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Introduction

There are precious few realms for which Supreme Court Justice Louis Brandeis famous statement that
“states are the laboratories of democracy” is more pertinent than state land use, transportation, energy, and
water policy. Federal law is preeminent on federal lands and in the areas of clean air and clean water. However,
when it comes to regulating development on privately owned land, building urban transportation systems and
renewable energy facilities, or promoting energy and water conservation, by tradition, the ball falls squarely in
the court of state and local government. State and local governments in the U.S. have been actively managing
their physical and economic development since 1812, when the City of New York announced its intention to

issue city-backed bonds to finance construction of the Erie Canal.

Since then, their efforts have grown steadily. In 1926, the U.S. Supreme Court validated the use of zoning by
state and municipal governments to regulate private development under their police power authority. This
authorization was later expanded to include additional state and local growth management powers. The land
trust movement, which, to date, has protected more than 60 million acres’ nationwide, began at the local level.
According to the Congressional Budget Office, state and local governments in 2023 spent $2.23 investing in
the nation’s transportation and water infrastructure for every $1 spent by the federal government.z In terms
of operations and maintenance, the imbalance was even greater, with state and local expenditures outpacing
federal spending by more than six-to-one. Beginning with the California Energy Commission in 1974, states
have taken the leading role in energy conservation. The move to adopt Renewable Portfolio Standards (RPS),
which obligate states to shift a targeted percentage of their electricity-generating capacity to renewable
energy sources, began in lowa in 1983. Since then, 30 more states have adopted similar standards. With
regional aquifers overdrawn and freshwater supplies threatened by climate-change-induced droughts, states
and urban water districts are now beginning to take the lead in developing strategic water-conservation and

recycling plans.

How have these various state and locally initiated efforts worked out? Referring back to this report’s title, to
what degree have they “moved the needle”? Are America’s urban communities and near-urban environments
truly better off for their having been undertaken? This article attempts to answer this question by reviewing
the last quarter century of progress in four urban and environmental planning domains (land conversion and
conservation, auto travel and public transit use, residential energy conservation and the adoption of renewable
energy sources, and domestic water conservation) using well-established metrics for which reliable data

is available at the state and local levels. These metrics include measures of sprawl, land preservation, park
quantity, auto travel, public transportation use, electric vehicle adoption, residential energy use, renewable
energy generation, and domestic water consumption (Table 1). Together, they form the practical core of what
is nowadays referred to as urban sustainability (Beatley, 1995; Campbell, 2016; Cohen, 2017), although | prefer
the term “resource utilization efficiency and conservation.” Resource utilization efficiency means that resources
such as land, energy, and water are used to generate maximum individual and social utility with minimal waste,
and conservation means that resources regarded as rare and irreplaceable in their natural state are conserved.

Conceptually and methodologically, this work breaks no new ground. Instead, its contributions are entirely
empirical and stem from its broad topical coverage, its timeliness, and its multi-pronged investigative approach.

1 Land Trust Alliance website: https://landtrustalliance.org/what-we-do
2 Congressional Budget Office. Public spending on transportation and water infrastructure, 1956 to 2023.
https://www.cbo.gov/system/files/2025-02/60874-InfrastructureSpending.pdf
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TABLE 1: SUMMARY OF PERFORMANCE MEASURES, METRICS, AND DATA SOURCES

Planning | Performance Measure Comparison Performance Metric &  Primary Data Source & Link
Domain Geography  Period
Non-urban land State Converted acres per USGS & Multi-Resolution Land
converted to urban additional county Characteristics Consortium (https://www.
uses resident, 2000-2024 mrlc.gov/eva/)
Private landin State Share of land Land Trust Alliance Progress Reports
Land permanent protected protected, 2020 (https://landtrustalliance.org/land-trusts,
status gaining-ground/united-states)
Urban park acreage Large Cities  Trust for Public Land TPL 100-largest city park ratings (https://
Parkscore acreage www.tpl.org/parks-the-great-unifiers-report)
score, 2025
Per capita daily vehicle Large Metro Percent change in Texas A&M Transportation Institute Urban
miles of travel (VMT) Areas per capita daily VMT, Mobility Report (https://mobility.tamu.edu
2000-2024 umr/)
Urban Urban rail and bus Urban Change in commute U.S. Census Bureau and American Public
usage County mode share, 2000- Transportation Association (APTA) Reports
Transport )
2019 (https://www.apta.com/research-technical-
resources/transit-statistics)
Electric vehicle (EV) State EV registrations per U.S. Department of Energy, Alternative Fuels
adoption 1000 population, 2023  Center (https://afdc.energy.gov/data/10962)
Residential energy use  State Change in per capita
energy consumption
in millions of BTU,
2000-2023 U.S. EIA State Energy Data System-SEDS
Energy (https://www.eia.gov/state/seds/seds-data-
Renewable energy State Increase in wind &
complete.php)
generating capacity solar generating
capacity in kilowatts,
2014-2023
Water Domestic water State Average daily water USGS Report: Estimated Use of Water in the
consumption consumption per United States, 2015. (https://www.usgs.gov,
person, 2015 mission-areas/water-resources)

Topical coverage first: While there is no shortage of place-level comparisons of sprawl3, auto and transit use4,

energy conservation and renewable energy production,>® and domestic water consumption,” this is the first

study to bring them all together within a common performance assessment framework. Second, timeliness: To

the extent data are available, this work covers conditions up to and including 2024 and, where feasible, back to

2000. This facilitates assessing the extent of progress as well as the more common single-period performance

comparisons. Lastly, approach: This work relies on a three-step methodology to generate its findings. The first

step is to identify a reliable metric to assess the performance of states and, in some cases, local governments.

w

See for example: Fulton et al,, 2001; Ewing, Pendall & Chen, 2003; Hamdi et al., 2015; Ewing & Hamdi, 2015; Landis 2017.

4 See for example: Taylor et al., 2009; Cervero & Murakami, 2010; Salon et al., 2012 McMullen & Epstein, 2013; Taylor & Fink, 2013; Ewing et al., 2014; Merlin,
Singer & Levine, 2021.
5 See for example: Ewing & Rong, 2008; Glaeser & Kahn, 2010; Clark, 2013; Estiri et al., 2013; Maguire & Munasib, 2016; Jeon, 2022; Mullen & Dong, 2022;
Korsavi et al,, 2025;

6 U.S.Energy Information Administration website: https://www.eia.gov/energyexplained/electricit

electricity-in-the-us-generation-capacity-and-sales.php

7 See for example: Foster & Beattie, 1979; Arbués et al, 2003; Dieter & Maupin, 2017; Gilligan et al., 2018.
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The second step centers on developing a regression model identifying key factors associated with better

and worse performance outcomes. These models are not intended to be causal or predictive, but rather to
highlight important commonalities among exemplary places and identify unusual cases that offer relevant
insights. The third step builds on the first two to take a more detailed look at particular state and local examples
based on their performance ranking and the degree to which their observed performance diverges from that
predicted by the regression model. Where regression models identify key performance determinants and
factors independently of one another, the use of state and local place exemplars enables us to explore how
those factors interact in real-world contexts. This methodology enables us to identify transferable lessons for
connecting particular planning and policy initiatives to better and worse outcomes.

Readers who hope to find one state or metro area consistently outperforming others, or to identify universally
effective approaches, are likely to be disappointed. The U.S. is such a large and geographically diverse country,
and how states and municipalities organize their governmental functions are so different by design that it is
impossible to point to one set of places or practices and conclude they are universally preferable. What | can
say is that carrots work better than sticks—that is, approaches that deliver tangible benefits to individuals

and groups tend to work better than efforts to legislate individual or business behavior from on high; that
programs that connect expanded opportunities, improved efficiency, and precious resource conservation tend
to work better than programs that insist on making specific tradeoffs, and that transparency and political and
institutional cooperation are essential ingredients to making any policy, program, or investment work better.

) Limiting Urban Sprawl

Urban planners have been warning about the consequences of urban sprawl since the 1950s (Whyte, 1958).
Depending on the time and place, their concerns have included losing productive farmland, promoting
excessive car use and auto-dependency, rising public service costs, a lack of community and growing sense of
placelessness, and, more recently, adverse health outcomes and social isolation. Sprawl| can be measured in
many ways (Galster et al., 2001; Hamidi et al., 2015), but in its simplest form, it is about converting peri-urban
land to houses, shopping centers, and office parks at ever-declining densities, meaning that each additional
urban resident consumes proportionately more land.

For the U.S. as a whole, concerns about increasing sprawl and declining densities are probably overblown.
According to Census Bureau estimates, between 1990 and 2020, the population density of U.S. urban areas
rose from 2,200 to 2,500 persons per square mile. This compares to a decline from 3,100 to 2,200 people per
square mile during the thirty years between 1960 and 1990. When considered nationally, government efforts
to limit sprawl--including designating greenbelts and urban growth boundaries to contain it, coordinating
municipal annexations to curb leapfrog development, promoting transfer-of-development rights and
preferential funding programs to substitute infill for peripheral development, establishing public and private
land conservancies to protect valued resource land and open space, and promoting compact development
schemes like cluster development--have mostly underperformed. Still, some states and municipalities have
done better than others (Ingram et al,, 2009; Landis, 2021).

Sprawl Containment Leaders and Laggards: To distinguish state anti-sprawl leaders from laggards, | divided

each state’s growth in urban land cover among its growing urban counties® by its corresponding population
growth. The results indicate how much land in each state is newly converted to urban use per new urban
resident. These calculations rely on land cover tabulations produced by the U.S. Geological Survey from

satellite imagery, organized into 30-meter-by-30-meter grid cells. Cells are identified as urban based on their

8 To be classified as urban, a county had to be part of an existing metropolitan area, of which there are currently 387, according to the U.S. Census Bureau.
To be classified as growing, it had to have added at least 20,000 residents between 2000 and 2024
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proportions of urban land uses, and are further classified into three “intensity” categories, including: (i) high-
intensity cells, in which impervious surface land uses such as apartments, commercial buildings, and parking
lots account for 8o to 100 percent of total land cover; (ii) medium-intensity cells, in which impervious surface
land uses such as single-family housing combine with vegetation and account for 50-79 percent of the total
cover; and (iii) low-intensity grid cells in which impervious surfaces account for less than half of total land cover.?
Urban neighborhoods have higher proportions of high-intensity grid-cells, while suburban neighborhoods are
typically composed of medium- and low-intensity grid cells. Counts of grid cell changes are then converted to
acreage totals, summarized by county and state, and divided by the corresponding change in county and state
population.

TABLE 2: SPRAWL ANALYSIS: INCREMENTAL URBAN LAND CONVERSION: STATE LEADERS & LAGGARDS AND MODELS

A. Additional Urban Acreage per Additional Resident, B. Regression Analysis comparing State-level Factors
2000-2024' Associated with ADDITIONAL URBAN ACRES
Rhode Island 0.07 per Resident, 2000-2024
Massachusetts 0.11 Independent Variables Std. Coef.  p-value
Maryland o (listed by importance)
10 States with the New Jersey o Initial (Year 2000) Population -0.67 0.00
LOWEST RATES of i 2
. e Virginia 013 Density (per/acre)
per capita urban lan
. California 015 # of Local Governments per capita, 035 0.00
conversion between 20243
Connecticut 0.16
2000 and 2024 ) Percent population change, 2000-  -0.23 0.01
Washington 0.16
20242
Nevada 0.16 ) ]
Wharton Residential Land Use Reg.  0.19 0.4
New York 0.16
Index4
Idaho 031 .
Urban Insterstate Miles per 100K 0.15 0.11
Alabama 032
Pop., 20005
) Maine 032 Median Household Income, 20002 -0.15 0.23
10 States with the Wisconsin 035
HIGHEST RATES of New Mexi . Constant 064 000
i ew Mexico 03 g
per capita urban land r-squared 0.74
conversion between South Dakota 037 State observations 47
2000 and 2024 Mississippi 038 Mean Value of the Dependent 0.25
Montana 0.44 Variable
Wyoming 0.57 C. Revealing Exemplars
North Dakota 0.71 Low-sprawl leader: Maryland

High-sprawl leader: Wisconsin

More sprawl than predicted: California

Less sprawl than predicted: Oregon

Data Sources & Notes

1 Estimated from county-level Multi-Resolution Land Chara

teristics Consortium data at https.//www.mrlc.gov/eva
As compiled from Census data, accessed via https.//data.census.gov/advanced
Governing Magazine. https:.//www.governing.com/archive/number-of-governments-by-state.html

N

Gyourko, Saiz & Summers. 2008. https.//journals.sagepub.com/doi/abs/10.1177/0042098007087341
US DOT Federal Highway Administration. https.//www.fhwa.dot.gov/policyinformation/statistics/2023/hm81.cfm

(O N)

9 Acreage totals by land cover type are available at https://www.mrlc.gov/eva/ for every U.S. county except those in Alaska and Vermont.


https://www.mrlc.gov/eva/

= el
7 PennIUR Special Report | Moving the Needle? Understanding the Uneven Performance of State and Local Land, Transportation, Energy, and Water 22N

Conservation Efforts in the U.S. Since 2000

As shown in left-hand panel of Table 2, the states in which each new urban resident occupied the least
additional land (i.e,, in which population growth occurred at the highest incremental densities) between 2000
and 2024 are Rhode Island (0.07 additional acres per additional resident), Massachusetts (0.11), Maryland (0.11),
New Jersey (0.11), Virginia (0.13), California (0.15), Connecticut (0.16), Washington (0.16), Nevada (0.16), and
New York (0.16). The states in which each new urban resident occupied the most additional land (i.e., in which
population growth occurred at the lowest incremental densities) are North Dakota (0.71 additional acres per
additional resident), Wyoming (0.57), Montana (0.44), Mississippi (0.38), South Dakota (0.37), New Mexico
(0.36), and Wisconsin (0.35). To put these different values into perspective, if rather than requiring .25 acres
per additional resident, which is the sample-wide average, states had instead needed .20 acres, more than 2.8
million acres of farmland and open space would have been spared from suburban bulldozers without any fewer
housing units being built. When compared at the county level, these ratios vary less within states than between
them, suggesting that differences in urban land conversion and sprawl mainly reflect state-level differences in
urban settlement patterns and growth policies.

Among the state-level factors positively correlated with lower per capita urban conversion rates between 2000
and 2024 — meaning they are associated with less land being needed to accommodate each new resident—

are higher initial population densities and incomes, more stringent residential land-use regulations, and the
overall magnitude of population growth. Among the factors contributing to higher per capita urban conversion
rates between 2000 and 2024 are the presence of additional local governments (on a per capita basis) and

the greater popularity of single-family homes. When these factors are combined in a single regression model,
as shown in the upper-right-hand panel of Table 2, the most important characteristics are initial population
density, the number of local governments per capita, and the state population growth rate. When these factors
are statistically controlled for, single-family home prevalence, initial income levels, and regulatory stringency
become less important. Altogether, initial densities, the number of local governments per capita, and the rate of
state population growth between 2000 and 2024 explain 70 percent of the interstate variation in incremental
per capita land utilization rates from 2000 to 2024. When it comes to reducing the incremental incidence of
sprawl, faster rates of population growth and higher initial densities help, while the presence of more local

governments hurts.

Revealing Exemplars: Regression models like the one presented in Table 2 are useful for identifying associations

but are less good at discerning causal relationships. For that, it is necessary to examine individual cases. | do
so for four states: Maryland, a national leader in the fight against sprawl; Wisconsin, a notable sprawl laggard;
California, which has sprawled more than predicted; and Oregon, which has sprawled less than predicted.
What do the performances of these four states tell us about how state and local governments can better
control sprawl?

Maryland first. Maryland’s success in limiting urban sprawl—between 2000 and 2024, each new Maryland
resident consumed just 0.1 acres of previously undeveloped land compared to the national average of 0.25
acres—has three sources. First, Maryland’s growth and population characteristics closely match those the
statistical model in Table 2 identified as being associated with reduced sprawl. Its population density and
median household income are much higher than the national average; it has fewer local governments per capita
than the national average; its residential land-use regulations are stricter than the national average; and it has
many fewer miles of freeway per capita. Second, more than half of Maryland’s population growth since 2000
has occurred in just four of its twenty-four counties (Baltimore, Howard, Montgomery, and Prince George’s),
each of which has long had anti-sprawl growth management programs in place. Lastly, Maryland has a long
history of successful leadership in growth management (Knaap & Frece, 2006; Shen & Zhang, 2007). The
1992 Maryland State Planning Act required every local government in the state to incorporate anti-sprawl and
resource-conservation goals into its community comprehensive plan. This was followed in 1997 by an even
more ambitious statewide smart growth initiative, spearheaded by then-Governor Parris Glendening, which
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directed state infrastructure funds to cities whose plans and development policies expressly favored infill
over greenfield development, as well as provided funding for local governments and land trusts to preserve
farmlands, forests, and critical resource areas.

In matters related to land consumption and sprawl, Wisconsin is Maryland’s mirror image. Its population density
is lower than average, its residential land-use regulations are less restrictive than average, and, per capita, it has
many more local governments — all factors associated with more, not less, sprawl. Statewide, 30% of Wisconsin
property owners get their drinking water from wells rather than public water systems. This compares with

15% nationwide. Given the strong association between reliance on private wells and larger lot sizes, this, too,
helps explain Wisconsin communities' tendency to sprawl (Fulton et al., 2001). Finally, with most Wisconsin
municipalities adding just a few dozen new homes each year, questions of sprawl versus compact growth rarely
emerge as a citizen concern.

When it comes to containing sprawl, California is a study in contrasts. On the one hand, compared to other
fast-growing states like Texas, Florida, and Arizona, California's residential density of 6.7 persons per acre is
among the nation’s highest, while its .15 acres-per-person rate of urban land conversion is among the lowest.
On the other hand, given its much higher-than-average densities and income levels, strict land-use regulations,
and a lower-than-average number of local governments per capita, the model indicates that California should

be growing at an even more efficient rate of 0.08 acres per person.

California’s problem is that its planning process over the years has tilted too far toward accommodating
neighborhood-level opposition to development, especially among its wealthier coastal communities.

This has limited opportunities for infill development, which typically occurs at higher densities, and resulted

in population growth being displaced to less-regulated inland communities, where it occurs at lower, single-
family densities (Landis et al,, 2006; Been, 2018). This same NIMBY dynamic is also responsible for California’s
coastal housing markets having become so unaffordable.

Oregon, in contrast to California, is less sprawling than expected, accommodating new population at an
average density of 5.3 persons per acre, rather than the model-predicted 3.7 persons per acre. Oregon’s
success in limiting sprawl is almost entirely due to the presence of an urban growth boundary surrounding
Multnomah, Clackamas, and Washington counties in metropolitan Portland.® Adopted in 1979 in response to a
1973 state planning law, Portland’s UGB limits subdivision expansion at the urban edge while encouraging infill
development in established neighborhoods (Abbott, 1997; Kim, 2013; Landis, 2021). Unlike similarly intended
greenbelts around London and Seoul, Portland’s UGB is designed to be extensible, meaning local planning
officials must gradually expand it outward as available internal sites are used up. Portland’s insistence on
expanding housing supply to keep pace with demand has helped keep housing prices in the Portland area in
check compared to other West Coast cities like Seattle and San Francisco.

Takeaways for Policy and Practice: Unless they were to radically upzone existing residential neighborhoods—

something akin to raising new building heights from an average of two to four stories—cities and states can do
little in the short term to increase their average densities. For better and worse, most Americans prefer living in
single-family neighborhoods. Nor are most U.S. metropolitan areas physically running out of the types of sites
needed to accommodate additional single-family homes. Instead of focusing on densities and average lot sizes
as indirect measures of excess land consumption, municipalities should prioritize protecting environmentally
sensitive and culturally important sites from development that could easily occur elsewhere. As this and

the next section suggest, communities have ample tools for doing this, including extensible urban growth
boundaries like Portland'’s; creating county-level institutions for coordinating new development locations, as
California has done with its Local Agency Formation Commissions; and encouraging the formation of local land

trusts to coordinate land acquisition efforts and negotiate land conservation easements. Although the evidence

10 Clackamas, Multnomah, and Washington are Oregon’s three largest counties by population. Together, they accounted for 31% of the state’s 2000 population,
but 37% of its 2000-to-2024 population growth
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varies geographically, state and local transportation planners should also be careful about where, how, and
especially when new highways are built. Building new highway capacity in advance of new suburbs may be less
expensive in terms of land acquisition and construction costs, but, as this work has shown, it also promotes
lower-density, leapfrog development. Lastly, as Portland and Maryland demonstrate on the positive side, and as
California’s indulgence of NIMBYism demonstrates on the negative side, implementing policies that incentivize

infill development has the concomitant benefit of reducing sprawl at the periphery.

