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ABSTRACT

Problem, research strategy, and findings: Warehousing and distribution center (W&D)
expansion has raised concerns about the disproportionate exposure of nearby communities
to freight traffic and its resulting health consequences. While local governments wield sev-
eral tools to manage logistics-related development, few may be as consequential to public
health disparities as zoning. In this study we synthesized the state of recent U.S. zoning
actions related to W&D, examining their role as tools—or barriers—for advancing public
health in communities historically burdened by freight traffic. Specifically, we investigated 92
zoning actions at 67 locations (51 municipalities, 9 counties, and 7 states) and assessed the
level at which environmental justice (EJ) principles informed these actions. The most com-
mon zoning actions were discretionary decisions on site permits (n =32). While we offer
examples of councils considering EJ issues raised by communities, discretionary processes
have drawbacks. Other actions include long-term plans (n=17), land use definitions (n = 13),
development standards (n=12), and conditional use permitting (n = 14). We also examined
four state-level policies. Many regulations restrict by-right W&D development with little indi-
cation that these changes are intended to benefit historically burdened communities.
Takeaway for practice: Local jurisdictions lack a unified regulatory approach to W&D.
However, long-term plans and state environmental policies guide jurisdictions with the most
EJ-explicit actions. Equitable and healthy urban freight requires clear strategic land use prior-
ities and environmental safeguards for vulnerable communities but could also include flexi-
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bility for W&D development outside conventional industrial areas. We discuss how these
findings fit into contemporary debates about zoning and urban freight planning.

Globalized supply chains and a growing consumer
economy have catapulted warehouse and distribu-
tion centers (W&D) to immense levels of develop-
ment. Between 2003 and 2018, W&D building stock
and floorspace increased 67% and surpassed office
and retail as the dominant commercial and indus-
trial land use in the United States (U.S. EIA, 2021).
Fueled in part by online retail’s increasing market
share, some W&D opened close to urban centers to
more reliably set and meet expectations for fast
home delivery (Fried & Goodchild, 2023).

These trends often involve W&D disproportion-
ately locating near marginalized communities (de
Lara, 2018; Hesse, 2020; Yuan, 2018), which raises

environmental justice (EJ) concerns about the nega-
tive effects for those living near W&D. In this study,
we use the definition that environmental justice (EJ)
is the right to a safe, healthy environment and to
due process that ensures affected communities
have a voice in policy decisions affecting their
health and safety (Quattro, 2024). Proximity to W&D
and freight traffic can increase exposure to several
environmental burdens, including noise, hazardous
material spills (Schweitzer, 2006), injurious and fatal
collisions with commercial vehicles (Shin, 2024), and
traffic-related air pollution (Dennis-Bauer & Jaller,
2023; Fried et al., 2024). Using satellite-based meas-
urements of air pollution, Kerr et al. (2024) found
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that W&D proximity increases exposure to nitrogen
dioxide (NO,) by 20%, on average. The resulting
cumulative impacts on public health have prompted
regulatory responses such as the warehouse Indirect
Source Rules (ISRs) in California (Turner, 2024) and
legal challenges to W&D development from EJ
groups (Victoria, 2024).

Of the regulatory tools that cities use to steer
development, zoning is particularly consequential
for environmental and public health disparities
(Maantay, 2002; Whittemore, 2017). At its most
basic, zoning determines what developers can build
and where. Conventional U.S. zoning practice enfor-
ces the strict separation of land uses and can set
legal specifications for building bulk, lot coverage,
parking minimums, buffers, and environmental per-
formance. As such, zoning creates a spatial precon-
dition for W&D location decisions that can
contribute to their disparate siting near politically
and economically marginalized groups (Tejada &
Conway, 2024; Yuan, 2018) or their sprawl into
regions with more lax regulations (Cidell, 2011;
Dablanc & Ross, 2012).

This latter trend has increased freight distance
traveled and emissions in some cases (Aljohani &
Thompson, 2016), leading researchers to propose
land use strategies aimed at mitigating transport-
related impacts (see Box 1). Freight-efficient land
uses (FELUs) seek to balance freight's private and
external costs by accounting for policy impacts on
transport supply and demand (Holguin-Veras et al.,

2022). Meanwhile, proximity logistics focuses on inte-
grating urban freight facilities into compact, mixed-
use environments to improve last-mile efficiency
(Buldeo Rai, 2023; Buldeo Rai et al., 2022). Cases in
Paris (France) demonstrate how W&D can mesh into
the neighborhood fabric, meet logistical needs of
nearby businesses and residents, enable goods
delivery by lower-impact vehicles, and host mixed-
use opportunities such as restaurant suppliers and
rooftop farms (Marshall, 2020). While these exam-
ples seem to promise environmental benefits in U.S.
contexts (e.g., Gunes et al., 2024), reimagining W&D
compatibility with residents and commercial busi-
nesses may conflict with exclusionary zoning policies
that separate uses and densities. Moreover, the poli-
cies through which local jurisdictions can achieve
this outcome, without disparately affecting historic-
ally marginalized populations, remain unclear.

Research Context and Purpose

For more than a half-century, planners have charged
exclusionary zoning with contributing to excessive
sprawl, racial and socioeconomic segregation, public
health disparities, housing shortages, and gentrifica-
tion (Whittemore, 2021). Renewed efforts to reform
land use policies have ranged from overlays and
density incentives that encourage compact, transit-
oriented development to larger overhauls that intro-
duce environmental performance standards and
form-based codes (Forman et al., 2023). However,

Box 1. Overview of zoning-related urban freight literature.

