says “parking crisis” but utilization
data say the supply is ample and mispriced. Parking planning should be reconceptualized as a
dynamic, theory-grounded, policy-constrained, human-supervised decision process, organized around
a loop between parking theory, parking policy, urban data, agent reasoning, human deliberation, and
policy revision—and ultimately answering a political question: what kind of city do we want to be?
Under this view, an agentic parking system must be able to recommend shared parking, existing-stock
reuse, curb and price reform, and deliberate non-construction, not only new supply. Using the Phoenix
Parking Lot Planner as a critical demonstration—critical because its current weighted-factor scoring is
precisely the kind of reasoning the proposed loop is meant to transcend—we outline a research agenda
and five evaluation standards: contradiction detection, intervention comparison, justification quality,
restraint capability, and policy traceability. Parking, precisely because it is measurable, theory-rich,
policy-contested, and intervention-ready, may be the most realistic near-term testbed for agentic
urban planning.

Keywords: agentic Al; parking transition; urban parking planning; policy-constrained decision-
making; contradiction detection; curb pricing reform; shared parking; urban data analytics

1. Introduction: Parking Planning Is Asking the Wrong Question

Parking is rarely treated as a grand planning question. In practice, it is still approached as one
of three narrow sub-problems: a demand estimation problem (where will cars need spaces?), a code
compliance problem (does the development satisfy parking requirements?), or a site ranking problem
(which parcels score highest for new supply?). Each of these framings answers a real question. But
none of them answers the question that cities actually face: what should a city do when descriptive
demand signals, normative policy goals, and inherited institutional rules point in different directions?

This question has become more acute because the field itself is in transition. Cities across North
America, Europe, and beyond are reducing or eliminating minimum parking requirements, charging
for curb access, and stepping back from the long-standing presumption that every new development
must supply its own parking [1-6]. The planning literature is increasingly explicit about why. Parking
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is, in Shoup’s framing, a fertility drug for cars: the more of it a city supplies, the more automobility that
city induces, and the harder it becomes to make transit, walking, biking, and shared mobility attractive.
In this transition, the analytical question is no longer “where do we add parking?” but “where have
we already over-parked, where can the existing stock be better used, where should parking be shared
across a neighborhood rather than replicated on every parcel, and where should new supply simply
not be built?”

The trouble is not that the old sub-problems are unimportant. It is that reducing parking planning
to forecasting, compliance, or ranking is a miswriting of planning itself. Parking planning is a
recurring urban decision process shaped by theory, policy, and institutional judgment. Parking
supply affects travel behavior, land consumption, project feasibility, curb competition, local economic
activity, accessibility, and environmental outcomes [7]. When cities change parking policy, they are
reshaping the incentives that organize everyday urban mobility. The mismatch between the breadth
of parking’s consequences and the narrowness of parking’s analytical tools is increasingly visible.
Parking scholarship now ties reform to housing cost, automobility, sustainability, and transit-oriented
development [1-3,7,8]. Technical parking research has advanced rapidly in occupancy prediction,
dynamic allocation, pricing, and real-time management. These advances matter, but they do not
resolve the central planning problem [9-13].

A related gap concerns how public demand signals are interpreted. Residents and merchants
routinely describe a “parking crisis”; utilization data often tell a different story. A downtown can run
at 94% occupancy and still have spaces available—just not free ones, and not in the exact block a driver
wants. Phoenix in particular has spent the last two decades rebuilding on lots that were paved as
parking in the 1980s; the city’s recovery is, in a real sense, the inverse of its parking expansion. An
agentic parking system that cannot distinguish an actual shortage from a pricing and distribution
problem will quietly reproduce the paradigm that the field is trying to leave behind.

We argue that parking planning should be reconceptualized as a dynamic, theory-grounded,
policy-constrained, human-supervised decision process. The field’s real deficit is not predictive
power but deliberative capacity. Under this view, the object of computation is no longer occupancy
or site score but what we term justifiable intervention reasoning: the capacity to generate, compare,
and defend planning interventions under explicit theory, policy, and equity constraints. Occupancy
forecasting becomes one input to a broader reasoning loop; parking codes become contestable policy
objects; and the planner’s role shifts from compliance verification to governance of a structured
deliberation. The distinctive value of agentic Al in this setting is that it can expose the contradictions
that conventional workflows suppress—when demand says build but policy says restrain; when
inherited rules say comply but theory says question; and when market logic says maximize but equity
says redistribute. These contradictions are not noise. They are the substance of planning judgment. As
illustrated in Figure 1, the proposed framework organizes parking planning as a loop between theory,
policy, and urban decision making.

This perspective advances four arguments. First, the field’s real deficit is deliberative capacity, not
predictive power (Section 3). Second, agentic Al can make suppressed contradictions into objects of
human deliberation—not by coordinating information, but by exposing what conventional workflows
hide, and by supporting intervention types the supply-expansion frame cannot produce: shared
parking across a district, reuse of existing stock, price and curb reform, and principled non-construction
(Section 4). Third, parking is a uniquely valuable testbed because it is measurable, theory-rich, policy-
contested, and intervention-ready—and because cities are already actively reforming it (Section 2).
Fourth, the field needs new evaluation standards: contradiction detection, intervention comparison,
justification quality, restraint capability, and policy traceability (Section 8). We use the Phoenix Parking
Lot Planner as a critical demonstration (Section 5), and identify the failure modes that must be managed
(Section 7). Throughout, we argue that the field should redesign not only the architecture of parking
Al but the object it computes—and that, ultimately, parking planning terminates in a political question:
what kind of city do we want to be?
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Figure 1. From static parking analysis to the theory—policy-decision loop. The dominant parking workflow
treats planning as a one-shot sequence of demand estimation, code compliance, site screening, and supply
provision. The proposed framework reconceptualizes parking planning as a closed-loop system linking parking
theory, parking policy, urban data, agent reasoning, recommendation, human deliberation, and policy revision.