I Public and Private Land Conservation Activity

Few countries rival the U.S. when it comes to celebrating and protecting private property. The Fifth
Amendment to the U.S. Constitution declares that private property may not be “taken by the government
without just compensation,” a phrase that not only limits the government’s ability to seize private property but
also restricts its ability to regulate its use. Given the exalted role of private property in U.S. history and law, it

is noteworthy that the U.S. also leads the world in the creation of land trusts—a mechanism by which private
landowners voluntarily set aside all or some of their ownership and use rights for the public's benefit. According
to the Land Trust Alliance, a national association of land conservancies, as of 2020, approximately 61 million
acres in the U.S. were held in some form of conservation trust or easement, meaning they were preserved for
the public and could not be privately developed.” This is more land than there is in the states of Rhode Island,
Delaware, New Hampshire, Connecticut, New Jersey, Vermont, Massachusetts, Hawaii, and Maryland combined;
more land than there is in all 60 U.S. national parks; and just seven million acres less than the land area of all U.S.
cities and metropolitan areas added together. According to the Land Trust Alliance and the Lincoln Institute of
Land Policy, more than 1,250 land trusts and conservancies currently operate in the U.S., far more than in any
other country.

Most land conservation activities fall into three categories. The first are activities that protect existing farmland,
forests, wetlands, and watersheds from potential urbanization. These efforts rely mostly on easements rather
than conveyances or purchases and typically involve a contract between private parties.”? A second category
includes efforts to preserve open space, viewsheds, or historic resources for public enjoyment. Depending on
the properties in question, these activities typically involve a mix of easements and land purchases. A third
category of conservation activity involves protecting plant and animal species from the impacts of current or
future human activity, including urbanization, resource extraction, or industrial and infrastructure development.
Because they typically involve large parcels far from urban centers, these activities rely on a wide variety of
acquisition and preservation methods.

Land Trust Leaders and Laggards: Perhaps the simplest way to evaluate the effectiveness of local land
conservation efforts is to compare the amount of protected versus privately owned acreage. Estimates of
privately owned acreage can be calculated by subtracting federal and state-owned acreage from the total
land area. According to data compiled by the World Population Review and the Natural Resources Council

of Maine, as of 2025, excluding Alaska, the share of land in private ownership ranges from 19% in Nevada to
99% in Kansas.> When compared to the Land Trust Alliance’s 2020 survey of protected lands, the states with
the largest shares of private land protected by trust or easement, as shown in the left-hand panel of Table 3,
are Nevada (35%), Maine (32.5%), New Hampshire (273%), and Vermont (26.3%). The states with the lowest
proportions of protected land in 2020 are North Dakota (0.1%), South Dakota (0.3%), Oklahoma (0.4%), Kansas
(0.4%), and Nebraska (0.4%).

11 Land Trust Alliance December 29021 press release.
https://landtrustalliance.org/newsroom/press-releases/61-million-acres-voluntarily-conserved-in-america-2020-national-land-trust-census-report-reveals

12 Land Trust Alliance Gaining Ground website: https://landtrustalliance.org/land-trusts/gaining-ground/united-states

13 World Population Review. Public Lands by State. https://worldpopulationreview.com/state-rankings/public-land-by-state



https://landtrustalliance.org/newsroom/press-releases/61-million-acres-voluntarily-conserved-in-america-2020-national-land-trust-census-report-reveals
https://landtrustalliance.org/land-trusts/gaining-ground/united-states
https://worldpopulationreview.com/state-rankings/public-land-by-state

2 an]
10 Penn IUR Special Report | Moving the Needle? Understanding the Uneven Performance of State and Local Land, Transportation, Energy, and Water 22N
Conservation Efforts in the U.S. Since 2000

Excluding regional location, the factors most strongly associated with state land conservation shares in 2020
were median household income, state urbanization rate, urban density, and Nature Conservancy activity.

When these factors are combined in a single regression model, the single most important one, based on its
standardized coefficient, is the share of non-urban land in private ownership, indicating that land conservation
efforts occur more frequently in states with more rural land. Also important is the rate of urbanization,
suggesting that as states become more urbanized, they place a greater emphasis on preserving their remaining
natural lands. Controlling for the amount of rural land and the state's urbanization rate, the share of privately
owned land in a state is negatively associated with land preservation activity, suggesting that, absent an
organized preservation effort, the goodwill of private landowners alone will be insufficient to promote land
conservation. This last finding is reinforced by the positive association between the (per capita) number of land
conservancies operating in a state and the level of land conservation activity. Finally, whereas higher incomes
are associated with greater land conservation activity, the presence of additional local governments (measured
per capita) is associated with less activity. Altogether, the six independent variables in the regression model
shown in the upper-right-hand panel of Table 3 explain two-thirds of the variation in land conservation activity
among states as of 2020.

Revealing Exemplars: When it comes to preserving land, acreage matters more than percentages. Excluding
the efforts of national organizations like the Nature Conservancy and The Conservation Fund, most land
conservation activity in the U.S. is undertaken at the county and municipal levels. Among the counties that
are national conservation leaders are the two | focus on here: Lancaster County, Pennsylvania, and Sonoma

County, California.

Located 60 miles west of Philadelphia amidst some of the country’s most fertile soils, Lancaster County is
home to more than 5,000 active farms—the majority owned by Amish or Mennonite families—producing a
diversity of agricultural products with a combined market value of more than $1.5 billion annually. Recognizing
the cumulative effects of population growth on Lancaster farm economy, in 1980, the Lancaster County Board
of Commissioners appointed a nine-member county Agricultural Preservation Board to develop and implement
a countywide farmland preservation ordinance. Although well-intentioned, the Board'’s efforts were met with
indifference from local farmers, many of whom were reluctant to participate in a government-sponsored
program, especially one that might restrict their ability to sell or subdivide their properties. In place of the
County’s proposed regulatory approach, a group of local officials proposed creating a voluntary organization to
work in tandem with the Preservation Board and the county’s Amish and Mennonite farmers. Calling itself The
Friends of Agricultural Land Preservation, the new organization was officially established in November 1985,
Three years later, it changed its name to the Lancaster Farmland Trust.
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TABLE 3: LAND CONSERVATION AND PROTECTION: STATE LEADERS & LAGGARDS AND MODELS

juna]
R

A. Share of Private Acreage in Protected Status' B. Regression Analysis comparing State-level Factors
Associated with Shares of Private Land in PROTECTED
Nevada 35:0% STATUS, 2020
Mai 2.5% .
ane 325% Independent Variables Std. Coef. p-value
10 States with New Hampshire 273% (listed by importance)
the HIGHEST Vermont 26.3% Private & Non-urban Land as 1.49 0.00
SHARES of California 12.0% % of State Land Area?
Private Land New Jersey 11.5% State Urbanization Rate, 1.04 0.00
in Protected New York 10.4% 20103
Status, 2020 Rhode Island 10.1% Private Land as % of State -0.75 0.00
Massachusetts 10.0% Land Area®
Maryland 9.9% Number of Accr. Land Trusts 0.51 0.00
per Million Population4
50 State Total 43% )
Median Household Income, 036 0.01
Arkansas 1.1% 20235
Missouri 0.9% Number of Local -0.18 0.09
16 States with lowa 0.8% Governments per capita®
the LOWEST Illinois 0.7% Constant -0.60 0.00
SHARES of Indiana 0.7% r-squared 0.66
Private Land Nebraska 0.4% State observations 50
in Protected Kansas 0.4% Mean Value of the Dependent Variable 6.8%
Status, 2020 Oklahoma 0.4% C. Revealing Exemplars
South Dakota 03% Lancaster County, Pennsylvania
North Dakota 0.1% Sonoma County, California
Data Sources & Notes
1 Estimated by the author from Land Trust Alliance website. https://landtrustalliance.org/land-trusts/gaining-ground/united-states

Estimated by au

or from Maine Natural Resource Council. https;,

N

www.nrcm.org/documents/publiclandownership.pdf

Visual Capitalist, Map

ping Urbanization by State. https://www.visualcapitalist.com/sp/mapping-us-urbanization-by-state/#

Estimated by the author from Land Trust Alliance. https.//www.landtrustaccreditation.org/storage/downloads/Accreditedl andTrusts.pdf

[C N

As com,

iled from Census data, accessed via https://data.census.gov/advanced

(&)

Estimated by the author from Governing Magazine. https.//www.governing.com/archive/number-of-governments-by-state.html

Together, the Lancaster County Preservation Board and Lancaster Farmland Trust have made securing
conservation easements the centerpiece of their farmland preservation efforts: the Board by purchasing

conservation easements, and the Trust by encouraging farmers to donate or sell their development rights at

below-market prices. (Daniels & Payne-Riley, 2017). Drawing on a mix of state and federal funding sources,

since 1989, Lancaster County has spent $200 million preserving 85,000 acres of farmland across more than
1,000 family farms (Daniels, 2019; Lancaster County, 2024). The County’s easement-focused efforts have
been augmented by the adoption of local zoning codes that restrict landowners in designated agricultural

zones from developing their parcels at residential densities exceeding one unit per 20 acres. This zoning-based

approach was later supplemented by the adoption of local urban growth boundaries, which limit urban land

uses (regardless of density) to areas within designated boundary lines. Since the county’s first urban growth

boundary was adopted by the City of Lancaster in 1993, another 12 municipalities have adopted urban growth

boundaries of their own, and today, roughly a sixth of the County’s land area falls within a local urban

growth boundary.
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Compared to Lancaster County, Sonoma County in California is larger (1,770 vs. 945 square miles), has a smaller
population (488,300 vs. 553,000 residents as of 2020), and has half the average population density (276 vs.
586 persons per square mile). It is also growing much faster. Sonoma'’s soils are not as rich or agriculturally
productive as Lancaster’s; however, its combination of soil types and a Mediterranean climate makes Sonoma,
together with neighboring Napa County, especially good for growing wine grapes. Although grapes account for

only 15 percent of planted acreage in Sonoma County, their share of total crop value exceeds 70 percent.

Sonoma County’s approach to protecting farmland is institutionally similar to Lancaster’s, with county
government taking the lead. In Sonoma'’s case, the agency responsible for protecting farmland is the Sonoma
County Agricultural Preservation and Open Space District (aka The District), established in 1990 following the
passage of two citizen-sponsored ballot measures (Handel & Sokolow, 1995). To fund the District’s operating
costs, those same ballot measures increased the county sales tax rate by a quarter-cent. Like Lancaster,
Sonoma relies heavily on conservation easements to achieve its land preservation goals. Also, like Lancaster,
the District prefers not to partner with other land preservation organizations, most frequently the Sonoma
Land Trust. Now considered a senior citizen among land trusts, the Sonoma Land Trust was established in the
mid-1970s as a grassroots effort by local landowners concerned about the loss of farmland and biodiversity to
suburban sprawl.

The District secured its first property in 1992 when it entered into an easement agreement to preserve a 223-
acre property between Cotati and Petaluma, two fast-growing suburban communities. Successive conservation
easement agreements quickly followed, and with the 2001 signing of an agreement preserving the 19,000-
acre Cooley Ranch property straddling Sonoma and Mendocino Counties, the District met its 10-year target

to conserve 50,000 acres. Twelve years later, in 2013, the District recorded a conservation easement for

its 100,000th acre. In addition to easements, the District occasionally buys land in fee simple—primarily for
recreational uses—and sells land to other preservation organizations. As of 2025, the District’s total preserved
land holdings exceeded 120,000 acres.™ In addition to the Sonoma Land Trust, ten other local land trusts
operate in Sonoma and surrounding counties according to the Land Trust Alliance.

The District and the Land Trust also work closely with municipal planning and zoning authorities. As in all
California counties, municipal annexations of county land must be approved by the county Local Agency
Formation Commission, which endeavors to contain urban and suburban development within designated urban
areas. Nine of Sonoma County’s 43 local governments, including its largest cities, have adopted urban growth
boundaries that limit suburban expansion. In addition, nearly 60% of Sonoma County farmland is bound by
state-sanctioned Williamson Act contracts, which provide property tax relief to landowners who agree to keep

their properties in active agricultural use for at least ten years.

Takeaways for Policy and Practice: As the examples of Lancaster County, Pennsylvania, and Sonoma County,

Californiaillustrate, facilitating the creation and operation of private and non-profit land conservancies and
trusts should be a top priority for any community interested in protecting farmland or environmentally or
culturally important sites. Land trusts may not move the needle on sprawl per se, but they can be a cost-
effective means of preserving the types of lands and sites that prompt concerns about sprawl in the first place.
Land trust effectiveness is further magnified when its efforts are coordinated at the county or regional level.

. Land for City Parks

With 12 million visitors, America’s most-visited national park in 2024 was the Great Smoky Mountains National
Park, located in the mountains between Tennessee and North Carolina. As big as it is, the Great Smokies’

14 Sonoma County Agricultural and Open Space District website. https://www.sonomaopenspace.org/news-and-features/2025/01/celebrating-35-years
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visitor count pales in comparison to the 40-plus million who visited New York City’s Central Park in 2024 or
the 20-plus million who visited Chicago’s Millennium Park. These visitor statistics highlight that, when it comes
to recreational opportunities and experiencing nature, local parks play a much larger role in the lives of most
Americans than state or national parks do. Mostly, this is a matter of access. A 2010 study by the National
Institutes of Health estimated that two-fifths of American households live within a half-mile of a municipal
park (Ussery et al., 2016). This share varies widely among states, ranging from just 9% in West Virginia to 67%
in Hawaii. Metropolitan counties had a higher percentage of residents living within a half-mile of a park (43.3%)
compared to rural counties (18.5%) and non-metropolitan counties adjacent to a metropolitan county (15.0%).

City Leaders and Laggards: Understanding the role of local parks in American life is complicated by the lack

of a nationwide database of state and local parks. The two data sources that come closest in this regard are
the USGS's Protected Areas Database of the U.S. (PAD-US), an official inventory of all protected lands, which
includes local parks, and ParkServe, the Trust for Public Land’s comprehensive mapping platform of local parks
in nearly 14,000 U.S. cities and towns. ParkServe data serves as the basis for ParkScore, TPL's annual ranking
of park quantity and quality in the nation’s 100 largest municipalities.’> To determine a city’s overall ParkScore
rating, TPL assigns scores in 15 categories organized into five groups, including acreage, access, amenities,
investment, and equity. Overall, TPUs top-scoring city in 2025 was Washington, D.C., which earned 85.5 points
(out of 100) for its near-perfect ratings on access and investment. TPL's bottom-scoring city in 2025 was Irving,
Texas, whose point score of 32.3 was reflected in its poor performance in the acreage, amenities, investment,
and equity categories.

Our interest here is in TPL's acreage group ratings. To calculate them, TPL assigns point scores in two
categories: median park size and park land as a share of city land area. The two scores do not necessarily track
together. Washington, D.C., for example, the top-rated city overall in 2025, earned 100 points (out of 100) for

parkland as a share of city land area, but only 9 points (also out of 100) for average park size.®

Looking at just the acreage group scores, the ten top-scoring cities in 2025 were Scottsdale, Arizona (with

an acreage group score of 100); Chesapeake City, Virginia (82.5); North Las Vegas, Nevada (82); Frisco, Texas
TX (82); Fremont, California, (81.5); Nashville, Tennessee (79.5); Irvine, California, CA (77); Anaheim, California
(76.5); and Plano TX (74.5). The bottom ten cities based on their 2025 acreage group scores were Newark, New
Jersey (12); Mesa, Arizona (13); Laredo, Texas TX (19); Detroit, Michigan (19); Norfolk, Virginia (22); Buffalo, New
York (22); Miami, Florida; (22.5); Irving, Texas (23); Baltimore, Maryland (24); and Long Beach, California (24.5).

As shown in the upper right-hand panel of Table 4, among the city-level factors most strongly associated
with TPLs 2025 acreage group scores were home prices (based on Zillow's average home prices in 2023) and
homeownership rates. Cities with more expensive housing performed better in terms of their TPLs acreage
scores, as did cities with higher homeownership rates.

Given that proximity to a park is known to be a significant contributor to higher home values (Crompton &
Nicholls, 2021), neither result is surprising. Despite being home to ratings leaders like Scottsdale and Fremont,
cities in Arizona and California, on average, posted lower overall scores than cities elsewhere. Holding home
prices and homeownership rates constant and controlling for whether they were located in California or
Arizona, older and denser cities scored lower than newer and more sprawling ones. Among the city-level factors
not appearing in the regression models and therefore not associated with their TPL acreage ratings were
income levels, effective property tax rates”, or bond ratings. Altogether, the five independent variables in the
model explain 45% of the variation in TPL acreage scores. This is a middling result for a model with a synthetic
index as the dependent variable, suggesting a deeper dive into what underlies individual city scores is necessary.

15 TPL bases its list of top 100 cities solely on population size. It thus excludes long-established but smaller cities like Providence and Charleston in favor of
newer, fast-growing suburban cities like Irving, Texas, and Mesa, Arizona. In addition, several large cities, including New York City, Los Angeles, Chicago, and
Philadelphia, did not submit data to TPL and are not included in their ParkScore rankings.

16 Among the cities for which score data is available to the public, the correlation coefficient between TPL's 2025 acreage share score (share of city acreage in
parks) and its 2025 park size score is -0.26, meaning that when one score is higher, the other tends to be lower, and vice versa.

17 Effective property tax rates are calculated by dividing estimates of the value of privately-owned property in a municipality by its property tax revenues
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TABLE 4: URBAN PARK ACREAGE: CITY LEADERS & LAGGARDS AND MODELS

A. Trust for Public Land ParkScore Acreage B. Regression Analysis comparing City-level Factors
Score (0-100) with 2025 TPL ParkScore
Scottsdale AZ 100 ACREAGE SCORE
Chesapeake City VA 83 Independent Variables Std. Coef.  p-value
North Las Vegas NV 82 (Listed by importance)
16 Cities with the Frisco TX 8o Zillow Average Home Price, 0.60 0.00
HIGHEST 2025 Trust Fremont CA 82 2023
for Public Land Park Nashville TN 80 Homeownership Rate, 20233 039 0.00
Acreage Scores Irvine CA 77 Arizona State Fixed-effect -033 0.00
o/
Anaheim CA 77 ©/n
California State Fixed-effect -0.25 0.03
Plano TX 75
_ (o/)
Arlington TX 71
Population Density, 20233 -0.23 0.08
Long Beach CA 25
) Constant 3.23 0.80
Baltimore MD 24
r-squared 0.45
Irving TX 23
Miami L City observations 85
iti i iami 23
10 Cities with the Mean Value of the Dependent 485
LOWEST 2025 Trust Buffalo NY 22 )
Variable
for Public Land Park Norfolk VA 22 -
C. Revealing Exemplars
Acreage Scores Detroit Ml 19
Scottsdale, Arizona
Laredo TX 19 ) )
Fremont, California
Mesa AZ 13 .
Frisco, Texas
Newark NJ 12

Data Sources & Notes

1d 2025 Parkscore Report: https.//www.tpl.org/parks-the-great-unifiers-report

Es
A orts: https.//www.zillow.com/home-values

essed via https.//data.census.gov/advanced
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Revealing Exemplars: Scottsdale, Arizona, ranks first in TPUs acreage rankings; Frisco, Texas, ranks fourth; and

Fremont, California, ranks fifth. What is it about Scottsdale’s, Frisco’s, and Fremont’s park planning practices
that has enabled them to earn consistently higher TPL ratings than neighboring communities like Mesa (which
ranks 84th), Irving (78th), and Santa Clara (32nd)?' And what might they be able to teach other cities about
creating a top-flight park system?

