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Abstract In this article, we explore the links between urban
form, land use planning, and energy use. We organize the
reviewed literature as follows: (1) potential energy savings
from compact development; (2) achieving compact develop-
ment through land use regulations; and (3) approaches for
coordinating land use regulations regionally. We find that
while the literature shows a clear link between regional gov-
ernance, urban form outcomes, and energy use, questions re-
main on measuring the impact and communicating the degree
to which energy use benefits can offset other real and per-
ceived costs associated with greater land use regulation and
regional coordination. Our discussion focuses on how re-
searchers, practitioners, and policymakers can better leverage
these connections.

Keywords Land use . Energy use . Regionalism . Urban
form . Governance

Introduction

The energy consumption trends of urban areas threaten the
resiliency of our cities and contribute to growing concerns
about global climate change. In the US, urban areas account
for approximately 75 % of the total energy consumption with

residents directly consuming at least 40 % of that for transpor-
tation and household purposes [1, 2]. Globally, urban areas are
estimated to account for more than 80 % of total greenhouse
gas (GHG) emissions [3, 4]. Energy expenditures in the US
constitute a significant and rising share of regular household
spending, with a disproportionate impact on lower income
households [5, 6]. Consumption in other parts of the world,
though lower, shows similar upward trajectories [7]. Despite
the technological innovations and efficiency gains, studies
suggest that energy consumption will continue to increase
due to lifestyle and demographic changes, increased wealth,
and latent demand [8–10]. This has led researchers to con-
clude that realizing a reduction in urban energy use will re-
quire changes in social and spatial characteristics of human
settlements [2, 11, 12•].

Multiple studies have documented the ways in which land
use policies can influence urban form and human behavior [2,
13–18]. Sorting through these can help identify the key link-
ages to energy use and the policy frameworks and scales of
implementation that are more effective at exploiting them. For
example, studies have shown growing evidence that coordi-
nation of land use policies at the regional scale can better
account for the negative externalities of fragmented local land
use policy and improve their ability to impact region-wide
development outcomes [2, 19, 20•]. However, there remains
a gap in our understanding about whether local efforts at en-
ergy savings are likely to be as effective without regional
coordination and under what circumstances are regional ef-
forts more likely to be successful.

In this article, we attempt to address this gap through a
review of research-based literature, identifying areas where
more research is needed. We cover a large yet scattered set
of literature from three angles: (1) residential and travel energy
savings from compact development; (2) land use planning and
its influence on compact development; and (3) regional
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approaches in coordinating land use planning. We identify the
key linkages between urban form and energy use as mediated
through transportation demand, travel behavior, and house-
hold uses. We synthesize the land use and governance litera-
ture to identify those that take the most advantage of these
linkages and likely barriers to their success. We conclude with
a discussion setting a research agenda on how the knowledge
gap can be further closed.

The Energy Use and Urban Form Connections

In this section, we look at the link between urban form and (1)
transportation energy consumption and (2) residential energy
consumption. From a transportation perspective, energy use is
an outcome of factors, such as the number of trips, distance
travelled, transportation mode used, etc. Although their rela-
tionship with land use is complex, a number of characteristics
have been associated with travel demand and behavior. Mul-
tiple studies (see, for example, [21, 22]) including a recent and
comprehensive review by the Transportation Research Board
[2] found that compact urban areas have lower travel demand,
particularly when both residential and employment densities
are high and close to each other. Such arrangements make
multiple transportation modes more viable, allow multi-
purpose trips and reduce travel distances [21], each contribut-
ing to the reduction in net energy consumption.

More direct studies [18, 23, 24] found that transportation
energy consumption declines as density increases, both in
multicity comparisons and in models of more compact growth
scenarios. Others have added that the location (e.g., distance
to city center) and type of density [25], and diversity or mix of
land uses [26, 27•] are also important determinants of trans-
portation energy consumption. For example, smaller lot sizes
and parking availability are associated with patterns of con-
sumption that include ownership of smaller cars and less
energy-consuming multi-family housing units [28, 29]. In a
recent study on the effects urban form on transportation ener-
gy consumption in Baltimore, Maryland, Liu and Shen [17]
found that characteristics of the built form are related both
directly and indirectly to household energy use outcomes.
Variations in the built environment were found to have a sig-
nificant effect on VMT, especially when the built environment
was represented by an accessibility measurement. The authors
also noted modest indirect effects as household choose vehicle
size and type based the neighborhood context. The TRB [2]
study argues that these effects can be made even stronger
when complemented with energy pricing policies and im-
proved vehicle efficiencies.

