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Policy and Regulatory Changes Are Essential for Compact 
Development Strategies to Work
While the studies show compact development is a viable climate change strat-
egy and that the market is growing for it, effectiveness and demand alone are not 
enough to spur greater compact development efforts. 

What are the obstacles to compact development? These are largely institutional, 
regulatory, and financial. On the institutional side, government fragmentation and sec-
toral silos can stymie attempts to build in more compact ways, because this type of 
development is more complicated than other types. Regulatory barriers include exclu-
sionary zoning, large minimum lot sizes, engineering standards for street design and 
parking, and other impediments to change. Financial challenges include reluctance 
on the part of lenders to participate in more complicated mixed-use projects; compact 
development can also be more expensive to build than other kinds of development, 
and may require the integration of transit and other expensive infrastructure.   

Challenges are local, regional, and national in scale. At the local level, land 
development regulations can get in the way of building in compact ways. At the 
regional level, jurisdictional competition can steer development away from close-in 
locations, and at the national level transportation and housing investments and pri-
orities can work against the effort to build more compact places.

However, interest in and policy support for compact development are gaining 
momentum. The spread of “traditional” neighborhood developments, voter-approved 
expansions to light-rail systems, and the federal government’s interest in promoting 
more livable, sustainable communities are three examples of this growing trend. 

Land use regulations and 
government policies must 

support the growing market 
for compact development 
in order for it to function 

effectively as a climate 
change strategy.

New Columbia, in Portland, Oregon, features 
interconnected local streets that provide 
pedestrians with quick connections in and 
through the development. (Pete Eckert)
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Common Findings, Common Sense on the Road to 2050
The demographic trends between now and 2050 will lead to major metropolitan 
growth. This development pressure could result in sprawling, automobile-oriented 
suburbs—the type of development that increases both the need for driving and cor-
responding GHG emissions. Yet, because this development has not yet been built, it 
represents an opportunity to shape resulting land use patterns and achieve broader 
GHG emissions reduction targets.

There are many diverse reasons to pursue compact development strategies. From 
the ability to foster more vibrant places to supporting more active living, compact 
development appeals in many ways. The market is responding, providing increas-
ing support for compact development. Now, the evidence in Moving Cooler, Growing 
Cooler, and Driving and the Built Environment makes the case for compact develop-
ment even more compelling. By providing quantifiable results, these studies make it 
clear that compact development can help in the fight to mitigate climate change.  

Although compact development has an important place in any broader package 
of climate change mitigation strategies, it is just one in a range of comprehensive 
measures needed to reduce GHG emissions. These include improvements in tran-
sitioning to cleaner energy sources, better vehicle efficiency, and an increase in the 
energy efficiency of buildings. 

Compact development is 
one of many promising 
stategies for reducing  
GHG emissions, one that 
brings with it a host of 
other benefits as well.
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Moving Cooler, Growing Cooler, and Driving and the Built Environment quantify the 
potential for compact development to reduce driving and lower greenhouse gas 
emissions. This section reviews their methodologies, findings, and conclusions about 
driving and land use. 

Moving Cooler: Land Use Is an Important Climate Change Strategy 
Cambridge Systematics, a transportation consulting firm, prepared Moving Cooler: 
An Analysis of Transportation Strategies for Reducing Greenhouse Gas Emissions, 
published by ULI in July 2009 under the guidance of a large, diverse group of spon-
soring organizations. Of the three studies, Moving Cooler is the most wide-ranging, 
taking on nine different types of transportation strategies targeted at decisions about 
travel and improvements in operations. It also looks at the movement of both people 
and freight. Moving Cooler tests nearly 50 discrete transportation strategies and six 
different “strategy bundles,” or combinations of strategies.

Moving Cooler found no silver bullet. No one strategy alone reduces greenhouse 
gas emissions enough to approach reduction targets. When strategies coalesce, 
however, greenhouse gas reductions become significant. The study projects pos-
sible national annual greenhouse gas emission reductions of up to 24 percent below 
baseline levels in 2050 when a mix of strategies, including land use, is employed at 
aggressive levels. 

