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Abstract:  Traditionally, integrated land-use/transportation models 
intend to represent all opportunities of travel and household loca-
tion, maximize utilities and find an equilibrium in which no person or 
household could improve their satisfaction any further. Energy scarci-
ty, higher transportation costs, and an increasing share of low-income 
households, on the other hand, demand special attention to represent 
constraints that households face, rather than opportunities for utility 
maximization. The integrated land-use model SILO explicitly repre-
sents various constraints, including the price of a dwelling, the travel 
time to work, and the monetary transportation budget. SILO ensures 
that no household makes choices that violate these constraints. Imple-
menting such constraints helps SILO to generate more realistic results 
under scenarios that put current conditions under a stress test, such as a 
serious increase in transportation costs or severely increased congestion.

1 Introduction

Households looking for a new place to live attempt to fulfill as many of their location preferences as 
possible. At the same time, however, households face a couple of constraints in a housing search. First 
and foremost, the price of a new dwelling is a constraint. Even though loans and mortgages allow 
households to afford places that exceed their immediately available budget, households have to get 
along with their income in the long run. This is why low-income households cannot afford moving 
into the most sought-after houses on the market. Income is an obvious constraint on housing choice 
for almost every household. 

Another constraint households face when looking for a new dwelling is travel time. An analysis of 
the 2007-2008 Household Travel Survey for the Baltimore/Washington region revealed that 86 percent 
of all workers travel less than 60 minutes to work, and 99 percent travel less than 120 minutes to work. 
Commuting for no more than two hours, therefore, is another constraint for most households, at least 
on a daily basis. Suitable home locations are even more restricted if more than one household member 
is working. As the average time spent on commuting does not change much over time (Zahavi, Beck-
mann, and Golob 1981), this constraint is unlikely to change much in the future. As a consequence, 
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average workers should be expected to move closer to their work location if congestion worsens, unless 
they have the opportunity to telework. 

Another constraint is constituted by the total household budget. According to the Consumer Ex-
penditure Survey1, the average U.S. household spends 18.2 percent of its after-tax income on trans-
portation. Should transportation become more expensive, households have to either adjust their travel 
behavior or reallocate their income. In reality, both happen. In some cases, particularly for low-income 
households, a steep increase in transportation costs may trigger a household relocation to a less expensive 
apartment to ensure that the household gets along with its income in the long run. 

The literature review (Section 2) shows that the majority of land-use models do not represent such 
constraints explicitly. Section 3 introduces the land-use model SILO, and Section 4 explains how con-
straints are treated in SILO. Section 5 shows model validation results and Section 6 presents conclusions 
and recommendations for further research.

2 Literature review

One of the pioneering land-use models was designed by Herbert and Stevens (1960) in cooperation 
with Britton Harris as an equilibrium model simulating the distribution of households to residential 
land use. Lowry’s model of metropolis (Lowry 1964, 1966) is often considered to be the first computer 
model that truly integrated land use and transportation. The Lowry model assumed the location of 
basic employment exogenously and generated an equilibrium for the allocation of non-basic employ-
ment and population. Over the last five decades, this popular model has been implemented many times 
(e.g., Batty 1976; Wang 1998; Mishra et al. 2011). At least equally influential was Forrester’s Theory of 
Urban Interactions (1969). Even though it was an a-spatial model, this research on interactions between 
population, employment, and housing has influenced the design of many spatial land-use models de-
veloped since. 

Putman developed the integrated transportation and land-use model package (ITLUP) (Putman 
1983, 1991), where land use was modeled by the projective land-use model (PLUM) (Rosenthal, Mer-
edith, and Goldner 1972; Goldner, Rosenthal, and Meredith 1972; Reynolds and Meredith 1972). Lat-
er, PLUM was replaced by the frequently applied disaggregated residential allocation model (DRAM) 
and an employment allocation model (EMPAL).

Wilson’s entropy model (1967, 1970) generated an equilibrium by maximizing entropy of trips, 
goods flows, or the distribution of population. This model assumes a perfect equilibrium, which may 
never be reached in reality. Anas’ (1982) model called the residential location markets and urban trans-
portation created an equilibrium between demand, supply, and costs for housing. Anas’ model, rather 
than follow the traditional deterministic approach that assigns each dwelling to the highest-paying buy-
er, instead applies stochastic variation to preferences and decisions.

The MEPLAN model developed by Echenique is an aggregated land-use transport model (Ech-
enique, Crowther, and Lindsay 1969; Echenique et al. 1990; Abraham and Hunt 1999) that used the 
basic concept of the Lowry model as a starting point. The model can simulate a variety of both land-use 
and transport scenarios. MEPLAN has been applied to more than 25 regions worldwide (Hunt, Kriger, 
and Miller 2005, p. 332). Another modeling approach using the Lowry model as a starting point is the 
TRANUS model (de la Barra, 1989; de la Barra and Rickaby 1982; de la Barra, Perez, and Vera 1984) 
that simulates land use, transport, and its interactions at the urban and regional scale. 

Martínez (2002, 1996) developed a land-use model under the acronym MUSSA in which location 
choice is modeled as a static equilibrium. Residential and commercial land-use developments compete 
for available land. MUSSA used the bid-auction approach based on the bid-rent theory where con-
sumers try to achieve prices as low as possible and not higher than their willingness to pay (Martínez 
1Available online at http://www.bls.gov/cex/#tables
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1992). In the bid-rent theory, first introduced by Alonso (1964), land prices are an immediate result 
of the bid-auction process. In contrast, the discrete-choice approach—initially developed for housing 
choice by McFadden (1978)—models land being bought or rented with no instant effect on the price. 
Acknowledging that both approaches lead to similar results, Martínez argues elsewhere (1992) that the 
bid-auction approach and the discrete-choice approach should be integrated and seen as inseparable 
rather than opposed. 

Wegener (1999, 1998b, 1982) developed the IRPUD model as a fully integrated land-use trans-
port model. The household location choice is microscopic (Wegener 1984), simulating every household 
individually. The IRPUD model was one of the few early approaches that contradicted the common 
assumption that land-use models shall reach an equilibrium at the end of each simulation period (We-
gener, Gnad, and Vannahme 1986). Land-use development aims at equilibrium constantly, but due to a 
continuously changing environment and slow reaction times of households, businesses, developers, and 
planners, this equilibrium stage is never reached. The price of a new dwelling and the commute distance 
to the household’s main workplace are accounted for as true constraints in location choice. Similarly, 
the metroscope model for Portland, Oregon, (Conder and Lawton, 2002) compares expenditures for 
housing, transportation, food, health, and all other expenses to ensure that household budgets are not 
exceeded.

PECAS (Hunt and Abraham 2009, 2003) is another land-use model that represents an equilibrium 
of competing demand for developable land. Households relocate based on available floor space, prices, 
accessibilities, and other location factors. PECAS combines this bid-rent approach in a spatial economic 
model with a microscopic land-development model. DELTA (Simmonds and Feldman 2007) combines 
an economic model with households and job location model and a long-distance migration model.

Microsimulation was introduced by Orcutt et al. (1961) and subsequently applied to a series of 
modeling tasks, including travel behavior, demographic change, spatial diffusion, health and land use 
(Clarke and Holm 1987). The most influential microscopic land-use models include the California 
urban futures (CUF) model (Landis and Zhang 1998a, 1998b), the integrated land-use, transport and 
environment (ILUTE) model (Miller et al. 2004; Miller and Salvini 2001; Salvini and Miller 2003), 
the urban simulation (UrbanSim) model (Waddell 2002; Waddell et al. 2003), the learning-based trans-
portation oriented simulations system (ALBATROSS) (Arentze and Timmermans 2000), predicting 
urbanization with multi-agents (PUMA) (Ettema et al. 2004), SimDELTA (Simmonds and Feldman, 
2007) and the integrated land-use model and transportation system simulation (ILUMASS) (Strauch 
et al. 2005, Wagner and Wegener 2007). A common problem in microscopic modeling is stochastic 
variability between model runs. Gregor (2006) overcame this shortcoming in the land-use scenario 
developer (LUSDR) by running the same model hundreds of times and storing each model run as a 
potential future development. 

Good overviews of operational land-use/transport models are given particularly by Hunt, Kriger, 
and Miller (2005), Wegener (2004, 1998a, 1994), Wegener and Fürst (1999), Timmermans (2003), 
Kanaroglou and Scott (2002), the U.S. Environmental Protection Agency (2000), and Kain (1987). 
The literature review showed that most land-use models do not explicitly represent constraints. The 
majority of models employ equilibrium methods to reach an “ideal” distribution of households and land 
uses. Commonly, land use is viewed as a decision-making process in which users optimize their utili-
ties, rather than making choices among a limited set of alternatives. Notable exceptions are the IRPUD 
model and metroscope, which explicitly constrain households to move to dwellings that are within their 
respective price range. 
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3 The land-use model SILO

SILO was designed as a microscopic discrete choice model. Every household, person, and dwelling is 
treated as an individual object. All decisions that are spatial in nature (household relocation and devel-
opment of new dwellings) are modeled with Logit models. Initially developed by Domencich and Mc-
Fadden (1975), such models are particularly powerful at representing the psychology behind decision 
making under uncertainty. Other decisions (such as getting married, giving birth to a child, leaving the 
parental household, renovating a dwelling, etc.) are modeled with Markov models by applying transi-
tion probabilities. 

SILO is integrated with the Maryland Statewide Transportation Model (MSTM) to fully represent 
interactions between land use and transportation. The model is built to work with less rigorous data col-
lection and estimation requirements than traditional large-scale land-use models. Rather than requiring 
costly data collection and time-consuming model estimation, SILO takes advantage of national averages 
where possible and transfers parameters from models that have been implemented elsewhere. Figure 1 
provides an overview of the SILO model. 

Figure 1:  Flowchart of the land-use model SILO

At the beginning, a synthetic population is created for the base year 2000. The U.S. Census Public 
Use Micro Sample (PUMS) 5 percent dataset2 is used to create this synthetic population. Using expan-
sion factors provided by PUMS, household records including dwellings are duplicated until the popula-
tion by PUMS zone (called a PUMA) matches 2000 census data. The location is disaggregated from 
PUMA to model zones using the zonal socioeconomic data of the MSTM as weights. Work places are 
created based on MSTM zonal employment data. For each worker, a work location is chosen within the 
recorded work-PUMA and based on the average commute trip length distribution found in the 2007-
2008 Household Travel Survey for the Baltimore/Washington region. SILO simulates events that may 
occur to persons, households, and dwellings:

The housing market is modeled explicitly. Vacancy rates by five dwelling types and 31 regions are 
used as a proxy for additional demand. If vacancy rates drop, developers will add additional dwellings 
if zoning permits. To find the best locations for new dwellings, developers mimic the location choice 

2 Available for download at http://www2.census.gov/census_2000/datasets/PUMS/FivePercent/
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behavior of households, and thereby, developers are likely to build the most marketable new dwell-
ings. New dwellings are released into the housing market with a one-year delay to account for the time 
required for planning, approval, and construction. A hedonic price model is used to model changes in 
housing costs. Low vacancy rates lead to a fairly quick upward adjustment of prices, while high vacancies 
lead to a gradual price reduction. This reflects observed behavior that landlords use to attempt to keep 
prices high, even if demand is rather low.

From one year to the next, certain events may trigger other events. For example, if a child is born, 
the household will have a higher probability of moving to a larger dwelling. Within one year, however, 
events are modeled in random order to avoid path dependency. A random number is assigned to each 
event. Events are sorted by this number in ascending order and executed in this sequence. 

SILO is set to match observed land-use changes from 2000 to 2012 (so-called back-casting) and 
validated in 2012. Currently, the model runs to 2040. While the entire model is fully operational, the re-
mainder of this paper focuses on household relocation for which constraints are implemented explicitly.

The model covers demographic changes, household relocation, and real estate changes. Workplaces 
and commercial floor space are not modeled explicitly at this point but exogenously given based on the 
Financially Constrained Long-Range Transportation Plan (CLRP). In the future, it is planned to add a 
sub-model that simulates the employment side.

SILO is open-source software and was initially developed with research funding by Parsons Brinck-
erhoff, Inc. The prototype application was implemented for the metropolitan area of Minneapolis-St. 
Paul, Minnesota. Currently, the Maryland Department of Transportation supports the implementation 
of an improved version for Maryland. The acronym stands for “simple integrated land-use orchestrator,” 
as the model is meant to be implemented more easily than traditional large-scale models that require 
extensive model estimation. A visualization tool is included for the analysis of model results. Further 
information on model design and implementation can be found at www.silo.zone.

4 Modeling constraints

SILO distinguishes location factors that are desirable and those that are essential. Finding a place to live 
within someone’s housing budget, for example, is considered to be an essential location factor. Having 
a particularly large apartment, on the other hand, is a desirable location factor only. If all other location 
factors are excellent, a household might compromise dwelling size. 

In contrast to desirable utilities, essential utilities are assumed to be mandatory to be fulfilled. The 
three essential location factors represented by SILO include housing costs, commute travel times, and 

Table 1:  List of events simulated in SILO

Household
Relocation Buy or sell cars
Person
Aging Divorce
Leave parental household Death
Marriage Find a new job
Birth to a child Quit a job
Dwelling
Construction of new dwellings Demolition
Renovation Increase or decrase of housing price
Deterioration
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transportation costs. If one of these three utilities is 0, the utility for the entire dwelling has to be 0. This 
is achieved by using the Cobb-Douglas function that aggregates utilities by multiplication. 

ud=utilp 
α∙utilct 

β∙utiltb 
γ∙utildesFac 

(1-α-β-γ) (1)
 where:
 ud Utility of dwelling d
 utilP Utility of the price p of dwelling d (see Section 4.1)
 utilct Utility of the commute time ct from dwelling d (see Section 4.2)
 utiltb Utility of the transportation budget tb required for dwelling d (see Section 4.3)
 utildesFac  Utility of non-essential factors of dwelling d (see Section 4.4)

α, β, γ  Parameters as weights for each factor, set differently by household type

This way, it is ensured that households do not move into a place that violates a budget constraint. 
The following sections describe the three essential location factors (Sections 4.1 to 4.3) and desirable 
location factors (Section 4.4). 

4.1 Housing cost constraints

The costs of a dwelling form an immediate constraint for any relocation choice. While households may 
exceed their housing budget temporarily, households have to get along with their income in the long 
run. The distribution of rent and mortgage payments in the base year, according to PUMS data, is used 
as guidance on how much households are willing to pay for housing. Figure 2 shows the aggregation to 
reveal the willingness to pay rent or to pay for a mortgage. As expected, higher income households tend 
to pay more for housing than low-income households. 

Figure 2:  Willingness to pay rent by household income
Source: PUMS 2000 database

The relationship between income and housing expenses shown in Figure 2 is used to calculate the 
utility of a given price using equation 2.

d                d                d               d

d

d

d

d
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utilp =  1- Σ hhShareprice  ,inc (2)
 where:

utilpd Utility of price p of dwelling d 
  Share of households with income inc who have paid pricej in the base year

The higher the price, the lower the utility, and the utilities decline faster for low-income households 
than for high-income households. When the price is high enough that the share of households paying 
this amount for housing reaches zero, the utility becomes zero, and that dwelling becomes unavailable 
for this household type.