(Yuan, 2019) Southern California e CUPs

Geography Zoning actions discussed Recommendations/strategies
(FHWA, 2012) u.s. e Euclidean zoning e  Context-specific solutions
e Overlay districts o Buffers & containment, loading door orienta-
e Form-based zoning, performance zoning tion, truck staging and parking, Light/noise
e Preferential/incentive zoning mitigation
e Preserve industrial land
(Holguin-Veras et al., u.s. e Long-term planning e FELU
2022) e Regulatory controls e Densify W&D in urban core, preserve exist-

e Discretionary approaches

e Land use restrictions

e Parcel sizes, land use definitions e Environmental regulations
(American Institute of ~ New York City e CUPs e CUP based on impact/size
Architects NY (AIANY), e Development standards e “Nuanced” by-right in industrial zones
2022) e Environmental/transport requirements e Community-led planning and rezoning
(Buldeo Rai, 2023; New York City e “By-right” versus CUP e Proximity logistics
Buldeo Rai et al., o Definitions for last-mile facilities e Environmental regulation, context-specific
2022) e Performance zoning design, Community Benefit Agreements

ing W&D, Reserve/bank land, Co-locate near
gateways, foster mixed-use, relocate some
“large traffic generators”

e Reduce W&D impact, postpone W&D sprawl
e Financial (dis)incentives

(CBAs), Complete Streets




many reforms present mixed effectiveness in
addressing stated policy goals, such as curbing
sprawl (Ewing et al,, 2022), preventing gentrification
(Davis, 2021), or preserving industrial jobs in the
urban core (Chapple, 2014; Davis & Renski, 2020;
Ferm & Jones, 2017).

In fact, exclusionary zoning remains largely intact
in most local jurisdictions (Imbroscio, 2021), even in
cities taking steps toward denser, mixed-use devel-
opment (e.g., Packer, 2024). Some scholars argue
that regulators yield to competing pressures—from
powerful real estate interests (Logan & Molotch,
2010; Stein, 2019) to parochial homevoters and Not
In My Backyard (NIMBY) groups (Fischel, 2015; Hall
& Yoder, 2022; Scally & Tighe, 2015; Sclar et al.,
2020)—Ileading to decisions that prioritize short-
term fiscalization or political gain. Others advocate
for zoning's wholesale repeal or partial deregulation
on market-libertarian, neoliberal, or constitutional
grounds (e.g., Braver & Somin, 2024; Glaeser et al.,
2005; Gray, 2022). Yet, among the smart growth and
new urbanist standard-bearers for zoning reform,
industrial uses—and W&D by extension—remain an
underexplored topic (Leigh & Hoelzel, 2012).
Moreover, although a few studies have acknowl-
edged the role of zoning in urban freight planning
(see Box 1), there has been limited research examin-
ing how zoning explicitly governs the siting and
spatial organization of freight-intensive land uses.
This research gap is especially salient from an EJ
perspective (Fried et al., 2024; Tejada & Conway,
2024).

The purpose of our study is to synthesize the
state of recent U.S. zoning action responses to W&D
development, with a focus on actions that center EJ
principles. We analyzed 92 zoning action cases at
the municipality, county, and state levels; built a
typology that captures the breadth of discretionary
and regulatory zoning actions taken, including con-
siderations for long-term planning; assessed the
level at which EJ principles feature in or inform
these actions; and discuss here the integration of
zoning for (FELU/proximity) logistics into a broader EJ
context.

What we label zoning actions are elements of
local and regional land use policies that can consti-
tute a broader approach to managing urban freight
transport, controlling emissions, and enhancing
public participation. Figure 1 presents these actions
as hierarchical: a long-term plan may introduce
place types that include new W&D definitions,
development standards, and use conditions.
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Figure 1. How zoning actions (center pyramid) fit into broader
urban freight planning strategies.

Denying a rezoning permit, on the other hand, may
not result in any higher-level change.

Analyzing zoning actions present challenges dis-
tinct from similar, national-level approaches to syn-
thesizing urban freight planning strategies (e.g.,
Maxner et al., 2025). Despite state standardization
laws homogenizing many jurisdictions’ zoning
codes, local regulations shaping W&D development
can vary widely (Yuan, 2019). Neighboring munici-
palities typically do not coordinate freight-related
land use decisions (Dablanc & Ross, 2012), some-
times using regulations and taxation in competition
with each other to attract or discourage new indus-
trial development (Chapple, 2018; Walker & Lewis,
2001). States also vary in the level of police power
granted to local jurisdictions to govern private prop-
erty rights, and institutional differences between
zoning councils or boards can significantly influence
decision making (Moore & Caporale, 2025).

There is no unified approach to zoning for logis-
tics, and the extent to which zoning includes EJ
principles varies across geographic and regulatory
contexts. The following section describes our case
study methodology to capture a typology of W&D-
related zoning actions across the country.

Definitions, Data, and Methods

EJ principles are central to this study’s analytical
framing. Through its Planning Advisory Service (PAS)
Report 608, the American Planning Association
(APA) highlighted strategies that incorporate EJ
principles into zoning codes, maps, and public par-
ticipatory processes (Quattro, 2024). We distill here
the definitions important to our approach:
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e Disparate impact is a “discriminatory effect by a
law on a [Title VI] protected class” (p. 12). The
discriminatory effect may often be unintentional.

e Exclusionary zoning restricts land uses that
homeowners typically perceive as threatening
property values (Whittemore, 2021).

A zoning action creates disparate impact if it, for
example, attracts W&D to overburdened or historic-
ally marginalized communities, or otherwise fails to
mitigate its negative impacts. Exclusionary zoning
can be a complementing force, such as by prohibit-
ing W&D in wealthier single-family towns and
neighborhoods. Disparate zoning can pull W&D to
marginalized areas or make them easier to locate
there; meanwhile, exclusionary zoning can make
development more difficult in non-marginalized
areas, effectively pushing these land uses away (e.g.,
Rothstein, 2017; Trounstine, 2020).