This also clarifies how the paper differs from adjacent literatures. Relative to parking prediction
and operations research, forecasting and optimization answer a narrower question than planners
actually face. Relative to parking-reform scholarship, cities increasingly need computational systems
that can operationalize, stress-test, and publicly justify policy ideas under live urban conditions.
Relative to the emerging literature on LLMs and urban planning, parking offers a uniquely tractable
domain for testing whether agentic systems truly support planning judgment. More concretely, recent
agent-workflow taxonomies for urban planning organize systems around task decomposition, tool use,
memory, and inter-agent coordination, which is a horizontal description of what agents do [12,14-21].
The loop proposed here is vertical and prescriptive: it specifies the epistemic role each component
must play (theory as inductive bias, policy as objective shaper, agents as contradiction exposers,
humans as governors) and the output type the system must produce (a justifiable intervention with an
inspectable policy ledger and counterfactuals, not a ranked recommendation). Workflow taxonomies
tell us how to build agent systems; this paper specifies what an agent system must compute to count
as a planning system. We begin with parking—rather than another urban domain—because it is
measurable, theory-rich, policy-contested, and intervention-ready.

2. Why Parking Is the Right Testbed for Agentic Urban Planning

Parking may look like a narrow domain, but that is precisely why it is analytically powerful. It is
measurable enough to support data-driven modeling, spatially constrained enough to require hard
grounding, and politically contested enough to expose the gap between optimization and governance.
A parking decision can often be localized to specific parcels, corridors, or curb segments, yet its
consequences are system-wide. A new garage can support local commerce but also induce additional
driving. A residential parking reform can reduce construction cost and weaken car dependence but
also trigger institutional resistance. A curb reallocation can improve delivery operations but conflict
with accessibility, micromobility, or bus priority [22].

This combination makes parking unusually valuable as a near-term testbed for agentic planning.
Unlike full urban master planniwang2023towardsng, parking decisions are frequent, bounded, and rich
in observable outcomes. Unlike narrow prediction tasks, they are shaped by explicit rules, normative
trade-offs, and public accountability. Unlike purely operational control problems, they sit at the
intersection of land use, transportation, and public policy [23,24]. Parking is compact enough to be
actionable and broad enough to reveal the central challenge of urban Al: reasoning under policy and
governance constraints, not prediction in isolation.

Parking is also theory-rich. Longstanding work on free parking, cruising, spillover, shared
parking, and minimum requirements shows that parking outcomes cannot be understood as a simple
function of demand. What appears to be a shortage of supply may instead be a problem of pricing,
curb misallocation, poor information, or inherited code. A parking agent should not merely identify
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where pressure is highest. It should help cities reason about whether that pressure justifies new supply,
alternative pricing, shared parking, curb reform, or a direct challenge to the assumptions embedded in
current policy [6,25-32].

Parking is also a domain where the field’s most basic accounting is often wrong. Recent empirical
work estimates on the order of 13 million parking spaces in Phoenix alone [33], with comparable
or higher counts in Los Angeles—roughly 18.6 million spaces across Los Angeles County [34]. The
implication is that many American metropolitan areas do not have a shortage of parking so much
as a distribution and pricing problem: supply is abundant in the deep suburbs where land is cheap,
and scarce and expensive precisely where structured or underground parking must be built near
transit. An agentic parking system that starts from a demand-pressure map, without first accounting
for where the city is already over-parked, will systematically answer the wrong question. A parallel
problem appears in land-use regulation: in dense historic districts, a substantial share of existing
buildings could not be built under current zoning—a Manhattan study famously estimated around
40% [35]—revealing that cities routinely plan blind to the gap between their codes and their built
reality. Parking regulation is the most tractable edge of this larger zoning-compliance problem.

In short, parking is measurable, theory-rich, policy-contested, and intervention-ready. It is the
smallest urban-planning domain in which the field’s biggest conceptual tensions become unavoidable—
and therefore one of the most practical places to test whether Al systems can reason through real
urban contradictions.

3. The Old Paradigm: Predictive Sophistication, Reasoning Poverty

The dominant parking workflow still reflects an older planning paradigm. That paradigm no
longer fails because it cannot generate data. It fails because it cannot adequately interpret what
the data mean under conflicting theories, policies, and urban goals. We highlight three structural
tensions. As illustrated in Figure 2, the core value of an agentic parking system is to make these hidden
contradictions explicit so that planners can inspect assumptions, compare alternatives, and deliberate
over policy trade-offs.

Demand says build Inherited rules says comply Market logic says maximize
Policy says restrain Theory says question Equity logic says redistribute
- — @ P~ /\
B | [E a en
‘ o - ol
High Transit-oriented Legacy zoning Pricing Revenue Underserved
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Parking | j— ( \ 1 00
el ;- |—0 w il M
Busy Climate Checklists Shared High-demand Community-
Destination Goals Parking district interest
Agentic Al conflicts for Agentic Al surfaces Agentic Al surfaces
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decision-making intetenates reasoning

Agentic Al exposes contradictions for explanation, deliberation, and policy-aware reasoning

From hidden conflict to explicit reasoning

Figure 2. Three contradictions that agentic parking systems should expose. When demand says build but policy
says restrain; when inherited rules say comply but theory says question; and when market logic says maximize
but equity says redistribute.