To begin with, all three cities are relatively wealthy. At $176,350, $146,158, and $107,372, respectively, Fremont’s,
Frisco’s, and Scottsdale’s median household incomes in 2023 were $50,000, $30,000, and $22,000 higher than
those of their counties. Their median home values were also correspondingly higher. Demographically, the three
cities are more varied. In Frisco and Fremont, families with children comprised 38% and 36% of households,
respectively, in 2023, while in Scottsdale, they accounted for just 16%. According to the Census Bureau, 90% of
Scottsdale residents in 2023 were U.S.-born; in Frisco, the share was 73.5%; and in Fremont, it was 45%.

We begin in Scottsdale, with its perfect 100-point TPL acreage score. Located 25 miles east of downtown
Phoenix, Scottsdale was founded as a farming community in 1888 and incorporated in 1951. Scottsdale's
municipal park system initially grew from private land donations, beginning with the 1967 gift of McCormick
Ranch, which became the 30-acre McCormick-Stillman Railroad Park. This established a pattern of using private
land for public green space, enabling Scottsdale’s park system to grow alongside its population. By the end of

1 Compared to their regression-estimated scores, Scottsdale’s TPL acreage rating is 24 points higher, Frisco’s is 6 points higher, and Fremont’s is 5.6 points
lower.
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the 1960s, Scottsdale's population had increased sixfold to nearly 68,000 while its land area had increased
twelvefold to 62 square miles.

It was during this period that Scottsdale city leaders rejected federal plans to build a concrete-lined ditch to
handle seasonal floodwaters, opting instead to begin work on the Indian Bend Wash greenbelt, an innovative
project that transformed the wash into a series of parks, golf courses, and open spaces able to sequester
floodwaters during periods of heavy rain. In the 1980s, residents' concerns about Scottsdale’s continued
population growth prompted the emergence of a grassroots campaign to permanently protect the foothills
of the nearby McDowell Mountains and, in the 1990s, to set aside the mountains and adjoining land as a public
preserve.' In 1995, Scottsdale voters enacted a dedicated sales tax earmarked for permanent open space
preservation. Over the next 20 years, the city acquired 36,000 acres, an area equal in size to Bryce Canyon
National Park, for that purpose. Scottsdale’s park acquisition and improvement efforts are best appreciated
as part of its broader strategy to provide recreational and cultural amenities for current residents while also
making itself more attractive to future residents and businesses. These efforts also include Scottsdale’s
redevelopment of its Old Town neighborhood as a western-themed commercial district and its branding itself
as a golf and fitness destination.

Like Scottsdale, Fremont is bordered by hills. Located 25 miles south of Oakland at the southern end of
Alameda County, Fremont was formed in 1956 by consolidating five smaller unincorporated communities. From
its first day, the new city of Fremont was planned as a family-oriented community. This meant putting parks and
schools at the center of Fremont’s initial general (i.e., comprehensive) plan, which was completed in the early
1960s. In addition to identifying future neighborhood parks, the plan committed to building a new 450-acre
central park for the city around Lake Elizabeth, an 83-acre man-made freshwater lake designed for seasonal
flood control, stormwater storage, and recreation.

Like many suburban California communities in the 1960s and 1970s, Fremont was planned for population
growth. To ensure that growth did not consume the west-facing hillside areas of neighboring Mission

Peak, Fremont officials worked with East Bay Regional Parks District to set aside more than 2,000 acres as
permanent open space for hiking and recreation. When coupled with the Vargas Plateau Regional Park to

its north, Mission Peak Regional Preserve forms a 20-mile greenbelt along Fremont’s eastern boundary. To
the city’s west, marshlands are permanently protected by strict anti-landfill regulations administered by the
San Francisco Bay Conservation and Development Commission. Historically, Fremont’s parkland acquisition
and improvement projects were funded by state grants and by issuing general obligation bonds. These
sources were supplemented beginning in the 1980s by development impact fees assessed on new residential

development and funds from voter-approved bond sales.?

Unlike Scottsdale and Fremont, which are bordered by mountains, Frisco’s topography consists of gently rolling
hills. Located 25 miles due north of downtown Dallas in fast-growing Collin County, Frisco was established

in 1902 along a railroad line as the town of Emerson. Six years later, it was incorporated as the City of Frisco.
Frisco remained a largely rural community throughout the 2oth century, its population not rising above 50,000
until 2001; today, it stands at 240,000. As in neighboring cities, most of Frisco’s residential growth since 2000
has taken the form of developer-designed master-planned communities, many of which incorporate their own
parks and recreational facilities.

Frisco’s park planning efforts can be separated into three periods: the 1970s and 1980s, when new parks
were developed incrementally in conjunction with schools; the 1990s and 2000s, when Frisco’s burgeoning
population prompted city officials to begin taking a more comprehensive and integrated approach to park
planning; and more recently, as Frisco’s leaders have tried to get ahead of the city’s population growth rather
than simply responding to it

1 City of Scottsdale. “Scottsdale History.” https://www.scottsdaleaz.gov/about/scottsdale-histor
2 Asrequired by Proposition 13, all property tax-funded general obligation bond issuances in California must be approved by a two-thirds vote.
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Frisco’s fourth-place position on TPLs park acreage rankings is due in no small measure to its 2024
announcement that, after 12 years of remediation and planning fits and starts, it had finalized the design for
Grand Park to be built on the former site of the Exide Battery Recycling plant. At more than 1,000 acres in size
and scheduled for completion in the early 2030s—the first phase is currently under construction—Grand Park
will be bigger than Central Park in New York City. Following the public-private partnership model pioneered by
Bryant Park in New York City in the 1980s, Grand Park will be partially paid for by revenues from restaurant and
retail projects integrated into its design.

Takeaways for Policy and Practice: When it comes to municipal parks, quantity, as measured in acres, is a poor

stand-in for quality, access, or usage. Nonetheless, for municipalities interested in expanding their park acreage,
communities such as Scottsdale, Fremont, and Frisco offer valuable lessons. The first is that even in fiscally
conservative communities, voters are often willing to tax themselves to purchase additional parkland and open
space, provided it is accessible to the public. The second is that communities should be both strategic and
opportunistic in their efforts to acquire additional parklands, taking advantage of private donations, public-
private ventures, cooperation with other municipalities and regional entities, and opportunities to redevelop
former industrial and commercial sites. Lastly, cities need to think about how individual parks connect to one
another and how they function as a system.

V. Where Are Americans Driving More and Where Are They
Driving Less, and Why?

Americans drive a lot. According to the American Automobile Association, U.S. drivers spent an average of

one hour per day behind the wheel in 2022 With the densities of U.S. metropolitan areas so low and high-
frequency transit service in most U.S. metros limited to a few downtown-oriented corridors, driving in America
is a necessity. According to the Census Bureau, 77.3% of daily commuters in 2022 arrived at work by car or
truck,’® taking an average of 27.2 minutes to get from home to their workplace. To combine the frequency

of driving with driving distance, transportation planners use a measure known as vehicle-miles-of-travel, or
VMT. VMT can be calculated on an annual or daily basis and in total or per capita. Nationally, according to the
Federal Highway Administration, per capita annual VMT in 2023 (the most recent year for which national data

is available) stood at 9,745 miles. In terms of trends, annual per capita VMT grew steadily from 1950 to 2000,
but since 2004 it has mostly declined. Because so many Americans rely on their cars for daily travel, per capita
VMT is closely correlated with both congestion and greenhouse gas emissions. When compared nationally since
1970, using annual data compiled by the Federal Reserve Bank of St. Louis, the correlation coefficient between
per capita VMT and transportation sector CO2 emissions is 0.98.2° By this logic, and assuming no significant
change in vehicle fuel sources, a 10% drop in per capita VMT nationally would be accompanied by an equivalent
percentage decline in U.S. transportation-sector CO2 emissions. When compared across U.S. metropolitan
areas, the correlation between changes in per capita VMT and growth in congestion-related driver delays is also
positive, though much weaker.?'

18 American Automobile Association Foundation for Traffic Safety. American Driving Survey, 2022.
https://aaafoundation.org/wp-content/uploads/2023/09/202309_2022-AAAFTS-American-Driving-Survey-Brief v3.pdf

19 Due to many more people working at home during the Covid-19 pandemic, this was down from 81.6% in 2019.

20 Federal Reserve Bank of St. Louis. https://fredblog.stlouisfed.org/2024/01

21 The correlation coefficient comparing 2000-to-2024 metro area percentage changes in per capita daily VMT and per auto driver hours of congestion-
related delay is 0.15
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TABLE 5: CHANGE IN PER CAPITA DAILY VEHICLE MILES OF TRAVEL: METRO AREA LEADERS & LAGGARDS & MODELS

A. Percent Change in Average Daily Vehicle Miles B. Regression Analysis comparing PERCENT CHANGE in AVERAGE
of Travel per capita, 2000-2024" DAILY VMT per capita with Other Metro-level Characteristics
Anchorage AK -25% Independent Variable (listed by importance)  Std. Coef.  p-value
McAllen TX -24% Per capita Daily VMT, 2000 -0.48 0.00
10 Metro Areas in San Jose CA -20% %Change in Road Miles per capita, 2000- 0.40 0.00
which per capita ~ Fresno CA -19% 2024’
Average Daily Seattle WA “16% Road Miles per capita, 2000’ 0.43 0.00
VMT per capita Wichita KS -13% %change in Poplation Density, 2000-2024 039 0.00
DECLINED MOST  Boise ID S12% 1if Commuter Rail system length > 100 0.7 0.04
between 2000 Oklahoma City 0% miles; o otherwise3
and 2024 OK %Change in Population, 2000-20242 -0.14 0.00
Tucson AZ -8% Constant 16.37 0.04
Honolulu HI 7% r-squared 0.50
Philadelphia PA 30% Metro area observations 97
Buffalo NY 31% Mean Value of the 1%
10 Metro Areas in Phoenix-Mesa AZ 33% Dependent Variable
which per capita Nashville TN 34% C. Revealing Exemplars
Average Daily Milwaukee Wi 35% Metro Miami (Miami-Dade, Broward, & Palm Beach Counties)
VMT per capita New Orleans LA 37% Tampa Bay Area (Hillsborough, Pasco & Pinellas Counties)
:\,:IISSEAb:fvljeen Memphis TN 46% Metropolitan Orlando (Lake, Orange, Osceola & Seminole Counties)
2000 and 2024 Little Rock AR 51% Metropolitan Jacksonville (Duval, St. Johns, Nassau, and Clay
Greensboro NC 51% Counties)
Raleigh NC 75%

Data Sources & Notes

1 Compiled from Texas A&M Transportation Institute 2025 Urban Mobility Report. https.//mobility.tamu.edu/umr,

ed from Census data, accessed via https.//data.census.gov/advanced

rican Public Transit Association Transit Statistics.

3. Retrieved from Am
https.//www.apta.com/research-technical-resources/transit-statistics,

Per Capita Daily VMT Leaders and Laggards: VMT-based measures vary far more across places than they do
over time. When compared among the 101 U.S. metropolitan areas listed in Texas A&M’s Urban Mobility Report
series, per capita VMT in 2024 ranged from 11.4 miles per day in Anchorage to 37.2 miles per day in Little Rock.

In addition to Anchorage, other metro areas where per capita VMT in 2024 was less than 15 miles per day
included Laredo (11.6), Honolulu (11.7), New York City-Newark (123), Brownsville (12.4), Oxnard (12.9), Fresno
(13.1), Lancaster-Palmdale (13.9), Bakersfield (14.0), McAllen (14.2), Las Vegas (14.6), and Boulder (14.8).22 In
addition to Little Rock, the list of major metro areas in which 2024 per capita VMT exceeded 25 miles per day
included Jackson (33.2), Nashville (32.1), Greensboro (31.8), Birmingham (29.5), Beaumont (28.8), Knoxville
(27.4), Kansas City (25.6), Baton Rouge (25.5), St. Louis (25.4), and Worcester (25.3). Per capita daily VMT levels
in 2024 were higher in large metro areas than in medium-sized and smaller ones, although the differences were
not statistically significant.23 Among the four states with five or more metropolitan areas in the Texas A&M
sample, per capita daily VMT levels were consistently lower in California metro areas, but not in Texas, Florida,

or Ohio.?4

22 These estimates include vehicle miles of travel (VMT) on freeways and arterials, but not local roads. Per capita VMT estimates will therefore be lower in
metro areas like Anchorage, Laredo, or Fresno that have fewer freeways or where most travel is on local roads.

23 Texas A&M researchers classify metro areas into very large (populations over 3 million), large (populations between 1 and 3 million), medium-sized
(populations between 500,000 and 1 million), and small (populations less than 500,000). Compared with per capita daily VMT levels in small metro areas, a
regression analysis found that they were 0.27 miles lower in medium-sized cities, 1.22 miles higher in large metro areas, and 0.78 miles lower in very large
metro areas. Only the large metro area difference was statistically significant.

24 Compared to metro areas in other states, per capita daily VMT levels in 2024 were 1.8 miles lower among Texas metro areas, 2.0 miles lower among metro
areas in Florida, and 4.8 miles lower among California metro areas. Only the California difference was statistically significant.
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Of greater interest for policy and planning purposes than single-year per capita VMT estimates is where VMT is
rising, where it is falling, and why. The left-hand panel of Table 5 lists the top and bottom metro areas according
to their percentage change in daily per capita VMT between 2000 and 2024, based on estimates calculated
from Texas A&M'’s 2025 Urban Mobility Report. The five metro areas with the largest per capita declines in
daily VMT between 2000 and 2024 are Anchorage (-25%), McAllen (-24%), San Jose (-20%), Fresno (-19%), and
Seattle (-16%). Over the same period, the five metro areas with the largest per capita daily VMT increases are
Raleigh (+75%), Greensboro (+51%), Little Rock (+51%), Memphis (+46%), and New Orleans (+37 %). Other metro
areas where per capita daily VMT increased by more than 30% between 2000 and 2024 include Milwaukee
(+35%), Nashville (+34%), Phoenix (33%), Buffalo (+31%), and Philadelphia (+30%). Since these percentages are
calculated from per capita daily VMT estimates, they already account for population growth. Nationally, per
capita VMT declined by about 3 percent between 2000 and 2024.

To get a handle on the pattern of local VMT changes, | created a regression model that compared percentage
changes in metro-area per capita daily VMT between 2000 and 2024 with a series of transportation system
supply and demand variables.?s On the supply side, | included variables measuring the initial number of road
miles per capita (including both freeways and arterials), the percentage change in road miles per capita, and a
o/1 variable indicating whether a metro area had significant commuter rail service. Our initial hypothesis was
that additional supply would induce additional demand, meaning that an increase in the number of road miles
per capita would be associated with increases in per capita daily VMT. Because commuter rail service competes
with driving, especially for commute trips, | also expected per capita daily VMT growth to be less in metro
areas with extensive commuter rail service. On the demand side, | included a variable indicating the percentage
change in metro-area population from 2000 to 2024, and a second variable indicating the percentage change
in population density. To anchor our estimates, | also included a variable denoting per capita daily VMT in

2000. The regression results are presented in the upper right-hand panel of Table 5. To better indicate each
independent variable’s relative importance, its coefficient estimate is reported in standardized form. While

the model does only a fair job of explaining overall changes in driving activity, the standardized coefficient
estimates provide useful insights into why driving has increased in some metro areas and declined in others.
Consistent with national trends, metro areas that started the study period with more driving activity saw that
activity subsequently decline. Per capita VMT also rose more in metro areas with rising population densities. As
expected, the coefficients of the initial number of road miles per capita and the change in per capita road miles
are both positive. This is consistent with the argument that additional road supply induces additional demand.
In something of a surprise, the coefficient for commuter rail service, though not statistically significant, is also
positive. If nothing else, this suggests that adding or expanding commuter rail service alone is unlikely to reduce
driving activity. Finally, the coefficient for population change is negative. This is consistent with the observation
that population growth is accompanied by increased traffic congestion, which, in turn, has a negative feedback
effect on additional driving. Despite the regression model’s mediocre statistical performance, its overall
message is that public officials who believe they can “build their way” out of traffic congestion or substitute
adding rail service for additional highway capacity should think twice before pursuing particular highway or
transit projects.

Revealing Exemplars: While helpful for identifying trends, VMT-based measures are less useful for

understanding the myriad connections among local land-use patterns, economic conditions, highway and
transit investment decisions, travel behavior, and overall transportation system performance. Further
complicating matters, decisions about transportation funding priorities and investments are inherently political,
meaning they reflect who has political power in the moment as much as they do systemwide efficiency and
performance concerns. Still, given the tight connection between VMT and CO2 emissions, understanding how
transportation investment decisions shape VMT outcomes is essential. To better control for differences in state

25 Four places for which data were unavailable or that fall within larger metro areas (Beaumont, Indio-Cathedral City, Lancaster-Palmdale, and Poughkeepsie-
Newburgh) were excluded from the regression model, leaving 97 metro area observations.
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transportation policies, I limit our inquiry to a single state, Florida, and focus on its four largest metro areas:
Miami-Ft. Lauderdale-West Palm Beach, Tampa-St. Petersburg-Clearwater, Orlando-Kissimmee,

and Jacksonville. All four are growing rapidly, attracting new residents seeking a warm climate, low taxes,
modern infrastructure, less intrusive government, and, until recently, relatively affordable housing, at least

by national standards.

Officially, Florida’s state transportation policy does not favor one mode over another. Instead, it focuses

on overarching goals such as increasing access to jobs and services, promoting job creation and economic
development, improving system safety, and maintaining state and local facilities in good working order (Florida
Department of Transportation, 2020). Because the Florida economy is so reliant on tourism,?® unofficially,

its transportation investment policies prioritize driving, the mode favored by tourists and hospitality

industry workers.??

Miami first. Comprised of Miami-Dade, Broward, and Palm Beach Counties, Metro Miami’s population increased
by 23% between 2000 and 2024, while its daily VMT grew by 37% and its per capita daily VMT by 11%. When
measured on a per capita basis, Miami’'s roadway miles grew by just 14%, the second lowest rate of Florida’s
seven major metropolitan areas. Residential growth during this period was relatively decentralized, with just
40% of Metro Miami’s population increase occurring in Miami-Dade County, the region’s traditional center.
Because of its relatively small footprint, Metro Miami has the highest population density of any metropolitan
areain Florida. Alone among Florida’s urban regions, metro Miami also has a two-line metro system, Metrorail,
which connects downtown Miami with its northern and southern suburbs, as well as to Miami International
Airport. Downtown Miami is also the southern terminus for the Brightline, an intercity rail service that opened
in 2023, connecting Miami, Fort Lauderdale, and West Palm Beach with Orlando. Metro Miami’s combination of
distributed population and job growth, higher-than-average population density, and regular rail transit service
gives its residents more daily transportation options than in any other Florida metro area. Among Miami-area
commuters, 89% reported driving to work in 2024, 3% took public transportation, and 2.4% walked or biked.
While Miami’s non-automobile commute mode shares pale in comparison to New York City or San Francisco,
they are notably higher than in the Tampa, Orlando, or Jacksonville metro areas. As a result, a larger share of
metro Miami residents choose not to own a car, which helps explain the region’s lower per capita daily VMT
rates. Whereas the regression model shown in Table 5 predicted that Metro Miami’s per capita daily VMT would
rise by 4% between 2000 and 2024, it actually rose by 11%.