Public participation is also important to this
study’s approach. As the APA (2022) argued,
“informed participation is critical to eliminating
racism and discrimination in zoning” (p. 33). Their
guide highlighted the importance of capacity build-
ing, representation on zoning boards, providing
early and multiple public input opportunities for
major projects, expanding public notification proce-
dures and virtual engagement opportunities, pre-
senting equity-based review criteria, and lessening
the impact of NIMBY opposition by limiting public
hearings when disparate impacts are not a concern.
We then sampled national case studies and data
from multiple sources, in line with Yin (2017), to
synthesize a typology of approaches that incorpor-
ate EJ principles into W&D zoning actions.

Sample Selection

Our sample represents the forefront of zoning
responses to W&D development. It is not intended
to represent all zoning-related policies for W&D in
the United States. To select our sample cases, we
first reviewed policy scans relating to state and local
EJ policies to identify regions taking proactive steps
in regulating industrial development (e.g., Baptista
et al., 2019). We also reviewed open geospatial plat-
forms that track W&D development (e.g., Chicago
Cityscape, 2024; Phillips & McCarthy, 2024).
Frequently discussed regions include Southern
California, Chicago (IL), and the New York City-
Newark (NJ) metropolitan area. Next, we reviewed
government websites and recent media reports to

narrow our selection of counties and municipalities
that have recently enacted zoning ordinances or
permit reviews related to W&D. To expand the sam-
ple’s geographic scope beyond these starting
regions, we conducted a keyword search on recent
media reports covering W&D development trends.
We used two news aggregators (Newsbank Inc. and
Google News), and the following search string:

“environment*” OR “environmental justice” OR
“pollution” OR “truck traffic” OR community OR
zon* OR “overlay zon*” OR moratorium OR rezon*)
AND (warehouse OR “distribution center” OR
“delivery station” OR “fulfillment center” OR
“last*mile”

We reviewed online, U.S.-based articles and
excluded those with headlines and abstracts that
did not concern W&D-related zoning (e.g., excluding
articles pertaining to labor disputes). After pulling
relevant municipalities, counties, and states from
the articles, we conducted a deeper review of gov-
ernment documents to determine their relevance.
This approach systematically captured the breadth
of recent zoning responses to W&D development,
especially in suburban locales where industrial zon-
ing environments are largely overlooked despite the
regional nature of logistics (Dablanc & Ross, 2012).
In total, our study identified 92 cases at 67 locations
(51 municipalities, 9 counties, and 7 states; Figure
2). Cases represent a zoning amendment, discretion-
ary council action (pending or approved), or a state
law with explicit mention of W&D uses. Accordingly,
some locations offered more than one case. In the
Online Appendix, we provide tables summarizing
key demographic and policy information in the
sampled jurisdictions (Tables A1-A3).

Data Sources

While media reporting helped narrow our case selec-
tion, we prioritized our analysis to primary sources
when publicly available. Public documents serve not
just as evidence for what they report, but as reflec-
tions of social contexts and meanings that require
interpretation (Atkinson & Coffey, 2004). We included
policy/ordinance texts, government memos, council
meeting agendas/transcripts, zoning codes, long-
term plans, and websites/reports from developers
and advocacy groups, among other sources. In total,
we used 213 documents to analyze the 92 cases.
These sources served as data in a document ana-
lysis methodology (Dalglish et al., 2021), which is
applicable to case studies that construct rich,
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Figure 2. Sampled W&D-related zoning actions (n = 92).

comparative descriptions and typological frame-
works (Katsela et al., 2022). However, generalizing
case findings typically requires triangulation from
multiple data sources. For instance, focusing solely
on zoning texts and processes overlooks important
supply chain and agglomeration factors that influ-
ence W&D siting (Kang, 2020; Rivera-Gonzalez et al.,
2023), as well as instances of nonconformity where
an existing land use does not match its designation
on the zoning map (Hirt, 2013). Analyzing where
W&D can locate is not the same as analyzing where
they are located and why. Future studies could inte-
grate mixed methods, such as spatially analyzing
zoning maps and W&D locations (Tejada & Conway,
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2024) and conducting interviews (Bjergen &
Ryghaug, 2022).

Our study achieved triangulation through mul-
tiple investigators. We each worked independently
on a subset of case documents, with major policy
documents reviewed by several authors to ensure
robust interpretation. We met regularly to cross-
verify interpretations and to minimize single-
researcher bias, and without documented disagree-
ment. We also provide access to our case study
spreadsheet that summarizes the coding structure
and contains links to analyzed documents to estab-
lish a chain of evidence that ensures replicability of
findings (Yin, 2017).!
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Zoning Action Typology and Coding

In conceptualizing FELU, Holguin-Veras et al. (2022)
analyzed W&D-related zoning actions. Though they
identified a zoning typology that serves as an initial
structure for our coding analysis, the study did not
consider EJ issues. For instance, the authors sug-
gested it is “natural” that communities support relo-
cating major W&D away from their homes, and
acknowledged the potential for unintended conse-
quences (p. 66). They highlighted the case of the Port
of New York, where in the 1950s, authorities relo-
cated major port activity from Manhattan to a less
freight-efficient location in Newark. Though not dis-
cussed by the authors, this relocation also highlights
the institutional, push-pull dynamics described
above. Jacobs (1961) famously linked urban renewal
efforts to the displacement—or push—of workers
and some industry from Manhattan. Meanwhile, in
Newark, a combination of factors facilitated the pull
of industries into immigrant and working-class neigh-
borhoods. Receiving communities, such as the
I[ronbound, remain de facto environmental “sacrifice
zones" to this day (Winokur, 2020). Therefore, an EJ
perspective focuses not just on where W&D are
located or relocated, but on the cumulative and dis-
parate impacts it causes.