4.2 Commute travel time constraint

The travel time to work is a primary driver for household location choice. With the exception of workers 
who regularly work from home, the travel time from home to work is an important constraint when 
choosing a new place to live. Travel time to work is remarkably constant over time (Zahavi, Beckman, 
and Golob 1981; van Wissen, Golob, and Meurs 1991). The aforementioned household travel survey 
for the Baltimore-Washington region was analyzed for the time spent on home-to-work trips. Because 
respondents tend to round their travel time to even numbers (for example, 12 percent reported their 
commute to be exactly 30 minutes), the observed trip length frequency distribution is lumpy and needs 
to be interpolated. Figure 3 shows the estimated gamma functions representing the observed trip length 
frequency distribution in minutes for commute trips. The gamma functions were calibrated to match 
the reported average travel time.

Figure 3:  Estimated commute trip length frequency distributions in minutes for rural, suburban, and urban residents
Source: 2007-2008 household travel survey for the Baltimore-Washington region

Residents living in the urban counties in Baltimore, Washington, Arlington, and Alexandria have 
above-average commute times. Even though their average commute trip lengths of 9.8 miles is shorter 
than the average commute trip length of outer suburbs residents (15.5 miles), urban densities lead to 
more congestion, and therefore, residents need more time to get to work. Also, the transit share is much 

 d                        j  

pricej<priced

pricej

j
hhShareprice  ,inc
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higher in urban areas, which often leads to longer travel times. The trip length frequency distributions 
in minutes are expected to not change significantly in the future. 

When households look for a new housing location, the job locations of all household members 
are taken into account. As SILO is designed as a microsimulation, the work locations of all household 
members are known. Dwellings that would result in a commute of more than 200 minutes for any 
worker in a household are given a utility of zero. It was confirmed with the survey that the average travel 
time per worker is almost identical (within 3 percent) for single-worker households and multiple-worker 
households, which allows application of the same trip length frequency distribution probabilities for all 
households. The left map in Figure 4 shows an example of a work location in North Bethesda, Maryland 
(turquoise dot). The trip length frequency distribution in minutes is used to estimate the utility in terms 
of commute distance for every zone (shown in brown-to-yellow colors).

Figure 4:  Likely housing locations for a household with workers in North Bethesda (left), Columbia (center), and both work 
locations (right)

The map in the center shows the home location probability for a person working in Columbia, 
Maryland. If these two persons lived in the same household, their joint area within a reasonable distance 
to their work locations is shown in the map on the right side of Figure 4. SILO explicitly represents 
this constraint when searching for a new housing location. The average commute trip length frequency 
in minutes shown in Figure 3 with a dotted line is scaled to values between 0 and 1 and applied as the 
commute distance utility. 

Unfortunately, telework is not represented explicitly in SILO at this point. An employee working 
from home a few days per week is likely to be less constrained by the location of her or his employer 
and willing to accept longer commute travel times for the few days this person is actually commuting to 
work. It is planned to enhance the model to allow certain occupation types to telecommute, and thereby, 
offset some of their travel time budget.

Another shortcoming worth mentioning is that the constant travel time budget seems only to be 
reasonable with conventional modes of transportation. Should driverless cars become widely available, 
the value of time is expected to change substantially (Cyganski, Fraedrich, and Lenz 2015). Traveling 
in driverless cars may lessen the burden of commuting and thereby reduce this constraint in housing 
location in the future. 

4.3 Household budget constraint

Another constraint explicitly reflected in SILO covers household expenditures. According to the Con-
sumer Expenditure Survey3 of the Bureau of Labor Statistics, households spent an average of 18.2 per-
3 Data available online at http://www.bls.gov/cex/home.htm
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cent of their after-tax income on transportation (fixed and variable costs) in 2000. Low-income house-
holds spent as much as 36.1 percent of their after-tax income on transportation. If transportation costs 
rise, these households will need to shift some expenses. While affluent households will simply reduce 
savings or discretionary spending to cover increased transportation costs, low-income households may 
struggle to cover substantially higher transportation costs. A household searching for a new home will 
at least roughly estimate transportation costs and consider carefully if transportation costs at a given 
home location are within the budget. A low-income household may decide to locate closer to the work 
location or choose a transit-friendly environment that may allow reducing the number of cars owned 
by the household. 

Figure 5 compares average household income with average expenditures. The plot shows data for 
SILO’s base year 2000, and data for 2005 and 2010 were analyzed and displayed very similar patterns. 
Interestingly, households in income categories with an annual after-tax income below $41,500 spent, 
on average, more money than they earned. According to the Bureau of Labor Statistics, such households 
draw on savings or borrow money. Students may get by on loans, and retirees may rely on savings4. 
As SILO does not trace debts, a household may temporarily accumulate; it simply acknowledges that 
households have access to money to cover their expenses. For example, a household with an after-tax 
income of $7,192 (left-most point in Figure 5) is assumed to have access to $15,703 to spend. 

Figure 5:  Household income and expenditures
Source: Consumer Expenditure Survey, BLS

A polynominal curve has been estimated to reflect the relationship between income and expendi-
tures (shown with a red dashed line in Figure 5). For household incomes greater than $41,499 (whose 
income exceeds expenditures), the entire income is assumed to be available for expenditures, even 
though the average household at that income level saves some money.

4 For a more detailed discussion of this phenomenon compare http://www.bls.gov/cex/csxfaqs.htm#q21
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(3)

 where:
eh Budget available for expenditures of household h
inch Income of household h
α, β, γ  Parameters, estimated to α = -2E-6, β = 0.8229 and γ = 10,794 [note that parameter names  

α, β and γ are reused in several equations even though they relate to different parameter  
sets]

 Due to the parameter γ, the available money for expenditures can never drop below $10,794, even 
if the household income is reported as 0. According to the Consumer Expenditure Survey, expenses 
for gasoline and motor oil make up between 2.6 percent (for high income) and 3.9 percent (for low 
income) of all household expenses. Though this may not seem high, an increase of travel costs may be-
come a serious burden for low-income households. Litman (2013) suggested that fuel price elasticity is 
between -0.1 and -0.2 for short-run and between -0.2 and -0.3 for medium-run adjustments. Short-run 
adjustments include choosing different trip destinations and switching the mode, while long-run adjust-
ments (which typically apply after one to two years) include the purchase of more fuel-efficient vehicles 
and selecting more accessible home and job locations. Because a household move is part of a medium- 
to long-run adjustment, the higher elasticity with an average of -0.25 was chosen in SILO; should gas 
prices increase by 10 percent, travel demand is expected to decline by 2.5 percent. Transportation costs 
tc are calculated based on auto-operating costs (set to 8.1 cents per mile in the base scenario), the dis-
tance to work, and transportation required for other purposes such as shopping, dropping off children 
at childcare, doctor visits, etc. For a scenario that analyzes the impact of higher fuel costs, the adjusted 
transportation expenditures are calculated by:

eth=tcs(1+ tc  -tc   •el) (4)
 where:

eth Expenditures of household h for transportation
tc Transportation costs (r for reference case and s for alternative scenario)
el Elasticity of travel demand on transportation costs, set to -0.25

Currently, the elasticity is held constant, even though it is commonly assumed that elasticities rise 
as fuel prices increase. However, no data were readily available to quantify this relationship. Depending 
on future improvements in vehicle technology, the price per mile might drop, though increasing energy 
prices may offset technological advances. Currently, transportation costs per mile are kept unchanged 
from 2000 to 2040. 

Costs for transit are not considered at this point, but auto travel costs are used as a proxy for 
the costs transit riders would face. This simplification is used for two reasons. First, the MSTM does 
not provide reliable transit fare values. In the future, general transit feed specification (GTFS) data are 
planned to replace existing transit networks, which is expected to overcome this shortcoming. Secondly, 
SILO does not know which mode of transport is going to be used by each traveler in the MSTM. While 
assumptions for zero-car households are easy (most of them will use transit), modal predictions for other 
households are difficult. However, given that transit fares are considered to be comparatively high in this 
region, the auto operating costs appear to be a reasonable proxy for transportation costs even for transit 
riders. 

In addition to adjusting travel behavior and locations, many households will need to rebalance 

tc
s     r
r

5 Assumed data points for income/discretionary spending: [$0/$100; $20,000/$1000; $40,000/$2200; $100,000/$10,000; 
$150,000/$20,000]
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expenditures if transportation costs rise. Figure 6 shows the relative size of various expenditure types. 
The total expenditure is identical to the expenditure line shown in Figure 5, and the shares of various ex-
penditure categories were also estimated by polynominal functions using observations of the Consumer 
Expenditures Survey. A certain share of “other expenditures” is assumed to be discretionary (such as 
going out for dinner, going to the movie theater, vacationing, etc.) and could be used to offset increased 
transportation costs. No data were available to quantify discretionary spending, and a few data points5 

were assumed to estimate a smooth curve for the discretionary spending shown in Figure 6. 

Figure 6:  Share of expenditure types by household income
Source: Consumer Expenditure Survey, BLS

A binomial logit model (equation 5) is used to calculate the utility for transportation costs. If the 
discretionary income and savings are insufficient to cover the transportation costs of a given dwelling, 
the utility for transportation costs at this dwelling is set to 0.

if (edis,h + sh < tc): (5)

if (edis,h + sh < tc):
 where:

utiltbd Utility of dwelling d for transportations budget tb
β  Parameters describing sensitivity of increased transportation costs
edis,h Discretionary expenditures of household h
sh Savings of household h

For high-income households, this utility will always be close to 1, as an increase in transportation 
costs is insignificant for these households. Households with a lower income, however, will find a lower 
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utility if transportation costs at a given dwelling are high. Should transportation costs exceed the discre-
tionary income plus savings, the utility for the dwelling will be set to 0, which prevents this household 
from moving into this dwelling.

4.4 Desirable location factors

In addition to housing costs, commute travel times, and transportation costs (described in Sections 4.1 
to 4.3), a number of further location attributes are included that are deemed to be desirable but nones-
sential. Such location factors include the size and the quality of the dwelling, the accessibility to popu-
lation and employment by auto and transit, low crime rates, and the quality of schools in the school 
district of a dwelling. While these location factors are desirable, one strong attribute may compensate 
for another weak attribute. For example, a house in the suburbs may be weak in terms of accessibility 
but strong in terms of size. In contrast, urban apartments tend to be weaker in size, but provide excellent 
accessibilities. A strong attribute may offset a weak attribute, depending on the household preferences. 
Those location factors are combined by weighted addition.

 utildesFac  =α∙usize  +β∙uquality  +γ∙uautoAcc  +δ∙utransitAcc  +ε∙uschoolQual  +(1-α-β-γ-δ-ε)∙utilcrimeIndex   (6)

 where:
utildesFac   Utility of desirable (but nonessential) factors for dwelling d
α, β, γ… Parameters, set differently by household types
ufactor  Utility of attribute of dwelling d (currently implemented: size, quality, auto accessibility,  

 transit accessibility, school quality, and county-level crime index) 

5 Sensitivity testing and model validation

Validating land-use models tends to be more challenging than validating transportation models. While 
counts are generally perceived as sufficiently accurate to validate transportation models, no comparable 
dataset exists for land-use models. Two approaches were applied to validate SILO. First, sensitivity tests 
were conducted in which single parameters were modified and the changed model results were ana-
lyzed for reasonability. This is not considered to be a true validation in the traditional sense of compar-
ing observed with modeled data, but it is rather a reasonability check. Such sensitivity tests have been 
completed for many variables, including parameters to calculate housing utilities, marriage and divorce 
probabilities, probability to leave the parental household, birth probabilities, initial housing vacancy 
rates, in-migration and out-migration assumptions, land capacity for future development, accessibility 
parameters, and auto-operating costs. Changes in model results were small and moved in the expected 
direction of change. 

Secondly, rather than starting the model in a current base year, “back-casting” from 2000 to 2012 
was applied. Figure 7 shows a scatter plot that compares observed and modeled number of households 
by county (R2 = 0.991, RMSE = 10,107, Percent RMSE = 12.6). Modeled population numbers are the 
result of simulating 12 years in one-year increments, and observed population was collected from the 
five-year population estimate of the American Community Survey (ACS). Several counties in Maryland 
are slightly overestimated by the model, while Fairfax County (including Fairfax City and Falls Church 
City) falls short by 10 percent. This deviation along the state line is largely due to the fact that Maryland 
and Virginia have different methodologies of accounting for redevelopment opportunities (including 
greenfield development and infill development). Maryland traditionally has promoted denser develop-

d                      d                          d                             d                                d                                  d                                                                             d

d

d
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ment and has provided higher development capacity numbers than Virginia. Hence, the model expects 
more opportunities for growth in Maryland than in Virginia. It is investigated currently whether devel-
opment capacities can be calculated by a unique method for the entire study area. 

Figure 7:  Validation of SILO results against 2012 ACS population data by county

SILO results were also compared at the zonal level against 2012 data from transportation models 
for Baltimore, Washington, DC, and Delaware. At this zonal level, an RMSE of 1123 and a Percent 
RMSE of 9 were found. The provenance of their zonal data is unknown, which is why this comparison 
does not count as validation but only as another reasonability check.

6 Conclusions

Many land-use models focus on representing utility maximization, finding equilibriums, and optimally 
allocating limited resources. The famous Lowry model was built to reach an equilibrium between loca-
tion of work places and location of households every simulation period (Lowry 1964). Similarly, most 
models using Alonso’s bid-rent approach (Alonso 1964) assume an immediate equilibrium between land 
prices and demand for land. Dynamic urban models, in contrast, explicitly represent time delay and lim-
ited information that lead to imperfect equilibriums (Harris and Wilson 1978; Wegener 1986). While 
bid-rent models are assumed to better represent land prices, discrete choice models often are expected to 
more realistically represent delays as they happen in reality. For example, newly demanded housing is not 
available to move into right away, as planning, obtaining building permits, and construction may take 
more than a year from when the demand is realized to when the first household may move in. 

Wegener (2014, p. 753-755) identified three principal challenges for land-use modeling: represent 
environmental impacts, decline rather than growth, and the impacts of the future energy crises. Test-
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ing policies that address environmental impacts, such as carbon taxes, road pricing, or energy-efficient 
buildings have an immediate impact on household budgets. Planning for decline requires reallocating 
limited resources, including closing of schools or redevelopment of brownfield sites. A future energy 
crisis may limit the availability of fossil fuels for transportation or heating and cooling, with an im-
mediate impact on household mobility and budgets. If these challenges hold true, representing con-
straints will become even more important. If models miss representing changes in travel behavior and 
location choice under increasing transportation costs, model results will be less realistic and difficult to 
defend. If congestion worsens and people spend more time traveling, models that miss adjusting des-
tination choice, mode choice, and trip chaining will produce unlikely results. Representing constraints 
rather than the entire map of opportunities will become more important in a scarce energy future.  