3.1. Predictive Sophistication Versus Reasoning Poverty

The first structural tension is between the field’s growing predictive power and its persistent
reasoning poverty. Parking research has become increasingly sophisticated in forecasting occupancy,
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search pressure, and operational demand. But predictive sophistication does not automatically yield
planning intelligence. A model can estimate where parking pressure will occur while remaining silent
on whether the appropriate response is construction, pricing, curb reallocation, shared parking, transit
support, or no new supply at all. The field has advanced faster in describing parking pressure than in
reasoning over what should be done about it [9-11,13,36,37].

3.2. Stated Urban Goals Versus Inherited Parking Rules

The second structural tension is between the goals cities publicly endorse and the parking rules
they actually enforce. Many cities now publicly endorse walkability, climate mitigation, housing
affordability, mode shift, and equitable access. Yet their parking systems are still shaped by inherited
minimums, underpriced curb access, conventional approval routines, and automobile-first baselines.
These rules do not merely constrain planning; they actively steer it. The result is a regime in which
cities often claim one future while governing parking through assumptions built for another [2-6,38].

A critical feature of this tension is that parking requirements are not a self-contained constraint—
they are a systemic driver of form. A single parking minimum triggers a cascade: required stalls
consume roughly a third to a half of small-parcel area; the resulting impervious surface triggers
stormwater retention requirements; heat-island mitigation triggers landscaping and shade require-
ments; each layer further reduces the allowable building envelope. A 10,000-square-foot commercial
parcel can end up supporting a 4,000-square-foot restaurant with 5,000 square feet of parking and 1,000
square feet of stormwater infrastructure—a configuration that the underlying zoning did not intend
and that the city’s own density goals contradict. Residential parking minimums work the same way:
an R8 zoning designation may nominally permit eight units, but supplying on-site parking for all eight
units can reduce the buildable envelope to five units, so the lot is quietly underbuilt relative to what
the plan says is allowed. Parking rules, in other words, function as a shadow zoning code. A planning
system that treats parking as a peripheral compliance filter cannot see this cascade, and therefore
cannot explain to a city why its housing-affordability or density goals are being silently undone by a
parking table.

The same cascade connects parking to climate and resilience outcomes that are rarely scored in
parking analyses. Large asphalted surfaces elevate urban heat island intensity, amplify pluvial flood
risk, and constrain the tree canopy and shade a neighborhood can support—so the amount of land
devoted to parking is, directly, a climate variable. And the cascade operates on pedestrian life as
well as on buildings: every additional parking lot introduces curb cuts that interrupt the sidewalk,
forces lot-crossings between transit stops and destinations, and makes arrival by any mode other than
driving measurably less attractive. Beyond a threshold, adding parking does not merely fail to help
a neighborhood; it actively degrades it, because people do not travel somewhere just to park. These
second-order effects—heat, flooding, and walkability—are not side issues; they are where parking
rules most directly shape the city residents actually inhabit.

3.3. Dynamic Urban Systems Versus Static Planning Wosrkflows

The third structural tension is between the dynamism of urban parking systems and the stasis
of the workflows used to plan them. Parking interacts with event-driven demand, platform delivery,
ride-hailing, curb competition, transit supply, and changing land use. But much of parking planning
still relies on one-shot analyses, generalized thresholds, and development-era compliance logic. A
system that is dynamic in practice is still too often planned as if it were stable [11,13,29,31].

These tensions converge on a single diagnosis: the real bottleneck in parking planning is no longer
prediction alone, but the ability to reason across theory, policy, and competing urban goals. Analysis
is separated from reasoning, and reasoning is separated from policy accountability. If the problem is
reasoning scarcity, then the right response is a different planning architecture.
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4. A New Paradigm: Agentic Al as a Loop Between Theory, Policy, and Urban
Decision Making

Parking planning is not a supply-matching problem. It is a policy-constrained reasoning problem.
The field should not only redesign the architecture of parking Al; it should redesign what parking Al
computes. We propose that parking planning should be organized around a closed loop:

parking theory — parking policy — urban data — agent reasoning — recommendation — human
deliberation — policy revision

This loop matters because each component corrects a weakness in the others. Data alone are
descriptive. Policy alone can be outdated or internally inconsistent. Theory alone can be too abstract
for local practice. Human judgment alone cannot continuously integrate high-volume, high-frequency,
multi-source signals. Agentic Al becomes valuable when it connects these layers explicitly. The unit of
computation is no longer occupancy or parcel score, but justifiable intervention reasoning under policy,
spatial, and normative constraint. As illustrated in Figure 1, the proposed framework shifts parking
planning from a one-shot, supply-oriented workflow to an iterative loop that integrates theory, policy,
data, agent reasoning, and human deliberation.

4.1. Conceptual Mapping: What Changes Under the New View

The most concrete way to see what this reframing changes is to trace how familiar objects in
parking planning acquire new roles:

e Demand forecasting ceases to be the endpoint of analysis and becomes one input to a broader
reasoning process that also weighs policy goals, equity constraints, and alternative interventions.

e  Parking codes cease to be fixed constraints to satisfy and become contestable policy objects whose
assumptions can be surfaced, stress-tested, and revised.

e  Site selection ceases to be a supply-placement exercise and becomes intervention reasoning—a
negotiated judgment that reflects trade-offs among mobility, access, transit, equity, and invest-
ment.

*  The planner’s role shifts from compliance verification to governance of a structured deliberation
loop in which competing perspectives are made explicit.

Table 1 summarizes this contrast across key dimensions.

Table 1. Contrasting the prediction-and-supply paradigm with the proposed theory—policy—decision loop.

Dimension Old: Prediction & Supply New: Theory-Policy—Decision Loop

What should the city do when demand,
policy, and goals conflict?
One input among theory, policy, and

Core question ~Where will demand exceed supply?