Another significant omission of EJ perspectives in
urban freight planning is the lack of meaningful
public participation (Fried et al., 2024). In recent
years, efforts have expanded to include more exten-
sive community engagement for major freight-
related projects (Fried & Garcia, 2024, p. 193-195).
Nevertheless, discussions on integrating freight
stakeholder consensus into planning focus primarily
on public- and private-sector decision makers
(Holguin-Veras et al., 2022, p. 24-26).

Integrating EJ into zoning strategies for freight-
efficient development requires considerations for
public health protections and meaningful participa-
tion for communities disparately affected by freight
transport. Holguin-Veras et al.'s typology served as
conceptual themes that supported a structural cod-
ing analysis of selected documents (Saldana, 2009).
Structural codes segment the data into thematic
typologies predetermined by existing research, which
we then supplemented with additional data; in our
case, by coding for in vivo and descriptive mentions
of EJ principles. These precoded typologies are:

e Long-term planning (n = 17) offers comprehen-
sive land use goals and timelines for policy
implementation.

e Regulatory controls (n=17) include ordinances
and zoning text amendments.

o Discretionary approaches (n =45) include case-
by-case decisions made by zoning boards or
councils.

We also examined state-level laws that may not
amend local zoning per se, but will affect W&D
development through environmental pre-emption
and regulatory guidance (n =13; see Online
Appendix Table A3). Our coding method identified
additional subtypologies embedded in regulatory
controls (development standards and land use defini-
tions) and discretionary approaches (permit denials/
moratoriums and conditional use permitting). Long-
term planning strategies also contain nuance. In
some cases, planning documents are largely vision
based or suggestive with limited regulatory require-
ments (e.g., model ordinances). Others align eco-
nomic and socioenvironmental goals with broad
overhauls to zoning codes. Although our study
mostly analyzed approved permit decisions and reg-
ulations (n=51), we also included proposals that
were still pending decisions and strategic plans/
model ordinances that inform best practices. We
review the results below.

Results

Figure 3 summarizes the 92 zoning actions by type,
year, region, and status. Most zoning actions
occurred recently (76 occurred after 2020), which
may be an outcome of increased media and polit-
ical attention or newer state environmental laws
concerning W&D and EJ issues. In 2016, for instance,
California passed Senate Bill 1000, which required
local agencies to include EJ elements in strategic
plans. Most approved or proposed zoning actions in
the state cited the policy. However, most actions
outside of California—and long-term planning docu-
ments in major cities—did not cite EJ principles.
The following sections describe some notable
exceptions across zoning action types.

Permit Denials and Moratoriums

Moratoriums and permit denials are the most com-
mon response to newer W&D (n = 32). Denials apply
to projects seeking discretionary permitting, such as
for rezoning and variance applications. Moratoriums
temporarily pause applications until cities enact
more proactive policy measures, developers
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Figure 3. Overview of sampled zoning actions.

complete certain impact assessment studies, and/or
implement agreed-upon traffic mitigation measures
or community benefits agreements (CBAs). During
discretionary permitting processes, zoning councils
are often required to solicit community input
through public hearings. In some cases, developers
revise site plans in response to community input. In
Oceanside (CA), the developers offered a reduced
floorspace and loading zone plan for a proposed
facility in an Airport Overlay Zone. In others, com-
munities can pressure developers to withdraw proj-
ects. In West Dallas (TX), the developer dropped a
planned 277,000-sqg-ft distribution center after litiga-
tion from a church congregation that alleged envi-
ronmental racism.

Since most zoning codes permit W&D develop-
ment by right, the reasons for denials or conditions
are project specific. Figure 4 summarizes denied
and review-pending projects. Nearly half of the proj-
ects were greenfield development (i.e., rezoning
agricultural land to industrial), whereas a quarter
were brownfield (i.e., repurposing abandoned indus-
trial or contaminated sites). Only nine projects
sought to develop smaller micro-fulfillment/last-
mile, mixed-commercial facilities, or adaptively reuse
abandoned commercial sites. As such, most projects
were expansive: The average facility size was
roughly 1 million sq ft in floorspace. The largest

Zoning action mentions EJ principles

50

40

Development standards 40 30
30

Land use definitions 2 20

50% from California (n=25)

Zoning action status

\ 1
0
Proposed Model

ordinance /
strategic plans
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proposal was a 6-sg-mile logistics park in Will
County (IL).” The proposal’s size and infrastructure
needs created an ongoing annexation dispute
between nearby villages and Joliet, the state’s third
largest city and a major intermodal freight hub.

Though pollution and traffic were common con-
cerns, only one in three cases raised EJ issues. Other
cases framed their opposition to new W&D around
other issues. For instance, New Castle County’s (DE)
planning board emphasized the preservation of
community character in reviewing new W&D permits
(see Figure 4). In contrast, cases explicitly citing EJ
concerns included:

e Detroit (MI) granted developers $33 million in
tax incentives to redevelop the abandoned
American Motor Corp. headquarters with an
800,000-sg-ft W&D. The project fell $2 million shy
of the $75 million threshold that would require a
CBA between the developer and the low-income
neighborhood (Saha et al., 2024).

e In Bloomington (CA), an unincorporated munici-
pality in San Bernardino County and home to
predominantly Spanish-speaking residents, devel-
opers demolished 117 houses and an elementary
school to build a 213-acre logistics park.
Community groups successfully litigated the
county, alleging the development violated state
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Figure 4. Summary of permit denials and pending decisions by size, development type, and council-stated reasons for denial or
conditional approval (n=29). Figures do not include moratoriums that were not project specific (n =3).

environmental protections and that the county
failed to provide Spanish-language notices and
hearings. The developer must redo the
Environmental Impact Review and site plan,
which will include provisions for a CBA.

e Pawtucket (RI) is considering the sale of a public
baseball field to a developer seeking a 500,000-
sg-ft W&D. Residents of the low-income neigh-
borhood claimed the baseball field is the only
accessible greenspace in the district. State laws
require permissions from state and national
agencies before the council can sell public land
to developers. The state Department of
Environmental Management raised EJ concerns
surrounding the sale.

e Tacoma (WA) approved a 150-acre development
on an abandoned rail terminal, which neighbor-
hood groups unsuccessfully appealed in 2023.
The state Department of Ecology leveraged its
authority over stormwater management to pause
the project and secure a $9 million settlement to
support air quality monitoring and traffic
mitigations.