Acknowledgements

This research was funded in part by the Maryland Department of Transportation. An earlier version of 
SILO was developed with research funding of Parsons Brinckerhoff, Inc. Important input for model 
design and development were provided by Rick Donnelly, Greg Erhardt, and Chris Frazier.



225Constraints in household relocation

References

Abraham, J. E., and J. D. HUNT. 1999. Firm location in the MEPLAN model of Sacramento. Trans-
portation Research Record 1685: 187–198.

Alonso, W. 1964. Location and Land Use. Towards a General Theory of Land Rent. Cambridge, MA: 
Harvard University Press.

Anas, A. 1982. Residential Location Markets and Urban Transportation. Economic Theory, Econometrics, 
and Policy Analysis with Discrete Choice Models. New York: Academic Press.

Arentze, T., and H. Timmermans. 2000. ALBATROSS—A Learning Based Transportation Oriented 
Simulation System. Eindhoven, the Netherlands: European Institute of Retailing and Services Stud-
ies.

Batty, M. 1976. Urban Modeling. Algorithms, Calibrations, Predictions. London: Cambridge University 
Press.

Clarke, M., and E. Holm. 1987. Microsimulation methods in spatial analysis and planning. Geografiska 
Annaler. Series B. Human Geography 69 B: 145–164.

Conder, S., and K. Lawton. 2002. Alternative futures for integrated transportation and land-use models 
contrasted with trend-delphi models. Transportation Research Record 1805: 99–107.

Cyganski, R., E. Fradedrich, and B. Lenz. 2015. Travel-time valuation for automated driving: A use-
case-driven study. Annual Meeting of the Transportation Research Board. January 11–15, Washington, 
DC.

de la Barra, T. 1989. Integrated Land Use And Transport Modeling. Decision Chains and Hierarchies/ 
Cambridge, UK: Cambridge University Press.

de la Barra, T., B. Pérez, and N. Vera. 1984. TRANUS-J: Putting large models into small computers. 
Environment and Planning B: Planning and Design 11: 87–101.

de la Barra, T., and P. A. Rickaby. 1982. Modeling regional energy-use: A land-use, transport, and 
energy-evaluation model. Environment and Planning B: Planning and Design 9: 429–443.

Domencich, T. A., and D. McFadden. 1975. Urban Travel Demand. A Behavioral Analysis. Amsterdam: 
Oxford, North-Holland Publishing.

Echenique, M. H., D. Crowther, and W. Lindsay. 1969. A spatial model of urban stock and activity. 
Regional Studies 3: 281–312.

Echenique, M. H., A. D. J. Flowerdew, J. D. Hunt, T. R. Mayo, I. J., Skidmore. and D. C. Simmonds. 
1990. The MEPLAN models of Bilbao, Leeds and Dortmund. Transport Reviews 10: 309–322.

Ettema, D., K. de Jong, H. Timmermans, and A. Bakema. 2004. PUMA (predicting urbanization with 
multi-agents): A multi-agent approach to modeling urban development and processes. Integrated 
assessment of the land system: The future of land use, October 28–30, 2004 Amsterdam.

Forrester, J. W. 1969. Urban Dynamics. Cambridge, MA: M.I.T. Press.
Goldner, W., S. R. Rosenthal, and J. R. Meredith. 1972. Theory and Application: Projective Land Use 

Model. Berkeley, CA: Institute of Transportation and Traffic Engineering.
Gregor, B. 2006. The land use scenario Developer (LUSDR): A practical land-use model using a sto-

chastic microsimulation framework. 86th Annual Meeting of the Transportation Research Board, 
January 21–25, Washington, DC.

Harris, B. J., and A. G. Wilson. 1978. Equilibrium values and dynamics of attractiveness terms in 
production-constrained spatial-interaction models. Environment and Planning A 10: 371–388.

Herbert, J. D., and B. H. Stevens. 1960. A model for the distribution of residential activity in urban 
areas. Journal of Regional Science 2: 21–36.

Hunt, J. D., and J. E. Abraham. 2003. Design and application of the PECAS land-use modeling system. 



226 JOURNAL OF TRANSPORT AND LAND USE 10.1

8th International Conference on Computers in Urban Planning and Urban Management. Dates, 
Sendai, Japan.

Hunt, J. D., and J. E. Abraham. 2009. PECAS—for Spatial Economic Modeling. Calgary, Alberta: 
HBA Specto Incorporated.

Hunt, J. D., D. S. Kriger, and E. J. Miller. 2005. Current operational urban land-use/transport model-
ling frameworks: A review. Transport Reviews 25: 329–376.

Kain, J. F. 1987. Computer simulation models of urban location. In Handbook of Regional and Urban 
Economics. Volume II: Urban Economics, edited by E. S. Mills. Amsterdam: North-Holland.

Kanaroglou, P. S., and D. M. Scott. 2002. Integrated urban transportation and land-use models for 
policy analysis. In Governing Cities on the Move. Functional and Management Perspectives on Transfor-
mations of European Urban Infrastructures, edited by M. Dijst, W. Schenkel, and I. Thomas. Ham-
shire England: Ashgate.

Landis, J., and M. Zhang. 1998a. The second generation of the California urban futures model. Part 1: 
Model logic and theory. Environment and Planning B: Planning and Design 25: 657–666.

Landis, J., and M. Zhang. 1998b. The second generation of the California urban futures model. Part 2: 
Specification and calibration results of the land-use change submodel. Environment and Planning B: 
Planning and Design 25: 795–824.

Litman, T. 2013. Changing North American vehicle-travel price sensitivities: Implications for transport 
and energy policy. Transport Policy 28: 2–10.

Lowry, I. S. 1964. A Model of Metropolis. Memorandum RM-4035-RC. Santa Monica, CA: Rand Cor-
poration.

Lowry, I. S. 1966. Migration and Metropolitan Growth: Two Analytical Models. San Francisco: Chandler.
Martínez, F. J. 1992. The bid-choice land-use model: An integrated economic framework. Environment 

and Planning A 24: 871–885.
Martínez, F. J. 1996. MUSSA: Land use model for Santiago City. Transportation Research Record 1552: 

126–134.
Martínez, F. J. 2002. Towards a land-use and transport interaction framework. In Handbook of Transport 

Modeling, second edition, edited by D. A. Hensher, and K. J. Button. Amsterdam: Pergamon.
McFadden, D. 1978. Modeling the choice of residential location. In Spatial Interaction Theory and Plan-

ning Models, edited by A. Karkqvist, L. Lundqvist, F. Snickars, and J. W. Weibull. Amsterdam, New 
York, Oxford: North-Holland Publishing Company.

Miller, E. J., J. D. Hunt, J. E. Abraham, and P. A. Salvini. 2004. Microsimulating urban systems. Com-
puters, Environment and Urban Systems 28: 9–44.

Miller, E. J., and P. A. Salvini. 2001. The integrated land use, transportation, environment (ILUTE) 
microsimulation modeling system: Description and current status. In Travel Behavior Research. The 
Leading Edge, edited by D. A. Hensher. Amsterdam: Pergamon.

Mishra, S., X. Ye, F. Ducca, and G. J. Knaap. 2011. A functional integrated land-use/transportation 
model for analyzing transportation impacts in the Maryland-Washington, DC region. Sustainability: 
Science, Practice, and Policy 7: 60–69.

Orcutt, G. H., M. Greenberger, J. Korbel, and A. M. Rivlan. 1961. Microanalysis of Socioeconomic Sys-
tems: A Simulation Study. New York: Harper and Brothers.

Putman, S. H. 1983. Integrated Urban Models. Policy Analysis of Transportation and Land Use. London: 
Pion.

Putman, S. H. 1991. Integrated Urban Models 2. New Research and Applications of Optimization And 
Dynamics. London: Pion.

Reynolds, M. M., and J. R. Meredith. 1972. Computer Systems Guide: Projective Land Use Model. Berke-



227Constraints in household relocation

ley, CA: Institute of Transportation and Traffic Engineering.
Rosenthal, S. R., J. R. Meredith, and W. Goldner. 1972. Plan making with a computer model: Projec-

tive land-use model. Berkeley, CA: Institute of Transportation and Traffic Engineering.
Salvini, P. A., and E. J. Miller. 2003. ILUTE: An operational prototype of a comprehensive microsimu-

lation model of urban systems. 10th International Conference on Travel Behaviour Research, August 
10–15, Lucerne.

Simmonds, D. C., and O. Feldman. 2007. Advances in integrated urban/regional land-use/transport 
modeling using the DELTA package. World Conference on Transport Research. June 24–28, Berkeley, 
CA.

Strauch, D., R. Moeckel, M. Wegener, J. Gräfe, H. Mühlhans, G. Rindsfüser, and K. J. Beckmann. 
2005. Linking transport and land-use planning: The Microscopic dynamic simulation model ILU-
MASS. In GeoDynamics, edited by P. M. Atkinson, G. M. Foody, S. E. Darby, and F. Wu. Boca 
Raton, FL: CRC Press.

Timmermans, H. 2003. The saga of integrated land use-transport modeling: How many more dreams 
before we wake up? Moving through nets: The physical and social dimensions of travel. 10th Inter-
national Conference on Travel Behavior Research, August 10–15, Lucerne, Switzerland.

US Environmental Protection Agency. 2000. Projecting Land-Use Change. A Summary of Models for 
Assessing the Effects of Community Growth and Change on Land-Use Patterns. Cincinnati, OH: Envi-
ronmental Protection Agency, Office of Research and Development.

Van Wissen, L. J., T. F. Golob, and H. J. Meurs. 1991. A Simultaneous Dynamic Travel And Activities 
Time Allocation Model. Berkeley, CA: University of California Transportation Center: Faculty Re-
search.

Waddell, P. 2002. UrbanSim. Modeling urban development for land-use, transportation, and environ-
mental planning. Journal of the American Planning Association 68: 297–314.

Waddell, P., A. Borning, M. Noth, N. Freier, M. Becke, and G. F. Ulfarsson. 2003. Microsimulation of 
urban development and location choice: Design and implementation of UrbanSim. Networks and 
Spatial Economics 3: 43–67.

Wagner, P., and M. Wegener. 2007. Urban land-use, transport and environment models. Experiences 
with an integrated microscopic approach. disP 170: 45–56.

Wang, F. 1998. Urban population distribution with various road networks: A simulation approach. 
Environment and Planning B: Planning and Design 25: 265–278.

Wegener, M. 1982. Modeling urban decline: A multilevel economic-demographic model for the Dort-
mund region. International Regional Science Review 7: 217–241.

Wegener, M. 1984. Räumliches Wahlverhalten unter ökonomischen und informationellen Restrik-
tionen: Ein mikroanalytisches Modell des Wohnungsmarkts. In Theorie und Quantitative Methodik 
in der Geographie, edited by G. Bahrenberg and M. M. Fischer. Bremen, Germany: Universität Bre-
men.

Wegener, M. 1986. Transport network equilibrium and regional deconcentration. Environment and 
Planning A 18: 437–456.

Wegener, M. 1994. Operational urban models. Journal of the American Planning Association 60: 17–29.
Wegener, M. 1998a. Applied models of urban land use, transport and environment: State-of-the-art 

and future developments. In Network Infrastructure and the Urban Environment. Advances in Spatial 
Systems Modeling, edited by L. Lundqvist, L. G. Mattsson, and T. J. Kim. Berlin: Springer.

Wegener, M. 1998b. The IRPUD Model: Overview http://www.spiekermann-wegener.com/mod/
irpudmod_e.htm.

Wegener, M. 1999. Die Stadt der kurzen Wege: Müssen wir unsere Städte umbauen? Dortmund, Ger-



228 JOURNAL OF TRANSPORT AND LAND USE 10.1

many: Institut für Raumplanung.
Wegener, M. 2004. Overview of land-use transport models. In Handbook of Transport Geography And 

Spatial Systems, edited by D. A. Hensher, K. J. Button, K. E. Haynes, and P. R. Stopher. Amsterdam: 
Elsevier.

Wegener, M. 2014. Land-use transport interaction models. In Handbook of Regional Science, edited by 
M. Fischer and P. Nijkamp. Berlin: Springer.

Wegener, M., and F. Fürst. 1999. Land-Use Transport Interaction: State-of-the-Art. Dortmund, Germany: 
Institut für Raumplanung.

Wegener, M., F. Gnad, and M. Vannahme. 1986. The time scale of urban change. In Advances in Urban 
Systems Modeling, edited by B. Hutchinson, and M. Batty. Amsterdam: Elsevier Science Publishers 
B.V. (North-Holland).

Wilson, A. G. 1967. Statistical theory of spatial distribution models. Transportation Research 1: 253–269.
Wilson, A. G. 1970. Entropy in Urban and Regional Modeling. London, Pion.
Zahavi, Y., M. J. Beckmann, and T. F. Golob. 1981. The UMOT/Urban Interactions. Washington DC: 

U.S. Department of Transportation. 



November 2015
Education Fund

WHAT'S AT STAKE?
How Decreasing Driving 

Miles in Massachusetts Will 
Save Lives, Money, Injuries, 

and the Environment





WHAT'S AT STAKE?
How Decreasing Driving Miles in Massachusetts 

Will Save Lives, Money, Injuries, and the Environment

Written By:  
 

Phineas Baxandall, Ph.D.  
MASSPIRG Education Fund 

 
John C. Olivieri, Esq.  

MASSPIRG Education Fund

Fall 2015

Education Fund



ACKNOWLEDGMENTS

The authors would like to thank Kirstie Pecci, Staff Attorney at the Massachusetts Public 
Interest Research Group; Wendy Landman, Executive Director of WalkBoston; Joshua Ostroff, 
Outreach Director at Transportation for Massachusetts; Tim Reardon, Assistant Director for 
Data Services at the Massachusetts Area Planning Council; Jessica Robertson, Transportation 
and Planning Policy Specialist at the Massachusetts Area Planning Council; and Eric Bourassa, 
Transportation Director at the Massachusetts Area Planning Council for their help reviewing 
this report. The authors would also like to thank Tony Dutzik, Senior Policy Analyst at Frontier 
Group for editorial support; and Bob Frey, Director of Project-Oriented Planning at the Mas-
sachusetts Department of Transportation - Office of Transportation Planning, for his help with 
the Massachusetts Department of Transportation travel demand data. Finally, the authors 
would like to thank MASSPIRG Education Fund interns Michael Bader, Thomas Ciampi, Megan 
Dolan, and Kaitlyn Mahoney for research assistance. 

The authors bear responsibility for any factual errors. The recommendations are those of 
MASSPIRG Education Fund and Transportation for Massachusetts. 

The views expressed in this report are those of the authors and do not necessarily reflect the 
views of our funders or those who provided editorial review.

! 2015 MASSPIRG Education Fund. Some Rights Reserved. This work is licensed under a Cre-
ative Commons Attribution Non-Commercial No Derivatives 3.0 Unported License. To view the 
terms of this license, visit www.creativecommons.org/licenses/by-nc-nd/3.0. 