Role of data Primary input & output

goals
Role of policy =~ Post-hoc compliance filter Objective shaper from the start
Role of theory Literature-review background Reasoning scaffold for agents

Negotiated planning judgments with
alternatives and justifications
Contradiction detection, intervention
Evaluation Prediction accuracy comparison, justification quality,
restraint capability, policy traceability

Output Ranked sites or occupancy forecasts

4.2. Theory as Reasoning Scaffold

Parking theory should not sit outside the system as literature-review background. It should
shape how an agent defines problems, interprets pressure, and explains interventions. An agent
informed by pricing and cruising theory should not treat high occupancy as automatic evidence for
new construction. An agent informed by induced-demand and land-use interaction should be able to
ask whether additional supply will solve a shortage or intensify automobility. An agent informed by
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shared parking concepts should be able to search for temporal complementarity before recommending
new capital investment. Theory functions as an inductive bias, a reasoning scaffold, and an evaluative
benchmark [25,28-30,39].

4.3. Reuse Before Supply, and Shared Before Private

If the field is in transition away from supply expansion, then the loop’s default first question
cannot be where to build. It must be what is already there. Two intervention modes follow directly
from this reordering. The first is existing-stock reuse: before any new parking is authorized, the loop
should inventory underused capacity within a walkable or drivable radius, including private lots
whose use could be opened, leased, or shared. Stockholm’s practice of requiring, before new parking
is approved, that a developer contract with empty spaces within roughly 500 meters is a concrete
precedent for this reasoning step [6]. The second is shared parking: rather than recommending that each
restaurant, store, or building on a corridor supply its own parking, the loop should identify districts
where a single shared facility can serve a neighborhood’s complementary uses across time. Empirical
work comparing districts with shared parking (e.g., downtown Tempe’s Mill Avenue adjacent to
Arizona State University, Old Town Scottsdale, and downtown Phoenix—streets where parking is not
attached to individual buildings and which are consistently among the most walkable in the region)
to corridors of parcel-by-parcel private parking (e.g., central Phoenix’s 7th Street restaurant strip)
has linked shared-parking environments to measurably more positive consumer sentiment in online
review data [40]. Neither reuse nor shared parking is an exotic intervention, but neither is expressible
as the output of a conventional demand-then-rank pipeline. Making them first-class reasoning modes
is a core obligation of the loop.

4.4. Policy as an Objective Shaper Instead of a Post Hoc Filter

Policy should move from the edge of the workflow to its center. In most current systems, policy
enters late, often as a compliance check. Policy should instead shape the objective space from the
start. A city that prioritizes transit-oriented development, curb access, disability access, housing
affordability, or climate mitigation should not ask the same parking question as a city focused on
short-term commercial turnover. A policy-aware agent should represent policy as normative priorities
that determine what a good recommendation is.

This matters especially when policies conflict. A city may formally support walkability, climate
mitigation, housing affordability, and mode shift while still maintaining inherited minimum parking
requirements, underpriced curb access, or legacy approval routines that reward automobile-oriented
development. A policy-aware agent should surface such contradictions rather than quietly reconcile
them in favor of the status quo [4,6,12,38,41,42].

4.5. Agents as Contradiction Exposers

This is the central claim of the paper. The distinctive value of agentic parking Al is not better
prediction, but the ability to expose contradictions that conventional parking workflows suppress—and
to turn them into inspectable objects of planning judgment. Different agents can represent mobility
pressure, destination attractiveness, transit substitution, demographic distribution, zoning constraints,
and investment trade-offs. Their outputs need not collapse into a single score. The value lies in making
the tensions between demand and policy, between inherited rules and current theory, and between
market logic and equity visible, explicit, and available for human deliberation.

4.6. What Makes the Loop Truly Agentic

Not every data-rich or Al-assisted workflow is agentic in the sense that matters here. A parking
system becomes meaningfully agentic when it can decompose a planning problem into interacting
reasoning roles, iteratively revise its recommendations as new evidence or constraints appear, compare
multiple intervention pathways, and escalate unresolved normative conflicts to human judgment
rather than hiding them inside a score. A truly agentic system should be able to say not only what
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it recommends, but why that recommendation changed, which agent perspectives disagreed, what
alternatives were rejected, and which conflicts remain unresolved without human deliberation [12,20,
21,43-45].

Optimization modules, including dynamic curb-zoning MIPs, capacity-constrained location-
allocation, and congestion-pricing LPs, remain the right tool for the bounded subproblems they were
designed for, and the agentic loop should call them as delegated subroutines rather than replace
them [11]. The Pricing agent dispatches a meter-pricing LP to clear the 85% target occupancy; the
Shared-Parking agent dispatches a p-median MIP to site a consolidated facility within a 500-meter
walk shed; the Curb agent dispatches a dynamic curb-zoning MIP to allocate loading, parking, and
bus-priority time-of-day windows. The agent’s value is not in solving these problems, a solver does
that better, but in deciding which subproblem to invoke given the current contradiction, mapping its
output back to the policy ledger, and refusing to act on a numerically optimal answer that violates
a normative constraint the optimizer cannot see (induced demand, equity, climate). Mathematical
programming answers what is optimal under a fixed objective; the loop answers which objective is defensible
under conflicting policy goals.

4.7. Humans as Governors of the Loop

A strong agentic parking system does not remove the planner. It repositions the planner as
governor of the loop. Human actors define priorities, inspect assumptions, challenge recommendations,
interpret local context, and decide when policy revision is warranted. In public-sector planning,
legitimacy depends on explainability, procedural fairness, and political accountability. Explanation is
not an interpretability add-on; it is how planning interventions become contestable and revisable [41,
42,46,47]. The loop also closes a reflective gap that conventional planning lacks: cities typically set
parking codes and rarely return to ask whether the built reality still matches the rules they wrote, so
the policy-revision step is not a cosmetic addition but the first place planning becomes auditable in a
continuing way.