The above findings have often been used to suggest the
following: (a) the need for higher densities and mixed-use
developments to reduce travel demand and (b) greater mode
choices to reduce automobile trips [2, 13, 30].

Studies have also looked at the link between characteristics
of urban form and residential energy use. In an average house-
hold, physical characteristics: the size of the structure [31–33],
space heating and cooling, water heating, and lighting [5,
34–36]; household demographics [9, 38], appliances in use
[35], and climatic variability [31] have been shown to be crit-
ical determinants of household energy use patterns. Pitt [37•],
in a recent study of climate action planning, found that a
compact housing scenario for future urban growth could de-
crease residential energy us by as much as 36%. According to
Brown and Southworth [5], approximately 63 % of houses in
the USA are single-family detached units, accounting for
73 % of residential energy consumption. Schipper et al. [38]
estimate that housing characteristics account for approximate-
ly 50 % of a home’s energy use, while household characteris-
tics and their lifestyle activities account for the remaining
amount. The characteristics of residential structures them-
selves often vary with urban form and land use policy. Con-
trolling for other influences, Ewing and Rong [19] found that
residents of low-density developments were more likely to
live in larger single-family detached houses than comparable
residents in a more compact development and that larger, de-
tached houses use more energy because there is both more
space to heat and cool as well as more exposed surface area
subject to thermal loss. Further, they note that the median
square footage of new housing has been steadily increasing,
facilitated by less constrained land supplies and larger lots in
the suburbs. While these studies demonstrate how land use
shapes residential energy consumption, studies by Andrews
[39] and Kaza and Curtis [40•] have explored how land use
patterns and policy impact energy consumption by way of
either promoting or hindering different types of energy pro-
duction that could result in more efficient and sustainable use
(e.g., smart networks that make distributed and renewable
generation viable).

Another challenge is the inequitable burden of energy costs
that the existing urban form places on low-income residents.
While energy consumption patterns of low-income house-
holds are generally assumed to be similar to average house-
holds, a case-control study of energy use among low-income
households [41] has found that significant variation in the
“maintained interior temperature between households” could
only be attributed to behavioral differences among the occu-
pants. This suggests higher vulnerability of low income
households to both energy prices as well as policy interven-
tions that disregard different risks and behavioral characteris-
tics. Hackett and Lutzenhiser [42] have called it the balancing
of an “engineering approach” to residential energy consump-
tion with a more “behavioral approach.” Built environment
patterns sometimes force low-income households to choose
locations and structures where they spend a higher share of
their incomes on energy which increases their vulnerability to
fluctuations in the price of energy [26, 43]. A study by Sharpe
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[44] found that decentralized patterns of development have
left the residents of auto-centric suburbs especially vulnerable
to increases in the cost of fuel. These fluctuations are particu-
larly troublesome for low-income households who lack the
flexibility to absorb an increase in transportation costs without
limiting their mobility.

Modifying these energy use outcomes will require a num-
ber of changes to current urban policy practices. In addition to
direct approaches such as targeted pricing schemes that reduce
usage [45], other measures are needed. They may include
expanding the adoption of more energy-efficient green build-
ing codes, upgrading older structures for better energy effi-
ciency and planning for an urban form that provides choices
in housing types beyond the ubiquitous single-family de-
tached housing [5, 33].

In summary, a number of urban form characteristics can be
implicated in the energy use outcomes or urban areas, most
commonly, density, mix of building types, spatial arrangement
of uses, urban design, and accessibility of transportation net-
works. Most of these show a strong connection between com-
pactness of urban form and a reduction in energy use. For
example, the TRB [2] study concludes that increasing residen-
tial density across a metropolitan area by a factor of two could
lower VMT by about 5 to 12 % and perhaps by as much as
25% if efforts to restrict low density development are coupled
with other demand-side policies and infrastructure
investments.