With public debate around important issues often dominated by special interests pursuing 
their own narrow agendas, MASSPIRG Education Fund offers an independent voice that works 
on behalf of the public interest. MASSPIRG Education Fund is a 501(c)(3) organization that 
investigates problems, crafts solutions, educates the public, and offers Americans meaningful 
opportunities for civic participation. Learn more on the web at www.masspirgedfund.org. 

Transportation for Massachusetts is a diverse coalition of organizations working together to cre-
ate safe, convenient, and affordable transportation for everyone. Transportation for Massachu-
setts advocates for transportation funds to be spent fairly and responsibly, for transportation 
decisions that are transparent and accountable, and to ensure that our transportation network 
has sufficient resources to meet tomorrow’s needs all throughout the Commonwealth.

For additional copies of this report, please visit www.masspirgedfund.org



TABLE OF CONTENTS

EXECUTIVE SUMMARY  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
INTRODUCTION  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
THE BENEFITS OF REDUCED DRIVING  . . . . . . . . . . . . . . . . . . . . . . . 6
Fewer Global Warming Emissions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
Less Air Pollution and Fewer Deaths from Pollution  . . . . . . . . . . . . . . . . . . . . . . . . . . 7
Fewer Automobile-Related Deaths and Injuries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
Less Property Damage from Collisions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Money Saved at the Pump . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
Reduced Vehicle Repair Costs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
Reduced Road Repair . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

QUANTIFYING A REDUCTION IN DRIVING . . . . . . . . . . . . . . . . . . . . 13
The Significant Impact of a 1% Reduction 
in the Driving Growth Rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
Environmental Benefits  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
Economic Benefits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

RECOMMENDATIONS  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
1) Choose transportation investments that reduce driving . . . . . . . . . . . . . . . . . . . 21
1) Raise revenues that pay for our transportation needs 

while preferably also reducing driving . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
2) Set goals and track progress  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

CONCLUSION  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
APPENDIX I - METHODOLOGY  . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
APPENDIX II - DATASHEET . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
ENDNOTES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36





1Executive Summary

EXECUTIVE SUMMARY

Imagine two futures for the 
transportation system of the 
Commonwealth of Massachusetts. 

In one, the air is cleaner. It is more con-
venient to use an improved public transit 
system and to drive less, so most households 
only own one car. There are fewer traffic 
jams because fewer people travel via auto-
mobile. There are more sidewalks and bike 
lanes, so many people walk or bike to their 
jobs, schools, and other destinations. People 
feel a little richer with extra money in their 
pocket, due to less spending on gasoline, 
parking, and auto maintenance. Bay Staters 
are healthier as a result of reduced pollu-
tion and increased physical activity.

In the second future, imagine the opposite 
trends. More cars are on the road, increasing 
traffic congestion, pollution, and emissions 
that cause global warming. Public transit is 
less convenient and less available because it 
is often broken down and hasn’t expanded 
with the economy. Walking and bicycling in-
frastructure remains unimproved. More col-
lisions result in more deaths and injuries. We 
spend more filling up our tanks and repair-
ing our vehicles more frequently, and the 
state spends more to repair the increased 
wear on roads. Bay Staters have less money, 
less time, and are less healthy.

The benefits of reduced driving are some-
times difficult to see, but hugely important. 
Many dramatic gains remain unrecognized 

because they are indirect, gradual, or result 
from avoided collisions and health prob-
lems that people don’t expect will happen 
to them in the first place. In our daily lives, 
it is difficult to assess the value of reduced 
costs that would have been borne by others 
or consequences that didn’t occur.

To make these benefits clear, this report 
quantifies the gains that would be enjoyed 
by the Commonwealth and its residents re-
sulting from a one percentage point reduc-
tion in the growth rate of driving. Starting 
with the state’s official driving forecasts, 
a one percentage point reduction in the 
growth rate of driving from 2015 to 2030 
would bring major economic, environmen-
tal, and public health benefits, with annual 
savings increasing each successive year. 

By 2030, the combined savings would reach 
$2.3 billion annually, consisting of:

$857 million less spent at the pump
$785 million less spent on fewer automo-
bile collisions and resulting consequences
$446 million less spent on vehicle repair
$224 million less spent on road repair

Figure ES-1 illustrates these annual benefits 
and how they grow over time.

Tallying up the benefits that would result 
over the course of the next 15 years, the 
combined economic savings resulting from 
a one percentage point reduction in the  
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driving growth rate below official forecasts 
are estimated to reach $20.1 billion, consist-
ing of: 

$7.7 billion less spent at the pump
$6.7 billion less spent on fewer auto-
mobile collisions and resulting conse-
quences
$3.8 billion less spent on vehicle repair
$1.9 billion less spent on road repair

To put these sums in context, the total 
economic savings of a one percentage point 
reduction in the VMT growth rate from 
2015 to 2030 is enough to provide any one 
of the following:

Groceries for 180,455 American house-
holds for the entire period;1 or
Daycare costs for 81,558 Massachusetts 
infants in daycare fulltime for the pe-
riod;2 or
Mortgage payments for 92,746 aver-
age Massachusetts households for the 
period.3

Figure ES-2 demonstrates where the savings 
come from. The greatest economic savings 
are expected to result from avoided gaso-
line expenses, followed by savings resulting 
from fewer automobile collisions, reduced 
vehicle repair costs, and avoided road re-
pairs costs.

A one percentage point reduction in the 
vehicle-miles traveled (VMT) growth rate 
would also result in 267.6 million fewer 
gallons of gas consumed annually by 2030, 
and 2.6 billion fewer gallons of gas con-
sumed cumulatively over the course of the 
next 15 years. This is the equivalent of every 
household in Massachusetts saving nearly 
a thousand gallons of gasoline over the 
period.4
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Figure ES-1: Annual Economic Savings, 2015-2030

The combined economic savings 
resulting from a one percentage point 
reduction in the driving growth rate 
are estimated to reach $20.1 billion.
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This reduction in gasoline consumption 
would prevent an estimated 2.4 million 
metric tons of carbon dioxide from being 
released into the atmosphere annually by 
2030, and an estimated 23.3 million metric 
tons of carbon dioxide cumulatively from 
being emitted from 2015 to 2030. Accord-
ing to the U.S. Environmental Protection 
Agency’s Greenhouse Gas Equivalencies Cal-
culator, the annual carbon emissions savings 
by 2030 would be equivalent to taking more 
than 500,000 cars off the road that year. 5

The carbon savings are especially important 
because the transportation sector has been 
the biggest and fastest growing source of 
carbon-related emissions in Massachusetts 
in recent decades.6 Addressing transpor-
tation sector emissions by reducing the 
number of driving miles will significantly 
improve our ability to meet the Com-
monwealth’s commitment to curb global 
warming, as set forth by the Massachusetts 
Global Warming Solutions Act of 2008. 

Furthermore, there are significant public 
health benefits from reduced driving miles. 

Burning less gasoline reduces the amount 
of pollution released into the atmosphere. 
Air particulate matter associated with the 
transportation sector has been linked to 
nearly 53,000 premature deaths a year in 
the United States, according to a recent 
study conducted by the Massachusetts In-
stitute of Technology.7 As individuals drive 

Money Saved at Pump - $7.7 billion

Fewer Traffic Collisions - $6.7 billion

Reduced Vehicle Repair - $3.8 billion

Avoided Road Repair - $1.9 billion

38%

33%

19%

10%

All values represent billions of dollars in savings for a 1 percent decrease in the growth rate of 
vehicle-miles traveled compared to official Massachusetts Department of Transportation forecasts.

Figure ES-2: Economic Savings from a One Percentage Point Reduction in the Driving 
Growth Rate, 2015-2030

The criteria for selecting which 
transportation projects receive priority 
for state investment should be revised 
to prominently consider the reduction 
of VMT, to give greater weight to public 
health and environmental factors, and 
toensure that the most useful projects 
receive priority, regardless of the mode 
of transportation the project utilizes.
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less, studies also find they are more physi-
cally active and less likely to be obese, or 
suffer from other chronic illnesses linked 
to physical inactivity, such as cancer, diabe-
tes, and heart disease.8 The good news is 
that increased walking, bicycling, and use 
of public transportation can help offset 
these risks. 

The State has adopted a goal of tripling 
the number of public transit, walking, and 
bicycling trips by 2030. State and local 
transportation decisions should be oriented 
around attaining this goal and enabling 
reduced driving more generally. The criteria 
for selecting which transportation projects 
receive priority for state investment should 
be revised to prominently consider the 
reduction of VMT, to give greater weight 
to public health and environmental factors, 
and to ensure that the most useful projects 
receive priority, regardless of the mode of 
transportation the project utilizes.

While it has long been a transportation 
holy grail to accurately measure the VMT 
impacts of certain transportation choices, 
that does not mean it is not a worthwhile 
endeavor. Capturing the benefits of re-
duced driving between now and 2030 will 
require resources and new state and local 
policies and incentives to enable Bay State 
residents to drive less and take advantage 
of other forms of transportation more. 
Finally, the state should regularly publicly 
disclose its progress in meeting these goals. 

Now, more than ever, it is imperative that 
we introduce policies that reduce driving 
miles, as total vehicle miles have drifted 
upwards recently, after years of decline. 
This report shows that even a modest 
reduction in driving miles will deliver large 
benefits to the economy, the environment, 
and public health. 

A great deal is at stake.
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INTRODUCTION

Transportation connects people and places. 
The transportation choices we make today 
profoundly shape our quality of life in 
Massachusetts for decades to come. This 
is why the Commonwealth has made a 
commitment to triple the portion of miles 
people travel by walking, bicycling, and 
riding public transit by 2030.9 An improved 
transportation system will enable Bay State 
residents to drive fewer miles, but just how 
significant are the benefits? 

The benefits to Bay Staters from reduced 
driving have been substantial, but often 
unrecognized because they represent costs 
that were not incurred. People feel the 
negative effects from auto crashes and the 
cost of fueling up on their weekly budget, 
but notice less when costs are avoided, 
when costs are borne by others, or when 
costs take the form of invisible emissions 
or crashes we think didn’t anticipate harm 
from in the first place.

Recent national and Massachusetts increas-
es in per-capita driving the last few years 
make clear that the reductions in driving 
that had occurred since 2005 are not inevi-
table if smart policies and investments are 
not pursued. 

Many in the Bay State want the ability to 
choose not to drive, and to live in places 
where they can walk, bike, or ride public 

transportation to jobs, recreation, and to 
run errands. Individuals and businesses 
seek to reside in places like Massachusetts 
partly because the Commonwealth pro-
vides these options. With greater invest-
ments in our transportation system, the 
Commonwealth will continue to experi-
ence dividends, as the brightest minds and 
most innovative companies will increasing-
ly view Massachusetts as a favorable place 
to be located.

This report measures the future improve-
ments to our quality of life in Massachusetts 
from even a small downward shift in driv-
ing trends. For a one percentage point of 
driving below present forecasts, the report 
measures the expected benefits in terms 
of reduction in gallons of gas consumed, 
savings at the pump, fewer auto collisions, 
reduced road maintenance, and millions of 
metric tons of avoided CO2.

This report measures the future 
improvements to our quality of life 
in Massachusetts from even a small 
downward shift in driving trends.
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There are numerous benefits to achieving 
reductions in driving. Some are obvious to 
consumers, such as fewer trips to the pump, 
but most benefits are not as easy to see. For 
example, driving fewer miles means:

Fewer automobile collisions, which not 
only saves lives and prevents injuries, but 
also avoids substantial economic costs 
and lost worker productivity;
Less gasoline consumed, which saves 
money at the pump, limits air pollution, 
and reduces emissions of pollutants that 
cause global warming; and
State and municipal governments spend 
less money repairing roads and bridges.

Since the benefits of fewer driving miles 
mainly represent costly or damaging out-
comes that did not happen, they are less 
readily recognized. Measuring each benefit 
of reduced driving separately helps demon-
strate its full impact.

FEWER GLOBAL WARMING 
EMISSIONS
Transportation in 
Massachusetts generates 
38 to 48 percent of total 
carbon dioxide emissions 
statewide, depending 
on the measure.

The U.S. Energy Information Administra-
tion estimates that 19.64 pounds of CO2 
are released into the atmosphere for every 
gallon of standard non-ethanol based 
gasoline burned, and about 22.38 pounds 
of CO2 are released for every gallon of 
diesel fuel burned.10 The combustion of 
fossil fuels such as gasoline and diesel to 
transport people and goods is the second 
largest source of CO2 emissions nationwide, 
accounting for about 27 percent of the 
United States’ total CO2 emissions in 2013.11 
In Massachusetts, the share of CO2 emissions 
from transportation is even higher. The lat-
est available data from the Energy Informa-
tion Administration show that in Massa-
chusetts, CO2 emissions totaled 59 million 
metric tons in 2012, with 28.1 million metric 

THE BENEFITS OF REDUCED DRIVING
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tons coming from the transportation sec-
tor—nearly 48 percent.12 

It is important not to underestimate the 
role that reducing VMT plays in combating 
global warming. While there is a tendency 
to think about global warming chiefly 
through the lens of the energy sector, or 
to think of reductions in the burning of 
petroleum as resulting chiefly from cleaner 
fuels or more fuel-efficient automobiles, 
reducing VMT can be centrally important to 
curbing greenhouse emissions. A study by 
the President’s Council of Economic Advi-
sors recently examined how official projec-
tions of petroleum consumption from 1970 
out to 2030 have been so much lower than 
originally anticipated. They found changes 
in the transportation sector accounted for 
80 to 90 percent of the total reduction 
in anticipated petroleum consumption.13 
Within the transportation sector, reducing 
VMT accounted for 75 percent of the total 
shift - three times more than the benefits 
of improved vehicle fuel efficiency, making 
reducing VMT the single most important 
factor in declining petroleum usage.14 

Taking an active role in reducing green-
house gas emissions from its residents, the 
state of Massachusetts passed legislation in 
2008, adopting a plan to reduce statewide 
greenhouse gas emissions to 80 percent less 
than 1990 levels by 2050.15 Achieving this 
goal and intermediary benchmarks will re-
quire bold action in every sector, especially 
transportation.

LESS AIR POLLUTION 
AND FEWER DEATHS 
FROM POLLUTION
Air pollution from road 
transportation in the 
U.S. causes about 53,000 
premature deaths a year.

Air pollution and related deaths are 
another significant cost associated with 
driving. As cars burn gasoline, potentially 
dangerous emissions are released into the 
atmosphere and ultimately inhaled into our 
lungs.  
 
Researchers from Massachusetts Institute of 
Technology’s Laboratory for Aviation and 
the Environment have recently released 
sobering data on air pollution’s impact 
on Americans’ health. The study tracked 
ground-level emissions from sources such as 
industrial facilities, vehicle tailpipes, marine 
and rail operations, and commercial and 
residential heating throughout the United 
States. They found that such air pollution 
causes nearly 200,000 early deaths each 
year. According to the study, emissions from 
road transportation are the most significant 
contributor, causing nearly 53,000 prema-
ture deaths each year.16 
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FEWER AUTOMOBILE-
RELATED DEATHS
Each year, four times 
more people are killed 
in auto crashes than the 
death tolls of U.S. soldiers 
in the entire Afghanistan 
and Iraq wars combined.