4.8. The Loop Terminates in a Political Question

Theory, policy, data, and agent reasoning do not, on their own, determine what a city should do
about parking. They converge on a question that is ultimately political: what kind of place do we want
to have; what kind of city do we want to be? A district that is optimal for commuter throughput is not
the same district that is optimal for housing affordability, pedestrian life, or climate targets. An agentic
parking system cannot resolve this question, and should not pretend to. Its obligation is to make the
choice legible—to show which futures the current parking regime is compatible with and which it
forecloses, and to surface the normative stakes of each recommended intervention. The loop, in this
sense, does not end at “policy revision” in a purely technical sense; it ends in a deliberation about civic
identity that only the public and its representatives can conclude. This is why the loop must include
explicit mechanisms for public communication, not only expert dashboards, and why “what kind of
city?” belongs inside the system’s architecture rather than outside it.

The value of this reframing, however, depends on whether it can be operationalized in a real
planning setting rather than remaining a conceptual diagram.

5. Phoenix as a Critical Demonstration, Not Just a Case Study

What Phoenix demonstrates is not that an agent system can work. It is that parking planning can
be reorganized as an inspectable reasoning process—and, importantly, that a naive implementation
of that reorganization exposes exactly the reasoning gaps this paper argues the field must close.
The current Phoenix Parking Lot Planner integrates traffic, building-use, mobility, demographic,
and parking-inventory data, and produces site-level scores for candidate parcels using a weighted
aggregation of demand-side and contextual factors. That pipeline is, by design, simple: it is a multi-
factor scoring pass with a policy filter at the end. It is not, in its current form, a rigorous planning
system. We discuss it here not as a finished product but as a critical demonstration, in two senses. First,

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202605.0084.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 May 2026 doi:10.20944/preprints202605.0084.v1

90f18

it shows that even a lightweight implementation can be reorganized around specialized reasoning
roles rather than a single scoring function. Second, and more importantly, it makes the inadequacy of
naive demand-and-factor scoring visible: a weighted sum over demand, transit access, and zoning
cannot recognize that high occupancy next to a light-rail corridor is an argument for restraint, not
supply, or that a restaurant row with per-parcel lots is an argument for a shared structure rather than
more lots. The demo’s current failure modes are the motivation for the loop. As illustrated in Figure 3,
Phoenix reorganizes parking planning around interacting reasoning roles rather than static maps or

isolated forecasts.
e +
A'

gA i POI Agent £0
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Traffic D A'
Agent or: Transit
D ° Agent

° ? Negotiated Planning
4 + Phoenix Parking » Judgment
Goals Al Lot Planner h -—
N Investment Ai !
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A
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O Human Decision-
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Figure 3. Phoenix as a critical demonstration of multi-agent parking reasoning. Specialized agents surface

different dimensions of the parking-planning problem. The output is a negotiated planning judgment whose
assumptions, conflicts, and alternatives can be inspected by human decision-makers.

In the Phoenix setup, specialized agents capture mobility pressure, destination attractiveness,
transit substitutability, distributional equity, zoning constraints, and investment trade-offs (Figure 3).
What matters is not the agent inventory but what the architecture enables: Phoenix surfaces competing
rationales, exposes hidden assumptions, and turns recommendation into negotiable judgment. Phoenix
changes what a parking recommendation is. In the old paradigm, a recommendation is a ranked
output—a score, a site list, a heat map. In the new paradigm, a recommendation is a contestable
planning judgment whose assumptions, trade-offs, and rejected alternatives are all visible. A rec-
ommendation becomes a negotiated planning statement: build here, or do not build here; prioritize
shared use, curb reform, or pricing first; accept lower short-term revenue because the neighborhood
has weaker access or stronger transit goals [18,20,43,48].

To make this concrete, consider two scenarios in which Phoenix-style data produce different
recommendations under the loop than they would under a weighted-factor score.

Scenario A: light-rail-adjacent high-pressure corridor. The Traffic agent flags demand pressure; the
Transit agent identifies substitutability potential; the Policy agent surfaces the city’s transit-oriented
development commitment. A conventional workflow recommends new parking supply. The agentic
loop instead surfaces the contradiction—demand justifies construction, but policy and theory jointly
favor pricing plus curb reform—and presents both pathways with explicit trade-offs for human
deliberation.

Scenario B: the 7th Street restaurant corridor. Central Phoenix’s 7th Street is a popular entertainment
strip, but almost every restaurant is built with its own lot. The result is a corridor that looks dense
on paper yet functions as a chain of isolated drive-to parcels: there is no bar-hopping, no walking
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between businesses, and residents of adjacent streets routinely complain about spillover parking and

request permit districts in response. Under a demand-and-supply score, the corridor looks like it needs

more parking—residents are complaining, and lots fill up on weekend nights. The loop instead should
recognize a different pattern. A Shared-Parking agent identifies temporal complementarity across the
corridor’s uses and flags the corridor as a candidate for a consolidated municipal or jointly financed
parking structure. A Redevelopment agent estimates the real-estate value unlocked if individual
restaurants could retire their on-site lots and build to the full parcel envelope. An Equity and Spillover
agent weights resident complaints and permit-district requests as evidence not of under-supply but
of mis-structured supply. A Financing agent recognizes that a municipal or jointly financed parking
structure, paid for by the same businesses that would retire their on-site lots, can unlock substantially
more rentable floor area than the corridor’s current private-lot configuration—the 10,000-square-
foot parcel can host a 10,000-square-foot building rather than a 4,000-square-foot restaurant sharing
the lot with 5,000 square feet of parking and 1,000 square feet of stormwater management. The
recommendation is not “build more parking,” but “consolidate existing parking so the corridor can
walk, and let the value created by shared parking finance itself.” This kind of recommendation is
unreachable from a demand-pressure score alone; it is reachable from the loop.