In addition to greenhouse gas reductions, Moving Cooler looks at implementation 
costs, vehicle cost savings, and equity issues. The report analyzes both individual 
strategies and bundles of several strategies at different levels of implementation. 
This summary focuses on implementation of the land use–related strategies at two 
deployment levels: aggressive and maximum. 

2Technical Summaries of Land 
Use in the Three Reports 

Moving Cooler’s 
analysis shows that 

land use is one of the 
top-performing climate 

change strategies—
one that becomes 

even stronger when 
combined with other 

transportation strategies 
supporting compact 

development. 
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Moving Cooler shows that compact development is among the top-performing 
strategies, competitive with pricing strategies that raise the cost of driving or strate-
gies that regulate driving. Land use ranks in the top tier of Moving Cooler’s 50 strate-
gies. Combining land use with other strategies that support compact development 
results in even stronger performance.

Moving Cooler Tests an Ambitious Set of Strategies and  
Strategy Bundles

Types of Strategies Strategy Bundles

�Pricing and Taxes Near-Term/Early Results

Land Use and Smart Growth Long-Term/Maximum Results

Nonmotorized Transport Land Use/Transit/Nonmotorized  
Transportation

Public Transportation Improvements System and Driver Efficiency

�Ride-sharing, Car-sharing, and Other  
Commuting Strategies

Facility Pricing

Regulatory Strategies Low Cost

�Operational and Intelligent Transportation 
System (ITS) Strategies

Capacity Expansion and Bottleneck Relief

Multimodal Freight Sector Strategies
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Moving Cooler: Land Use Is among the Top Strategies to Reduce  
Greenhouse Gas Emissions

Source: Moving Cooler.
Note: Does not include carbon pricing (fuel economy impact).

A streetcar runs in front of the Terry Thomas 
building in South Lake Union, Seattle. 
(Image courtesy of Weber Thompson; Gabe Hanson, 
photographer)
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Scenarios Show Higher Residential Density Means Lower VMT 
Moving Cooler calculates VMT reductions from land use by developing three scenar-
ios that look at what happens if new development occurs at a range of progressively 
higher densities. Moving Cooler uses residential density as a proxy for a range of rural, 
suburban, and urban environments. At higher densities, vehicle trips are shorter and 
the built environment is more likely to support walking, bicycling, and transit use. 

The land use model compares vehicle miles traveled per capita at a range of 
densities within the United States, using data from the 2001 National Household 
Travel Survey and the 2000 Census. Not surprisingly, the model finds that people 
living at densities exceeding 4,000 persons per square mile (approximately five 
dwelling units per acre) drive significantly less than people living at densities below 
4,000 persons per square mile. (Moving Cooler’s measures of density approximate 
net residential density.)

To get to 2050, Moving Cooler looks at scenarios for distributing residential 
growth at different densities. The baseline scenario projects that the distribution of 
growth that occurred during the 1990s continues until 2050. During the 1990s, only 
34 percent of growth took place in areas with densities of five dwelling units per acre 
and above. The aggressive deployment and the maximum deployment scenarios 
distribute more growth, including new development and redevelopment, into com-
pact suburban and urban areas. 

In terms of VMT, the model projects that in 2050 people living at urban densities 
(greater than 12.5 dwelling units per acre) will drive 60 percent less than people liv-
ing on rural one- or two-acre lots, and people living at compact suburban densities 
(five to 12.5 dwelling units per acre) will drive 20 percent less than people living in 
low-density suburbia. (This explanation simplifies the model a bit in order to focus on 
the key variables.) Comparing the scenarios to the baseline produces annual VMT 
reductions in 2050 of between 7.7 percent and 12.6 percent. 