According to the National Highway Traf-
fic Safety Administration, at least 32,719 
people were killed in the United States in 
automobile related crashes in 2013 alone.17 
In the same year, a Massachusetts resident 
was killed on the road almost every day, a 
total of 326 deaths for the year.18

Further, a recent study conducted by the 
Task Force for Child Survival and Develop-
ment, found that on average, for every 
road traffic death, there are four cases of 
“severe, permanent disabilities, typically to 
the brain, spinal cord or lower limb joints; 
10 cases requiring hospital admission and 
30 requiring treatment in an ER.”19  

The number of deaths each year on our 
roads is so high that it is hard to believe the 
sum is considered “normal.” If the carnage 
occurred from a disaster or attacks from 
external enemies, the nation would stop to 
grieve in disbelief over the loss. The annual 
death toll on the roads is nearly equiva-
lent to the total number of United States 
combat deaths in the entire Korean War 
(1950-1953),20 and is more than half of the 
total American deaths in the two decades-
long Vietnam War (1955-1975).21 The an-

nual body count is more than four times the 
total death of United States soldiers in the 
entire Afghanistan and Iraq wars combined 
– and this occurs each year.

FEWER AUTOMOBILE-
RELATED INJURIES
On average, roughly 106 
Massachusetts residents 
are injured in automobile 
crashes each day.

Reduced fatalities are only a part of the 
health benefits from reduced driving. 

According to collision data from National 
Highway Traffic Safety Administration, 
there were nearly 5.7 million police re-
ported automobile collisions in the United 
States in 2013, 1.6 million of which resulted 
in injuries to some 2.3 million people on 
public roadways.22 

While 2.3 million injuries on public roadways 
is staggering, it is far from a full representa-
tion of the number of crash-related injuries. 
The Congressionally-chartered National 
Safety Council estimates that when factor-
ing in injuries occurring during crashes on 
private roadways such as parking lots and 
driveways, the number of total annual 
injuries for 2013 was actually closer to 3.8 
million in the United States. In other words, 
in a single year, on average across the United 
States, one in every 83 residents experiences 
an injury from an auto collision.23 

The most recent injury data available for 
Massachusetts dates back to 2012. That 
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year, 38,799 people were injured in auto-
mobile related incidents, and 4,384 of those 
resulted in injuries requiring hospitaliza-
tion.24 These statistics boil down to approxi-
mately 106 injuries each day, 12 of which 
require hospitalization.25 

Estimates show that the total cost of auto-
related fatalities, injuries, and property 
damage that occurred in 2013 (factoring 
in medical expenses, employer costs, lost 
wages, property damage, and related 
expenses), tallies up to a whopping $267.5 
billion nationally.26 On an individual level, 
this adds up to approximately $2,184 per 
household in the United States each year.27 
As we can see, reductions in VMT, translate 
into huge savings for Americans every year 
through avoided collisions.  

LESS PROPERTY DAMAGE 
FROM COLLISIONS
Property damage from 
auto collisions costs 
about $240 per person 
annually in the United 
States, and drivers in 
Boston, Worchester, and 
6SULQJ¿HOG�¿OH�FODLPV�DW�
especially high rates.

Reducing VMT decreases the overall num-
ber of collisions, and therefore reduces 
resulting property damage. According to 
the National Highway Traffic Safety Admin-
istration, roughly four million automobile 
collisions in the United States in 2013 re-
sulted only in property damage.28 Based on 
an extrapolation of National Highway Traf-
fic Safety Administration’s analysis, these 
collisions 29 resulted in an estimated cost of 
$73.3 billion in 2013, or approximately $230 
per person living in the United States.30 

Massachusetts is notorious for being a place 
where drivers get into collisions. This is not 
just folklore of people complaining about 
infamous “Boston drivers” or “Massholes” 
on the road. Allstate Insurance’s study of 
auto insurance claims in 200 major cities 
found Boston to be the worst in the country, 
followed by Worchester, with Springfield as 
the fifth worst in the nation, measured by 
frequency of claims for collision damage.31 
Boston drivers are about two and a half 
times as likely to file a claim from a collision 
than the average American driver.

Other Modes of Transportation 
Are Comparatively Safer Than 
Driving
Driving an automobile is far more dan-
gerous than other modes of travel. Re-
search by Todd Litman in the Journal of 
Public Transportation in 2014 examined 
data on automobile fatalities in the 
United States, and found that riding a 
bus is about 60 times safer than driving 
per mile traveled. Similarly, riding vari-
ous forms of intercity rail, light rail, or 
commuter rail is around 20 to 30 times 
safer than driving per mile traveled. 
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MONEY SAVED AT THE PUMP
Federal Highway Data 
Show Massachusetts drivers 
consumed approximately 
2.4 billion gallons of gas 
in 2014, at an estimated 
cost of $8.6 billion. 

While it may seem obvious, one of the 
single biggest benefits from reduced driv-
ing is the resulting reduction in the total 
cost of gasoline consumed each year. Pur-
chasing gas costs consumers and businesses 
thousands of dollars annually.32 According 
to the Energy Information Administration, 
Americans consumed 136.8 billion gallons 
of gasoline nationwide in 2014.33 In Mas-
sachusetts in 2012, 2.6 billion gallons were 
consumed at an estimated cost of $9.6 
billion.34 Meaning, that on average, each 
registered Massachusetts driver consumed 
an estimated 10.6 gallons of gasoline per 
week, at an average cost of $39.30.35

A major benefit of not consuming all of 
this gas is that it is less costly for household 
budgets. The price of gas fluctuates, but 
it has remained well above the levels that 
were typical during the 1990s or the early 
part of the 2000s. From 2006 to 2014, gaso-
line cost consumers in Massachusetts a total 
of approximately $74 billion, representing a 
massive transfer of wealth out of the hands 
of local consumers and businesses, and into 
the hands of big oil companies.36

REDUCED VEHICLE 
REPAIR COSTS
The American Automobile 
Association estimates that, 
on average, Americans 
spend over 5 cents per mile 
on vehicle maintenance.

More driving also leads to additional wear 
and tear on vehicles. Owning and operating 
a vehicle is expensive. In 2015, the Ameri-
can Automobile Association estimated that 
vehicle repair costs the average family as 
much as $767 a year, or an average of 5.11 
cents per mile.37 

To put the per-mile cost of repairs in 
perspective, data from the Massachusetts 
Department of Transportation projects total 
VMT in the Commonwealth to reach 57.3 
billion miles in 2015. Thus, at the national 
average of approximately 5.11 cents of 
repairs for each mile driven, Massachusetts 
drivers will spend roughly $2.9 billion in 
2015 on vehicle repair cost alone.38
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REDUCED ROAD REPAIR
The Commonwealth of 
Massachusetts spent 
more than $240 million 
annually on road repair 
between 2009 and 2011.

As anyone who has hit a pothole could 
guess, as people drive more, they do more 
damage to the roads. More driving means 
worse roads, and ultimately makes more 
repair necessary. The more road repair, the 
higher the cost of maintaining roads. 
 
Repairing our roads is a major expense 
for state government. A report by Smart 
Growth America found that in 2011, states 
would have needed to collectively spend 
$45.2 billion to bring roads rated in “poor” 
condition to a state of good repair, while 
also maintaining their existing systems.39 
This figure is roughly three times the 
amount that states actually spent repairing 
and maintaining the road system. 

In fact, on a scale of “good,” “fair,” or 
“poor,” 13 percent of Massachusetts’s roads 
were in “poor” condition in 2011, while 
only 10 percent of roads were in “good” 
condition that year.40 Meanwhile, accord-
ing to the same report, the Commonwealth 
spent $241 million annually on average on 
road repair from 2009 to 2011.41 

Wellness Benefits of Reduced 
Driving  
Other benefits from reduced driving 
may be more difficult to quantify on a 
per-mile basis, but are just as important 
to the well-being of Massachusetts resi-
dents. Those who drive less have lower 
rates of obesity, and decreased risk of 
cancer, diabetes, and heart disease. 

Reduced health care costs
Weight and physical inactivity related 
health issues in the United States account 
for a large percentage of heath care 
spending each year. Each year, $117 bil-
lion, or 11.1 percent of health care costs, 
are spent treating illnesses associated 
with inadequate levels of physical activ-
ity.42 When inadequate physical activity is 
taken to the extreme, that price tag gets 
even bigger. Obesity in the United States 
costs an estimated $190.2 billion a year, 
or nearly 21 percent of annual medical 
spending in the United States.43 Child-
hood obesity alone is responsible for 
$14.1 billion in direct medical costs.44 

In a study of 187 American cities and 
their obesity rates, the direct costs con-
nected with obesity and obesity-related 
diseases are roughly $500 per resident.45 
If the 10 most obese cities cut their obe-
sity rates down to the 2009 national aver-
age (26.5 percent), the combined savings 
to their communities would be $500 
million in health care costs each year.46 If 
all 187 cities were able to decrease their 
obesity rates to 15 percent, it would save 
the United States roughly $32.6 billion in 
health care costs each year, calculating 
out to approximately $102 in savings per 
person each year.47 
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In considering these numbers, it is im-
portant to note that, at 23.6 percent, 
Massachusetts already has an obesity rate 
that is far below the national average, 
and is currently the third least obese state 
in the nation.48 While there are a num-
ber of factors that contribute to this, the 
availability of active modes of transporta-
tion such as walking, bicycling, and public 
transit are, at least in part, responsible.49 
Past investments in creating walkable 
communities, bikeable neighborhoods, 
and the ready availability of public transit 
have paid dividends.

Reduced risk of obesity, cancer, 
diabetes, and heart disease
The average American commuter spends 
roughly 51.8 minutes a day commuting to 
and from work.50 Whether or not people 
sit in their cars while commuting to work 
is a serious health concern. 

Large amounts of time spent in cars 
contributes to the high levels of obesity 
found among Americans. Studies that 
compare VMT to obesity find a strong 
correlation among individuals.51 More 
driving corresponds to sedentary life-
styles, rather than burning calories from 
walking or bicycling to a destination. For 
many people, the short regular walk to 
and from the bus stop can be their most 
regular exercise.

Recent studies also link cancer, diabetes, 
and heart disease to low levels of physi-
cal activity, due, in part, to time we spend 
physically inactive, traveling in automo-
biles. It is estimated that inadequate physi-
cal activity contributes to roughly 200,000 
premature deaths in the U.S. each year.52 
The Surgeon General recently issued a call 

to action on walking and walkability to 
address the issue of physical inactivity in 
America. In a report backing the call to ac-
tion, the Surgeon General states that 117 
million Americans are living with chronic 
diseases, such as coronary heart disease, 
diabetes, and cancer.53 

The report advocates physical activity as a 
way to reduce the risk of chronic disease, 
stating that engaging in physical activity 
for roughly 30 minutes per work day can 
reduce the risk of contracting a chronic dis-
ease by 30 percent.54 The average American 
walking commute takes 23 minutes per 
day, and the average bicycling commutes 
lasts 38.6 minutes per day.55 If more Ameri-
cans could commute by walking, bicycling, 
or public transit, the risk of chronic disease 
would decrease substantially.

Improved mental health
Beyond the physical benefits that come 
from an active lifestyle, there are mental 
health benefits attributed with getting 
the appropriate amount of exercise. The 
Surgeon General’s call to action states that 
“physical activity is associated with im-
proved quality of life, emotional well-be-
ing, and positive mental health.”56 Further, 
a study has shown that long commutes 
in cars tend to lead to negative mental 
health outcomes, including poor sleep, 
anxiety, social isolation, and depression.57 
Finally, in the long term, studies that also 
show that physical activity may postpone 
cognitive decline in older adults.58 If com-
muters could spend less time in their cars 
and more time commuting by foot, bike, 
or public transit, they could fulfill the 
recommended physical activity set forth by 
the Surgeon General and realize greater 
physical and mental health impacts.
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QUANTIFYING A REDUCTION IN DRIVING

As the Commonwealth looks to the future, 
even relatively small reductions in the 
growth rate of driving volume will offer 
significant benefits to our economy, our 
environment, and our quality of life.

This section examines the expected result 
of a one percentage point reduction in 
the VMT growth rate below official fore-
casts by the Massachusetts Department of 
Transportation between 2015 and 2030. The 
Massachusetts Department of Transporta-
tion’s projections of future driving demand 
reflect recent socio-economic data, surveys 
of trip making behavior, and actual traffic 
count data. 

What follows uses Massachusetts Depart-
ment of Transportation’s official forecasts 
as a baseline, and then examines what a 
one percentage point reduction in the VMT 

growth rate would mean. For instance, 
whereas the Massachusetts Department 
of Transportation’s baseline forecast is for 
a 0.43 percent reduction in VMT between 
2015 and 2016, the one percentage point 
reduction scenario below forecast instead 
shows a reduction of 1.43 percent. Likewise, 
the Massachusetts Department of Transpor-
tation forecasts a 0.49 percent increase in 
VMT between 2020 and 2021, and the one 
percentage point reduction scenario shows 
a 0.51 percent reduction in VMT instead.

THE SIGNIFICANT IMPACT 
OF A 1% REDUCTION IN THE 
DRIVING GROWTH RATE

A single percentage point reduction in the 
growth rate of VMT would decrease VMT 
by 575.5 million miles in 2015, compared 
to the sum that the Massachusetts Depart-
ment of Transportation forecast last year. By 
2030, a one percentage point reduction be-
low that forecast would result in 8.7 billion 
fewer miles traveled for that year. Cumula-
tively, a one percentage point reduction for 
the 2015-2030 time period would result in 
74.5 billion fewer vehicle miles of driving 
during that span.

What follows uses 
Massachusetts Department 
RI�7UDQVSRUWDWLRQ¶V�RI¿FLDO�
forecasts as a baseline, 
and then examines what 
a one percentage point 
reduction in the VMT 
growth rate would mean.
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A one-percent reduction would merely 
represent a return to levels of total VMT 
observed during the late 1990’s.59 The com-
parison between the current Massachusetts 

Department of Transportation forecast of 
future VMT and an alternative scenario 
with a one percentage point reduced 
growth rate is shown in Figure 1.

Figure 1: Comparing MassDOT Forecast of Future VMT in Massachusetts to a One 
Percentage Point Growth Reduction Below Forecast
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Table 1: Forecast VMT and Reduction in VMT from a One Percentage Point Reduction 
in VMT Growth Rate60

Year(s) Forecasted VMT
(Billions of Miles)

1 Percentage Point 
Reduction Scenario 
(Billions of Miles)

Change
(Billion Miles)

2015 57.304 56.728 -0.576

2020 56.060 52.765 -3.295

2025 57.419 51.408 -6.011

2030 58.777 50.057 -8.720

2015-2030 915.636 841.112 -74.524
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ENVIRONMENTAL BENEFIT – 
REDUCED CO

2
 EMISSIONS 

The combustion of each gallon of gaso-
line releases 19.64 pounds of CO2 into the 
atmosphere.61 Therefore, a one percentage 
point reduction in the VMT growth rate 
below the Massachusetts Department of 
Transportation’s forecasts, when applied to 
the reduction in gasoline consumed, would 
result in 226.3 thousand metric tons of CO2 
not emitted in 2015, rising to 2.4 million 
metric tons in 2030, and 23.3 million metric 
tons for the period.