These scenarios are instances of the contradictions this paper argues conventional workflows
suppress:

1. Demand says build, policy says restrain. A high-pressure, high-return area may still sit in
tension with transit-oriented development, curb reallocation, or climate goals.

2. Inherited rules say comply, theory says question. A site may satisfy current code while shared-
parking logic, pricing theory, or induced-demand concerns suggest that construction is not the
right first response.

3. Market logic says maximize, equity says redistribute. A high-revenue district may compete
with lower-access neighborhoods whose need is less profitable but more socially consequential.
Phoenix matters because it turns these contradictions into explicit, inspectable objects of reasoning.

That is a change in planning epistemology, not just in planning software.

Once recommendations are generated through interacting agents, the next question is whether
the system can justify its planning judgment in institutionally meaningful terms.

6. What Good Explanation Means in Parking Planning

Explanation is not an interpretability add-on. It is the mechanism through which a recommen-
dation becomes a planning justification. A planner, transportation official, or public decision-maker
needs to know why a proposed intervention is defensible relative to competing alternatives, which
assumptions it relies on, which policy priorities it advances, and which trade-offs it creates [49]. The
relevant object of explanation is not the model—it is the planning judgment.

If the field’s real deficit is deliberative capacity, then explanation should be evaluated by how
well it supports reasoning across theory, policy, and competing urban goals. A parking system that
predicts occupancy accurately but cannot explain whether the right response is construction, pricing,
shared parking, curb reallocation, or no intervention at all remains weak as a planning system.

6.1. Four Planning Questions That Explanation Must Answer

Generic explainable Al is not enough here [44,50-52]. Standard XAI asks “why did the model
output X?” Agentic parking explanation asks “why is intervention X defensible when policy priority P
and alternative A both have legitimate claims?” The object of explanation shifts from model behavior
to the defensibility of a planning judgment. In a parking context, a useful explanation must answer at
least four planning questions: What problem is being diagnosed? Why is this intervention preferable
to alternatives? Which goals are being prioritized? Which assumptions make the recommendation
valid? A system that cannot answer these may still be useful as an analytic aid, but it should not be
mistaken for planning support.
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6.2. Five Requirements for Explanation in Agentic Parking Systems

These four questions define what an explanation must address; the following five requirements
specify how well it must do so. A strong parking-planning explanation should satisfy: spatial validity
(recommendations must be geographically feasible), demand justification (pressure claims must
be evidence-grounded), policy traceability (which policies shaped the recommendation), theory
traceability (which theoretical principles guided reasoning), and counterfactual transparency (what
would change under different assumptions). Together, these requirements push explanation toward
accountable planning reasoning [41,42,44,50].

6.3. When the Right Recommendation Is Not to Build Parking

A sharper test of explanation is whether the system can justify non-construction. Much of parking
planning still defaults to a supply-expansion logic: if pressure is high, build more parking. But a
theory-grounded, policy-aware parking agent should be able to explain when that logic is wrong. The
right recommendation may be to price demand, formalize shared parking, redesign curb use, revise
inherited minimums, improve access to non-auto modes, or deliberately tolerate a degree of scarcity
because abundance would undermine broader city goals. One of the strongest signals of planning
intelligence is the ability to recommend restraint and defend it convincingly [4,6,25,28,30].

6.4. Explanation as a Public and Institutional Interface

Parking decisions are rarely purely technical. They are contested among residents, businesses,
developers, delivery operators, transit agencies, disability advocates, elected officials, and planners.
Explanation therefore has to work for institutions and publics, not only for model developers [41,42,46,
47]. A strong agentic parking system should help users inspect assumptions, compare alternatives, and
understand why reasonable actors may disagree. It should help reveal whether a conflict is empirical,
normative, or institutional.

7. Risks: When Agentic Parking AI Becomes Persuasive but Wrong

The move toward agentic parking systems is promising, but it also creates new failure modes. We
emphasize five.

7.1. Spatial Hallucination

Large language models still struggle with geographic knowledge, geometry representation, and
multistep spatial tasks. In parking planning, this risk is not abstract. A system can recommend
infeasible parcels, ignore access constraints, violate roadway logic, or mishandle topological relations.
A recommendation may sound coherent while being geographically impossible [53,54].

7.2. Policy Misalignment

A second risk is optimization drift. If an agent is trained or prompted primarily around demand
pressure and return on investment, it may systematically prefer interventions that increase parking
accommodation even when the city’s policy goals favor pricing, curb reallocation, transit support, or
mode shift. The danger is the quiet dominance of one planning logic over others [12].

7.3. Theory Lock-In

Agentic systems can also freeze outdated assumptions into software. If historical data come from
a regime dominated by minimum parking requirements and free or underpriced curb space, a model
may learn that generous supply is normal and desirable. If those assumptions are then reinforced in
prompts, agent roles, or evaluation criteria, the system becomes a machine for reproducing the legacy
paradigm under the banner of intelligence [4].
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7.4. Governance Illusion

There is also a risk of persuasive but weakly grounded explanation. Language models are good at
producing coherent rationales. In a public planning context, that can create an illusion of accountability
without actual traceability. A recommendation may cite equity, sustainability, or accessibility in fluent
language while being weakly anchored in measurable evidence or explicit policy logic [44,51].