Moving Cooler also identifies a set of strategies that would promote the densities—
and the compact development—analyzed in the land use scenarios. These land use 
and smart growth strategies range from incentives for compact development and 
regional planning to regulatory interventions such as zoning changes and urban 
growth boundaries. The projected VMT and greenhouse gas reductions, however, 
are based on analyzing the effects of the density variable alone. The land use analy-
sis does not model the impact of techniques for achieving compact growth. 

Three Moving Cooler Land Use Scenarios: Reduction in Annual VMT in 2050

Scenarios

Distribution of Residential Growth

Rural and  
Suburban Compact Suburban Urban

Percent Reduction in 
Total VMT from Baseline

1990s Development Pattern 66% 21% 13% Baseline

Aggressive Deployment 36% 31% 33% 7.7%

Maximum Deployment 10% 49% 41% 12.6%

Compact Suburban: 5 to 12.5 dwelling units per acre. Urban: Greater than 12.5 dwelling units per acre. 
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Synergy for a Stronger Effect: Looking at Other Compact Development Strategies
Moving Cooler also tests other compact development strategies, apart from changes 
in land use. These additional compact development strategies include building side-
walks, improving bicycle facilities, expanding transit service, and increasing the cost 
of parking. The cumulative reductions of all the compact development strategies are 
summarized in the table above. 

Because Moving Cooler quantifies the effects of various strategies, the study cre-
ates specific definitions of each strategy and any accompanying assumptions. The 
cumulative greenhouse gas reductions cited above represent reductions only from 
specific strategies. The analysis results should not be interpreted as representing 
either the minimum or the maximum possible reduction from an exhaustive list of all 
nonmotorized transport, public transportation, and parking strategies. 

In some cases, the definitions of these individual strategies in Moving Cooler are 
quite expansive. For instance, the pedestrian and bicycle strategies imagine urban 
and suburban areas served by continuous networks of sidewalks and bicycle lanes 
supported by other bicycle and pedestrian infrastructure. 

The parking strategies, on the other hand, are more limited in their vision. Three 
of the four parking strategies target commuter traffic parking in central business dis-
tricts (CBDs) and activity centers. Within the CBDs and activity centers, the pricing 

Moving Cooler’s Compact Development Strategies: Cumulative 
Greenhouse Gas Reductions (in million metric tons) by 2050

Strategy
Aggressive  
Deployment

Maximum  
Deployment

Land Use 865 1,445

Nonmotorized Transport Strategies  

Pedestrian 171 227

Bicycle 117 176

Public Transportation Strategies

Transit Fare Measures 34 78

Increased Frequency, LOS, Extent 72 168

Urban Transit Expansion 281 575

Parking Strategies

CBDs and Regional Activity Centers: 

   On-Street Parking Pricing 41 42

   �New Tax/Higher Tax on Free Private Parking 18 31

   Urban Parking Restrictions 189 359

Residential Parking Permits 20 48

Sum of All Compact Development Strategies 1,808 3,149

Note: According to the U.S. Environmental Protection Agency, 1 million metric tons is approximately equal to  
annual greenhouse gas emissions from 190,000 U.S. passenger vehicles.
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analysis examines the effect of increasing the price of on-street parking by 25 per-
cent and taxing free parking in large private parking lots at the equivalent of about 
$2.40 per round trip. Moving Cooler also looks at what happens if a “freeze” is put in 
place on the supply of commuter parking in CBDs and activity centers. 

For residential parking, Moving Cooler looks only at on-street parking, analyzing 
the effects of requiring permits costing $100 per year (aggressive deployment) and 
$200 per year (maximum deployment). 

In the public transportation area, Moving Cooler explores strategies that lower 
fares and expand service. The analysis looks at the effect of lowering fares by 33 
percent and 50 percent and of increasing the frequency, speed, and extent of bus-
based transit service.