The U.S. Environmental Protection Agency 
provides some needed context. According 
to the agency’s Greenhouse Gas Equiva-
lencies Calculator 2015, estimated annual 
carbon emissions savings are equivalent 
to taking 47,653 cars off the road for one 
year.62 Similarly, 2030 annual savings are 
equivalent to taking 501,958 cars of the 
road for one year. 

ECONOMIC BENEFIT – REDUCED 
GASOLINE CONSUMPTION AND 
MONEY SAVED AT THE PUMP

As previously discussed, if driving decreases, 
we would expect similar reductions in the 
number of gallons of gasoline consumed 
and the costs of purchasing this gasoline. 
The rate at which reductions in driving de-
creases these outcomes depends on the fuel 
efficiency of cars and the cost of gasoline.63

Taking projections of both the fuel efficien-
cy of cars and the cost of gasoline into ac-
count, in 2015, a one percentage point re-
duction in driving growth rate would result 
in the consumption of 25.4 million fewer 
gallons of gasoline. That amount of annual 
savings is calculated to increase steadily 
over the period. By 2030, we would expect 
to use 267.6 million fewer gallons than the 
amount based on currently forecast driving 
miles, while the total decrease in gas con-
sumption for the period from 2015 to 2030 
would equate to 2.6 billion gallons.

Table 2: Reduced CO2 Emissions Associated with a One Percentage Point Reduction in the VMT Growth Rate

Year Marginal Reduction in VMT with 1 
Percentage Point Decrease in Driving 

Growth Rate (Billion Miles)

Gasoline Not Consumed
(Billion Gallons)

CO2 Not Emitted
(Million Metric Tons)

2015 -0.576 0.025 0.226

2020 -3.295 0.131 1.170

2025 -6.011 0.209 1.865

2030 -8.720 0.268 2.384

2015-2030 -74.524 2.612 23.272
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Using less gasoline would result in big sav-
ings for consumers each year at the pump. 
A one percentage point reduction in driving 
growth below forecast in 2015 would mean 
consumers would save an additional $71.1 
million on gasoline for the year. By 2030, 
Massachusetts consumers would save an ad-
ditional $856.5 million, based on Energy In-
formation Administration forecasts of likely 
per-gallon prices. For the period from 2015 
to 2030 cumulatively, consumers would save 
an additional $7.7 billion.

To better understand the magnitude 
of these savings, it is helpful to think 
about them on a more personal scale. 
For instance, if the savings were distrib-
uted equally among every one of the 4.7 
million drivers licensed in to drive in the 
Commonwealth as of 2012,64 the sav-
ings would equate to roughly $1,628 per 
driver for the period.65 

ECONOMIC BENEFIT – �REDUCED 
AUTOMOBILE COLLISION COSTS

The National Safety Council, estimates the 
total cost of automobile collisions nation-
wide in 2013 at approximately nine cents 
per mile.66 This includes the lifetime cost 
of medical expenses, employer costs, lost 
wages, and property damage from automo-
bile collisions occurring in 2013.

Applying this per-mile cost to the decrease in 
VMT associated with a one percentage point 
reduction scenario shows decreased costs for 
2015 to be $51.8 million, growing to $784.8 
million in 2030, and cumulatively reaching 
$6.7 billion for the period from 2015-2030.

Table 3: One Percentage Point Reduction in VMT Growth Rate and Associated 
Decreases in Gasoline Consumption and Money Spent at the Pump

Year(s) Marginal Reduction in VMT with 
1 Percentage Point Decrease in 

Driving Growth Rate
(Billion Miles)

Resulting Decrease
in Gas Consumption

(Billion Gallons)

Resulting Decrease in Money 
Spent at the Pump

(EIA Future Price Estimates)

2015 -0.576 0.025 $0.071

2020 -3.295 0.131 $0.360

2025 -6.011 0.209 $0.618

2030 -8.720 0.268 $0.856

2015-2030 -74.524 2.612 $7.698
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ECONOMIC BENEFIT – 
REDUCED AUTOMOBILE 
MAINTENANCE COSTS 

In addition to the reduced cost of gaso-
line, automobile collisions and injuries, 
and state road repair, reduced driving 

also means reduced automobile repair 
for the average Massachusetts automo-
bile owner. The Automobile Association 
of America found that the average cost 
of vehicle maintenance is 5.11 cents per 
mile.67 Therefore, a one percentage point 
decrease in the VMT growth rate below 
the Massachusetts Department of Trans-
portation’s forecasts would result in $29.4 
million saved on auto repair in 2015,68 and 
would climb to $445.6 million in 2030,69 
with $3.81 billion in cumulative savings for 
the period from 2015-2030.70

Table 4: Increased Massachusetts Savings on Automobile Related Collisions 
Associated with a One Percentage Point Reduction in VMT Growth Rate.

Year(s) Marginal Reduction in VMT with 
1 Percentage Point Decrease in 

Driving Growth Rate (Billion Miles)

Benefits Associated with Fewer 
Automobile Related Collisions

(Billion $)

2015 -0.576 $0.052

2020 -3.295 $0.297

2025 -6.011 $0.541

2030 -8.720 $0.785

2015-2030 -74.524 $6.707

Table 5: Benefits of Automobile Maintenance Associated with a One Percentage 
Point Reduction in the VMT Growth Rate in Massachusetts

Year(s) Marginal Reduction in VMT with 
1 Percentage Point Decrease in 

Driving Growth Rate (Billion Miles)

Benefits Associated with 
Decreased Auto Repair (Billion $)

2015 -0.576 $0.029

2020 -3.295 $0.168

2025 -6.011 $0.307

2030 -8.720 $0.446 

2015-2030 -74.524 $3.808
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ECONOMIC BENEFIT – REDUCED 
STATE ROAD REPAIR COSTS

For the benefits of reduced driving for 
state road repair in the Commonwealth, 
this report applies the 2.57 cents per mile 

estimate, derived from estimates of high 
and low traffic repair needs on roads by 
the Federal Highway Administration.71 With 
a one percentage point reduction in the 
VMT growth rate below the Massachusetts 
Department of Transportation’s forecasts, 
the additional savings to Massachusetts on 
state road repair would be $14.8 million 
in 2015,72 rising to $224.1 million in 2030,73 
and a cumulative $1.9 billion for the period 
from 2015 to 2030.74

Table 6: Reduced Cost of State Road Repair Associated with a One Percentage Point 
Reduction in the VMT Growth Rate.

Year(s) Marginal Reduction in VMT with 
1 Percentage Point Decrease in 

Driving Growth Rate (Billion Miles)

Benefits Associated with 
Decreased State Road Repair 

(Billion $)

2015 -0.576 $0.015

2020 -3.295 $0.085

2025 -6.011 $0.154

2030 -8.720 $0.224

2015-2030 -74.524 $1.915

TOTAL COMBINED 
ECONOMIC BENEFITS

Factoring in the economic cost of gas con-
sumption, automobile related collisions and 
injuries, automobile repair, and road repair, 
we can derive a total economic surplus of 
these driving related costs and externalities. 
Adding these figures together, we arrive at a 

combined total savings in 2015 of $167.1 mil-
lion ($71.1 million in gas consumption $51.8 
million in collisions, $29.4 million in auto 
repair, and $14.8 million in road repair). In 
2030, the combined economic cost equates 
to $2.3 billion ($856.5 million in gas con-
sumption, $784.8 million from automobile 
collisions, $445.6 million from auto repair, 
and $224.1 million from road repair). For the 
period from 2015-2030, cumulative eco-
nomic savings equates to $20.1 billion ($7.7 
billion in gas consumption, $6.7 billion from 
automobile collisions, $3.8 billion from auto 
repair, and $1.9 billion from road repair).
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Figure 2: Below illustrates the breakdown of total economic saving for the period 
from 2015-2030. 

Figure 3: Reduced Expenses Per Year from a 1 Percentage Point VMT Growth Rate 
Reduction, 2015-2030

Money Saved at Pump - $7.7 billion

Fewer Traffic Collisions - $6.7 billion

Reduced Vehicle Repair - $3.8 billion

Avoided Road Repair - $1.9 billion

38%

33%

19%

10%

All values represent billions of dollars in savings for a 1 percent decrease in the growth rate of 
vehicle-miles traveled compared to official Massachusetts Department of Transportation forecasts.
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As indicated in Table 8 below, the cumu-
lative savings of a one percentage point 
reduction in VMT below the current fore-
cast from the Massachusetts Department 
of Transportation is $20.129 billion for the 
period from 2015-2030. 

For context, the total economic savings of a 
one percentage point reduction in the VMT 

growth rate from 2015-2030 is enough to 
provide for the period any of the following:

Groceries for almost 180,455 American 
households;75

Daycare costs for 81,558 Massachusetts 
infants in daycare fulltime;76

The average Massachusetts mortgage 
payment for 92,746 households.77

Table 8: Annual Benefits of Reduced Automobile Collisions, Auto Repair, State Road Repair, and 
Gasoline Consumption

Year Reduced Costs 
Associated 

with Gasoline 
Consumption 

(Billion $)

Reduced Costs 
Associated with 

Auto Related 
Collisions
(Billion $)

Reduced Costs 
Associated with 

Auto Repair 
(Billion $)

Reduced Costs 
Associated with 

State Road Repair 
(Billion $)

Combined 
Benefits

(Billion $)

2015 $0.071 $0.052 $0.029 $0.015 $0.167 

2020 $0.360 $0.297 $0.168 $0.085 $0.909

2025 $0.618 $0.541 $0.307 $0.154 $1.620 

2030 $0.856 $0.785 $0.446 $0.224 $2.311 

2015-2030 
Combined $7.698 $6.707 $3.808 $1.915 $20.129 
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RECOMMENDATIONS 

The choice ahead is clear. Capturing the 
benefits of reduced driving between now 
and 2030 will require prompt changes to 
state and local policies and creating incen-
tives to encourage Bay State residents to 
drive less, and to use other forms of trans-
portation more. Achieving a one percentage 
point reduction in the VMT growth rate will 
require the Commonwealth’s project selec-
tion process to make VMT reduction a major 
priority. It will require more adequate fund-
ing, preferably from revenue sources that 
also encourage non-driving modes of trans-
portation. And new systems will need to be 
established for regular public assessments of 
the state’s success in reducing VMT.  

In the past few years, the state has taken 
some positive steps on which we can build. 
There is a new state goal of tripling the 
shares of trips made by transit, walking, 
and biking between 2012 and 2030. Under 
the Healthy Transportation Policy Directive, 
the Massachusetts Department of Trans-
portation incorporates non-driving modes 
within or adjacent to state projects as much 
as possible.78 Massachusetts’s Department of 
Environmental Planning recently set forth 
regulations that require the Massachusetts 
Department of Transportation and Metro-
politan Planning Organizations to evaluate 
and track the greenhouse gas emissions 
and impacts of investment decisions while 
prioritizing greenhouse gas impacts when 
making these decisions.79 The GreenDOT 
implementation plan has a series of recom-

mendations aimed at fostering a shift from 
driving to other modes. 

Yet, there is more that we should do. The 
recommendations below identify the top 
three efforts the state can make to help 
move us further down the road to reduc-
ing VMT, which will lead to the significant 
environmental, economic, and public health 
savings outlined in this report. 

1) CHOOSE TRANSPORTATION 
INVESTMENTS THAT 
REDUCE DRIVING

Decisions about what types of investments 
to prioritize will greatly influence future 
levels of driving. The post-World War II 
era increase in driving partly resulted from 
heavy investment in new and wider roads 
and ever more sprawling development. In 
the Bay State and across the nation, new 
highways have been constructed over the 
last half-century in ways that encouraged 
people to live further from their jobs, the 
services they need, and their pastimes, lead-
ing to increased driving. For decades new 
off-ramps in previously rural communities 
fueled real estate development in distant 
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suburbs and exurbs consisting largely of 
housing subdivisions, office parks, and 
shopping centers while many older cities 
were neglected.

The 2013 transportation finance law cre-
ated a Project Selection Advisory Council to 
establish criteria for investment decisions.80 
The Council’s June 2015 report to the 
legislature recommended criteria to screen 
future transportation investments. The 
Council’s report is a great first step. It cre-
ates a group of objective criteria for project 
selection, which is a dramatic improvement 
over how project decisions were made in 
the past. The new criteria now include pub-
lic health, environmental, and social and 
regional equity factors, yet they are given 
too little weight in the scoring.

As the criteria are implemented, the state 
should amend them to explicitly make re-
ducing VMT a major criteria for evaluating 
which investments should be prioritized for 
funding. 

Investments that would contribute to a 
reduction in VMT include improving walk-
ing and bicycling trails, modernizing and 
enhancing capacity on public transportation 
lines, improving and expanding intercity 
rail service, purchasing newer and more 
reliable buses, introducing bus rapid transit, 
and favoring projects that encourage land-
use patterns such as compact development 
that entail shorter auto trips. Private-sector 
transportation demand management strat-
egies should be encouraged to complement 
these investments, such as shuttles and car-
pooling programs. Moreover, scoring proj-
ects based on their impact on VMT will help 
avoid wasteful spending on new and wider 
highways that would lead to less efficient 
land use, requiring additional spending 
on other infrastructure to service far-flung 
development, and drastically increase the 
costs stemming from VMT.

The Commonwealth must make new in-
vestments to enable better transportation 
choices, while maintaining a state of good 
repair of those we already have - includ-
ing public transportation, sidewalks, bike 
lanes, and trails and paths. The goal should 
be to make the combination of multiple 
modes of transportation serve as more than 
the sum of their parts to make it viable for 
households to drive less, or to reduce the 
number of automobiles they own. Strate-
gies to accomplish this include incorporat-
ing car-sharing and bike-sharing into plans 
and designing bike racks and crosswalks at 
transit stops. Investments should also sup-
port “complete streets” that are designed 
to enable safe walking, bicycling, and 
transit use. 

2) RAISE REVENUES THAT PAY 
FOR OUR TRANSPORTATION 
NEEDS WHILE PREFERABLY 
ALSO REDUCING DRIVING
Sufficient resources to pay for important 
investments are necessary. Despite some 
progress in transportation funding in 2013, 
most experts agree that more funding is 
necessary to make the types of investments 
that our state needs to make. There is no 
shortage of innovative revenue sources 
that policy makers can embrace. While 
gas taxes have waned in recent years due 
to improved fuel efficiency and inflation, 
there are other ways of raising transporta-
tion revenue that would also encourage 
reductions in driving. One of these could 
be a road usage charge, or fee, based on 
VMT. But whether we use that method or 
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another, the guiding principal should be 
that we must provide sufficient revenue to 
address our transportation needs, while do-
ing what we can to disincentive costly over 
reliance on driving.