7.5. Expansion Bias

Perhaps the most consequential risk for this specific moment is expansion bias: the tendency of a
parking Al built on demand signals and site scores to quietly reproduce the “more parking” paradigm
that the field is leaving behind. Expansion bias is not merely a bug in any single model; it is baked into
most data pipelines. Historical parking-demand data come from a regime of minimum requirements
and underpriced curb access, so “demand” itself encodes induced, subsidized use. Site-ranking
objectives reward highest-return parcels, which in high-transit districts often coincide with exactly
the places where additional parking undermines the city’s long-run mode-shift goals. The economic
geography matters as well: in the deep suburbs, where land is cheap, building a surface lot is nearly
costless and whatever parking is added simply becomes more paving. Downtown and near transit,
by contrast, any new supply must be structured or underground, at costs that are ultimately borne
across a broad set of users and taxpayers. An expansion-biased system does not see this asymmetry;
it recommends new supply where new supply is most expensive and most harmful to the city’s
stated goals. A system trained, prompted, or evaluated primarily to find “where to build” will find
answers even when the correct answer is “do not build; reuse; share; reprice; or redevelop existing
lots”—an intervention class that many mall owners, for instance, have already begun to pursue on their
own under commercial pressure. Defending against expansion bias requires explicit design choices:
recommending non-construction must be a first-class output, restraint must be a scored objective, and
the loop must be able to articulate why a city moving away from parking minimums should not be
handed an Al tool whose implicit direction is to add parking to land-use decisions once again.

Without explicit spatial, regulatory, and policy grounding—and without a deliberate check on
expansion bias—agentic parking systems risk becoming persuasive generators of urban error. These
risks are not reasons to avoid agentic systems; they are reasons to define the field’s research agenda
more carefully.

8. An Open Research Agenda: From Smarter Prediction to Better Urban Reasoning

The field now needs a research agenda that moves beyond parking prediction and toward
accountable agentic planning. We highlight ten directions, grouped into three clusters: reasoning
architecture (theory, policy, spatial grounding), transition-era interventions (shared parking and reuse,
parking-to-form coupling, shunting for automated mobility, public communication), and cross-cutting
research infrastructure (planner-Al interfaces, cross-city transfer, deliberation-centered evaluation).

8.1. Theory-Grounded Agent Architecture

If inherited rules say comply but theory says question, then agents need theory built into their
reasoning, not left in literature-review preambles. The core question is: which theoretical concepts should
become hard constraints, which should remain soft preferences, and which should serve as explanation templates?
Pricing theory, induced-demand logic, shared-parking principles, and cruising models each carry
different epistemic weight and should shape agent behavior differently. Progress would mean systems
that reason from parking theory rather than merely about parking data [25,30,55].

8.2. Policy-Aware Objective Alignment

If demand says build but policy says restrain, then agents must be able to represent and negotiate
among equity, accessibility, transit interaction, curb competition, housing cost, and climate goals. The
core question is: how can agent objectives be specified so that policy priorities shape reasoning from the start
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rather than filtering outputs at the end? This requires formal mechanisms for representing normative
priorities and surfacing conflicts among them [12].

8.3. Formal Spatial and Regulatory Grounding

Contradictions cannot be exposed if recommendations are geographically impossible. Robust
planning requires tight integration with GIS, parcel data, zoning logic, and network constraints. The
core question is: how can language-based reasoning be grounded in authoritative spatial and regulatory
knowledge bases so that recommendations are geographically and legally feasible? Pure language reasoning is
insufficient for a domain where physical and regulatory constraints are non-negotiable.

8.4. Shared Parking, Existing-Stock Reuse, and Redevelopment

If the field is moving away from supply expansion, then the most important capability an agentic
parking system can offer is the ability to reason about using what is already there. The core question is:
how can an agent system identify where shared parking would be preferable to per-parcel supply, where existing
stock is systematically underused and could be leased or opened to the public, and where surplus parking should
be redeveloped into housing, retail, civic space, or stormwater and heat-mitigation infrastructure? Many mall
owners, under commercial pressure, are already converting unused lots into apartments, community
gardens, and parks; an agentic system should be able to recognize the same opportunity in cities
where the commercial signal is weaker but the civic return is substantial. Progress here would directly
operationalize the transition away from parking minimums [6,30].

8.5. Parking Regulations as Systemic Drivers of Urban Form

Parking requirements are not a self-contained constraint; they propagate through stormwater,
landscape, and building-envelope rules to determine what can actually be built. The core question is:
what would the allowable building program look like if parking requirements were relaxed, shared, or removed,
once the downstream building-code cascade is accounted for? Answering this requires jointly modeling
parking tables, stormwater retention, landscape and heat-mitigation requirements, and the resulting
buildable envelope per parcel. An agent that can compute “R8 zoning permits eight units but on-site
parking forces five” turns parking reform from an abstract policy debate into a parcel-level, numerically
legible choice. This also extends naturally to a broader diagnostic: how much of the existing city
could still be built under today’s zoning and parking rules at all, and where is the largest gap between
stated plans and the code actually on the books? Treating this compliance gap as a first-class indicator,
audited per parcel and reported year over year, would turn parking reform from an episodic policy
debate into a measurable planning trend, and would let cities see for the first time how much of their
built form could not be reproduced under the rules currently on their books.

A practical output of such modeling is a single, intuitively explainable metric—the ratio of land
devoted to parking to land devoted to buildings on a parcel, corridor, or district. Parking-to-building
ratio is legible to residents and elected officials in a way that occupancy forecasts are not, and it
ties directly to urban heat, impervious-surface burden, and the walkability cost of auto-oriented
form [56,57]. Agentic parking systems should be able to compute this ratio under current rules, under
proposed reforms, and under shared-parking scenarios, and to report how each ratio changes alongside
climate-exposure and pedestrian-accessibility indicators. Making this coupling explicit is how the
system turns “parking” into a category of decision that planners, residents, and climate-resilience
officials can reason about together.