In the latter three cases, state environmental
agencies played a mediating role in development
outcomes (e.g., requiring full environmental reviews

or prescribing mitigations), though state agencies
are limited in their ability to stop or conditionalize
development without pre-emptive policy. However,
in addition to ad hoc council decisions on develop-
ment permits, jurisdictions can also deliberate on
what projects necessitate further conditions and
public participation through conditional use
permitting.

Conditional Use Permitting

Conditional use permitting (CUP) or authorization
(CUA) constituted 14 cases. CUP establishes add-
itional criteria for development before discretionary
permit approval. These criteria can encompass
impact reporting, facility operations, and public par-
ticipation processes. Box 2 summarizes five promin-
ent CUP provisions in major population areas.

Most CUP place facility size and distance from
sensitive receptors (SR) requirements for W&D facili-
ties. Chicago places thresholds of 10 acres and
660 ft from housing, open spaces, hospitals, day-
cares, and schools. The ordinance has raised criti-
cism from both developers and EJ groups.
Developers claim district-level discretion—or mem-
ber deference—creates uncertainty in what traffic
and air quality mitigations are acceptable for
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Box 2. Overview of CUP processes in major jurisdictions.

e Facilities < 500 ft from SR

Ordinance Applicable W&D facilities Conditions for approval
Chicago Air Quality e Facility lots > 10 acres; e Devs complete traffic study and air quality study
Ordinance e Facilities < 660 ft from sensi- Devs host at least T community meeting in host district
tive use e Dev standards subject to Planned Development uses
San Francisco Parcel Delivery o All uses except for cannabis- e EV charging installation
Service CUA related facilities Devs complete traffic and emissions study
e Conditions for facilities > 5,000 e Commission complete economic study (jobs, public
sq ft revenue)
e Idling no more than 3 minutes
Facility is primary use
New York City Last-mile Facilities > 50,000 sq ft Facilities > 1,000 ft from sensitive use
Warehouse e Primary use is e-commerce e Facilities > 1,000 ft from other last-mile facilities
Special Permit Some facilities conduct 80% of delivery via marine
(proposed) transport

Sacramento Truck usage in Facilities in industrial zones;
N. Sacramento e Facilities <1,000ft from sensi-
(interim ord.) tive use
e Major modifications of existing
facilities subject to review/hear-
ing.
Los Angeles Green Zones e Facilities in GZ overlay
County Facilities > 100,000 sq ft

Devs complete traffic and air quality study
e Devs submit annual report on truck usage
Commision may request conditions (e.g., EV/bike adoption)

e Not specified

No outdoor loading operations 6:00 pm-8:00am
Idling no more than 5 minutes

WAIRE compliance

Zero emission off-road and landscaping equipment
100 ft buffer on lot line closest to sensitive uses
Permitting varies by impacts determined in Site Plan
Review

approval and can freeze development altogether. EJ
groups argue the ordinance does little to stop-gap
development if burdens are high or ensure commu-
nity input is captured in projects. Meanwhile, only
NYC and San Francisco’s (CA) CUP provisions con-
sider implications of last-mile delivery. Whereas San
Francisco’s implementation adds restrictions to
facilities regardless of size, NYC's version explicitly
seeks to reduce development near schools, parks,
nursing homes, and public housing. The latter city
offers conditions for development, including the
adoption of e-cargo bikes and waterborne freight
modes to mitigate traffic impacts.

Green zones (GZs) also aim to minimize industrial
concentration in disadvantaged communities. Los
Angeles County defines GZs as regions with a high con-
centration of stationary pollution sources near SR,
among other demographic indicators. While the regula-
tion sets development standards for many existing and
future W&D within GZs, it also institutes a tiered discre-
tionary process that includes public hearings and
appeals for site plans deemed to have the most impact.

When and how developers and planning boards
engage the public are central facets to CUP processes.

Los Angeles County requires notices for residents
within 300 to 500 ft of the project and a 15- to 30-day
comment period, depending on project impact. New
Jersey's EJ Law requires “meaningful” public participa-
tion within 200 ft of the project area and a 60-day
comment period. The state’s guidelines recommend
multi-language circulation of project plans in newspa-
pers and social media, as well as invitations to local EJ
groups, schools and daycares, and faith-based organi-
zations for in-person and virtual meetings.

CUP offers flexibility to deny or modify develop-
ment to suit local contexts and community needs.
However, their discretionary nature raises concerns
from both community groups and developers, espe-
cially in cases where limited state guidelines and
protections exist. On the other hand, development
standards and land use definitions offer firmer regu-
latory controls that can dictate where facilities can
locate and how they operate, particularly near SR.

Development Standards

Enhanced development standards constituted 12
observations in the sample, including one approved
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Figure 5. Observed buffer ranges in sampled development standards (n = 12) and example of SR-based site design for W&D.

Source: Los Angeles County, 2024.

state-level policy, California’s Assembly Bill 98, and
three model ordinances from PennFuture (a
Pennsylvania-based nonprofit), New Jersey, and
California Attorney General Rob Bonta.
Development standards offer construction, site
design, and operational requirements—or best prac-
tices—that can minimize traffic-related impacts, par-
ticularly for nearby SR. Definitions for SR vary across
zoning codes and state policy. They can encompass
residences, schools, daycare centers, health clinics,
nursing homes, places of worship, parks, community
centers, and historical sites.