Tampa is a population growth machine, pure and simple. Of the three million residents who call the Tampa Bay
Area home,?® making it Florida’s second largest metropolitan area, nearly one-third have arrived since 2000.
Just 12% of the Tampa Bay Area’s population growth since 2000 occurred in Tampa proper, with the rest
distributed throughout Hillsborough, Pinellas, and Pasco Counties. To accommodate this amount of growth,
Tampa built an additional 60 miles of freeway between 2000 and 2024, expanding its freeway system by nearly
50%.2° As a result of all this construction activity, the number of roadway miles per thousand Tampa Bay Area
residents rose to 4.3 in 2024—10% higher than in 2000, but still on the low side compared to Florida’s other
major metro areas. At roughly 1,400 persons per square mile, Hillsborough County’s population density is
comparable to Miami-Dade County’s. However, unlike Miami-Dade, Hillsborough County’s population is evenly
distributed rather than being arranged in corridors. This makes it more expensive to provide high-quality transit
service. As a result, despite having a comparable population density, Hillsborough County has only a fifth of
Miami-Dade’s bus riders. The commute story is even more unbalanced, with driving accounting for 94% of

26 According to the Florida Department of Commerce, the travel & tourism sector accounted for 7.8% of Florida's Gross State Product in 2024, contributing
$133.6 billion to the state's economy.

27 According to the Florida Department of Transportation, 82% of state transportation spending in 2024 was earmarked for roads and bridges, versus 8% for
rail and public transit (https://www.fdot.gov/info/co/news/2023/06162023). At the county level, road spending exceeds public transportation spending by
roughly a 2-to-1 ratio (https://flicg.org/transportation-expenditures/).

28 The Tampa Bay Area encompasses Hillsborough, Pinellas, and Pasco Counties.

29 According to the Federal Highway Administration, the number of Interstate and other freeway miles in the Hillsborough, Pinellas, and Pasco counties
increased from 125 in 2000 to 186 in 2024 (https://www.fhwa.dot.gov/policyinformation/statistics/2023/hm72.cfm)



https://www.fdot.gov/info/co/news/2023/06162023
https://www.fhwa.dot.gov/policyinformation/statistics/2023/hm72.cfm
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commuting trips in 2024, versus slightly over 1% for public transit. The consequence of Tampa’s successes in
expanding its highway system, combined with its persistent difficulties offering competitive transit service, was
a 2024 per capita VMT of 18.5 miles per day, compared to metro Miami’'s 17.4 miles per day. As in Miami, the
regression model significantly underpredicted the 2000-to0-2024 rise in per capita daily VMT.

At first glance, Orlando appears to be in a good place, having reduced its per capita daily VMT by more than
2% since 2000. A closer inspection, however, reveals that it still has some ways to go. Known worldwide for

its destination theme parks (including four at Disney World alone), like most U.S. tourist destinations, Orlando
is extremely auto-oriented, ranking first among Florida's medium-sized and larger metro areas in terms of

per capita VMT. This is partly because Orlando is so spread out—at 840 people per square mile, its 2024
population density was 41% lower than Metro Miami’s, 38% lower than the Tampa Bay Area’s, and 24% lower
than Ft. Myers’s. Whether measured numerically or per capita, Orlando also has significant freeway capacity.
Among Florida’s major metropolitan areas, Orlando’s 197 miles of freeways in 2024 was second only to Metro
Miami’s, and its number of freeway miles per capita was second only to that of the Cape Coral-Ft. Myers area.
Nor are Orlando residents all that inconvenienced by traffic congestion. According to Texas A&M’s 2025 Urban
Mobility Report, Orlandoans experienced 26 hours of congestion-related travel delays per driver in 2024,
compared to the U.S. metro area average of 51 hours. Because used cars in Florida are plentiful and inexpensive,
and because driving in Orlando is both necessary and convenient, the Census Bureau reports that fewer than
2.9% of Orlando workers in 2024 lacked daily access to a car. This compares to 3.1% for the state of Florida as
a whole and 4.7% for the nation. It is not surprising, then, that Orlando commuters favor driving over public
transportation by a ratio of more than 70-to-1, resulting in public transit ridership among the lowest per capita

in the nation.

Jacksonwville is one of only a few places in the U.S. where city and county boundaries coincide. This gives
public officials in Jacksonville and Duval County the rare ability to coordinate transportation investments
with development patterns to reduce driving and trip lengths while providing travelers with additional

public transportation and non-motorized travel options. Sadly, Jacksonville has yet to take advantage of this
opportunity. With Jacksonville drivers averaging trips of 20-plus miles per day in 2024, Jacksonville’s per capita
VMT levels are on the high side compared to other Florida metro areas. The reasons are similar to Orlando’s:
its population density is fairly low; per capita, it has a lot of freeways; almost all of its workers have access to
a car; traffic congestion is a minor problem; and with fewer than 9% of daily commuters working downtown,
its bus system has a hard time attracting riders. Moreover, while the North Florida Transportation Planning
Organization—which serves Clay, Nassau, and St. Johns Counties in addition to Jacksonville/Duval County—
identifies encouraging smart growth and improving non-automobile-based mobility among its principal goals,
virtually all of the public transportation and non-motorized vehicle projects listed in its current 2050 Long-
Range Transportation Plan=°are still awaiting funding.

Key Takeaways for Policy and Practice: However admirable their motives, planners and public officials in urban

areas throughout the U.S. should recognize that their ability to affect individual and aggregate driving behavior,
whether in terms of trip frequency or length, is extremely limited. This includes redirecting development
activity to favor public transportation and non-motorized travel modes, as well as increasing transit service
frequency or convenience. As indicated by both the regression model and the Florida case studies, the
cumulative effects of past and present highway investment decisions are too deeply baked into America’s urban
landscapes and collective psyche for things to change in a big way. Still, with urban areas in the U.S. projected
to add another 54 million people over the next 25 years,> there will be plenty of opportunities for planners

to promote more transit- and walking-friendly development projects, even if they do not change aggregate

travel patterns all that much. At the same time, planners should resist the temptation to add new highway links

30 North Florida Transportation Planning Organization. 2050 Long Range Transportation Plan: https://northfloridatpo.com/planning/Irtp
31 Thisis based on a 2017 Census Bureau forecast of 388 million Americans in 2050, and a projected increase in the urban population share from 84% in 2025
to 89% in 2050.



https://northfloridatpo.com/planning/lrtp
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and lanes in the name of relieving congestion, elevating system performance, or improving safety, as ample
research demonstrates that none of these outcomes is likely to occur (Guerra, 2025). What will happen is that
new highway construction, especially if it occurs at the urban fringe, will worsen sprawl and promote increased
auto dependency. Planners and public officials in affected areas should collaboratively identify strategies to

proactively prevent such outcomes and mitigate their impacts when they occur.

V. Explaining the Vicissitudes of Local Public Transit Ridership

A single commuter who drives to and from work each day occupies 13.5 square meters of road space,3? and
depending on the type of vehicle they drive, uses 4.5 to 5.3 million joules of energy per mile and produces 350
to 400 grams of CO2233 If that same commuter were to take the bus instead of driving, they would occupy 1.2
meters of road space. If they made the same trip by subway or commuter rail, they would consume even less. In
terms of lessening our current dependence on fossil fuels and reducing greenhouse gas emissions, riding the
bus or taking a train beats driving every time. At some level, most Americans know this. Still, they prefer driving
to taking public transportation by a wide margin. According to the National Household Travel Survey, when
commuting to and from work--the purpose for which public transportation is most competitive with driving--
Americans in 2022 favored driving over public transit by a ratio of 20-to-134

This is not an accident. Federal and state transportation funding priorities in the U.S. have long favored
investments in highway capacity over public transportation. According to a recent report by the Urban Institute,
from 1950 to 1975, government spending on roads and highways exceeded spending on mass transit and rail by
a 9-to-1 ratio. This has gradually narrowed to its current 2.5-to-1 range (Freemark & Samuels, 2025); however,
with the Trump Administration proposing to cut $15 billion from federal transit spending, the long-term future
of government funding for public transportation in the U.S. is far from assured. Construction of additional
commuter rail, subway, and light-rail track miles in the U.S. peaked at 1,400 km in the 1990s, then declined to
1,300 km in the 2000s and 950 km in the 2010535 By way of comparison, Chinese cities are estimated to have
built more than 3,500 km of new metro lines between 2010 and 2020 (Lin et al., 2021).

Measured by ridership, public transportation’s performance since 2000 is best divided into the pre-pandemic
years between 2000 and 2019, and the pandemic and post-pandemic years of 2020 to 2024. According to the
National Household Travel Survey, among metropolitan areas with populations of 500,000 or more, the share
of annual person-trips (for all purposes) made by public transportation increased from 1.6% in 2001 to 2.7% in
2017. By 2022, because of the Covid-19 pandemic, it had fallen back to 1.5%. According to the American Public
Transportation Association, a transit industry membership organization, ridership on U.S. urban rail systems
rose by 42% between 2000 and 2019, while ridership on urban bus systems fell by 18%. Over the next five years,
from 2019 to 2024, rail patronage declined by 29% and bus ridership by a further 18%. Compared to 2000, U.S.
urban rail ridership in 2024 was largely unchanged, while bus ridership had fallen by a whopping 32%.

Transit Performance Leaders and Laggards: The story of urban public transportation in the U.S. is one of
metro/subway and commuter lines in New York City versus bus systems everywhere else. Measured in terms
of route miles, New York City accounts for 28% of U.S. metro system capacity and 15% of U.S. commuter rail
system capacity, but just over one percent of urban bus system route miles. Measured in terms of performance
rather than capacity, New York City is at or near the top of the rankings in the three most common measures
of transit agency operating performance: ridership, farebox recovery ratios, and work-trip mode share. Let

us review the leaders and laggards in each performance category (Table 6). Except where noted, we primarily

32 PTV Group. “Simulation: How much road space do cars take?” https://blog.ptvgroup.com/en/modeling-planning/simulation-road-space-cars

33 Recurrent website. “Carbon Footprint Face-Off: A Full Picture of EVs vs. Gas Cars.” https://www.recurrentauto.com/research/just-how-dirty-is-your-ev

34 Based on the author’s calculations from estimates reported in the 2022 National Household Transportation Survey (https://nhts.ornl.gov), Americans in
aggregate made an average of 1,730 person-trips per household by private vehicle in 2022 but only 29 by public transportation.

35 Freemark, Y. “Cutting Federal Transit Funding Won't Fix Budget Shortfalls. But It Would Make Transportation Less Affordable for Americans.”
StreetsBlogUSA website (January 24, 2023). https://usa.streetsblog.org/2023/01/24/data-other-countries-are-building-transit-while-the-u-s-falls-behind
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focus on the 2000-t0-2019 period.

Ridership first. Whereas bus ridership is mostly a function of service area population, rail patronage is a
function of both service area coverage and quality. Leading the list of U.S. cities in subway ridership as of

2019 were New York City (2,742 million riders), Washington, D.C. (237.7), Chicago (218.5), Boston (152.3), San
Francisco (123.5), and Philadelphia (90.2). In terms of commuter rail patronage, the 2019 leaders were New
York City-New Jersey (with 292.6 million passengers across three systems), followed by Chicago (66.8 million),
Philadelphia (35.6 million), and Boston (32.4 million). With 732.6 million bus riders in 2019, New York City
ranked first in terms of bus patronage, followed by Los Angeles (278.1), Chicago (237.3), New Jersey Transit
(150.9), Philadelphia (137.3), and Boston (113.5).

TABLE 6: RIDERSHIP TRENDS AND FAREBOX PERFORMANCE AMONG THE LARGEST URBAN RAIL AND BUS

TRANSIT OPERATORS, 2000 - 2024

Largest US Urban

Transit Systems . ) - . )

(Listed by 2019 Agency or Operator Ridership (millions of Unlinked Trips)’

Ridership)

Pct. Pct. 2019
Change, Change, Farebox
2000 =019 2024 2000- 2019- Recovery
2019 2024 Ratio=

U.S. Heavy Rail (Subway or Metro) Systems (n=14) 2688.0 13,7977 2,680.5 41% -29% 0.41

NY City Metropolitan Transportation 17513  2,724.0 2,040. 56% -25% 0.70
Authority

Washington, DC Washington Metro. 2263 237.7 166.7 5% -30% 0.48
Transportation Authority

Chicago Chicago Transit Authority 147.2 2185 127.5 48% -42% 0.50

Boston Massachusetts Bay 134.0 1523 843 14% -45% 0.74
Transportation Authority

San Francisco Bay Area Rapid Transit District 101.4 123.5 491 22% -60% 0.72

Philadelphia Southeastern Pennsylvania 91.4 90.2 59.0 -1% -35% 0.56
Transp. Authority

U.S. Commuter Rail Systems (n=33) 411.8 515.8 350.6 25% -32% 0.42

NY City MTA Long Island Railroad 104.6 117.8 83.8 13% -29% 0.51

NY City-Newark NJ Transit 60.8 883 59.4 45% -33% 0.55

NY City MTA Metro North 71.7 86.5 67.8 21% -22% 0.60

Chicago Metra/Northeast Illinois 725 66.8 34.9 -8% -48% 0.47
Regional Railroad

Philadelphia Southeastern Pennsylvania 285 35.6 227 25% -36% 0.45
Transp. Authority

Boston Massachusetts Bay 36.7 32.4 303 -12% -6% 0.62
Transportation Authority
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Largest US Urban

Transit Systems ) ) . ) )

(Listed by 2019 Agency or Operator Ridership (millions of Unlinked Trips)’

Ridership)

Pct. Pct. 2019
Change, Change, Farebox
=000 =019 2024 2000- 2019- Recovery
2019 2024 Ratio®

U.S. Light Rail Systems (n=19) 293.2 5033 376.6 72% -25% 0.21

Los Angeles Los Angeles County Metro. 24.7 51.4 16.2 108% -10% 0.10
Transport. Authority

Boston Massachusetts Bay 64.9 49.5 30.6 -24% -38% 0.42
Transportation Authority

San Francisco San Francisco Municipal Railway na 49.5 29.4 na -41% 0.19

Portland Tri-County Metropolitan 21.9 38.4 24.4 75% -36% 0.27
Transportation District

San Diego San Diego Metropolitan Transit 30.0 38.0 41 27% 8% 0.49
System

Dallas Dallas Area Rapid Transit 1.4 281 22.2 146% -21% 012

Large Urban Bus Systems (n=38) 3534.2 3,222.7 2,839.9 -9% -12% 0.10

NY City MTA Bus 698.9 732.6 687.7 5% -6% 032

Los Angeles Los Angeles County Metro. 328.2 2781 242.6 -15% -13% 0.15
Transport. Authority

Chicago Chicago Transit Authority 302.1 2373 181.7 -21% -23% 034

NY City-Newark NJ Transit 143.6 150.9 144.0 5% -5% 0.42

Philadelphia Southeastern Pennsylvania 160.4 1373 1.0 -14% -19% 0.26
Transp. Authority

Boston Massachusetts Bay 108.7 13.5 97.7 4% -14% 0.23
Transportation Authority

Data Sources & Notes

1 Retrieved from American Public Transit Association Transit Statistics.
https.//www.apta.com/research-technical-resources/transit-statistics/ridership-report,

2. Federal Transit Administration. National Transit Database.
https://www.apta.com/research-technical-resources/transit-statistics/ntd-data-tables,

Nationwide, the number of subway riders increased by 41% between 2000 and 2019 and then declined by 29%
through 2024. Compared to other cities, subway patronage in New York City increased more before 2019 and
declined less afterward. New York City’s pre-2019 and post-2019 ridership performance was similarly superior
for commuter rail and bus service. Post-2019 subway and metro system ridership losses in the other five cities
listed in Table 6 ranged 29% in Washington, D.C., to a massive 60% in the San Francisco Bay Area. Across all
transit modes, the pandemic's patronage effects were especially severe in Chicago and Boston.

Turning to measures of financial performance, different transit modes have very different cost structures and
rider demographics, resulting in sharp variations in modal and place-based farebox recovery ratios, or FRRs.
Partly because their patrons have higher incomes and can afford higher fares, nationally, metro and commuter
rail systems have higher FRRs than light-rail systems, which have higher FRRs than urban bus systems. For
similar income-related reasons, FRRs are generally higher in New York City, Boston, and San Francisco than in
Chicago, Philadelphia, and Los Angeles. Because heavy rail transit has higher fixed costs than light rail or bus
transit, rail services can be structured to have higher FRRs than light rail or bus services, even in the same city.
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This is evident in Table 6, where the FRR for subway service in New York City is more than 60% higher than
that for bus service, even though buses serve more riders. Similar FRR differences across service types can be
observed in Chicago, Los Angeles, and Philadelphia.

I turn now to mode share, or more precisely, modal diversion. The extent to which investments in public
transportation will reduce fossil fuel consumption and lower greenhouse gas emissions will depend in large part
on whether they attract patrons who would otherwise drive. Auto-to-transit diversions are especially important
for work trips, which, based on data from the 2022 National Household Travel Survey, account for roughly 28%
of household VMT. Work trips (aka commuting trips) are also the only travel purpose for which city- and county-
level mode share statistics are available annually in the American Community Survey. Nationally, according to
the Census Bureau, the share of commuting trips by public transportation rose from 4.7% in 2000 to 5% in 2019,
then fell to 3.7%, while the share of commuting trips by car or truck declined from 90.8% to 80.9%. Among the
97 urban counties with subway, light rail, or commuter rail service, rail travel commute mode shares increased
from an average of 4.8% in 2000 to 6.4% in 2019. Among the 135 urban counties with significant bus service,

bus trip commute mode shares barely changed, rising from 3.8% in 2000 to 4% in 2019.

Figure A compares 2000-to-2019 changes in bus, rail, and auto mode shares among large urban counties. It
shows that most performed at or near the modal average, with a two-to-six percentage-point increase in auto
mode share, a one-to-two percentage-point increase in rail mode share, and a negligible increase in bus mode
share. Among the notable rail services exceptions were the four largest boroughs of New York City (in which
the increase in rail mode share ranged from 6% in Queens to 21% in Manhattan), Hudson County in New Jersey
(+9% rail mode share), the District of Columbia (+9%), and San Francisco County (+7%) and Alameda County
(+6%) in the Bay Area. Among the counties with the largest increases in bus mode share between 2000 and
2019 were San Francisco (+6%), King (+5%), Bergen (+4%), and Suffolk (+3%). In the Bay Area, increases in rail and
bus mode share came at the expense of driving. In New York, increases in rail mode share were accompanied by

reductions in bus mode share.

Reliably modeling county-level changes in travel behavior is always a challenge. Still, as the regression results
on the upper-right-hand panel of Figure A indicate, it can be done. Among the factors most closely associated
with rising commuter rail mode shares between 2000 and 2019 were population density (higher density
counties in 2000 were more likely to gain additional rail mode share); the share of households lacking access
to a car; congestion delays (rail transit was more popular in counties where drivers spent more time in traffic),
and increases in congestion delays. One factor associated with declining rail transit use was the proportion
of households below the poverty line, suggesting that rail transit disproportionately serves higher-income
commuters.
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FIGURE A: AUTO-TO-TRANSIT COMMUTE MODE DIVERSION: COUNTY LEADERS & LAGGARDS AND MODELS

259 Independent Variables (listed by importance) Std. Coef. p-value
Manhattan Increasing Population Density in 2000* 0.38 0.01
[0] 0,
E 20% Mode Share Regression Analysis % of Households with No Vehicles Available in 2000* 035 006
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Interestingly, the association between changes in rail mode share and the per capita number of rail or subway
stations was negative, suggesting that, other things equal, extending existing rail lines or building new stations
is unlikely to yield additional gains in rail or subway mode share. All in all, the eight county-level factors listed in
the upper-right panel of Figure A explain an impressive 87% of the change in work-trip rail mode share between

2000 and 2019 in counties with subway, light rail, or commuter rail service.

The accompanying bus mode-share model (shown in the lower-right-hand panel of Figure A is less convincing,
accounting for only 45% of the change in bus commuting between 2000 and 2019. Among the factors

most strongly associated with gains in bus mode share were the initial level of bus usage, the percentage of
households without a car, increases in the share of carless households, and worsening roadway congestion.
Although the effect is relatively small, adding new road capacity (measured per capita) tends to reduce the
popularity of bus commuting. Less expected is that declines in bus ridership between 2000 and 2019 were
more pronounced in higher-density counties than in lower-density ones. However, this is likely due to declines in
cities like New York and Denver, where commuters shifted from buses to subways and light rail.