8.6. From Parking to Shunting: Staging for Automated and On-Demand Vehicles

Automated vehicles and ride-hail services are not primarily a parking problem—they are a
shunting and queuing problem. A Waymo fleet does not park the way a commuter does; it stages
between trips and must be positioned close enough to high-demand events (stadium letouts, airport
surges, downtown nightlife) to meet wait-time expectations, but not so close as to consume scarce
curb and land near those destinations. The core question is: how should an agentic system jointly plan

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202605.0084.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 May 2026 doi:10.20944/preprints202605.0084.v1

14 0f 18

parking, curb, and staging space for a mixed fleet of private, ride-hail, and automated vehicles, where the relevant
decision variable is often a shunting zone rather than a parking stall? Treating this as a parking problem
leads directly to the expansion-bias failure mode. Treating it as a shunting problem opens a different
solution space: micro-hubs, dynamic curb allocation, and event-driven staging that does not translate
into permanent parking supply. It also reframes ride-hail and automated-vehicle pickup-and-drop-
off zones as substitutes for parking rather than extensions of it—a designated short-stay curb zone
can serve in a single day the arrival flows that a small lot can only serve through permanent land
consumption. A parking agent that does not recognize when the right answer is a pickup zone rather
than a stall will keep recommending land for vehicles that no longer need to be stored there.

8.7. Public Communication and Political Legitimacy

Parking decisions are ultimately political, and parking analyses are persuasive tools whether
or not they are designed to be. The core question is: how can an agentic system produce communication
artifacts—uisualizations, scenario narratives, counterfactual explainers—that help residents, elected officials,
and merchants reason about parking trade-offs, rather than simply ratifying the loudest complaint? The public
routinely describes a “parking crisis” when the underlying issue is price, distribution, or spillover; a
system that can show “your neighborhood has 20% more parking than it uses at peak; here is where it
is; here is what prices would rebalance it” is doing planning work that a prediction pipeline cannot.
Communication is not a downstream add-on; for public-sector parking planning, it is where the loop
meets democratic legitimacy.

8.8. Planner—Al Deliberation Interfaces

If contradictions are to become objects of institutional reasoning, planners need interfaces that
make them inspectable. The core question is: how can planners inspect assumptions, run what-if scenarios,
revise priorities, and contest recommendations in a structured way? In public planning, the interface is
part of the governance model. Progress would mean deliberation environments where planners can
interrogate agent reasoning, not merely accept or reject outputs [21,42].

8.9. Cross-City Transfer with Policy Adaptation

The three contradictions are universal in structure, but the specific tensions between demand,
policy, theory, and equity vary sharply across places. Some elements of parking logic transfer across
cities—pricing, spillover, accessibility reasoning. But policy regimes, curb practices, development
patterns, and travel cultures differ. The core question is: how can agentic parking systems distinguish
universal planning logic from local institutional logic, and adapt accordingly? An agent that works in Phoenix
cannot simply be redeployed in London or Tokyo without this distinction [38].

8.10. Evaluation Beyond Prediction Accuracy

If the paradigm truly shifts, evaluation criteria must shift too. The question is no longer whether a
system predicts well, but whether it exposes contradictions and supports deliberation [12,48,58]. This
paper proposes that the field adopt five evaluation dimensions as a new standard for agentic parking
systems:

*  Contradiction detection: Can the system identify conflicts between stated city goals and inherited
parking rules?

* Intervention comparison: Can the system evaluate construction against pricing, curb reform, and
shared parking?

*  Justification quality: Can the system defend a recommendation to different institutional audi-
ences?

*  Restraint capability: Can the system recommend and justify non-construction when appropriate?

*  Policy traceability: Can the system trace each recommendation to the policy assumptions that
produced it?
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These dimensions define new benchmark tasks: contradiction-detection tasks in which stated
city goals conflict with inherited parking rules, intervention-comparison tasks in which construction
competes with pricing or curb reform, and explanation-quality tasks in which the system must justify
a recommendation to different institutional audiences. A perspective paper’s strongest contribution is
often not a new concept but a new evaluation grammar. These five dimensions are our proposal for
what that grammar should look like in agentic urban planning.

9. Conclusions: After Prediction, Toward Institutional Reasoning

Parking planning has been framed too narrowly for too long. Forecasting, optimization, and
compliance are all legitimate tasks. The error is mistaking them for planning itself. The distinctive
value of agentic parking Al is the ability to expose the contradictions that this reduction conceals—
the tensions between demand and policy, between inherited rules and theory, and between market
logic and equity—and to turn them into inspectable objects of institutional reasoning. The object of
computation must shift accordingly: from occupancy forecasts and site scores to justifiable intervention
reasoning. Phoenix demonstrates that this shift can be operationalized. Parking, precisely because it is
measurable, theory-rich, policy-contested, and intervention-ready, may be the most realistic near-term
testbed for agentic urban planning. The future of parking Al should be judged not by how efficiently
it predicts demand, but by whether it can detect contradiction, compare interventions, justify restraint,
trace policy assumptions, recognize when the right answer is to share, reuse, or redevelop rather than
build, and defend its recommendations to the publics that parking decisions ultimately serve. Cities
do not mainly need parking systems that predict where cars will go. They need systems that reveal
when inherited parking rules are steering urban decisions away from a city’s own stated future—and
that hold open, rather than foreclose, the underlying civic question: what kind of place do we want to
have, and what kind of city do we want to be?
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