Finally, the urban transit strategy analyzes expanded rail and bus rapid transit 
service, which leads to more trips on traditional buses, and finds that overall rider-
ship would increase by 3.53 percent annually (aggressive deployment) and 4.67 
percent annually (maximum deployment). To put these ridership increases in per-
spective, between 1999 and 2007 transit ridership in the United States has grown at 
an average annual rate of about 2 percent.

Moving Cooler Conclusion
On the question of whether land use strategies and associated transportation strate-
gies can have a meaningful impact on climate change, Moving Cooler answers: Yes. 
Compact development is important to any climate change strategy bundle. 

Wilshire Boulevard in west Los Angeles is an example of a compact corridor surrounded by lower-density buildings. (Shelly Albaum)
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Growing Cooler: The Five “Ds” of Compact Development Reduce 
Vehicle Miles Traveled
When Growing Cooler: The Evidence on Urban Development and Climate Change 
was published by ULI in 2008, it provided one of the first comprehensive overviews 
of the relationship between climate change, the built environment, and how people 
travel. Growing Cooler’s comprehensive approach to land use is broader than 
Moving Cooler’s focused analysis. 

Growing Cooler studies the effects of the “five Ds” of compact development: den-
sity, diversity, design, destination, and distance to transit. Compact development—
as opposed to sprawl—is defined by medium to high densities, mixed uses, and 
concentrated centers, and is served by interconnected streets and pedestrian- and 
transit-friendly design.

Growing Cooler’s land use model starts with a meta-analysis of studies that mea-
sure the relationship between VMT and the “five Ds” of compact development. The 
report concludes that compact development has the potential to reduce VMT per 
capita from 20 percent to 40 percent, relative to sprawl. The report’s authors choose 
a 30 percent reduction for their land use model. 

Three Scenarios for 2050
To get to 2050, Growing Cooler analyzes scenarios that vary the share of compact 
development in new development and redevelopment. Based on an analysis by 
Chris Nelson, professor and demographic expert from the University of Utah, the 
scenarios forecast that in 2050, two-thirds of development on the ground will have 
been built after 2005. Growing Cooler then tests three what-if scenarios:
n  What if all the post-2005 development is sprawl?
n  What if 60 percent is compact development?
n  What if 90 percent is compact development?

The reduction from the baseline is achieved by multiplying three variables:
n  Proportion of land developed since 2005  
n  Proportion compact  
n  Percent reduction in VMT.

In comparison to the baseline, Growing Cooler finds VMT reductions in 2050 from  
12 percent to 18 percent. 

Three Growing Cooler Scenarios: Reduction in Annual VMT in 2050

Land Development Scenarios:
2005 to 2050

Proportion of 
Land Developed: 
2005–2050

Proportion  
Compact

Percent Reduction in 
VMT from Compact 
Development

Percent Reduction in Total 
VMT from Baseline

All Sprawl—Base Two-thirds None None Baseline

Majority Compact Same as base 60% 30% 12%

Nearly All Compact Same as base 90% 30% 18%

Growing Cooler shows 
that the five “Ds” of 

compact development—
density, diversity, design, 
destination, and distance  

to transit—can lead to  
12 to 18 percent reductions 

in VMT by 2050.
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Because Growing Cooler assumes the ratio of greenhouse gas emissions to VMT 
reduction is 9:10, the scenarios produce greenhouse gas reductions between 10 
and 16 percent.

Growing Cooler’s land use model does not define or prescribe “medium to high 
density.” The authors emphasize that all of the “Ds” are important; density is no more 
fundamental than is mixed use or are other characteristics of compact development. 
The 30 percent reduction in VMT is drawn from studies analyzing all the characteris-
tics of compact development, not just density. 

Growing Cooler Conclusion
Compact development’s potential to reduce driving and greenhouse gas emissions 
is significant, although improvements in vehicle and fuel technology will also be 
needed to reach GHG reduction targets by 2050. Despite needed policy and regula-
tory reforms, increasing market demand for compact development means advancing 
it will be “worth the effort.” 