Development standards commonly increase buf-
fering and screening requirements for lot lines adja-
cent to SR. Observed buffers vary widely, ranging
from 10-ft setbacks to a 500-ft separation between
truck loading doors and an SR property line (see
Figure 5). However, the buffer distance necessary to
effectively mitigate adverse health effects from truck
traffic remains an open question. Air pollution, for
instance, can exceed background concentrations
within 500 and 1,600 ft of major roadways, depend-
ing on wind direction and vehicle operating condi-
tions (Samuels & Freemark, 2022). Vegetative
screening can improve pollution absorption, includ-
ing for noise and ground contaminants; however, its
effectiveness varies among pollutant type, vegeta-
tion density, and species composition. Standards
can also require truck routing and facility entrances
to orient away from SR, and place maximum times
on truck idling. All four state-level actions and three
local-level actions (e.g., Stockton [CA] for
W&D > 100,000 sq ft) required zero-emission offroad

equipment, solar readiness, and heavy-duty EV
charging readiness, even offering regulatory exemp-
tions for facilities serving zero-emission trucks.

All state-level development standards enhance
public participatory procedures. PennFuture pro-
posed W&D developers submit a community
impact analysis to inform council decisions.
Although impact analyses theoretically hold devel-
opers environmentally accountable, conflicts arise
when data and methods are not openly communi-
cated. For instance, communities in Tacoma (WA)
and Commerce City (CO) questioned the impartial-
ity and accuracy of developer-determined traffic
impacts. New Jersey’s model ordinance and
Bonta's (2022) W&D best practices emphasized the
importance of early and robust community
engagement, including strong communication
practices. They proposed creating a technical
advisory group with seats dedicated to commu-
nity members, as well as enforcing CBAs to com-
pensate affected residents.

California’s AB 98 stipulated a more data-driven
accountability approach. The bill called for the
deployment of mobile air monitoring systems in
Riverside and San Bernardino counties to measure
air pollution in communities near logistics land uses.
Revenues generated from South Coast Air Quality
Management District's (SCAQMD) Warehouse ISR
also fund efforts that improve air quality in areas
with high W&D concentrations. Funds include
rebates for zero and near-zero emission trucks,
charging infrastructure, and air filtration systems in
homes and SR near W&D.



JOURNAL OF THE AMERICAN PLANNING ASSOCIATION 1

Box 3. Observed definitions of W&D and permitted zones.

Observed W&D classifications

Common use definition(s)

Typically permitted zones

Mini Warehouses, Mini Storage, Self
Storage

Micro Fulfillment, Micro Distribution

Last-mile Fulfillment, Local Delivery

Center, Parcel Delivery Service/Facility

Fulfillment Centers

High-Cube Facilities

Retail Sales Warehouse

Logistics/Distribution/Break-bulk
Facilities

Cold Storage

Outdoor Storage

General/ Traditional Warehousing and
Storage

Freight/Truck/Intermodal Terminals

Enclosed storage spaces for rent or lease to the
general public, including self-storage facilities.

Short-term storage of goods intended for on-
demand home delivery; floorspace between
2,500 and 30,000 sq ft.

Temporary storage, sorting, and redistribution of
e-commerce goods for last-mile delivery,
typically truck-to-van cross-docks.

Longer-term storage of e-commerce goods,
characterized by higher frequency truck traffic
and extended-hour operations.

High-automated storage or goods consolidation,
characterized by higher frequency truck traffic.
Can exceed 250,000 sq ft in floorspace and 50 ft
in height.

Wholesale retailers that emphasize the
packaging and sale of products in large
quantities or volumes.

Storage and/or cross-docking of manufactured
goods, and (sometimes) raw or hazardous
materials, characterized by higher frequency
truck traffic. Can exceed 250,000 sq ft in
floorspace.

Refrigerated storage, wholesaling, and
distribution facility for temperature-sensitive
items. May require auxiliary power for
refrigerated trucks to limit idling during loading.

Outdoor pallet/container storage for any
purpose besides display and truck terminals.

Indoor long-term storage of goods, which may
include sorting/cross-docking/value-added
services.

Indoor or outdoor storage and transloading,
typically serving rail and long-haul trucking,
characterized by heavy truck traffic.

General/light industrial, commercial, some
mixed-use overlays

General commercial, light and medium

industrial, some mixed-use overlays

General and light industrial areas, airport and
port overlays

General and light industrial

General and light industrial, airport and port
overlays

General and light industrial, general and auto-
dependent/highway commercial

General and light industrial, airport and port
overlays

General and light industrial, airport and port
overlays.

General and light industrial, general and auto-
dependent /highway commercial

General and light industrial, some mixed-use
overlays, airport and port overlays

General industrial, some port overlays

Land Use Definitions

Land use definitions determine where W&D are per-
mitted by right, their general purpose, and where
they can specify development standards and CUP
provisions. The sample included 13 cases featuring
11 distinct definitions of W&D with some overlap-
ping terminology (see Box 3). Precise definitions can
be important for targeting effective site mitigations
and participatory processes for facilities with the
most significant traffic impacts. However, as
PennFuture argued, developers often build W&D on
speculation with limited information about future
tenants and their traffic generation. Their model
ordinance instead recommends defining standards
based on expected facility size.

Nevertheless, W&D were permitted in nearly all
industrial zones regardless of definition and size.
Few cases permitted W&D in denser commercial
and mixed-use zones. Most notably, NYC's City of
Yes initiative recommended micro distribution facili-
ties in Manhattan’s neighborhood commercial dis-
tricts (W&D < 2,500 sq ft) and central business
district (ground-floor W&D < 5,000 sq ft) to encour-
age cargo bike mode shift and improve last-mile
efficiency.