Those incentives need not just be public 
sector based. A private-sector incentive to 
reduce driving would be to allow “pay-
as-you-drive” (PAYD) insurance. Instead 
of paying auto insurance as a fixed cost, 
PAYD insurance links the monthly fee that 
a customer pays for car insurance with the 
distance that he or she drives. This provides 
motorists with more insurance options that 
better reflect actual economic costs, and 
encourages fewer driving miles.81 Massachu-
setts is currently one of only sixteen states 
that prohibit PAYD insurance. 

At the same time, we should encourage 
transit use by keeping public transit fares 
low. Large fare hikes would both decrease 
the mobility of people with low incomes 
and cause riders with access to an automo-
bile to drive more.

3) SET GOALS AND 
TRACK PROGRESS

The Commonwealth already evaluates 
transportation performance using a num-
ber of important measures including asset 
conditions and on-time performance. Yet, 
a successful investment strategy should 
also reduce driving. The Massachusetts 
Department of Transportation should 
work toward including VMT reduction as 
an explicit performance measure. Report-
ing on this measure should be done on a 
public dashboard on the Massachusetts 
Department of Transportation’s website 
and included in quarterly and annual 
performance and accountability reports. 
The Performance and Asset Management 
Council established by the 2013 transporta-
tion finance law should also include VMT 
benchmarks in its recommendations. 
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CONCLUSION 

There is much to gain, with even small 
reductions in the future number of VMT 
in Massachusetts. Even relatively small 
decreases in the growth in the volume of 
driving translates into large benefits for 
the people of Massachusetts. As we have 

seen, these include physical benefits, such 
as reduction in loss of life or other injury 
from collisions; economic benefits, such 
as reduced road and vehicle maintenance, 
increased work time, and medical savings; 
environmental benefits, such as reduced 
CO2 emissions and reduced air pollu-
tion; and public health benefits, such as 
decreased obesity. Together the benefits 
of just a one percentage point reduction 
in the growth rate of VMT will yield $2.3 
billion yearly by 2030, and $20.1 billion 
combined from 2015-2030, a sum that is 
understated because it includes only those 
benefits that can be readily quantified in 
dollar terms per mile driven, excluding 
benefits such as lower carbon emissions 
and public health benefits such as re-
duced obesity.

We can save money, save lives, prevent 
injury, and protect the environment by 
focusing on smarter transportation policies, 
and promoting regulations and incentives 
that further these choices. There is much at 
stake, and much to gain.

7RJHWKHU�WKH�EHQH¿WV�RI�MXVW�D�RQH�
percentage point reduction in the 
growth rate of VMT will yield $2.3 
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APPENDIX I - METHODOLOGY

Reduced Vehicle-Miles Traveled (2015-2030)

We calculate the reduction in VMT in 
Massachusetts between 2015 and 2030 
with a one percentage point reduction in 
the VMT growth rate below the forecast 
made by the Massachusetts Department of 
Transportation. In order to calculate this, 
we take the VMT growth rate for a given 
year between 2015 and 2030 as predicted 
by the Massachusetts Department of Trans-
portation, and subtract one percentage 
point from the growth rate. For instance, 
if the growth rate was projected to be 0.75 
percent, under a one percentage point 
reduction scenario, the derived growth 
rate would be -0.25 percent. The report 
then applies the new, reduced growth 
rate to the Massachusetts Department of 
Transportation’s VMT estimate for that 
year. The result is the number of VMT with 
a one percentage point reduction in the 
projected VMT growth rate. The annual 

figures are then summed to calculate the 
total number of miles driven under a one 
percentage point reduced growth rate 
scenario from 2015 to 2030. That number 
is then subtracted from the sum of the 
Massachusetts Department of Transporta-
tion’s projections over the same span of 
years, which produces the difference in 
VMT between the two projections. This 
results in 74.5 billion fewer miles driven in 
Massachusetts between the years 2015 and 
2030 if the VMT growth rate is reduced by 
one percentage point. 

Source: 

Massachusetts Department of Transpor-
tation, Travel Demand Model. Office of 
Transportation Planning. Massachusetts 
Vehicle-Miles Traveled Statistics and 
Projections, 2014.

Economic Benefit – Decreased Automobile Collisions (2015-2030) 

To calculate the economic implications of 
fewer automobile collisions from 2015 to 
2030, we use the process described in the 
preceding section, “Reduced Vehicle-Miles 
Traveled (2015-2030),” to determine the num-
ber of vehicle-miles not traveled in Massa-
chusetts during that span. This figure is then 
multiplied by a derived per-mile cost of 9.0 

cents per mile for each year. Annual figures 
are then summed to determine economic 
savings from avoided automobile collisions 
for the period. The result is $6.7 billion saved 
from 2015 to 2030. To determine the per-mile 
cost of automobile collisions, 9.0 cents per 
mile, we use data obtained from the National 
Safety Council, which estimates the total 



26 WHAT'S AT STAKE? How Decreasing Driving Miles in Massachusetts Will Save Lives, Money, Injuries, and the Environment

economic cost of automobile collisions na-
tionwide in 2013 at $276.5 billion, and divide 
that figure by the total VMT that year, 2.972 
trillion, to reach a 9.0 cent per mile cost.

Source:

National Safety Council. National Safety 
Council Estimates Traffic Deaths Down 
Three Percent in 2013. Retrieved from 

http://www.nsc.org/NewsDocuments/2014-
Press-Release-Archive/2-12-2014-Traffic-
Fatality-Report.pdf. 
U.S. Department of Transportation, 
Federal Highway Administration, Office 
of Highway Policy Information (2014, 
November). Travel Monitoring and Traf-
fic Volume. Retrieved from https://www.
fhwa.dot.gov/policyinformation/travel_
monitoring/13dectvt/index.cfm

Economic Benefit – Decreased Automobile Repair (2015-2030)

To calculate the economic implications of 
a one percentage point reduction in VMT 
growth rate and the resulting saving from 
auto repair costs during the 2015 to 2030 
period, we first use the process described 
in the previous section, “Reduced Vehicle-
Miles Traveled (2015-2030),” to determine 
the number of vehicle-miles not traveled in 
Massachusetts during that span. This figure 
is then multiplied by a 5.11 cent per vehicle-
mile repair cost, as reported by the American 
Automobile Association in 2015. Resulting 

annual values are then summed to deter-
mine the total economic implications for the 
period, which comes to $3.8 billion.

Source:

American Automobile Association (2015, 
April 28). Annual Cost to Own and 
Operate a Vehicle Falls to $8,698, Finds 
AAA. Retrieved from http://newsroom.
aaa.com/2015/04/annual-cost-operate-
vehicle-falls-8698-finds-aaa/

Economic Benefit – Decreased Road Repair (2015-2030)

To calculate the economic implications of 
a one percentage point reduction in VMT 
growth rate and the resulting savings from 
road repair costs during the 2015 to 2030 
period, we first use the process described in 
the previous section, “Reduced Vehicle-Miles 
Traveled (2015-2030),” to determine the 
number of vehicle-miles not traveled in Mas-
sachusetts during that span. This figure is 
then multiplied by a 2.57 cent per mile road 
repair cost. Resulting annual values are then 
summed to determine the total economic 
benefits for the period, which comes to $1.9 
billion not spent on road repair from 2015 to 
2030. The 2.57 cent per mile figure is derived 

first by finding the difference in driving 
miles for a span of 20 years, from 2010 to 
2030, using two scenarios for a change in 
VMT growth rate (this report uses scenarios 
with a 1.36 percent increase in VMT growth 
rate and with a 1.85 percent increase). We 
then divide the amount of money spent on 
road repair in that timespan by the differ-
ence in VMT for each scenario, which is 
equal to 2.57 cents per mile.

Source: 

Massachusetts Department of Transpor-
tation, Travel Demand Model. Office of 
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Transportation Planning. Massachusetts 
Vehicle-Miles Traveled Statistics and 
Projections, 2014.
U.S. Department of Transportation, Fed-
eral Highway Administration, Policy and 

Governmental Affairs (2014, November 
7). 2013 Conditions and Performance 
Report, Ch. 7, exhibit 7-2. Retrieved from 
http://www.fhwa.dot.gov/policy/2013cpr/
chap7.cfm

Economic Benefit – Decreased Gasoline Consumption (2015-2030)

To calculate the decrease in gasoline con-
sumption from of a one percentage point 
reduction in VMT growth rate during the 
2015 to 2030 period, we first use the pro-
cess described in the previous section, “Re-
duced Vehicle-Miles Traveled (2015-2030),” 
to determine the number of vehicle-miles 
not traveled in Massachusetts during that 
span. These annual figures are then divided 
by the Light Duty Stock Fleet Mix MPG, as 
reported by the Energy Information Admin-
istration, for the chosen year of calculation. 
The result is the number gallons of gasoline 
that would be consumed in Massachusetts 
in those years if the projected number of 
vehicle-miles driven was reduced by one 
percentage point. Those totals are then 
subtracted from the gallons of gas which 

would be consumed based on the Mas-
sachusetts Department of Transportation’s 
projected VMT for the same period. The 
annual totals are summed to provide a 
total number of gallons of gasoline not 
consumed as a result of a one percentage 
point reduction in VMT, 2.6 billion gallons 
of gasoline. 

Source:

U.S. Energy Information Administra-
tion. Annual Energy Outlook 2015. 
Retrieved from http://www.eia.gov/
beta/aeo/#/?id=7-AEO2015&region=0-
0&cases=ref2015&start=2012&
end=2040&f=A&linechart=~7-
AEO2015.28.&map=&ctype=linechart

Economic Benefit – Decreased Money Spent at the Pump (2015-2030)

To calculate the economic implications of 
a one percentage point reduction in VMT 
growth rate and the resulting reduction in 
money spent at the pump during the 2015 
to 2030 period, we first use the process de-
scribed in the previous section, “Economic 
Benefit – Decreased Gasoline Consumption 
(2015-2030),” to determine the number of 
gallons of gasoline not consumed during 
that span. The resulting annual figures 
were then multiplied by the average annual 
price per gallon of gasoline as projected by 
the Energy Information Administration for 

the chosen year of calculation. Resulting 
annual values are then summed to deter-
mine the total economic implications for 
the period, which comes to $7.7 billion not 
spent at the pump from 2015 to 2030.

Source: 

U.S. Energy Information Administration 
(2015, April 14). Annual Energy Outlook 
2015: Energy Prices, Fig. 4. Retrieved 
from http://www.eia.gov/forecasts/aeo/
section_prices.cfm.
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Total Combined Economic Benefits (2015-2030)

The total economic implications from a de-
crease in automobile collisions, road repair, 
automobile repair, and gasoline consump-
tion as a result of a one percentage point 
reduction in the projected VMT growth 
rate from 2015 to 2030 is $20.1 billion. We 
calculated the money saved from fewer col-
lisions, less road repair, and less automobile 
repair for a given year as described in the 
previous sections, “Economic Benefit – De-
creased Automobile Collisions (2015-2030),” 

“Economic Benefit – Decreased Automobile 
Repair (2015-2030),” “Economic Benefit – 
Decreased Road Repair (2015-2030),” and 
“Economic Benefit – Decreased Money 
Spent at the Pump (2015-2030).” The 
process is repeated for every year between 
2015 and 2030, and the final sum is equal 
to the total amount of money saved due 
to decreased automobile collisions, auto-
mobile repair, road repair, and gasoline 
consumption, $20.1 billion.

Environmental Benefit – Reduced CO2 Emissions (2015-2030)

We calculated the reduction in CO2 emis-
sions from 2015 to 2030 due to a one 
percentage point reduction in the projected 
VMT growth rate to be 23.3 million metric 
tons. To obtain this value, the report first 
calculates the gallons of gasoline not con-
sumed for a given year between 2015 and 
2030 due to a one percentage point reduc-
tion in the projected VMT growth rate, as 
described in the above section, “Decreased 
Gasoline Consumption (2015-2030).” This 
number is then multiplied by the stan-
dard conversion factor for pounds of CO2 
emitted per gallon of gasoline combusted, 
19.64 pounds per gallon, as provided by the 
Energy Information Administration. This 

number is then converted from pounds of 
CO2 to metric tons of CO2. The process is 
then repeated for every year between 2015 
and 2030. Finally, the annual figures are 
summed to provide the final value for the 
reduction in CO2 emissions from 2015 to 
2030, 23.3 million metric tons.

Source:

U.S. Energy Information Administra-
tion (2015, July 7). Frequently Asked 
Questions, How much carbon dioxide is 
produced by burning gasoline and diesel 
fuel. Retrieved from http://www.eia.gov/
tools/faqs/faq.cfm?id=307&t=10
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APPENDIX II - DATASHEET

Year Annual VMT1 Growth Rates in 
Orginal Forecast2

VMT Growth Rate 
with 1 Percent Lower 

Growth Scenario3

VMT with 1 Percent Lower 
VMT Growth Rate than 

Forecast4

Po
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d)

2015 57,304,000,000 -0.43% -1.43% 56,728,480,000

2016 57,055,000,000 -0.43% -1.43%  55,914,695,976 

2017 56,806,000,000 -0.44% -1.44%  55,111,525,543 

2018 56,557,000,000 -0.44% -1.44%  54,318,837,745 

2019 56,309,000,000 -0.44% -1.44%  53,537,463,612 

2020 56,060,000,000 -0.44% -1.44%  52,765,344,788 

2021 56,332,000,000 0.49% -0.51%  52,493,705,857 

2022 56,603,000,000 0.48% -0.52%  52,221,303,668 

2023 56,875,000,000 0.48% -0.52%  51,950,034,832 

2024 57,147,000,000 0.48% -0.52%  51,678,981,244 

2025 57,419,000,000 0.48% -0.52%  51,408,165,549 

2026 57,690,000,000 0.47% -0.53%  51,136,714,606 

2027 57,962,000,000 0.47% -0.53%  50,866,449,668 

2028 58,234,000,000 0.47% -0.53%  50,596,487,671 

2029 58,506,000,000 0.47% -0.53%  50,326,849,419 

2030 58,777,000,000 0.46% -0.54%  50,056,695,070 

Cum. 2015-2030 915,636,000,000 841,111,735,247
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Year Difference in VMT 
between - Orginal 

Forecast vs. 1 
Percent Lower VMT 
Growth Scenario5

 Avoided Traffic 
Accidents (Benefits 
Associated with 1 
Percentage Point 
Reduction in VMT 

Growth Rate, 
2015-2030 ($))6

Auto Repair (Benefits 
Associated with 1 
Percentage Point 
Reduction in VMT 

Growth Rate, 
2015-2030 ($))7

State (Not Local) 
Road Repair (Benefits 

Associated with 1 
Percentage Point 
Reduction in VMT 

Growth Rate, 
2015-2030 ($))8

Po
st

-D
ri

vi
ng
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oo

m
 (F
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ec
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te

d)