Revealing Exemplars: Nationally, two transit agencies, New York’s Metropolitan Transportation Authority (MTA)

and San Diego’s Metropolitan Transit System (SD-MTS, aka the San Diego Trolley), stand out for their exemplary
performance in both the 2000-to-2019 and post-2019 periods. How and why have these agencies achieved

their success?

New York’s MTA first. Unlike rail transit systems in newer American cities, which are essentially retrofits to
car-dominated urban forms, New York'’s subway and commuter rail lines expanded in sync with New York
City itself, as new subway lines and commuter rail services reinforced emerging residential neighborhoods
and communities, and vice versa. Rail service in the form of subways and commuter rail lines has long been
an integral part of Greater New York, and the ease of getting around without owning a car has always been
a significant part of the city’s attraction. Indeed, the inaugural Regional Plan of New York and Its Environs,
produced in 1929 by the newly-established Regional Plan Association, put rail transit at the center of New
York’s continuing growth and prosperity.

Despite having the world’s most extensive rail transit system, public transportation in New York City was in
serious trouble by the mid-1960s. Subway ridership had dropped from an average of 5.5 million passengers per
day at the close of World War Il to 4.7 million in 1964, and the combined bus-and-subway system was running
chronic operating deficits that eventually reached a half-billion dollars annually. In 1967, in an effort to reduce
those deficits while simultaneously improving operating efficiency, the New York State Legislature approved the
takeover of the previously independent Long Island Railroad by a new public transit agency, the Metropolitan
Commuter Transportation Authority (MCTA). A year later, in 1968, the MCTA was merged with the New York
City Transit Authority, which had been formed fifteen years earlier to coordinate subway and bus services
within New York City. Dropping the “C” from the MCTA’s name, the new agency was to be called the MTA. In
1983, the MTA expanded to take over operations of the Hudson, Harlem, and New Haven commuter rail lines,

creating the operating division now known as Metro-North.

Consolidation alone did not reduce public transportation’s operating deficits, but it did make it easier to

secure state funding and prioritize new investments. As New York City gradually emerged from its 1975 near-
bankruptcy and as the city economy recovered from its 1978 nadir, subway ridership rose in concert, reaching 1
billion annually by 19973° A steep citywide reduction in crime-- which had been especially bad for subway riders,
resulting in the 1995 merger of the New York City Police Department and New York City Transit Police--and the
1998 introduction of the MetroCard fare collection system, further boosted subway ridership, which topped

1.4 billion for the first time in 2001. Despite the effects of the 9/11 terrorist attacks and the onset of the Great

36 Moss, M, Kaufman, S., Levy, S., Smith, A,, & Hernandez, J. (2017). Subway Ridership: 1975-2015. NYU Rudin Center for Transportation.
https://wagner.nyu.edu/files/faculty/publications/State%200f%20Subway%20Ridership%20-%20Mar717.pdf
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Recession in 2007, subway ridership continued to grow, reaching 1.5 billion in 2006, 1.6 billion in 2008, and 1.7
billion in 2013.

Subway service was also much improved, thanks to the efforts of Robert Kiley, who was appointed MTA CEO
and Board Chairman in 1983 by New York Governor Mario Cuomo. Kiley, who served until 1991, made reliable
and dependable service the MTA’s top priority, investing in trains and buses, upgrading subway stations, tracks,
and signals, eliminating graffiti on subway cars and buses, and insisting that senior managers be accountable to
the traveling public (De Jong & Haran, 2002). The result was a drastic and noticeable improvement in subway
safety and on-time performance. Kiley was also an experienced political operator, winning several billion dollars
in capital improvement grants from the Federal Transit Administration in Washington, D.C. Kiley was succeeded
by a series of capable executives, including Thomas Prendergast, Joseph Lhota, and the current CEO, Janno
Lieber, all of whom shared Kiley’'s commitment to service improvements, performance metrics, and political and
customer accountability. Until the arrival of the COVID-19 pandemic in March 2020, the MTA also experienced
steady ridership growth on its Metro North and Long Island Railroad commuter rail lines, as well as on New York

City’s many bus routes.

MTA's commuter rail patrons have higher incomes than its subway or bus riders. This has enabled MTA’s
commuter rail managers to raise fares regularly to keep pace with rising operating expenses, while also
increasing service frequency and adding newer, more comfortable trains. MTA has pursued a similar approach
to determining bus fares, setting express bus fares at twice those of local buses. The result of MTA’'s premium
pricing approach is commuter rail and bus service farebox recovery ratios that are well above average compared
to those of public transit authorities in other large American cities3”

Like the MTA, the San Diego Metropolitan Transit System (SDMTS) is among the nation’s top-performing
transit agencies in terms of per capita ridership and farebox recovery rates. It has also done a better job than
other transit agencies in coping with pandemic-related ridership losses. The secret to the SDMTS’s enduring
success is fourfold: carefully controlling capital costs, focusing on service reliability and safety, meeting the
service needs of key market niches, and promoting transit-oriented development adjacent to Trolley stations.

Extending 16 miles from downtown San Diego to the Mexican border at San Ysidro, San Diego’s inaugural light
rail line was completed in 1981 at what, even then, was the incredibly low cost of $6 million per mile3® This
was achieved by using an abandoned freight line for its right-of-way which reduced its land acquisition costs;
adhering to a "no-frills" philosophy featuring a few basic station designs and a minimal number of sidings for
passing; going without federal subsidies to avoid pro-union contracting rules; and using an off-the-shelf trolley
car design built under contract by the St. Louis Car Company and originally designed for light-duty tourist
service in San Diego’s Balboa Park. Although later trolley lines were more expensive to build and equip, SDMTS
has continued to pursue its original no-frills design and engineering philosophy while also seeking ways to
minimize its contracting and bid costs3? This has enabled it to fund system expansions largely from local tax
revenues rather than relying on federal grants. Starting with a system of limited size and complexity—trains
were under manual rather than automated control, and, to save money, none of the original 14-car trolley fleet
was equipped with air conditioning—enabled SDMTS to focus on equipment and scheduling reliability. This
emphasis continues to this day.

As train technology has improved and service demands have expanded, SDTMS managers have focused on
incremental design and engineering improvements rather than wholesale change. To speed passenger boarding
and help compensate for their relatively slow travel speeds, trolley cars have four doors per side.

This combination of features and practices has enabled SDTMS to minimize vehicle downtime and better

37 Because its subway and bus fares were applied uniformly throughout the entire city, MTA never attracted the types of racial equity-based legal challenges to
its fare pricing practices that in Los Angeles resulted in a 1996 consent decree requiring the Los Angeles Metropolitan Transit Authority to roll back recent
fare increases and to provide additional bus service to predominantly minority neighborhoods (Garcia & Rubin, 2004).

38 By comparison, the BART system in the San Francisco Bay Area, built 15 years earlier, cost more than $35 million per mile.

39 From its initial 16-mile length and single line, the San Diego Trolley system has since grown to 68 miles and four lines.
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adhere to published passenger schedules. When added up, SDMTS's operating practices have enabled it to
achieve a per-mile operating cost that is less than half the average of other U.S. light-rail systems of comparable
length and age (Reaser & Hale, 2019).

Unlike light rail lines in some other cities, the San Diego Trolley is not principally a commuter service. In addition
to workers coming downtown from lower and middle-income communities like San Ysidro, Chula Vista, and El
Cajon, it serves the 75,000 college students attending UC San Diego and San Diego State University, medical
researchers who work at San Diego’s growing downtown and Mission Valley biotech hubs, and the 30-million-
plus tourists and conventioneers who visit downtown San Diego in a typical year (Fermanian Business and

Economics Institute, 2019).

In addition to operating the four-line, 67-mile San Diego Trolley system, SDMTS provides both local and express
bus service to communities in San Diego County's southern and central regions. The majority of SDMTS’s 800
buses operate locally, primarily serving low- and moderate-income workers who do not own a car or cannot
drive, as well as seniors and people with disabilities. SDMTS's nine express bus routes, known as Rapids, parallel
local freeways and primarily serve as a commuting alternative to driving. Rapid coaches have high-backed seats,
individual seat lighting, and overhead storage, and most are articulated, giving them greater capacity. Rapid
Express and Rapid Premium routes charge $5.00 per ride, which is double the standard $2.50 bus and Trolley
fare. Rapids are advertised as offering higher-speed service, but in practice, many are plagued by the same

congestion-caused delays that slow surface travel elsewhere in Southern California.

Along with the City of San Diego and the San Diego Association of Governments (SANDAG), SDMTS is an active
partner in San Diego County’s efforts to promote transit-oriented development (TOD), which seeks to increase
transit use and reduce driving by locating apartment buildings and condominiums adjacent to public transit
stations (SANDAG, 2011). Among the incentives local governments in San Diego County use to encourage

TOD construction are reduced parking requirements, which limit the number of off-street parking spaces
residential developers are required to provide; ADU bonuses, which allow for the construction of additional
accessory dwelling units in designated Transit priority areas; and planning grants to help communities and
private developers work through the infrastructure and design details of TOD projects. San Diego County

was one of the first local governments in the nation to include TOD provisions in its comprehensive plan and
zoning ordinances. Currently, the County is home to an estimated 3,000 housing units in its city- and county-
designated TOD zones.4°

Takeaways for Policy and Practice: Although there are sound congestion-related and environmental arguments

for expanding urban rail and bus services to attract travelers who would otherwise drive, the data show that in
practice, such efforts are likely to achieve only marginal results, and even then, only in a limited number of cities
and neighborhoods. A better approach is to proactively identify major rail transit and bus corridors and, within
them, to coordinate additional housing construction, transit facility upgrades, and, as ridership grows, transit
service improvements. As the past experiences of New York City’s MTA and San Diego’s Metropolitan Transit
System both demonstrate, the primary focus of local transit agencies should be finding cost-effective ways to
deliver convenient, frequent, reliable, and responsive transit service. This is especially true for bus service, which
continues to suffer from a long-term decline in ridership. Over time, such service-centered initiatives may begin
to transform many people’s image of public transportation from a no-choice mode to a first-choice mode.

VI.  Electric Vehicle Adoption

Gasoline- and diesel-powered cars and light-duty trucks currently account for roughly 16% of U.S. greenhouse
gas emissions, which is why 10 states, including California and New York, have adopted targets requiring all

40 Dirk Sutro. “A look at San Diego’s best-designed transit-oriented developments.” San Diego Union-Tribune (August 20, 2023).
https://www.sandiegouniontribune.com/2023/08/20/a-look-at-san-diegos-best-designed-transit-oriented-developments
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vehicle sales to be electric or zero-emission by 2035.4 Amidst a slowdown in consumer interest and hostility
from the Trump Administration, some are now reevaluating those targets. Even so, given projected reductions
in battery costs and anticipated improvements in driving range and charging times, current estimates are that
as many as a quarter of the nearly 300 million cars and light trucks on U.S. roads in 2035 will be electric vehicles
(EVs).42

Nationally, there were 10.5 EV registrations per thousand population in 2023. Altogether, EVs accounted for
between nine and ten percent of the new-car and light-truck market in 2025.

State Leaders and Laggards: As shown in Table 7, several states already have a head start in meeting their EV

targets, including California (39.4 EV registrations per thousand population in 2023), Washington (19.2), Hawaii
(17.7), Colorado (15.1), and Oregon (15.1). Bringing up the rear in EV registrations in 2023 were Mississippi, with
only 1.2 EV registrations per thousand population; North Dakota (1.3); West Virginia (1.6); Louisiana (1.8); and
South Dakota (1.8). As shown in the upper right-hand panel of Table 7, among the state-level factors strongly
associated with higher (per capita) EV registrations in 2023 were the price of gasoline (other factors being
equal, higher pump prices were correlated with increased EV popularity), the share of cars and trucks produced
by foreign-branded auto companies (a preference for European, Japanese, and Korean brands was associated
with greater EV vehicle penetration); and population size (EV penetration was greater in states with more
people). Although not statistically significant, the availability of state EV tax credits, a higher median income,
and a preference for Biden over Trump in the 2020 presidential election were also associated with increased EV
popularity. Altogether, these six factors accounted for 86% of the variation in per capita EV penetration rates
across states.

41 The other eight states are Oregon, Washington, New Jersey, Maryland, Rhode Island, Vermont, and Delaware. Colorado has adopted a slightly weaker
version of California’s law, and Maine and Connecticut have paused their versions.
42 Edison Electric Institute. Issues and Policy: Electric Transportation. https://www.eei.org/issues-and-policy/electric-transportation
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TABLE 7: ELECTRIC VEHICLE REGISTRATIONS BY STATE: LEADERS & LAGGARDS AND MODELS

A. 2023 EV Registrations per 1000 B. Regression Analysis comparing State-level Factors with
Population 2023 EV REGISTRATIONS per 1000 Population
California 31.9 Independent Variable (listed by Std. p-value
Washington 19.1 importance) Coef.
10 States with Hawaii 17.7 Average Gas Price (per gallon), 20232 0.45 0.00
the HIGHEST Colorado 15.1 % European, Japanese & Korean Car 0.29 0.00
RATES of Oregon 151 Brands, 20153
Electric Nevada 145 State Population, 20234 0.25 0.00
Vehicle (EV) New Jersey 4.2 Median Household Income, 20234 012 018
Registration Vermont 12.0 Biden Vote Share in 2020 Presidential 0.12 0.19
Arizona 1.8 Races
Maryland s State EV Incentive Programs (0/1/2)6 0.10 0.16
50 State Total 105 Constant -27.12 0.00
lowa -8 r-squared 0.86
Kentucky 25 State observations 50
10 States with Alabama 25 Mean Value of the Dependent Variable 7.4
the LOWEST Arkansas 23 C. Revealing Exemplars
RATES of Wyoming 19 Higher than expected EV registration rates: Colorado
Electric South Dakota 1.8 Lower than expected EV registration rates: Pennsylvania
Vehicle (EV) Louisiana 1.8
Registration West Virginia 1.6
North Dakota 13
Mississippi 1.2

Data Sources & Notes

ite by the author from U.S. EIA State Energy Data System (SEDS). https.//www.eia.gov/state/seds/seds-data-complete.php

rage gas prices by state and year: https.//www.sofi.com/learn/content/list-of-gas-prices-by-state-by-year,

3. Compiled by the author from Insurify.com: https://insurify.com/car-insurance/insights/states-with-foreign-vs-domestic-cars,

4 As compiled from Cens ata, accessed via https.//data.census.gov/advanced

5 CNN 2020 President lection results: https.//www.cnn.com/election/2020/results/president

6. Calculated by the a or from ACEEE State Transportation Electrification Scorecard.

https.//www.aceee.org/sites/default/files/pdfs/Transportation%2oScorecard

Revealing Exemplars: The EV registration regression model in Table 7 noticeably underpredicts EV registrations

in Colorado, California, and Vermont; and noticeably overpredicts them in New York, Pennsylvania, and Rhode
Island. That California is more favorably inclined toward EVs than expected is easy to explain. Tesla’s main

U.S. factory is located in the San Francisco Bay Area, the Golden State has a 60-year history of regulating

air pollution and promoting energy conservation, and Californians pride themselves on being cutting-edge
adopters of new technologies. New York’s comparative disinterest in EVs is also as expected: it reflects the
prominence of New York City, where the combination of higher densities, ubiquitous transit service, and a lack
of parking all mitigate against owning any car, EV or not. According to the Census Bureau, more than half of
New York City households do not own a car, compared to fewer than 10% nationally. Less easy to explain are
why per capita EV registrations are higher than expected in Colorado and lower than expected in Pennsylvania.
In Colorado’s case, the answer seems to be about money. Like California, Colorado offers a range of financial
incentives to encourage EV adoption. Until 2025, Colorado car buyers were eligible for a $5,000 tax credit for
new EVs priced under $80,000, with an additional $2,500 available for EVs priced under $35,000.43 Income-
eligible residents who traded in high-emission vehicles could also avail themselves of a $6,000 price rebate.

43 Colorado’s maximum EV tax credit was reduced to $3,500 in 2025
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When combined with federal tax credits and additional rebates offered by Xcel Energy, Colorado’s largest
electricity provider, until just recently, Colorado residents could potentially save up to $26,500 in tax credits
and discounts for each new EV purchased. In addition to offering EV buyers financial incentives, Colorado has
aggressively invested in roadside charging stations. According to World Population Review, an online data
visualization website, Colorado is second only to California in the number of charging ports per capita.44

With the number of car dealerships in the Denver and Colorado Springs areas expanding to serve their growing
populations, competition for car buyers is intense, benefiting both potential EV and non-EV buyers. This creates
avirtuous circle in which manufacturers increase deliveries to dealerships selling more EVs, prompting them to
offer additional discounts.

Pennsylvania's poorer EV performance is harder to explain. In a 2023 report prepared by the American

Council for an Energy-Efficient Economy, a nonprofit group that promotes policies to fight climate change,
Pennsylvania ranked in the top third of states for financial incentives for EV purchases and for adding charging
stations, but did less well in terms of articulating how EVs fit into the state’s renewable and energy conservation
strategy. While the Philadelphia suburbs are relatively well off by national standards, incomes in other parts of
Pennsylvania are much lower, which makes buying an EV more difficult—EV purchase prices in 2024 averaged
$6,000 more than for gas-powered cars—and reduces the value of EV tax credits. Age also plays a role. Interest
in owning an EV tends to run higher among Millennials and Gen Z (Although, because EVs are more expensive,
actual EV ownership skews older); and with a median age of 40.9 in 2023, Pennsylvania’s population is older
than that of any large state other than Florida. Finally, while growing states like Colorado are adding new car
dealerships, states like Pennsylvania are losing them, reducing competition and making it harder for dealers

to offer pricing concessions. Finally, even if Pennsylvanians purchased more EVs, with just three percent of its
electricity derived from renewable energy sources, Pennsylvania ranks near the bottom in terms of renewable
energy production and near the top in terms of burning fossil fuels, meaning that EVs powered by electricity
produced in Pennsylvania are inherently more polluting than EVs operating in states less dependent on fossil
fuels for their electricity.

Takeaways for Policy and Practice: The efforts of states like Colorado to lower the costs of electric vehicle

purchases while increasing their daily utility demonstrate how states can build on federal incentives to promote
the diffusion of innovative, resource-conserving technologies. Although the Trump Administration’s elimination
of federal tax credits is likely to hurt short-run EV sales and leasing, in the longer term, the combination of
steady improvements in EV usability and lower lifecycle costs is likely to draw additional EV customers. All
things considered, this market-led refocusing on improving the EV value proposition will likely have a more
extended effect on EV sales than imposing difficult-to-enforce government mandates.

VII.  Residential Energy Consumption & Conservation

Homes in America presently account for 19.7% of U.S. energy consumption, according to the U.S. Energy
Information Administration. This percentage combines home heating and cooling, which account for about half
of residential energy use; home appliances and consumer electronics like refrigerators, stoves, washers and
dryers, TVs, and home computers, which account for about a quarter; and lighting, which accounts for about

ten percent.4s

Looking more broadly, the story of U.S. residential energy consumption since 2000 is one of offsetting

trends. On the positive side, home appliances, HVAC systems, and especially lighting — LEDs began replacing
incandescent bulbs in earnest around 2010, and by 2019, old-style incandescent lights were hard to find — have
all become more efficient thanks to steady technological improvements and government labeling efforts like

44 World Population Review website. EV Charging Stations by State 2026. https://worldpopulationreview.com/state-rankings/ev-charging-stations-by-state
45 U.S. Energy Information Administration. Detailed 2020 RECS Survey Data. https://www.eia.gov/consumption/residential/data/2020/index.php
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EnergyStar. As the price of solar panels has fallen, more American households have turned to generating their
own electricity, helping reduce the need for additional fossil-fuel-powered generating facilities. Offsetting
these positive trends, American homes are now bigger than they were a quarter-century ago--the average size
of new single-family homes grew from around 2,000 sq. ft. in the early 2000s to between 2,200 and 2,300 sq.
ft. today—and filled with more energy-consuming stuff. Likewise, as the locus of America's population growth
continues to move south and west, and as summer temperatures continue rising because of climate change, air
conditioning becomes ever more essential. According to the U.S. EIA, two-thirds of U.S. households now live in
homes with central air conditioning.