In general, however, sampled land use amend-
ments created further restrictions on W&D.
Definitions are powerful tools that jurisdictions can
use to zone out or exclude certain types of W&D
from light industrial zones, or even industrial devel-
opment entirely. Vancouver (WA) prohibited




12 . T. FRIED ET AL.

W&D > 250,000 sq ft from light industrial zones cit-
ing air pollution and climate concerns, while
Deerfield (IL)—a wealthy Chicago suburb—removed
several W&D definitions from permitted light indus-
trial uses. These amendments, according to develop-
ers, can effectively freeze W&D development within
the jurisdiction. However, there is little indication
that these changes were intended to deconcentrate
freight activity in historically burdened communities.
For instance, we observed no regulatory cases of
phasing out W&D that stopped conforming to
amended land use definitions, such as through an
amortization clause, a proposal advanced by EJ
groups in Lubbock (TX). Restricting W&D expansion
without relocating or mitigating the cumulative bur-
dens of existing facilities fails to address disparate
freight impacts.

Long-Term Planning

Explicit references to EJ principles in long-term plan-
ning documents varied widely. Atlanta (GA) and
Dallas cited EJ principles in their Place Type zoning
reform, a hybrid code informed by form-based prin-
ciples, though only offering broad considerations for
urban freight and industrial development.
Meanwhile, Minneapolis (MN) has adopted a GZ
model, although with less regulatory control than
its Los Angeles County counterpart.

Generally, secondary city/suburban plans con-
tained fewer provisions for reducing disparate
impacts than center cities. Plans centered economic
goals to preserve industrial land and encourage flex-
ible, higher-density industrial development. Carson,
adjacent to California’s San Pedro Bay Ports, desig-
nated several Flex Districts that mix commercial,
residential, and light industrial uses up to 5 stories.
These districts permit W&D less than 30,000 sq ft.
However, the plan more explicitly promoted higher-
tech manufacturing rather than freight-efficient
development. This goal mirrored Kent's (WA)
emphasis on boosting competitiveness in the aero-
space sector by imposing restrictions on truck load-
ing doors that limit W&D development. The findings
are like other studies that observed W&D offer less
attractive development opportunities for cities than
commercial and manufacturing uses (Dablanc &
Ross, 2012).

Newark's plans encouraged more flexible indus-
trial development while enacting policies that seek
to mitigate disparate impacts and improve public
participation. The city’s EJ and Cumulative Impact

Ordinance is a broad CUP provision that estab-
lishes public health-based review criteria. In add-
ition, though their plan mentioned removing W&D
larger than 50,000sq ft from light and medium
industrial zones, they also proposed permitting
cargo bike-based micro-distribution models in
nonindustrial areas. Los Angeles also integrated EJ
principles more holistically. The city’s hybrid zon-
ing reform created flexibility in development (e.g.,
permitting W&D smaller than 50,000sq ft in some
mixed-use zones) while strengthening CUP provi-
sions and health-related development standards. It
also offered avenues to deconcentrate industrial
land in overburdened communities: One ordinance
in Wilmington-Harbor City prohibited new truck
terminals except those using zero-emission fleets.
Meanwhile, Seattle’s Industrial and Maritime
Strategy highlighted the economic importance of
preserving industrial land while also recommend-
ing some industrial rezones in historically margi-
nalized neighborhoods.

Discussion and Conclusion

Scholars have long explored the public health
effects of disparate industrial zoning (Quattro, 2024)
and state-level policy responses (Baptista et al.,
2019). When it comes to W&D-related impacts and
zoning, however, we observed most local actions
relied on or enhanced discretionary procedures. Of
these, a minority of non-California cases considered
EJ principles. Though our study offers examples of
councils and developers aligning with EJ groups—
usually following appeals or litigation—these proc-
esses come with drawbacks. For instance, public
hearings may require a level of participation (e.g.,
attending an evening, workday meeting at City Hall)
that presents barriers for many marginalized popula-
tion groups and may ultimately have little bearing
on council decisions (Moore & Caporale, 2025;
Whittemore & BenDor, 2019). As such, the statutory
minimum for public participation and council discre-
tion does not guarantee EJ outcomes.

On the other hand, zoning regulations can
enhance standards for development and public par-
ticipation, as well as redefine industrial uses near
marginalized populations. We outline several meas-
ures that intend to mitigate traffic-related impacts
for nearby SR. However, it is unclear whether pro-
tections are sufficiently robust. A 100-ft buffer
around a new W&D may not reduce chronic hazard
exposure for nearby populations, especially near
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Figure 6. Decision pathways toward equitable and healthy development for urban freight.

industrial areas and major truck routes where con-
centrated freight activity generates pollution and
other cumulative impacts that can extend well
beyond property lines. While most observed zoning
actions restricted by right W&D development,
improving health outcomes in communities most
affected by freight traffic was a rarely cited goal.
Exceptions typically cited state laws and long-term
planning objectives, pointing to the important role
played by state environmental preemption and
planning in local governance (Baptista et al., 2019;
Yuan, 2019).

However, tightening W&D regulations adds devel-
opment costs that risk the relocation of facilities to
less freight-efficient areas (Holguin-Veras et al.,
2022), and—if EJ is not considered—into economic-
ally and politically marginalized communities. Long-
term planning can help identify scenarios for when
to stop or conditionalize W&D development in over-
burdened communities, and when to relax controls
and apply incentives to encourage FELU and prox-
imity logistics. These strategies will vary by context,
as jurisdictions must frequently balance competing
political, social, and economic pressures, such as
demands to preserve urban industry or expand
housing supply through rezoning industrial land
(Chapple, 2014). Figure 6 outlines pathways toward
equitable development for urban freight in cases of
disparate and significant impacts. These cases
require public participation measures that identify
how FELU/proximity logistics can meet local needs,
including those of marginalized communities.