The 2200 Westlake project in the South Lake 
Union neighborhood of Seattle, Washington, 
features residences, retail shops, restaurants, 
and more. (Lara Swimmer Photography)



22 	 |	 Land Use and Driving: The Role Compact Development Can Play in Reducing Greenhouse Gas Emissions 

Driving and the Built Environment: Compact Development Lowers 
Driving, Emissions, and Energy Use
The Transportation Research Board convened a committee of experts to prepare 
Driving and the Built Environment: The Effects of Compact Development on Motorized 
Travel, Energy Use, and CO2 Emissions, released in August 2009, in response to a 
Congressional request for an examination of “the relationship between land develop-
ment patterns and motor vehicle travel in the U.S.” and an assessment of “whether 
petroleum use and CO2 emissions could be reduced by changes in development 
design.” Led by José Gómez-Ibáñez, a professor at Harvard, the committee included 
a number of the most prominent academics in the field. 

Review of Past Studies
Driving and the Built Environment takes a guarded approach to past studies of the 
effect of the built environment on driving, critically analyzing their limits and assump-
tions. Most of the studies analyze the relationship between household density and 
vehicle miles traveled; fewer studies take a rigorous look at the other characteristics 
of compact development. Driving and the Built Environment defines “compact, mixed-
use development” as “land use patterns that increase the density, mix of uses, conti-
guity, connectedness, and pedestrian orientation of development.” 

Based on review of past research into household density and VMT, Driving and 
the Built Environment concludes that doubling residential density lowers household 
VMT by 5 to 12 percent. 

Recognizing that the other characteristics of compact development can enhance the 
effect of density, the committee noted a rigorous study that takes into account employment 
concentrations, improvements in public transit, increases in mixed-use development, and 
other changes. This study uses statistical techniques to envision what would happen to 
driving if auto-oriented Atlanta were rebuilt as a walkable city such as Boston: a theoretical 
Atlanta-to-Boston transformation would reduce driving by 25 percent. 

Three Scenarios for 2050
To get to 2050, Driving and the Built Environment, like Moving Cooler and Growing Cooler, 
creates three land use scenarios. The Baseline scenario assumes that new and rebuilt 
housing matches the density of residential development built during the 1990s, which 
averaged between one and two dwelling units per acre. (This refers to gross density and 
includes all developed land and roads; averages vary depending on the data source.)

Three Driving and the Built Environment Scenarios: Reduction in Annual VMT in 2050

Land Development  
Scenarios to 2050

New and  
Replacement  
Housing

Density of New  
Residential Development

Percent Reduction of VMT  
for Households in New  
Compact Development

Percent Reduction 
of Total VMT from 
Baseline

Baseline 62–105 million units Base assumes the density of 
residential development from 
the 1990s continues

Not applicable Baseline

Moderate Same as base 25% is twice as dense as base 12% 1.3–1.7%

Aggressive Same as base 75% is twice as dense as base 25% 8–11%

Despite its cautious 
approach to the analysis 
of compact development 
and driving, Driving and 

the Built Environment 
recommends that  

policies to support more 
compact development  

be encouraged.
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Acronyms
CBD	 Central Business District 
CO2	 Carbon Dioxide
GHG	 Greenhouse Gas
TRB	 Transportation Research Board 
ULI	 Urban Land Institute 
VMT	 Vehicle Miles Traveled

The Moderate and Aggressive scenarios double the Baseline density for an 
increasing share of new and rebuilt housing. The Moderate scenario deploys com-
pact development for 25 percent of new and rebuilt housing and assumes that com-
pact development is coupled with a 12 percent reduction in VMT per household. In 
comparison to the Baseline scenario, the Moderate scenario produces reductions in 
annual VMT in 2050 of between 1.3 percent and 1.7 percent. (A 5 percent reduction 
in VMT per household produces VMT reductions in 2050 of less than 1 percent.) 