The specific urban form characteristics, however, are out-
comes of numerous interlinked phenomena occurring at mul-
tiple scales. They range from neighborhood scale energy-
efficiency requirements to municipal zoning requirements
and metropolitan scale issues like constructing regional transit
systems. Although individual units of governments can—and
do—adopt policies to address these linkages, the effect is of-
ten blunted by externalities not contained within their jurisdic-
tional boundaries. For example, an attempt to increase density
or limit fringe growth in one city may simply shift growth to
another city within the region [46]. Similar effects can be
expected of isolated policies to increase energy efficiency of
buildings or pricing of externalities. This suggests that urban
form interventions to affect energy use should be coordinated
at the regional scale for better policy efficacy and collective
regional outcomes, matching land use policy coordination to
the scale at which labor markets, commute sheds and housing
markets operate [47–51].

Urban Form and Land Use Regulations

This section discusses the links between land use regulations
and urban form. We specifically focus on those characteristics
of each that are closely related energy use, such as land use

zoning, infrastructure, and regional coordination efforts driven
by an interest in “sustainability.”

Land use zoning impacts household location and type. Re-
strictive zoning and subdivision ordinances in many suburban
jurisdictions have been criticized for promoting larger houses,
protecting local privilege, discouraging multi-family develop-
ments, and mixed use developments, [52–56]. These have led
to patterns of development that push residents further away
from jobs, increasing auto-dependence for most non-home-
based activity. Uncoordinated controls in one city also tend
to export unwanted growth and its attendant ills to neighbor-
ing communities [52]. The result is a political climate in which
local governments use land use policy to maintain property
values, attract certain kinds of growth, and avoid increased tax
burdens—often leading to greater vehicle miles traveled and
increasing energy demands.

Inefficient infrastructure planning or the lack of coordina-
tion between land use and transportation planning can result in
development patterns that lead to longer travel times, greater
congestion, and higher energy consumption. Conversely, pro-
vision of transportation alternatives with complementary land
use policies such as high-density zoning has been closely
linked to development types that are more compact. Transit-
oriented developments (TODs) have been known to promote
these principles. Cervero and Arrington’s [13] study of 17
TODs across five US metropolitan areas showed that car trips
generated—and by extension, energy consumed—per house-
hold in TODs were significantly lower than standard rates
estimated by the Institute of Transportation Engineer’s manu-
al. TODs and other travel-related energy-reducing practices
are, however, currently only a small portion of the develop-
ment landscape, and their effect is blunted by a lack of coor-
dination across municipal boundaries in a metropolitan area.

Lack of regional coordination has been for a variety of
urban form outcomes with many linkages to energy use out-
comes. Fragmentation in land use regulations have been
shown to affect density, urbanized land area, property values,
and public expenditures on infrastructure [57, 58]. In their
study of growth in the Barcelona Metropolitan Region of
Spain over the last 25 years, Paül and Tonts [59] found that
fragmented planning at the municipal has largely failed to halt
the sprawling consumption of productive agricultural lands.
Resulting competition between local government is also
blamed for creating inefficiencies by limiting gains from scale
economies in service provision [52, 60, 61] and underinvest-
ment on public goods that would benefit the entire region [47,
57, 58]. As discussed before, many of these outcomes increase
energy consumptions, and impose especially high burden on
low-income communities.

While a number of attempts have been made for better
coordination, the outcomes have not always been as desired.
For example, federal legislations such as, the Intermodal Sur-
face Transportation Efficiency Act (ISTEA) and the
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Transportation Equity Act for the 21st Century (TEA-21) re-
quired coordinated regional planning for transportation infra-
structure investment. However, land use policy has been
largely left under the control of local municipalities and often
uncoordinated with regional transportation decisions. Studies
of infrastructure investments advanced with the goal of reliev-
ing congestion and reducing emissions show that such mea-
sures often induced more traffic and facilitated more sprawl
before reaching a new congested equilibrium [62].