Residential Energy Conservation Leaders and Laggards: Nationally, according to the U.S. EIA, per capita

residential energy use in the U.S. fell from 38.6 million BTUs in 2000 to 33.6 million in 2023, a 13% decline.4® As
Table 8 shows, among states, per capita residential energy use in 2023 was lowest in Hawaii (20.4 million BTUs
per year), California (29.8), Oregon (41.8), Washington (43.2), and Nevada (47.3); and highest in Wyoming (823
million BTUs), North Dakota (81.1), Missouri (75.5), and Montana (70.7). Among the factors that in combination
best explain these state-level differences are natural gas prices (Homes used noticeably less energy in 2023

in states where natural gas prices were higher); the number of heating and cooling degree days (homes used
more energy in both warmer and colder climates); population densities (homes used less energy in states
where average residential densities were higher); and median home age and size (homes used more energy in
states where the median home was older and bigger). After controlling for these six factors, and in something
of an unexpected turn, homes in states with a track record of promoting residential energy efficiency (based
on a policy scoring system developed by the American Council for an Energy Efficient Economy (ACEEE), a
nonpartisan research organization) actually used more energy when measured on a per capita basis.
Altogether, these seven factors accounted for two-thirds of the variation in 2023 per capita residential

energy use among states.

46 Residential energy use is better measured per housing unit than per person, but this information didn’t become publicly available for individual states until
2020
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TABLE 8: 2023 PER CAPITA RESIDENTIAL ENERGY CONSUMPTION BY STATE: LEADERS & LAGGARDS AND MODELS

A. 2023 Per capita Residential Energy B. Regression Analysis comparing State-level Factors with
Consumption (million BTU)' 2023 Per Capita RESIDENTIAL ENERGY USE

10 States with the Hawaii 20.4 Independent Variable (listed by importance)  Std. p-value

LOWESTRATESof  california 29.8 Coef.

per capita Residential  5regon 41.8 2023 Residential Natural Gas Price? -0.40  0.01

Energy Use in 2023 Washington  43.2 Cooling Degree Days? 0.40 0.6
New Mexico 473 Heating Degree Days? 0.39 0.06
Nevada 47.7 Median Home Age (years)+ 039 0.01
New York 497 ACEEE Residential Energy Efficiency Scores  -0.37 0.01
Texas 50.9 Urban Density® -035 0.01
Virginia 51.0 Median Home Size (Sqft)” 0.23 0.10
Florida 51.2 Constant 35.62 0.08

r-squared 0.67

50 State Average .
o e State observations 50
Tennessee 663 C. Revealing Exemplars
Indiana 67.4 High performer: Hawaii

10 States with the Arizona 68.2 Low performer: Wyoming

HIGHEST RATES of Nebraska 69.2 Less residential energy consumption than predicted: Oregon:

per capita Residential  Montana 707 41.8 vs. 49.9 MBTU

Energy Use in 2023 Missouri 755 Greater residential energy consumption than predicted: lllinois:
West Virginia  77.6 65.5 Vs 49.8 MBTU

North Dakota 811

Wyoming 823

Data Sources & Notes

1 Estimated by the author from U.S. EIA State Energy Data System (SEDS). https.//www.eia.gov/state/seds/seds-data-complete.php

2 U.S. EIA. Natural Gas Prices. https://www.eia.gov/dnav/ng/ng_pri_sum_a_EPGo_PRS_DMcf _m.htm

3. U.S. EIA State Energy Data System (SEDS)
https.//www.eia.gov/state/seds/data.php?incfile=/state/seds/sep_sum/html/rank_use_oihtml&sid=US,

4 National Association of Homebuilders. https.//eyeonhousing.org/2023/02/age-of-housing-stock-by-state-4,

5 Kresosowik et al. 2025. 2025 State Energy Efficiency Scorecard

https.//www.aceee.org/sites/default/files/pdfs/the_2025_state_scorecard.pdf
6. ated by the author from Census data website:_https.//data.census.gov/advanced
7. The Visual Capitalist. https://www.visualcapitalist.com/cp/median-home-size-every-american-state-202

Revealing Exemplars: Hawaii’s top spot on the 2023 residential energy efficiency roster is hardly a surprise.

Because of Hawaii's temperate year-round climate, residents need to turn on their home heaters only a few
days each year. This is a good thing because, at $57 per thousand cubic feet, natural gas prices in Hawaii in 2022
were nearly three times those in Maine, the next-most-expensive state. (At 30 cents per kilowatt-hour, Hawaii's
2023 electricity rates are also the nation’s highest.) Further reducing heating and cooling loads, Hawaiian
homes are, on average, 42% smaller than their mainland counterparts. Because natural gas and electricity in
Hawaii are so expensive, state officials have adopted various policies and programs to promote residential
energy efficiency. Every new single-family dwelling built in Hawaii since 2010 has been required to have a solar
water heater. Under the state’s Clean Energy Initiative, Hawaii offers rebates to income-eligible households
purchasing heat pumps and water heaters, low-interest loans for energy-efficient home retrofits, and tax
credits for installing home solar and wind systems. How much these programs are responsible for Hawaii's top
ranking in terms of residential energy efficiency is up for debate: Based on the regression models presented in
Table 8, Hawaii’'s 2023 per capita residential energy consumption was only slightly lower than predicted, while
its gains in residential energy efficiency since 2000 were only slightly greater than predicted.



34 PennIUR Special Report | Moving the Needle? Understanding the Uneven Performance of State and Local Land, Transportation, Energy, and Water R
Conservation Efforts in the U.S. Since 2000

At the opposite extreme, Wyoming's last-place showing in terms of 2023 residential energy efficiency is also as
expected. Wyoming houses are bigger than average, and its winters can be bone-chillingly cold, both of which
increase residential energy consumption. Wyoming'’s natural gas prices and electricity rates have long been
among the nation’s lowest, which serves as a disincentive to reduce home energy use or increase home energy
efficiency. Wyoming also ranks dead last on the ACEEE’s 2025 rankings of state energy efficiency programs, the

only state to earn a score of zero (Kresowick et al.,, 2025).

In terms of states that did noticeably better or worse than predicted in terms of their 2023 residential energy
performance, Oregon did much better, while lllinois did much worse. Oregon’s superior performance is due

to several factors, including its mild summer temperatures, which help moderate air-conditioning demand;

its reliance on hydropower as a major energy source; and its voters’ long-standing support for the natural
environment, regardless of party affiliation. These characteristics have enabled Oregon'’s politicians to coalesce
around a series of statewide residential energy conservation programs, including subsidy and loan programs

to help Oregon homeowners replace their furnaces and air conditioners with heat pumps, retrofit their homes
for improved energy efficiency, and purchase paired solar panel and battery storage systems. In addition,
customers of Oregon’s five largest electricity and natural gas utilities pay a small percentage of their monthly
utility bills to support a variety of energy-efficiency and renewable energy services and programs administered
by the Oregon Energy Trust. In the absence of these energy conservation and efficiency initiatives, Oregon’s
lower-than-average electric rates and natural gas prices would likely combine to increase home energy use and
reduce residential energy efficiency.

Explaining lllinois’s results is harder. Based on its mix of heating and cooling degree days, natural gas prices,
median housing age and size, and the variety of state-sponsored energy conservation programs, the regression
model in Table 8 predicts that each Illinois home should have consumed an average of 49.8 million BTUs per
resident in 2023. This would have put lllinois among the most efficient states in terms of residential energy use.
Instead, it was among the least efficient, consuming 65.5 million BTUs per person. What is most likely pushing
up lllinois’ residential energy use is its combination of older and less energy efficient homes (at 46 years of age,
lllinois’s median-aged home is five years older than the nation’s), mix of higher urban densities and lower rural
ones, and higher urban poverty rates, which mitigate against homeowners and landlords upgrading their units
to make them more energy efficient.

VIll.  Residential Energy Efficiency Improvements

Residential Energy Efficiency Leaders and Laggards: 2023 was but a single year. What of the longer-term

picture? Measured on a per capita basis, which states have made more relative progress since 2000 in reducing

their residential energy consumption, and which have made less? Table g tells the tale.

Measured as a percentage, the nation’s energy efficiency leaders include Oklahoma, Kansas, and lowa, each of
which reduced its per capita home energy use by 30 percent or more between 2000 and 2023. At the other
extreme, among the energy-efficiency laggards were Wyoming, Montana, West Virginia, New Hampshire, and
Utah. What is particularly interesting about this mix of states is that, except for West Virginia, all have generally
colder climates, suggesting that factors other than temperature are at play in explaining why some states have
done better at reducing residential energy consumption than others.

To help identify those factors, | built a regression model of changes in per-capita residential energy use
between 2000 and 2023, using some of the same independent variables as in the single-year model described
above. Among the considerations that best explain which states led and which lagged in reducing their per
capita residential energy use between 2000 and 2023, two factors stand out. First, states such as Oklahoma,

Kansas, and Mississippi, which started the period as residential energy hogs, began catching up to more energy-
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efficient states such as Oregon, Rhode Island, and New Mexico. Second, the energy efficiency of air conditioning

and cooling systems improved faster than that of heating systems. As a result, per capita residential energy

efficiency improved more in states with milder winters than in those with more severe winters, as measured

by annual heating degree days. Other state-level factors that contribute modestly to improved residential

energy efficiency since 2000 include density (with energy efficiency improving more in states with higher-

density metropolitan areas) and high and/or rising electricity rates. Lastly, residential energy efficiency has

improved more since 2000 in states that have more aggressively promoted it, as measured using the ACEEE’s

2025 energy efficiency policy scorecard. Overall, these six factors accounted for 48 percent of the interstate

variation in per capita residential energy efficiency improvements since 2000. While this is pretty good for this

type of state-level change model, it suggests that other unobserved factors are also at play.

TABLE 9: 2000-2023 PERCENTAGE CHANGE IN STATE PER CAPITA RESIDENTIAL ENERGY CONSUMPTION:

L

EADERS & LAGGARDS AND MODELS

A. Percentage Change in Percapita Residential
Energy Use, 2000-2023

B. Regression Analysis comparing State-level Factors with 2000-
2023 Percentage Change in Per Capita RESIDENTIAL ENERGY USE

Oklahoma -35%
10 States with Kansas 33%
the LARGEST ~ lowa 33%
REDUCTIONS Florida -29%
in per capita Nevada -29%
Residential Vermont -29%
Energy Use Delaware -28%
between 2000 Maryland 28%
and 2023 North Carolina -28%

Mississippi -28%

50 State Average

Independent Variable (listed by importance) Std. p-value
Coef.
2000 Per Capita Residential Energy Use’ -0.65 0.00
Heating Degree Days? 0.61 0.00
ACEE Residential Energy Efficiency Score3 -0.26 0.06
2000 Residential Electricity Rate (¢/KWhr)4 -0.23 0.07
Urban Densitys -0.20 013
2000-2023 %change in Electricity Rate® -0.13 0.28
Constant 24.29 0.07
r-squared 0.48
State observations 50

Oregon -13%
10 States with \daho 2%
the SMALLEST North Dakota -11%
REDUCTIONS Arkansas -10%
in per capita Maine -10%
Residential Utah -5%
Energy Use New Hampshire 3%
between 2000 West Virginia -2%
and 2023 Montana 5%

Wyoming 6%

Data Sources & Notes

C. Revealing Exemplars

High performer: Hawaii

Low performer: Wyoming

Overpredicted reduction in residential energy consumption:
Arizona (17% vs. 26%)

Underpredicted reduction in residential energy cnsumption:

lowa (33% Vvs. 16%)

Estimated by the author from U.S. EIA State Energy Data System (SEDS). https.//www.eia.gov/state/seds/seds-data-complete.php

U.S. EIA State Energy Data System (SEDS).

https.//www.eia.gov/state/seds/data.php?incfile=/state/seds/se,
Kresosowik et al. 2025. 2025 State Energy Efficiency Scorecard

https://www.aceee.org/sites/default/files/pdfs/the_202.
U.S. EIA. Electric Power Monthly. https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=epmt_5_6_a

sum/html/rank_use_oi.html&sid=US

state_scorecard.pdf

Estimated by the author from Census data website: https://data.census.gov/advanced

The Visual Capitalist. https,

www.visualcapitalist.com/cp/median-home-size-every-american-state-2022
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Revealing Exemplars: The regression model described above predicts that lowa's per capita residential energy

consumption should have decreased by 16% between 2000 and 2023. In fact, it declined by 33%, making lowa
the state that outperformed expectations the most. What was lowa’s secret? Compared to Oklahoma and
Kansas, the two other states that recorded big improvements in residential energy efficiency, lowa’s housing
stock is both smaller and older, giving it more running room for energy-conserving retrofits to have an effect.
lowa’s climate is also colder than either Oklahoma'’s or Kansas’s, so improvements in heating system energy
efficiency will also have a bigger overall effect. According to the nonpartisan American Council for an Energy-
Efficient Economy, lowa, together with its neighbor, Nebraska, has also done better than other Great Plains
states in adopting and implementing new and existing building energy conservation programs. Lastly, with a
push from a bipartisan succession of governors starting with Tom Vilsack in 1999, lowa has become a national
leader in installing wind turbines and upgrading its electricity grid. This suggests that there are positive

synergies between renewable energy generation initiatives and residential energy conservation programs.

Whereas lowa has led in terms of meeting residential energy conservation expectations, Arizona has lagged.
Given its climate, density, and moderate energy costs, Arizona’s per capita residential energy consumption
should have declined by 26% between 2000 and 2023; instead, it fell by only 17%. Why has Arizona’s
performance so lagged statistical expectations? The answer is complicated. In terms of absolute and
percentage population growth, Arizona has outperformed all other states except for Texas, Florida, Georgia,
and North Carolina. Of these, Arizona’s year-round air conditioning loads are higher than all but Florida’s.
Arizona’s housing stock is also much younger than the national average, and newer homes are larger and
typically require more energy to cool them. Arizona is a national leader in rooftop solar panel installations,

but its efforts in other areas of residential energy efficiency have lagged. The American Council for an
Energy-Efficient Economy gives Arizona’s neighboring states building energy efficiency scores ranging from
21 (California) to 7.5 (Nevada), while Arizona earns a score of just 1.0. Moving water from Lake Havasu on the
Colorado River to meet growing residential demand in the Phoenix and Tucson metro areas also requires vast
quantities of electricity. While Arizona has made significant progress in reducing per capita water use, fed by
unrelenting population growth, its overall residential water needs continue to climb. State politics have also
played a role. Arizona’s Republican-dominated legislature has traditionally favored cutting taxes over adopting
new programs, and prior to Democrat Katie Hobbs’ election in 2024, the last Arizona governor with a strong
energy-conservation agenda was Janet Napolitano, who left office in 2009.

Takeaways for Policy and Practice: As the countervailing examples of Oregon and lowa on the positive side, and

Wyoming and Arizona on the negative side demonstrate, state and local governments can do a lot to reduce
residential energy consumption and improve residential energy efficiency, starting with outreach and incentive
programs directed at owners of existing homes designed to persuade them to install rooftop solar panels and
upgrade their home heating and cooling systems. Cultural orientation also matters. Regardless of their political
party, Oregonians have long supported protecting the natural environment, just as lowans have long supported
renewable energy. Residents of Wyoming and Arizona, on the other hand, have chosen a more laissez-faire
approach to residential energy conservation and efficiency, which, over the longer term, favors resource and
utility companies over consumers. Income issues also play a role, as seen in lllinois, where higher poverty rates
have inhibited state efforts to improve residential energy efficiency in poorer Chicago neighborhoods and rural
communities alike.

IX. Renewable Energy Generation

According to the U.S. Energy Information Administration, 4.3 trillion kilowatt-hours of electricity, enough to

power 400 million homes, were generated at utility-scale power plants in the U.S. in 2024.47 Sixty percent of

47 U.S.Energy Information Administration Alternate Fuels Data Center website. Electricity Production and Distribution. https://afdc.energy.gov/fuels
electricity-production
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this total came from burning fossil fuels—coal, natural gas, petroleum, and other gases; another 21% came from
renewable energy sources; and 19% came from nuclear energy. Of the 976 billion kWh produced by renewables,
24.9% came from hydroelectric power, 22.5% from the sun, and the remaining 52.6% from wind, geothermal,
and other renewable sources. Compared to 2015, electricity generated from fossil fuels was down by seven
percent, while nuclear and hydroelectric sources were down by two percent. Meanwhile, electricity from wind,
solar, and other renewables was up by a whopping 150%. From just 6 billion kWh of electricity production in
2000, by 2024, solar and wind-generated electricity had grown to 757,000 billion kWh.

The surge in solar and wind investment and production was primarily driven by economics. Thanks to improved
manufacturing efficiency and increased economies of scale, the total installed cost of an onshore wind turbine
fell from $2,200 per kilowatt in 2010 to $1,460 per kilowatt in 2020, a 33% reduction.4® The decline in utility-
scale solar energy production during this period was even more dramatic, falling from a levelized cost of
electricity (LCOE) of 38 cents per kWh in 2010 to just 6 cents per kWh in 2020. According to Lazard, a global
financial advisory firm, by 2024, the LCOE of building a new electricity generation facility was $0.109 per

kWh for natural gas, $0.086 per kWh for onshore wind, and $0.78 per kWh for utility-scale solar.42¢ Comparing
payback periods rather than capital costs, in 2024, it typically took between 8.5 and 15 years for a natural gas
facility to pay back its original investment (with interest), and 5 to 12 years for a wind farm or utility-grade solar
installation.

Government regulations and subsidies have also played a significant role in the rise of renewables. As part of
its “all of the above approach” to adding to the nation’s energy supplies, the Obama Administration actively
promoted renewable energy by enacting a series of household and business clean energy tax credits, setting
schedules to retire coal-powered plants or convert them to cleaner fuels, increasing energy efficiency standards
for vehicles and appliances, investing in solar energy R&D activities, and streamlining permitting for clean
energy projects. The Biden Administration added to these efforts through its 2021 Bipartisan Infrastructure
Law and 2022 Inflation Reduction Act, boosting federal renewable energy tax credits, providing grants to
communities and businesses to increase renewable energy production, and further tightening motor vehicle
emissions standards. During his second term in office, President Trump has chosen to go in the other direction,
eliminating federal tax credits for electric vehicles and rooftop solar installations while also trying to cancel
prior offshore wind farm approvals.

Renewable Energy L eaders and Laggards: Because electricity moves freely across state boundaries and

because power facilities rarely compete with houses for preferred locations, it makes better sense to compare
renewable generating capacity between states based on total kilowatt (or gigawatt) hours rather than

population.

As Table 10 shows, U.S. solar and wind generating capacity is concentrated in just a few states. Five states, led
by Texas, with 23% of the country’s wind and solar capacity, and California, with 13%, accounted for the majority
of U.S. wind and solar generating capacity in 2023; the other three were lowa (6%), Oklahoma (6%), and Kansas
(4%). Aside from California, what these five have in common is plentiful agricultural land far from large urban
centers, steady winds during spring and fall, and a relatively laissez-faire energy regulatory environment—all of
which make for favorable construction and operating economics. Another ten states (lllinois, Colorado, New
Mexico, Florida, Minnesota, North Dakota, Arizona, North Carolina, Nebraska, and Indiana) accounted for a
quarter of U.S. wind and solar generating capacity, leaving the remaining 35 states to account for 23%.