Implications for FELU and Proximity Logistics

Better integrating W&D into urban areas, particularly
outside of industrial zones, will face challenges.

Since its inception, zoning has served to shield
homeowners from the noise, pollution, and
working-class apartment buildings that industrial
activities brought (Hirt, 2014). Our results suggest
these exclusionary dynamics persist today. EJ acti-
vists in Newark and coastal Georgia—where low-
income and minority communities have long borne
a disparate share of freight impacts—have argued
that serious policy attention toward warehouse
sprawl emerged only after W&D began encroaching
on wealthier, predominantly single-family towns and
neighborhoods. This observation echoes findings
from Scally and Tighe (2015), who showed how
homeowners can leverage environmental concerns
to oppose developments they perceive to threaten
property values, namely those associated with
increased traffic or low-income housing. For
example, Bloomingdale’s (GA) moratorium included
both W&D and multifamily residential development.
In another instance, a Connecticut state legislator
used a budget amendment to restrict W&D in towns
with populations between 6,000 and 8,000—effect-
ively blocking a W&D project in a high-income town
within their district. The same legislator later
opposed a mandated housing density bill, citing the
need to preserve home rule.

NIMBYism is also likely to challenge W&D in
some freight-efficient areas. In response, new indus-
trial urbanist scholars have proposed strategies for
improving the compatibility of industrial uses with
nearby residents and businesses (Ferm et al.,, 2021;
Hatuka & Ben-Joseph, 2022). Research offers
context-specific designs for mixed-use industrial
facilities and their architectural interfaces with
neighborhoods (Boeck & Ryckewaert, 2020; Lane &
Rappaport, 2020), and for complete streets and
place-making strategies that integrate people and
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goods mobility (Buldeo Rai, 2024; Conway, 2024). E-
commerce has spurred developers to re-urbanize
some W&D, at times transforming them into chic,
low-carbon, and mixed-use facilities to blend into
neighborhood environments (Marshall, 2020). In
that vein, cities should also broaden policies to sup-
port EJ and prevent economic displacement
(Anguelovski, 2016). Research has only just begun
to explore the linkage between reduced W&D dens-
ity and gentrification (Qin et al., 2024).

One promising strategy involves CBAs, which estab-
lish concessions between developers and communities
near proposed facilities (Buldeo Rai, 2023). One pro-
posed CBA in San Francisco, for example, includes local
hiring quotas, union protections, vehicle electrification
requirements, and funds for greenspace, solar roofs,
transit, and affordable housing. By providing tangible
benefits, CBAs can supplement the oft-problematized
economic promises associated with logistics-related
development (Fried & Garcia, 2024), while also better
integrating W&D into urban environments.

Conclusion and Future Directions

The rapid expansion of W&D has prompted a wave of
local and state regulations seeking to mitigate urban
freight’s disparate and adverse impacts. Our study is
a first effort to synthesize the state of recent W&D-
related zoning actions as a tool for protecting public
health, particularly in areas historically burdened by
freight traffic. We offer the following takeaways:

e Local jurisdictions lack a unified regulatory
approach to W&D. Discretionary permitting was
the most common response to new W&D devel-
opment. These approaches can offer important
opportunities for public participation and
enhanced development conditions; however,
without higher-level policy, development may
not align with planning or community priorities.

e Zoning actions largely restrict W&D. Most
regulatory controls added definitions, standards,
and conditions intended to limit by right devel-
opment. Some exceptions included cities updat-
ing zoning codes to allow for mixed-use micro-
distribution.

e EJ principles are not a central feature in most
observed restrictions. Most actions cited aes-
thetic or environmental concerns unrelated to
W&D’s disparate impacts, a possible indicator of
broader exclusionary zoning practices that
research has linked to contemporary

socioeconomic and racial segregation (e.g.,
Rothstein, 2017; Trounstine, 2020) and health dis-
parities (e.g., Prasanth et al., 2024).

e Local jurisdictions with EJ-explicit actions
have supporting long-term plans, as well as
state policies and guidelines. To borrow from
Yuan (2019), local planning matters. But so does
state policy (Baptista et al., 2019). Ensuring EJ
factors into freight-related land use decisions
require clear strategic priorities and environmen-
tal safeguards for vulnerable communities.

Our study comes with limitations that offer future
avenues for research. First, we did not analyze zon-
ing maps, which one would need to determine the
extent of disparate zoning in our sample (Quattro,
2024). Including zoning maps, however, would have
made it difficult to evaluate the quantity and het-
erogeneity of jurisdictions included in the study,
especially given the limited availability of open land
use data. Ongoing initiatives like the National
Zoning Atlas can help support nationally compara-
tive zoning analyses (Safavian et al., 2024). However,
the Atlas offers limited information for nonresiden-
tial land uses as of 2024.

Second, we did not consider spatio-economic and
supply chain factors that influence W&D siting deci-
sions (Kang, 2020; Rivera-Gonzalez et al., 2023). As
Bowen et al. (2009) suggested, economic agglomer-
ation factors may outweigh institutional and sociode-
mographic factors in explaining disparities in
industrial facility siting. Moreover, developers and
property owners can play an important role in miti-
gating freight’s negative externalities (Brettmo &
Sanchez-Diaz, 2022). Future studies can explore the
role of incentive zoning, such as tax increment financ-
ing, which can potentially support these private-led
actions (Holguin-Veras et al., 2022). After all, zoning
for more equitable and healthy urban freight does
not guarantee that such development will occur.

Notes

1. DOI for summary of coded data and links to all
sources analyzed: https://doi.org/10.5061/dryad.
qjg2bvgsm.

2. Not visualized in the Figure 3 boxplot, as expected
facility floorspace is unknown.
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