The above discussion illustrates how certain practices lead
to land use patterns that consume higher levels of energy.
Although the planning literature presents regional governance
as a more flexible and responsive, better equipped to deal with
unsustainable urban growth, it has not gone unchallenged.
Some critics suggest that developers are better able to satisfy
market demand in a fragmented governance structure that re-
flects Tiebout’s [63] public choice theory of urbanization—
demand they characterize as favoring low density single fam-
ily housing in the suburbs [22, 64]. Conversely, in Myers and
Gearin’s [65] study of demand for denser residential environ-
ments, survey data was used to capture a more nuanced pic-
ture of housing demand, showing a growing interest in more
traditional neighborhood developments as a result of demo-
graphic change. Similar studies by Storper and Manville [66]
and Song and Knaap [67] show that households are in fact
willing to pay a premium for denser communities, which may
be more energy efficient.

Regional Planning Frameworks, Governance,
and Energy Use

Efforts to address energy use through land use policy are oc-
curring at multiple scales. At the federal level, the US Depart-
ment of Housing and Urban Development (HUD) recently
created the Office of Sustainable Housing and Communities
to foster the development of Regional Plan(s) for Sustainable
Development across the nations [68]. Part of its mission is to
better coordinate land use policy with housing and transpor-
tation investments at a regional scale to effect a reduction in
residential energy costs [68]. However, participation in this
program is voluntary, and no clear guidelines are provided
as to what should be included in the Regional Plan [69]. Sev-
eral states have also attempted to promote smart growth pol-
icies linking land use policy to energy use outcomes. These
efforts underscore the fact that, to date, state-level mandates
and incentives have been the main drivers of successful re-
gional coordination in the USA.

More recently, metropolitan areas facing bleak choices
with regard to accommodating projected growth and infra-
structure needs have turned to a voluntary form of regional
cooperation utilizing existing institutional structures, such as
Metropolitan PlanningOrganizations (MPOs) and Councils of

Government (COGs). While there are some notable examples
of voluntary regional land use planning (see Denver’s Mile
High Compact, Envision Utah, Oregon Shines, Chicago Me-
tropolis 2020, and California’s Blueprint), little is known
about how this emerging form of regionalism is affecting both
patterns of metropolitan development and performance out-
comes like energy consumption.

Some studies, primarily focused on efforts in Europe, have
documented the impact of regional planning and policy on
development outcomes [70, 71]. In that context, the authors
suggest that regional governance first emerged in the interest
of exploiting economic opportunities but has more recently
become concerned with the environmental and social impacts
of economic restructuring and spatial development. In their
review of recent European regional planning efforts,
Albrechts et al. [70] find a renewed interest in strategic spatial
planning combining economic, environmental, and social ob-
jectives to address quality of life concerns in response to
emerging sub-national place identities. Examples include
elected, centralized administrative arrangements of city-
regions in Germany, a spatial structure plan for multiple urban
regions in Belgium altering the legal framework of local land
use planning, and a spatial development strategy for Northern
Ireland. Results of these efforts suggest that the strategic con-
cepts of regional spatial planning have been translated into
land use plans used to guide a more sustainable public and
private development in a politically acceptable way [70, 71].
Studies on the organizational structures and success of region-
al institutions have presented opportunities to compare their
impacts on local plans, planning culture, land use policies, and
development outcomes.

Land use-related regional efforts in the USA that discuss
energy consumption as an explicit driver, however, are very
limited. Among state-level initiatives, the state of California
recently passed legislation, SB 375, aimed at redesigning the
built environment of communities through regional coordina-
tion to reduce energy consumption. In this framework, munic-
ipalities are expected to work together on regional land use
plans that provide a wider range of transportation and housing
choice to residents [72, 73]. As an example of a state-level
mandate1,2, this legislation attempts to use regional MPOs
more proactively, matching transportation investments to a
normative vision of future land use in contrast to what has in
the past been a reactive process [74]. California SB 375 directs
the state Air Resources Board (ARB) to set greenhouse gas
(GHG) reduction targets and to work with MPOs to “align