The same five states—Texas, California, lowa, Oklahoma, and Kansas—accounted for more than half of
the growth in U.S. wind and solar generating capacity between 2014 and 2023. Looking at wind and solar
separately, the five leading growth states in terms of wind generating capacity as of 2023 were Texas (with 27%

48 IRENA-International Renewable Energy Agency. Renewable Power Generation Costs in 2020.
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Jun/IRENA_Power_Generation_Costs_2020_Summary.pdf
49 Lazard LCOE Levelized Cost of Energy Report - 2025 Edition. https://www.lazard.com/media/stlbhyla/lazards-Icoeplus-june-2025-_vf.pdf
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of the nation’s additional wind generating capacity between 2014 and 2023 ), lowa (9%), Oklahoma (9%), Kansas
(7%), and lllinois (5%). The states that led in solar capacity additions were California (with 36% of the nation’s
additional capacity between 2014 and 2023), Texas (9%), Arizona (7%), North Carolina (6%), Florida (5%), and
Nevada (5%). Altogether, wind accounted for 62% of combined wind-and-solar generating capacity additions

between 2014 and 2023, leaving solar to account for the remaining 38%.

The contribution of wind and solar to overall generating capacity also varies widely across states, ranging from
a potential high of 61% in lowa and 55% in South Dakota to less than 1% in Mississippi, Alabama, Louisiana, and
Kentucky. | use the term “potential” to indicate that wind and solar generating capacity cannot be regarded

as seasonally reliable, and must be supplemented on windless or cloudy days by other sources, principally
natural gas.

As the upper right-hand panel of Table 10 shows, among the factors most closely associated with the amount
of wind and solar generating capacity in a state are population growth (measured as a share of U.S. population
growth) and whether or not a state is already a big oil producer. Like drilling for oil and natural gas, building wind
farms and solar installations is risky and expensive, and attracts investors who are comfortable and familiar with
the economics of energy production. Other state-level factors associated with the growth in renewable energy
generating capacity include urbanization levels (since wind and solar are typically used for residential energy
generation), population size, and the share of land that is both rural and privately owned. Whether a state has
adopted renewable energy policies and programs also plays a positive, albeit smaller, role in explaining its wind
and solar generating capacity. Altogether, these six state-level factors explain 87% of the variation in wind and
solar generating capacity across states.

Revealing Exemplars: Among the nation’s ten largest states by population, California and Texas are so far ahead

of the renewable energy curve, and Florida is far enough behind it that all three require closer examination.
Texas first. Beyond its geophysical and climate advantages—Texas leads the nation in flat, privately-owned
land suitable for windfarm construction, and winds blow steadily across its northern half—wind power has a
long history in Texas. Established in 1977, the Alternative Energy Institute at West Texas A&M University is a
venerable advocate of wind energy investment, especially in Texas. Backed by Texas investors, the nation’s first
8o-meter wind turbine was installed in 1999 outside Big Spring in the heart of Texas oil country. Today, Big
Spring is the home of the 473-megawatt Panther Creek Wind Farm, a mid-sized generating facility by Texas
standards. Wind energy in Texas received a further boost in 1999 when Governor George W. Bush signed into
law Senate Bill 7, which deregulated the state’s power market and called on Texas officials to help the state
install 2,000 megawatts of renewable power capacity by 2009. In Texas, as elsewhere, electricity deregulation
incentivized power providers to shift to lower-cost energy sources, and with its steadily declining capital and
operating costs, wind power quickly became an investor favorite. A major figure in the transition to renewables
in Texas was oilman and financier T. Boone Pickens, who in 2008 issued his “Pickens Plan,” calling on private
industry to fund the installation of thousands of electricity-producing wind turbines throughout the Great
Plains, and on the government to subsidize expanding the electrical grid in tandem. This would allow a shift over
in domestic natural gas use from electricity generation to powering cars and trucks, reducing the demand for
foreign oil. The Pickens Plan drew support from across the political spectrum, including from the Sierra Club
and from presidential candidates Barack Obama and John McCain. The Plan itself was ultimately undone by
the arrival of even cheaper natural gas supplies made possible by fracking technology, but not before dozens
of wind farms throughout Texas had gained regulatory approval and investor backing. Pickens died at his home
in Dallas at the age of 91 on September 11, 2019. That same year, wind-powered generating capacity in Texas
surpassed 28 gigawatts, more than three times the amount available 10 years earlier.
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TABLE 10: 2014 - 2023 CHANGES IN WIND AND SOLAR GENERATING CAPACITY BY STATE: LEADERS & LAGGARDS AND MODELS

¥t

INCREASE in Wind
& Solar Generating
Capacity (GWhr),

Wind & Solar Generating
Capacity (GWhr), 2023"

Wind & Solar SHARE
of State Generating

Capacity, 2023'

B. Regression Analysis comparing State-level Factors with INCREASE in
STATE SOLAR & WIND Generating Capacity (GWhr) between 2014 and 2023

Independent Variables

Share of US Pop. Growth, 2000-2020?

Share of U.S. Oil Production, 20233

Urbanization Rate (%), 20004

Non-urban & Private Land Share (%)

Log [Population]?

# of State Renewable Energy Programs®

Constant
r-squared

State observations

Std.Coeff.

0.62
0.43
030
0.29
-0.25

0.16

20,572

0.87
50

P-value
0.00
0.00
0.05
0.03
0.05
0.04

0.40

C. Revealing Exemplars

2014-2023'

Texas 151,575  Texas 11,124 lowa 60.8%

California 83,713  California 56,115  S. Dakota 55.7%
10 States lowa 42,779 lowa 26,448 New Mexico  47.0%
with the Oklahoma 37971 Oklahoma 26,032 Kansas 46.7%
MOST Kansas 27,672  Florida 17,448  Oklahoma 42.2%
Wind Illinois 25,532 Kansas 16,824  California 38.7%
& Solar Colorado 21,319 lllinois 15,378  Vermont 37.4%
Generating  \ Mexico 18122 New 15,212 Connecticut  37.3%
Capacity Mexico

Florida 17,809  Colorado 13,344  N.Dakota 36.1%

Minnesota 16,085  N. Carolina 11,801

50 State Total 663,356 452,777 15.9%

Arkansas 1,199 W. Virginia 679 Ohio 3.5%

Tennessee 1,068 Mississippi 653 S. Carolina 3.3%

Vermont 779 Idaho 604 Arkansas 23%
10 States New 714 Louisiana 494 Pennsylvania  2.0%
with the Hampshire
LEAST Mississippi 655 Vermont 411 Arizona 2.0%
Wind Louisiana 508 New 288 Tennessee 13%
& Solar Hampshire
Generating  pelaware 350 Kentucky 274 Missisippi 0.9%
Capacity Kentucky 287 Delaware 224 Alabama 0.9%

D. of Columbia 230 D. of 199 Louisiana 0.6%

Columbia
Alaska 154 Alabama 2 Kentucky 0.5%

Renewable energy leaders: Texas & California

Less renewable energy generating capacity than predicted: Florida

More renewable energy capacity than predicted: lowa & Oklahoma

Data Sources & Notes

1.

Estimated by the author from U.S. EIA State Energy Data System (SEDS):

https.//www.eia.gov/state/seds/seds-data-complete.php

As compiled from Census data, accessed via https://data.census.gov/advanced

U.S. EIA State Energy Data System (SEDS):
https:;,
oi.html&sid=US

Estimated by author from Maine Natural Resource Council:
https://www.nrcm.org/documents,

www.eia.gov/state/seds/data.php?incfile=/state/seds/se

ubliclandownership.pdf

sum/html/rank_use

As compiled from Demographia.com: http://demographia.com/db-urban2ooostate.htm

Compiled by the author from DSIRE-North Carolina Clen Energy Technology website:

https.//www.dsireusa.org/#:~:text=Database
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California’s solar energy generating capacity in the 3rd quarter of 2025 stood at 54.3 gigawatts, enough to
power roughly 15 million homes.5° Unlike wind power in Texas, solar energy generation in California is highly
decentralized, with utility-scale installations supplying less than a quarter of the state’s total solar capacity.

Like Texas for wind, California was an early leader in the push for solar energy. California's solar energy history
began in 1974, when the California Energy Commission (CEC) was created in response to the quadrupling of oil
prices caused by the 1973 Arab Oil Embargo. The CEC'’s early programs focused on energy conservation, but it
soon became apparent that conservation alone would not meet California’s growing energy needs.

With the potential for wind farm construction limited to just a handful of passes, the CEC’s focus had shifted

to solar energy by the late 1990s.5' Enacted in 1998, the ERP (Emerging Renewables Program) authorized the
CEC to add a surcharge to electricity bills, with the resulting revenues to be used to fund renewable energy
projects. ERP was followed in 2001 by the passage of the Self-Generation Incentive Program, which provided
state funds to a variety of distributed energy programs; and in 2002 by the creation of one of the nation’s first
renewable portfolio standards, mandating that all California public and private utilities increase their sales of
electricity from renewable sources by at least 1 percent annually up to a minimum of 20% by 2017. This was
later increased to 60% by 2030. To meet these targets, the California Legislature authorized the creation of

a system of renewable energy credits that power companies could purchase from owners of existing wind,
geothermal, or biomass projects or from developers of new solar projects. Directed at the state’s utilities, the
renewable energy credit program was supplemented in 2006 by the Million Solar Roofs Initiative, which offered
state-funded rebates to property owners who installed rooftop solar panels. Additional funding was made
available under the $3.3 billion California Solar Initiative program, which provided cash grants to income-eligible
property owners and landlords who installed rooftop solar panels and solar-powered water heaters. The genius
of California’s approach was that it worked simultaneously on both the supply and demand sides of the market.
On the supply side, it incentivized home and building owners to install excess solar capacity; on the demand
side, it incentivized utilities to purchase that excess. According to a 2023 study by Berkeley Lab (formerly the
Lawrence Berkeley National Laboratory), by 2019, 40% of new homes in California and 20% of all homes were
outfitted with solar panels, more than five times the rate in runner-up Arizona.s?

Due to its low onshore wind speeds and state laws restricting the development of offshore wind turbines,
Florida ranks near the bottom nationally for wind capacity, with three-quarters of the state’s electricity
generation needs met by natural gas and the remaining amount split between nuclear (11%) and solar (10%).

One might think a state whose nickname is “The Sunshine State” would be a solar leader, but due to a lack of
legislative leadership, utility pushback, and inconsistent funding, that has not been the case. Florida enacted

its first solar energy incentive legislation only in 2006. Titled The Renewable Energy Technologies and Energy
Efficiency Act, the law provided residential property owners who installed rooftop or backyard solar panels with
rebates of up to $20,000 per property. Four years later, before it could properly take root, Florida's elected
representatives rescinded the program’s funding. To take its place, the Florida Public Service Commission in
20m began requiring Florida’s major utility companies to offer residential solar rebates. Four years later, that
program, too, was discontinued amid claims by utility companies that it disadvantaged non-solar customers.
Instead, state funding was directed to utility-owned and developed solar farms. Florida is currently home

to over 200 utility-scale solar farms, most of which are sized under 75 megawatts to avoid complying with
stricter state siting and environmental review laws. Altogether, these facilities generate 12,000 megawatts of
electricity, enough to provide power to upwards of 750,000 homes 53 Because of utility company opposition,
Florida is one of only 20 states that have not adopted a renewable portfolio standard setting state-level targets
for future renewable energy generation. Along the same lines, Florida is one of only five states that do not allow
non-utility owners of renewable energy projects to sell electricity directly to consumers, requiring instead that

all sales go through existing utility companies. Legislation sponsored by Florida utility companies to scale back

50 SEIA-Solar Energy Industries Association website. Solar State By State. https://seia.org/solar-state-by-state

51 California Energy Commission website. History of the CEC. https://www.energy.ca.gov/about/s0-years-energy-leadership

52 Berkely Labs. 2023 Tracking the Sun Report: Pricing and Design Trends for Distributed Photovoltaic Systems in the United States, 2023 Edition.
https://emp.lbl.gov/publications/tracking-sun-pricing-and-design-2

53 U.S. Energy Information Administration U.S. States website. “Florida”. https://www.eia.gov/states/FL /analysis
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the state’s net metering laws, which allow residential customers to sell excess power back to the grid, passed
both chambers of Florida’s Legislature in 2022, but was subsequently vetoed by Governor Ron DeSantis as
anti-consumers34 In short, whereas Texas and California have benefited from a succession of Democratic and
Republican governors and legislators who have put renewable energy at the center of their states’ energy and
economic development agendas, Florida’s residential energy customers continue to suffer at the hands of a few

powerful investor-owned utilities able to put their interests ahead of the state’s residents.

Whereas Florida is a relative underperformer in terms of renewable energy output, producing 44% less
electricity than our model predicts, lowa and Oklahoma are both overperformers. Instead of producing 5,800
MW of renewable energy in 2023 as predicted, lowa produced 26,500 MW, almost all from wind turbines.
Oklahoma, likewise, produced an additional 18,000 MW of renewable energy beyond expectations. What is
behind lowa and Oklahoma's better-than-predicted performance?

In lowa, the answer lies in history and politics. With more than half of its corn production used to produce
ethanol as a gasoline additive, lowa has a long history of bipartisan political support for renewable energy
sources. Building on this history, and with support from Democratic governor Tom Vilsack, lowa’s Republican-
dominated legislature in 2001 passed House Bill 577, making it easier for lowa utility companies to gain
permitting approval for new power plants and to pass their construction costs on to ratepayers.>> The new

law helped initiate a boom in wind farm construction, many built by MidAmerican Energy, lowa’s largest utility
and a subsidiary of Warren Buffett’s Berkshire Hathaway holding company based in neighboring Nebraska.
Vilsack also made sure that lowa’s new wind farms paid their full share of local property taxes, which made
them popular with local governments, and that any operating cost savings were immediately passed on to
local consumers. Vilsack’s successor as governor, Democrat Chet Culver, was also a vocal supporter of building
new wind farms, as were subsequent Republican governors Terry Branford and Kim Reynolds. Moreover, with
current wind energy production in lowa exceeding local demand, wind energy has become a major source of
interstate revenue, according to a 2024 “Wind Energy Factsheet” published by the lowa Environmental Council,

a citizen-based environmental organization.>®

Conditions in Oklahoma are even more conducive to wind farm development than those in lowa. Oklahoma'’s
winds are stronger, its population is sparser, and it has even more privately or tribally-owned land available

for long-term leasing. Oklahoma also has a long history of government and business support for energy
development, just not for renewable energy. That began to change in the 1980s, when researchers at the
University of Oklahoma and Oklahoma State University received state support to create Mesonet, a system

of more than 100 weather stations carefully placed across the state to collect wind data. With Mesonet data

in hand, state officials launched the Oklahoma Wind Project in 2001 to identify suitable sites for wind farms.
Two years later, the first Wind Project wind farm began operating outside of Woodward, Oklahoma, 140 miles
northwest of Oklahoma City. Operated by the Oklahoma Municipal Power Authority and comprising 34 1.5 MW
turbines, the Woodward project relied on state tax rebates for financing. It quickly proved a financial success,
fueling an upsurge in interest from utilities and investors. Beyond its surplus of leasable land and strong winds,
other factors helping Oklahoma attract investor capital included its unobtrusive state and local environmental
review laws 57 Seeking to further advance wind farm development in the state, in 2010, Oklahoma’s legislature
assigned the Oklahoma Corporation Commission, the state’s principal energy regulator, the task of developing
a plan to expand and upgrade Oklahoma'’s electrical grid. Consistent with its pro-business orientation and wary
of scaring off energy investment of any kind, Oklahoma is one of only 20 states that has chosen not to adopt
renewable portfolio standards, setting deadlines for achieving renewable energy targets. Instead, in 2010,
Oklahoma adopted a non-binding goal of 15% renewable energy capacity to be achieved by 2015.

54 John Kennedy. “Ron DeSantis vetoes 'net metering' bill sought by FPL, opposed by solar industry.” Tallahassee Democrat (April 22, 2022).
https://www.tallahassee.com/story/news/politics/2022/04/27/ron-desantis-veto-florida-net-metering-bill/9561235002

55 SEIA-Solar Energy Industries Association website. Solar State By State. https://seia.org/solar-state-by-state

56 lowa Environmental Council. lowa Wind Energy Factsheet, August 2024.
https://www.iaenvironment.org/webres/File/Wind%20Fact%20Sheets202024.pdf

57 U.S.Energy Information Administration U.S. States website. “Oklahoma” https://www.eia.gov/states/OK/analysis



https://www.tallahassee.com/story/news/politics/2022/04/27/ron-desantis-veto-florida-net-metering-bill/9561235002/
https://seia.org/solar-state-by-state/
https://www.iaenvironment.org/webres/File/Wind%20Fact%20Sheet%202024.pdf
https://www.eia.gov/states/OK/analysis

42 PennIUR Special Report | Moving the Needle? Understanding the Uneven Performance of State and Local Land, Transportation, Energy, and Water R
Conservation Efforts in the U.S. Since 2000

Driven by investor interest rather than market demand, Oklahoma'’s share of renewable energy has continued
to rise, reaching 25.9% in 2015 and 43% in 2024. The speed with which Oklahoma has built its wind energy
capacity has not been universally supported, with residents and environmental groups expressing concern
about visual blight and the noise impacts of wind turbines on neighboring residential communities. In response,
in 2025, the Oklahoma Legislature passed Senate Bill 2, which prohibits new wind turbines from being located

within a quarter mile of an existing residential property.5®

Takeaways for Policy and Practice: This is a case where examples are far more illuminating than statistical

models. When it comes to environmental and energy policy, California, Texas, and lowa have nothing in common
except an appreciation that renewables can be an economically advantageous part of their future power
generation portfolios, and that bipartisan leadership is required for that to happen. As the Oklahoma example
indicates, these conditions may not be necessary in every circumstance. They do, however, make it easier for
states to nimbly respond to changing technological and economic conditions. Lastly, Florida illustrates the
dangers of allowing a single interest group to capture state energy policy—in this case, the state’s largest utility

companies—rather than having it be discussed and debated in public.

X. Domestic Water Use

Analyzing domestic water use patterns is complicated by the fact that there are roughly 150,000 public drinking
water systems in the U.S., including 50,000 community water systems, and more than 16,000 wastewater
treatment systems.>® This compares to just 3,000 investor-owned and public electric utilities.

The last comprehensive analysis of water use in the U.S. was published in 2018, and it includes data only
through 2015 (USGS, 2018). Including both groundwater and surface water, total water withdrawals in the U.S.
in 2015 amounted to 361,000,000 acre-feet per year, or about 322 trillion gallons per day. Among the different
water use categories, the largest one was power generation (41%), followed by irrigation (37%) and industrial
use (5%). Domestic uses, that is, residences, accounted for just 1%. Other uses, including office and commercial
buildings, community parks and pools, and fire hydrants, accounted for 11%. Nationwide, 74% of water use

came from surface water withdrawals and 26% came from groundwater withdrawals. Freshwater sources
accounted for 87% of total water withdrawals, while saltwater sources accounted for the remainder. According
to researchers at the nonpartisan Water Research Foundation, when measured per capita, U.S. water use has
declined steadily since the 1980s, largely due to efficiency improvements driven by product standards, codes,
and third-party certification programs.®° Federal and state regulations also impact water use. The Energy Policy
Act of 1992 restricted water use in common household fixtures and appliances to save energy. Globally, per
capita water use continues to rise, largely due to improved living standards, though the rate of increase has
slowed in recent years.

Domestic Water Consumption Leaders and Laggards: Based on the information published in the USGS'’s 2018

report, Estimated Use of Water in the United States in 2015, among states, domestic water use in 2015 ranged
from a low of 35 gallons per person per day in Connecticut to a high of 184 gallons per person per day in Idaho
(Table 11). Interestingly, both Connecticut and Idaho rely on private wells for the same share of their domestic
water supplies: 24%. Other than a modest east-west bias, there does not seem to be a strong geographic
association among the group of low water consumption states, which, in addition to Connecticut, include
Vermont, Maine, Wisconsin, Massachusetts, South Dakota, Pennsylvania, Minnesota and Rhode Island), or
among the set of high water consumption states (Idaho, Utah, Wyoming, Arizona, Hawaii, Nevada,

and Colorado).