The Aggressive scenario distributes 75 percent of new and rebuilt housing into 
compact development and uses a VMT reduction of 25 percent. In comparison to 
the Baseline scenario, the Aggressive scenario produces reductions in annual VMT 
in 2050 of between 8 percent and 11 percent.

Because Driving and the Built Environment assumes a proportional relationship 
between VMT and greenhouse gas reductions and energy consumption, the VMT reduc-
tions generated by the Moderate and Aggressive scenarios translate into reductions of 
between 1.3 percent and 11 percent for greenhouse gas emissions and energy use.

Questions about Feasibility
For future compact development, the Moderate and Aggressive scenarios posit 
a huge range: 25 percent to 75 percent of new and replacement development. 
Examining the highest end of this range, Driving and the Built Environment ques-
tions whether it is feasible for compact development to make up 75 percent of all 
development built between now and 2050. Does the Aggressive scenario represent 
“such a significant departure” from current trends and land use policies that “those 
measures are unrealistic”? Or, could the growing interest in compact development 
and trends toward higher energy prices “result in considerably higher densities by 
2050”? Reflecting the difficulty of predicting the future in uncertain times, the com-
mittee did not come to agreement on an answer.

Sweeping changes to land use regulations and metropolitan development patterns, 
the study warns, will likely be slowed by political resistance from existing homeowners 
and local government. The report recommends another approach: targeted incentives 
and regulatory interventions such as overlay zoning. The greatest opportunities for 
compact development, the study concludes, are likely to be in areas already expe-
riencing density increases, such as inner suburbs, developments near transit stops, 
and areas along major highway corridors or interchanges.

Driving and the Built Environment Conclusion
Despite uncertainty about future trends and concerns about plausibility, the committee 
recommends to Congress that “policies that support more compact, mixed-use devel-
opment and reinforce its ability to reduce VMT, energy use, and CO2 emissions should 
be encouraged.” Climate change is a problem “more easily dealt with sooner rather 
than later,” and land use is a valuable strategy toward meeting ambitious goals for 
energy efficiency and greenhouse gas emission reductions. Yet promoting compact 
development on a large scale will require overcoming numerous obstacles, including 
local zoning regulations and land use governance. The durability of the built environ-
ment and the challenges of compact development, however, suggest that change 
should start now. 





Two trends are pushing 
against each other. Over the 
next 40 years, as the total and 
metropolitan population of 
the United States climbs, the 
pressure is on to make overall 
emissions move in the other 
direction—down. 



The Role Compact Development Can Play  
in Reducing Greenhouse Gas Emissions 

Evidence from Three Recent Studies

Land Use 
   and  Driving

When people have the opportunity to work, play, and shop closer to their homes, the 
amount of driving they do lessens. This translates into reductions in greenhouse gas 
emissions. That is the conclusion of Moving Cooler, Growing Cooler, and Driving 
and the Built Environment, which document and attempt to quantify the effectiveness 
of compact development as a tool to reduce greenhouse gas emissions. 

Compact development offers a host of benefits, from providing more walkable, 
livable, healthy communities to saving on regional infrastructure costs. Now, its  
benefits are being documented to include greenhouse gas emission reductions.

Based on exhaustive analyses of urban planning research and the formulation of new 
scenario-based models, Moving Cooler, Growing Cooler, and Driving and the Built 
Environment all find that, compared to historically sprawling land use patterns, com-
pact development reduces driving and greenhouse gas emissions over time. On a 
national basis, the studies show that compact development can be an effective com-
ponent of broader strategies to reduce greenhouse gas emissions.  
 

  

1025 Thomas Jefferson Street, NW
Suite 500 West
Washington, DC 20007
Phone: 202-624-7000
Fax: 202-624-7140
www.uli.org

ISBN 978-0-87420-147-5

9 780874 201475

9 0 0 0 0

ISBN: 978-0-87420-147-5

ULI Order #L14