1 It should be noted that mandates such as these have come under heave
scrutiny due to the recent recession and condition of state and federal
budgets. At the time of writing, the federal and California governments
were considering removing funding for these potentially landmark
programs.
2 References to actual cases are used primarily to illustrate our theoretical
argument, not to provide empirical evidence based on a case study
methodology.
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their transportation, housing, and regional land-use plans
with greenhouse gas reductions in mind” [73•]. As a re-
sult, the initial round of non-binding plans produced in
compliance with SB 375 used a mix of smart growth
ideas to chart an alternative future for metropolitan growth
that reduces energy use and GHG emissions [75•]. Other
states have tried to promote regional coordination in a
suite of growth management policies. Although not explic-
itly aimed at reducing energy consumption, these policies
have sought to address externalities of urban development.
Florida’s Growth Management Act of 1985 requires con-
sistency and concurrency between land use and transpor-
tation plans, and development permits [76]. Maryland’s
Priority Funding Act of 1997 provides fiscal incentives
to local governments to influence the location of new
infrastructure consistent with smart-growth principles.
Studies by Chapin [77], Dierwetcher [78], and Lewis
et al. [79], among others, show varying degrees of coor-
dination employed in a smart growth planning paradigm,
although outcomes have generally been less than expected
in terms of affecting more compact patterns of metropoli-
tan growth.

Conclusion

Current urban growth trends and land use planning struc-
tures in the US exacerbate the energy needs of our cities.
The uncertainty of future energy prices and their inequi-
table impact on vulnerable populations add to the urgency
of addressing this problem. Studies have shown that local
efforts at energy savings are likely to be ineffective unless
they are coordinated with a regional approach. However,
municipal governments lack the incentives to cede land
use authority to regional agencies. In a perceived econo-
my of globalized competition, land use control is seen as
yet another way municipalities can vie with each other for
increases in growth, tax revenue, and resources. Nonethe-
less, attempts at regional planning to achieve energy use
and climate change mitigation goals are growing. Varia-
tions by regions and their complexity have led to a wide
variety of alternative and complementary paths to regional
actions. However, many of them lack clear goals, making
it difficult to assess their efficacy.

Regional transportation planning in the USA is now
supported by federal mandates and fiscal incentives, and
these combine to successfully overcoming the parochial
interests of local jurisdictions. Land use planning at the
regional scale, despite its apparent potential to better
achieve energy reduction goals, has received no such
mandate and must rely on the sense of a shared future
among regionally connected stakeholders. The scenario
planning and visioning processes increasingly employed

by regional entities like COGs or even MPOs reflect this
dynamic. These processes acknowledge local control of
zoning and land use policy while attempting to affect a
change in subjectivity and an awareness of interconnec-
tivity among stakeholders. Issues such as regional quality
of life or environmental preservation are invoked as mo-
tivations for intervention with the intention of encourag-
ing local changes to land use policy that affect regional
outcomes. However, it remains to be seen what effect
regional governance, absent a strong state of federal man-
date and the support of fiscal incentives, can have on
spatial patterns of development over the long run. More
research is needed to better understand the pathways and
processes along which this change in the willingness of
local governments to prioritize regional sustainable devel-
opment goals occurs and under what conditions it results
in more sustainable outcomes over the long-term. Can the
diverse positions and needs of different cities really be
reconciled in a regional vision? In addition, how do
higher level mandates add to or hinder these processes?
For example, California’s recently passed SB 375 effec-
tively mandates a regional process. However, it still relies
on a framework of voluntary governance, and the fiscal
incentives it provides may not by substantial enough to
affect a change in the way land use policy is set at the
local level.

In the end, there are clear connections between urban
form and energy use, and there are benefits to thinking
about them together from a land use planning perspec-
tive, especially at a regional scale. As our review
shows, there are many examples of land use plans and
policies that promote more compact development—lo-
cally and regionally—in a variety of contexts through
density minimums, smaller lot sizes, TOD, inclusionary
zoning, growth boundaries, and infrastructure invest-
ment. Despite such evidence, land use planning remains
relatively minor contributor in the discourse on energy
planning, primary because regional scale coordination is
a necessary aspect of gaining energy efficiency, and
regional coordination is often politically unpopular in
the USA.
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