58 Oklahoma Senate website. “Senate Passes Wind Turbine Setback that Prioritizes Property Owner Rights.” (March 27, 2025).
https://oksenate.gov/press-releases/senate-passes-wind-turbine-setback-prioritizes-property-owner-rights

59 U.S. Environmental Protection Agency website. Information about Public Water Systems
https://www.epa.gov/dwreginfo/information-about-public-water-systems

60 The Water Research Foundation website. Water Use & Efficiency. https://www.waterrf.org/research/topics/water-use-efficienc
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TABLE 11: PER CAPITA DOMESTIC WATER CONSUMPTION BY STATE, 2015: LEADERS & LAGGARDS AND MODELS

A. Average Daily Domestic Water B. Regression Analysis comparing State-level Factors with Per
Consumption per Person (gallons), 2015 Capita Daily Domestic WATER CONSUMPTION (gallons), 2015
Connecticut 35 Independent Variables (listed by importance) Std. P-value
Vermont a4 Coeff.
10 States with Maine 51 Average Monthly Water Bill, 20252 1.09 0.00
the LOWEST Wisconsin 55 Pseudo water rate3 -0.93 0.00
per capita Massachusetts 56 Median Home Size (sqft)* 023  0.00
Domestic Water South Dakota 56 Lotsize x Cooling Deg. Days/Ann. Precip 0.15 0.03
Consumption Pennsylvania 57 Z-score®
Rates Minnesota 58 Urban Density (persons/sgmile)4 043 0.07
Rhode Island 59 Alliance for Water Efficiency Score® -0.1 omn
New Hampshire 60 Constant 13.7 0.48
Montana 106 r-squared
Oregon 107 States observations
10 States with Louisiana 15 C. Revealing Exemplars
the HIGHEST Colorado 123 Domestic water conservation & efficiency leader: Connecticut
per capita Nevada 126 Domestic water conservation & efficiency laggard: Idaho
Domestic Water Hawaii 144 More domestic water use than predicted: South Carolina
Consumption Arizona 145 Less domestic water use than predicted: Maryland
Rates Wyoming 156
Utah 169
|daho 184

Data Sources & Notes

Estimated by the author from USGS Estimated Use of Water in the United States, 2015. https://www.usgs.gov/mission-areas/water-resources=
Retrieved from World Population Review: https.//worldpopulationreview.com/state-rankings/water-prices-by-state

Calculated by the author by dividing the average monthly water bill by monthly domestic water consumption, also by state

Compiled by the author from Census data website: https.//data.census.gov/advanced

Calculated by the author

Alliance for Water Efficiency, 2022 Scorecard. https://allianceforwaterefficiency.org/resource/2022scorecard/

AV A WwN =

Among the factors strongly correlated with state-level differences in per capita domestic water consumption
are monthly water bills and prices. As expected, consumption is positively associated with bill size and
negatively associated with prices.” Other factors associated with increased water consumption are median
home size — most likely because larger homes have more bathrooms — and residential density, with per capita
water consumption higher in more densely settled states. This last effect may be due to higher leakage losses
in cities with older water systems, which also tend to have higher residential densities. Interestingly, while

the number of cooling degree days, average lot sizes, and rainfall amounts are not associated with higher per
capita domestic water consumption, combining these measures into a single standardized index that effectively
measures lawn irrigation needs is associated with additional consumption. However, the effect is not as large
as house size. State efforts to promote water conservation, as indicated by the Alliance for Water Efficiency’s
efficiency score, are also associated with reduced domestic water use per capita. Altogether, these six state-
level factors explain 87% of the variation in per capita domestic water use across states in 2015. As good as
they are, because every item of water-related data is subject to concerns about its reliability and accuracy, the
precision of these results should be regarded with a healthy degree of skepticism.

1 Water rates vary widely by and within states. To estimate a single statewide “pseudo” water rate, | divided the average monthly residential water bill by state,
as reported on the World Population Review website, (https://worldpopulationreview.com/state-rankings/water-prices-by-state) by average daily domestic
water consumption (in gallons) as reported by the USGS in its 2018 publication, Estimated Use of Water in the United States in 2015 multiplied by 30 (to
convert to monthly water consumption) and median household size (to convert from per capita to per household usage). The results vary from a low of 33
cents per person per day in Utah to a high of $1.31 per person per day in West Virginia. The average rate is 50 cents per person per day.



https://worldpopulationreview.com/state-rankings/water-prices-by-state
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Revealing Exemplars: At 35 gallons per person, Connecticut's domestic daily water consumption is 20% lower

than Vermont's, the state with the next-lowest consumption level. Connecticut’s superior water consumption
performance can be attributed to three things. First, Connecticut typically gets a fair amount of rain, averaging
50.1inches per year compared to the 5o-state average of 37.5 inches. Connecticut summers are also fairly
mild, which reduces evaporation losses. Together, these climate-related conditions reduce the need for regular
lawn watering. Second, although Connecticut’s residential water rates are typical of other New England states,
because its per capita water use is so low, its effective water price—calculated by dividing monthly water bills
by per capita water use—is the highest in the nation. This serves to reduce demand further. Lastly, compared
to other states, Connecticut ranks highly in terms of water conservation policies and drought preparedness
planning, earning scores of 16 and 5 on the Alliance for Water Efficiency’s 2022 state scorecard. These scores

compare with national medians of 6.25 and o, respectively, and place Connecticut 16th among the 50 states.

Idaho stands at the opposite extreme of domestic water use, with its residents consuming an average of 184
gallons per person per day. That is 15 gallons per day more than Utah, the next-highest state in per capita
domestic water consumption. Three-quarters of Idaho’s housing units are single-family homes (compared to
64% nationally and 59% in Connecticut), which typically consume more water than multi-family apartments.
Idaho also gets far less precipitation than the national average (16.9 inches per year compared to 37.5 inches
nationally). Lastly, a quarter of Idaho’s domestic water supply comes from wells and other private sources,
which are typically unmetered. This reduces the effective price of water in Idaho to less than 1 cent per gallon
per day per person, the second-lowest in the nation after Utah. This combination of a lower-than-average price
and a higher-than-average private supply disincentivizes state-led water conservation and efficiency efforts,
earning ldaho a 39th-place ranking on the Alliance for Water Efficiency’s 2022 state scorecard. In contrast

to Connecticut, Idaho scores particularly poorly on its water-conservation and drought-preparedness
planning efforts.

Among the states that performed better than expected at minimizing per capita domestic water consumption,
Maryland stands out, with daily domestic consumption 13% below expectations. Maryland’s superior
performance is due to a combination of factors, including its smaller homes and lots, its slightly higher-than-
average water bills and effective water rates, its aggressive efforts to promote the use of water-conserving
plumbing fixtures and to limit municipal water system leakage losses, and its thoughtful integration of water

supply and reuse planning with local land use planning.

Whereas homes in Maryland use less water than expected, those in South Carolina use more. Like their
counterparts in Connecticut, Idaho, and Maryland, South Carolina residents get a quarter of their water supplies
from wells and other private sources, which is above the national average. Average annual rainfall totals in South
Carolina are also significantly above the national average. Further contributing to South Carolina’s higher-than-
expected domestic water usage, water rates throughout the state vary widely, being higher in older cities like
Charleston, which have significant repair and upgrading needs, and lower in newer cities like Spartanburg,
Greenville, Myrtle Beach, and Columbia, which have more modern water systems. Above the Fall Line, which
divides South Carolina’s piedmont and coastal regions, surface water withdrawals are still unregulated.
According to the Alliance for Water Efficiency, compared to other states, South Carolina is slightly ahead in its
drought planning practices, typical in its water conservation planning efforts, and well behind in its water loss
control policies and state funding assistance programs. Compared to its regional neighbors, South Carolina’s
water conservation and efficiency efforts lag those in Georgia, Florida, and North Carolina, but lead those in
Alabama. In sum, South Carolina’s poor water-use efficiency is less about what it does or does not do, and more
about a lack of consistent state policy and intergovernmental coordination.

Takeaways for Policy & Practice: As global temperatures rise due to climate change and rainfall levels become

more uncertain, officials at every level of government will face new challenges in ensuring a reliable supply of
freshwater for households, industry, and agriculture. Although unpopular, resetting water rates to promote
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conservation should be at the top of the to-do list for all water district managers. Also at the top of the
list: aligning water supply planning with projected housing and economic growth, reducing leakage losses,
implementing aggressive water recycling programs, and, in fast-growing areas, seeking new sources of
supply and storage.

Xl. Summary Observations, Lessons, and Takeaways

Over the last 30 years, state and local governments across the U.S. have made varying degrees of progress
toward reducing urban sprawl, saving farmland, providing additional mobility options beyond private cars,
encouraging residential energy conservation, speeding the shift toward renewable energy production, and
reducing domestic water consumption. In most cases, these efforts have been promoted and supported by the
federal government, particularly in increasing vehicle fuel economy and shifting away from fossil-fuel-based
energy generation toward renewables.

That progress is now at risk. Since assuming office in January 2025, the Trump Administration has “flooded
the zone” with all manner of executive and cabinet-level actions intended to reduce vehicle fuel economy
standards, eliminate the availability of tax credits for electric vehicle and rooftop solar purchases, halt the
construction of previously-approved off shore wind farms, open up public lands to mining and oil and gas
drilling, scale back the endangered species act, and perhaps most concerning of all, eliminate improving public
and individual health as the basis for adopting and implementing all environmental regulations. Except for
eliminating federal EV and rooftop solar tax credits, which Congress approved, all of these announcements
and actions are being challenged in court, and many are likely to be scaled back or ruled unconstitutional.

Still, in the words of Canadian Prime Minister Mark Carney speaking to the World Economic Forum at Davos

in January 2026, the actions of the Trump Administration are not part of a reversible transition, but instead,
constitute a fundamental “rupture” that will alter every aspect of government policy at every level. State and
local governments wishing to pursue responsible urban development policies will find the federal government
not just indifferent to their efforts, but actively hostile to them. This will require them to double down on
policies and programs that have demonstrated their effectiveness in “moving the needle” on resource utilization
efficiency and conservation.

CROSS-CUTTING OBSERVATIONS

One advantage of a piece like this is that it can offer policy observations that cut across traditional disciplinary
boundaries. Here are four such observations:

« A need forscalable performance measures and improved logic models: One of the central findings of

this work is that the performance measures used to evaluate urban resource utilization efficiency and
conservation efforts need improvement. Current measures suffer from three problems. The first is that they
can be difficult to interpret, compare, or connect to the things people and policymakers care about most. Of
the measures cited here, this holds for sprawl, VMT, and the various measures of energy consumption. Just
as the World Bank has done with its World Development Indicators and the Federal Reserve Bank of St.
Louis has done with regional population growth and economic performance data, it would be helpful if the
various federal government agencies could collaborate on developing, updating, and distributing a common
set of resource utilization and conservation performance measures.

Second, the quantity, quality, and frequency of available measures decline significantly as one moves
from states to metropolitan areas to municipalities. In some cases, this is done to preserve confidentiality.
However, more frequently, it is because the agencies collecting and reporting the information have not yet

developed state-of-the-art data aggregation/disaggregation tools. The real estate website Zillow.com is a
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model in this respect: it lets users retrieve housing market performance data using whatever geographic
referencing system (e.g., street, zip code, town, county) is most relevant to them. Third, greater effort

is needed to connect input measures to output or outcome measures. In the case of sprawl, this would
involve connecting building permit activity to acreage converted from resource to urban uses. In the case of
energy and water conservation, it would involve linking local population growth and job creation to energy

consumption estimates.

When programs fail to work as intended, it is often because they are not grounded in a robust logic model.
A logic model is a formalized understanding of exactly how and why people and businesses are likely

to change their behaviors in response to one or more policy interventions. Whereas statistical models
typically function as “black boxes”—meaning they fail to detail exactly how changing inputs and conditions
will result in particular outputs or outcomes -- logic models explicitly include these linkages. For those
concerned about sprawl, auto-dependence, or excessive energy use, implementing effective policies
requires developing and testing logic models of how their preferred interventions will affect individual and
group behaviors in ways that generate preferred outcomes. This is an interdisciplinary task that requires the
collaboration of political scientists, sociologists, economists, data scientists, ecologists, and planners.

« When feasible, push for incentives ahead of regulations: Leaving aside the differences between flies and
people, there are few areas for which the old truism about attracting more flies with honey (i.e., incentives)
than vinegar (i.e,, regulations) is more appropriate than resource conservation. Unfortunately, this truism
is frequently disregarded. Government officials often prefer regulations to incentives because they are
off-budget and apply to everyone equally. Incentives can be costly to administer and deliver, are typically
available to some parties but not others, and may be conflated with ongoing subsidies. However, if there
is one thing this analysis makes clear, it is that people respond better to incentives than to regulations,
whether they be farmland conservation easements, faster express bus service to draw commuters from
their cars, tax credits for purchasing EVs and rooftop solar, or pricing discounts that reward energy and
water conservation. Regulations may be required to prevent collective harms such as sprawl. However,
when seeking to secure collective benefits, such as additional open space or reduced energy and water use,

incentives are generally preferable.

« Demonstrated competence and experience matter a lot, especially for government agencies. Whether it be

the Lancaster County Preservation Board in the case of farm land preservation, the New York Metropolitan
Transit Agency in the case of public transportation, or the California Energy Commission in the case of
energy conservation and renewables, the case study briefs outlined in this paper demonstrate the value of
state and local agencies that know their stuff. For public agencies and public-facing boards, knowing one’s
stuff requires hiring the best professionals available and working to retain them; it requires having evaluation
mechanisms in place to learn from past experiences and correct missteps when they occur; it requires
maintaining cordial relationships with clients, suppliers, regulated businesses, and the public at large; and
most of all, it requires having an experienced and accountable leadership structure.

« Collaboration, collaboration, collaboration: Real estate, it is sometimes said, is fundamentally about

“location, location, and location.” In the case of efficient resource use and conservation, the corresponding
phrase should be “collaboration, collaboration, collaboration.” All of the successful outcomes profiled

in this paper result from some form of intergovernmental or public-private collaboration. In the case of
reducing sprawl, successful collaborations typically involve state and adjoining local governments regarding
matters of annexation, and highway and infrastructure funding. In the case of land conservation, successful
collaborations involve non-profit land conservancies, local zoning officials, and farm landowners. In the
case of public transportation, successful collaborations involve transit agencies, government planners, and
private developers on transit-oriented development issues. Moreover, in the case of EVs, residential energy
and water conservation, and renewable energy facility development, the key collaborations are among
state agencies and utility companies or districts. To the degree that state officials (including governors,
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legislators, and agency heads) can encourage different interests and parties to consult continually on
shared goals and preferred outcomes, the likelihood that particular conservation or efficiency programs will
succeed is immeasurably enhanced.

HOW TO MOVE THE NEEDLE ON SPRAWL, PUBLIC TRANSPORT,
RENEWABLE ENERGY, AND WATER CONSERVATION

As this work demonstrates, states vary widely in how they approach issues of sprawl, car and public transport
use, energy and water conservation, and renewable energy, and there is corresponding variation in outcomes.
These differences provide useful lessons for those seeking to “move the needle” in each area. Among them:

« Encouraging Efficient Urban Land Development and Conservation: As long as land development decisions

in America are made in the private market and individual municipalities are free to act as they see fit, sprawl
will be impossible to control completely. This does not mean it cannot be regulated. Several places stand
out as models in this regard. The first is the State of Maryland, which, since the early 1990s, has successfully
combined sprawl-reducing highway planning practices with infrastructure spending programs intended

to promote infill development. Portland, Oregon, has taken a similar approach, having added an extensible
urban growth boundary to its toolkit. More recently, the Seattle metro area has combined an urban growth
boundary with the systematic upzoning of its commercial corridors. Lancaster County in Pennsylvania and
Sonoma County in California have pursued a more bottom-up approach, encouraging the formation of local
land trusts to coordinate the preservation of high-value farmland and open space. County and municipal
governments in California deserve recognition for both their sprawl-restraining and sprawl-encouraging
policies. To restrain sprawl, California has long required municipalities within the same county to coordinate
their annexation practices. In terms of encouraging sprawl, the openness of California's development
approvals process to all manner of neighborhood opposition has discouraged infill development while
pushing housing demand to the periphery. When coupled with California’s ubiquitous population growth—
between 1980 and 2020, the state added 16 million new residents, more than any other state—the result
has been a pattern of urban growth that is at once organized and placeless. By contrast, sprawl remains

a persistent problem in states like Wisconsin and Mississippi, where population growth occurs in smaller
increments, is spatially more fragmented, and where local governments lack the legislative and regulatory
tools needed to manage it.

« Promoting Balanced Urban Transport: Americans do not like being stuck in traffic, but they do like the

mobility and freedom that accompany an automobile-based lifestyle. When compared over time and across
multiple metropolitan areas, efforts to reduce private vehicle use, such as high-occupancy vehicle lanes,
peak-hour road pricing, and increased parking fees, have had little effect on vehicle miles of travel (VMT)
when measured per capita or per household. Travel is like any other consumer good: lower its price or make
it more convenient, and people will consume more of it. Beyond giving travelers more and better mobility
options—and hoping they use them—planners intent on reducing the environmental and safety externalities
associated with driving should recognize that their best hope lies in advances in vehicle technology, not

in changing traveler behavior. In the case of reducing pollutants and greenhouse gas emissions, this

means converting vehicle power sources from fossil fuels to electricity. In cases of increased safety and
reduced congestion, this means embracing vehicle-to-vehicle communications and autonomous driving
technologies.

The public transportation nut will be more difficult to crack. Since well before Covid-19, public transit use
across America had been in long-term decline. Subway and commuter rail patronage was largely holding
its own (and in some cities actually growing), but bus ridership was falling nearly everywhere. This latter
trend is likely to continue. Outside New York City, conventional bus service is not good enough to compete.
Still, as the examples of the MTA in New York City and the SDMTS in San Diego indicate, there are modest
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opportunities for growth in public transportation patronage. These will focus on providing express bus
service to major employment centers, ensuring high-quality, high-frequency rail service (especially
during peak hours), and working with local officials and developers to promote transit-friendly
development projects.

« Encouraging Residential Energy Conservation and Renewable Energy Deployment: Even as technological
advancements and competition make appliances and consumer electronics more energy-efficient,
Americans continue to fill their homes with more electricity-using stuff. As of 2023, according to the
Journal of Consumer Research, the average number of connected devices per U.S. household was 23, all
powered by electricity. According to the U.S. Energy Information Administration’s 2020 Residential Energy
Consumption Survey, 88% of U.S. households now use air conditioning in their homes, up from 57% in
1980. Moreover, as household cooling loads are expected to rise due to climate change and urbanization,
air conditioning use is likely to increase in tandem. Nor is raising prices to reduce energy demand an option.
Residential energy demand is generally inelastic, and, as recent increases in utility rates show, higher energy
costs can be toxic for politicians. If America is serious about responding to the problem of greenhouse gas-
caused climate change, the only solution is to shift more of the residential energy load to renewable energy
sources such as wind and solar (including decentralized rooftop solar as well as utility-provided solar) and to
home battery installations, which can provide electricity at night or when the winds die down. The examples
of California in rooftop solar and lowa in wind farms show that such shifts are indeed possible through the
coordinated combination of federal and state tax incentives, energy supplier rebates, and state and local
government efforts to address siting and installation issues. As the contrary case of Florida demonstrates,
the challenges of promoting increased energy efficiency and resilience become more difficult in the absence
of such efforts.

« Promoting Domestic Water Conservation: Climate change is already making rainfall more variable, putting

increased pressure on freshwater-dependent industries and ecosystems. While residential water use
accounts for less than 10% of freshwater withdrawals nationally, experience shows that domestic water
users can and will cut back on their consumption during droughts or when faced with higher water rates.
Raising rates to promote conservation is difficult for two reasons. The first is that it is politically unpopular,
especially in regions with large agricultural sectors or where droughts are infrequent. The second is that it is
institutionally problematic because of the highly fragmented nature of public water suppliers. Nonetheless,
as the examples of Connecticut and Maryland demonstrate, when state regulators and public and private
water suppliers work together to promote domestic water conservation and reduce leakage, considerable

progress can be made.
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