2015 -575,520,000 -$51,796,800 -$29,409,072 -$14,790,864

2016 -1,140,304,024 -$102,627,362 -$58,269,536 -$29,305,813

2017 -1,694,474,457 -$152,502,701 -$86,587,645 -$43,547,994

2018 -2,238,162,255 -$201,434,603 -$114,370,091 -$57,520,770

2019 -2,771,536,388 -$249,438,275 -$141,625,509 -$71,228,485

2020 -3,294,655,212 -$296,518,969 -$168,356,881 -$84,672,639

2021 -3,838,294,143 -$345,446,473 -$196,136,831 -$98,644,159

2022 -4,381,696,332 -$394,352,670 -$223,904,683 -$112,609,596

2023 -4,924,965,168 -$443,246,865 -$251,665,720 -$126,571,605

2024 -5,468,018,756 -$492,121,688 -$279,415,758 -$140,528,082

2025 -6,010,834,451 -$540,975,101 -$307,153,640 -$154,478,445

2026 -6,553,285,394 -$589,795,685 -$334,872,884 -$168,419,435

2027 -7,095,550,332 -$638,599,530 -$362,582,622 -$182,355,644

2028 -7,637,512,329 -$687,376,110 -$390,276,880 -$196,284,067

2029 -8,179,150,581 -$736,123,552 -$417,954,595 -$210,204,170

2030 -8,720,304,930 -$784,827,444 -$445,607,582 -$224,111,837

Cum. 2015-2030 -74,524,264,753 -$6,707,183,828 -$3,808,189,929 -$1,915,273,604
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Year Avoided Traffic Accidents, 
Vehicle Repair, and State 
Road Repair Combined 

(Benefits Associated 
with 1 Percentage Point 

Reduction in VMT Growth 
Rate, 2015-2030 ($))9

Avoided Traffic Accidents, 
Vehicle Repair, State 

Road Repair, and Savings 
at Pump Combined 
(Benefits Associated 

with 1 Percentage Point 
Reduction in VMT Growth 

Rate, 2015-2030 ($))10

Fleet Mix 
MPG11

Gasoline 
Consumption 

(Benefits Associated 
with 1 Percentage 
Point Reduction 
in VMT Growth 
Rate, 2015-2030 

(gallons))12
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2015 -$95,996,736 -$167,139,439 22.7  2,504,453,990.34 

2016 -$190,202,711 -$320,291,383 23.1  2,425,431,656.79 

2017 -$282,638,339 -$477,388,050 23.5  2,345,959,242.51 

2018 -$373,325,464 -$625,674,253 23.9  2,268,278,426.47 

2019 -$462,292,270 -$767,695,629 24.5  2,184,978,925.90 

2020 -$549,548,489 -$909,332,468 25.1  2,102,955,416.74 

2021 -$640,227,463 -$1,055,048,516 25.7  2,040,727,298.88 

2022 -$730,866,948 -$1,199,029,640 26.4  1,978,577,776.36 

2023 -$821,484,190 -$1,341,071,882 27.1  1,916,352,958.57 

2024 -$912,065,529 -$1,480,974,296 27.9  1,854,080,461.79 

2025 -$1,002,607,186 -$1,620,108,312 28.7  1,790,247,505.90 

2026 -$1,093,088,004 -$1,758,479,210 29.5  1,730,730,881.26 

2027 -$1,183,537,795 -$1,894,062,672 30.4  1,675,525,513.12 

2028 -$1,273,937,056 -$2,031,904,288 31.1  1,625,026,309.62 

2029 -$1,364,282,317 -$2,169,942,210 31.9  1,578,750,990.78 

2030 -$1,454,546,862 -$2,310,999,078 32.6  1,536,326,989.23 

Cum. 2015-2030 -$12,430,647,361 -$20,129,141,327 31,558,404,344.26
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Year Gasoline Consumption 
Avoided (Gasoline 

Conumption Avoided 
Associated with 1 

Percentage Point Reduction 
in VMT Growth Rate, 
2015-2030 (gallons))13

Average Annual Price of 
Gasoline MA Annual Averages 
(EIA Estimates of Future Gas 
Prices 2015-2030 (Estimate))14

Money Spent at Pump 
(Projected Money Spent 
at Pump under 1 Percent 
Decrease Scenario (EIA 
estimated gas prices))15
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2015  (25,408,108.25) $2.80 $7,012,471,172.95

2016  (49,463,373.26) $2.63 $6,378,885,257.37

2017  (72,129,522.37) $2.70 $6,334,089,954.77

2018  (93,462,514.48) $2.70 $6,124,351,751.46

2019  (113,112,355.20) $2.70 $5,899,443,099.94

2020  (131,308,021.41) $2.74 $5,762,097,841.86

2021  (149,216,206.23) $2.78 $5,673,221,890.90

2022  (166,015,138.96) $2.82 $5,579,589,329.35

2023  (181,674,018.13) $2.86 $5,480,769,461.50

2024  (196,175,437.22) $2.90 $5,376,833,339.18

2025  (209,322,415.40) $2.95 $5,281,230,142.41

2026  (221,797,068.76) $3.00 $5,192,192,643.78

2027  (233,725,288.26) $3.04 $5,093,597,559.87

2028  (245,296,838.69) $3.09 $5,021,331,296.73

2029  (256,579,583.92) $3.14 $4,957,278,111.05

2030  (267,641,317.50) $3.20 $4,916,246,365.52

Cum. 2015-2030 -2,612,327,208.05  NA $90,083,629,218.65
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Year Money Saved At Pump 
(Projected Savings at 
Pump under 1 Percent 

Reduction Scenario (EIA 
estimated gas prices))16

 Co2 Emissions (million 
metric tons) (Reflecting 

a 1 Percentage Point 
Reduction in VMT Growth 

Rate, 2015-2030)17

CO2 Avoided/Added 
(Additional CO2 Associated 
with 1 Percent Reduction 

in VMT, 2015-2030 
(million metric tons))18
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2015 -$71,142,703.09  22,311,090.51  (226,349.78)

2016 -$130,088,671.67  21,607,114.94  (440,647.66)

2017 -$194,749,710.40  20,899,129.79  (642,570.52)

2018 -$252,348,789.09  20,207,105.21  (832,616.86)

2019 -$305,403,359.04  19,465,026.22  (1,007,668.74)

2020 -$359,783,978.67  18,734,314.48  (1,169,766.01)

2021 -$414,821,053.33  18,179,951.26  (1,329,302.23)

2022 -$468,162,691.86  17,626,288.22  (1,478,956.61)

2023 -$519,587,691.86  17,071,954.40  (1,618,454.75)

2024 -$568,908,767.93  16,517,195.83  (1,747,641.58)

2025 -$617,501,125.44  15,948,535.81  (1,864,762.29)

2026 -$665,391,206.28  15,418,328.11  (1,975,893.55)

2027 -$710,524,876.33  14,926,527.51  (2,082,156.86)

2028 -$757,967,231.56  14,476,652.09  (2,185,242.77)

2029 -$805,659,893.52  14,064,405.41  (2,285,755.83)

2030 -$856,452,216.01  13,686,468.45  (2,384,300.00)

Cum. 2015-2030 -$7,698,493,966.07  281,140,088.23  (23,272,086.06)
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Appendix II: Notes and Sources

1. The annual Vehicle Miles Traveled (VMT) represented 
above, show forcasted VMT for the years 2015-2030. 
Massachusetts Department of Transportation, Office 
of Project Oriented Planning. (2014). Travel Demand 
Model. Massachusetts vehicle-miles traveled Statistics 
and Projections.

2. The growth rate is calculated by subtracting the 
forecasted annual VMT for the previous year by the 
forecasted annual VMT for the current year and 
then dividing by the forecasted annual VMT for the 
previous year. 

3. To calculate VMT Growth Rate with one percent 
lower growth, we took the growth rate from the 
original forecast and subtracted one full percentage 
point. 

4. To calculate one percent lower VMT growth rate, 
we first started with the actual VMT from 2015 and 
multiplied by the projected VMT growth rate under 
the one percent lower scenario for 2015 to achieve 
a projected one percent lower VMT. We then multi-
plied each projected VMT with the subsequent year’s 
projected growth rate. 

5. To calculated the difference in VMT between original 
forecast versus the one percent lower VMT growth 
scenario, we simply subtracted each year’s one 
percent lower scenario from the original forecast 
to achieve a difference in VMT between the two 
projections. 

6. We derived a per mile cost of 9.0 cents per mile by 
taking National Safety Council’s cost of collisions 
nationwide in 2013 [267.5 billion], and dividing by 
Federal Highway Administration’s data for total miles 
driven in 2013 [2.972 trillion]. We then multiplied 
9.0 cents per mile to the difference in VMT between 
the original forecast and the one percent lower VMT 
scenario to find the avoided traffic accident cost. 
National Safety Council (2014, February 12). National 
Safety Council Estimates Traffic Deaths Down Three 
Percent in 2013, National Safety Council. Retrieved 
from http://www.nsc.org/NewsDocuments/2014-Press-
Release-Archive/2-12-2014-Traffic-Fatality-Report.pdf. 
See also, U.S. Department of Transportation, Federal 
Highway Administration, Office of Highway Policy In-
formation (2014, November). Travel Monitoring and 
Traffic Volume. Retrieved from https://www.fhwa.dot.
gov/policyinformation/travel_monitoring/13dectvt/
index.cfm.

7. 2015 driving cost study on per-mile costs of operating 
a sedan foun that it costs 5.11 cents per mile to main-
tain a vehicle. To calculate auto repair costs avoided, 
we multiplied 5.11 cents per mile to the difference 
in VMT between the original forecast and the one 
percent lower VMT scenario. American Automobile 
Association (2015, April 28). Annual Cost to Own 
and Operate a Vehicle Falls to $8,698, Finds AAA. 
Retrieved from http://newsroom.aaa.com/2015/04/
annual-cost-operate-vehicle-falls-8698-finds-aaa/. 
Note:  Values reflect average repair costs for sedans 
of all sizes.  AAA’s estimates are based upon the cost 
to maintain a vehicle and perform needed repairs for 
five years and 75,000 miles, including labor expenses, 
replacement part prices and the purchase of an 
extended warranty policy.

8. The 2.57 cents per mile figure for expected cost of 
existing state road repair is calculated using data 
from FHWA for both vehicle-miles traveled estimates 
[4.2 trillion miles from 2010-2030] and expected cost 
of maintenance [$108 billion], and then extrapo-
lating out a per-mile cost based on total costs of 
maintenance divided by total miles. For projections 
between 2015-2030, we multiplied the difference 
in VMT between original forecast and one percent 
lower VMT growth scenario to 2.57 cents per mile 
to derive avoided road repair costs. U.S. Department 
of Transportation, Federal Highway Administration, 
Policy and Governmental Affairs (2014, November 
7). 2013 Conditions and Performance Report, ch. 7, 
exhibit 7-2. Retrieved from http://www.fhwa.dot.gov/
policy/2013cpr/chap7.cfm

9. This column calculates the total economic benefit 
of avoided accidents, vehicle repair, and road repair. 
Totals are based upon summation of component 
parts i.e. the sum of avoided costs from traffic acci-
dents, avoided vehicle repair costs, and avoided road 
maintenance costs.

10. This column calculates the total economic benefit 
of avoided accidents, vehicle repair, road repair and 
savings at the pump. Totals are based upon summa-
tion of component parts i.e. the sum of avoided costs 
from traffic accidents, avoided vehicle repair costs, 
avoided road maintenance costs, and money saved 
at the pump.
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11. Fleet Mix numbers reflect values for  “Light Duty 
Stock” MPG  - the closest approximation of “on the 
road” MPG for a typical light duty fleet nationwide. 
Light Duty Stock reflects the combined “on-the-road” 
estimate for all types of cars and light trucks. All 
values come from Energy Information Administra-
tion- Annual Outlook Report. Values for 2015 -2030 
are estimates provided by EIA in their 2015 AEO.U.S. 
Energy Information Administration. 

12. To calculate gas consumption we took the total miles 
projected (2015-2030) and divided by annual MPG 
values for “light duty stock” as the best indicator of 
real world MPG. 

13. To calculate gas consumption avoided we used previ-
ously calculated values for VMT avoided since the 
end of the Driving Boom, and divided by “light duty 
stock” fleet mix MPG for the corresponding year.

14.  Values for 2015 -2030 are estimates provided by EIA 
in their 2015 AEO.U.S. Energy Information Adminis-
tration. 

15. To calculate values we used EIA’s values for the pre-
dicted average annual cost of gas and multiplied by 
our previously calculated number of gallons. 

16. For estimates of money saved at pump from 2015-
2030, we took values for gasoline consumption 
avoided under a one percent VMT decrease and 
multiplied that by the EIA projected gas prices. 

17. To calculate projected Co2 emissions, we calculated 
the projected gallons of gasoline consumed under 
a one percent decrease scenario by 19.64 to achieve 
CO2 emissions projected, and then divided by 
2204.63 million metric tons to achieve projected CO2 
emissions. 1 Gallon of gas equates to 19.64 pounds of 
Co2. U.S. Energy Information Administration (2015, 
July 7). Frequently Asked Questions, How much 
carbon dioxide is produced by burning gasoline and 
diesel fuel. Retrieved from http://www.eia.gov/tools/
faqs/faq.cfm?id=307&t=10

18. To calculate CO2 avoided we took values for gasoline 
consumption avoided and multiplied by 19.64 - the 
standard 1 gallon of gas to CO2 conversion, and then 
divided by 2204.62 to achieve million metric ton units 
provided by Energy Information Administration. 
U.S. Energy Information Administration (2015, July 
7). Frequently Asked Questions, How much carbon 
dioxide is produced by burning gasoline and diesel 
fuel. Retrieved from http://www.eia.gov/tools/faqs/
faq.cfm?id=307&t=10
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ENDNOTES

1 This figure is derived by dividing the total econom-
ic savings from 2015-2030 ($20.1 billion) by the av-
erage monthly grocery cost per U.S. household in 
2015 ($618.80) over 15 years ($111,385). The result-
ing figure, 180,455, is the equivalent number of 
households (as defined above) that could purchase 
15 years’ worth of monthly groceries. U.S. Depart-
ment of Agriculture (2015, April). Official USDA 
Food Plans: Cost of Food at Home at Four Levels, 
U.S. Average. Retrieved from http://www.cnpp.
usda.gov/sites/default/files/CostofFoodApr2015.
pdf. Note: Data reflects national average monthly 
grocery bill for a male and female households of 
two with partners between the ages of 19 and 50. 

2 This figure is derived by dividing the total econom-
ic savings from a one percentage point decrease 
in the vehicle-miles traveled growth rate from 
2015-2030  ($20.1 billion) by the 2012 average an-
nual infant daycare cost per child in Massachusetts 
($16,430) calculated over 15 years ($246,450). The 
resulting figure (81,558) represents the number of 
infants that could be provided fulltime daycare for 
15 years. Tran, A.B. (2014, July 2) Map: The average 
cost of child care by state. Boston Globe. Retrieved 
from https://www.bostonglobe.com/2014/07/02/
map-the-average-cost-for-child-care-state/
LN65rSHXKNjr4eypyxT0WM/story.html. 

3 This figure is derived by dividing the total 
economic savings from a one percentage point 
decrease in the vehicle-miles traveled growth 
rate ($20.1 billion) by the average Massachusetts 
monthly mortgage payment ($1,204) expanded 
over 15 years ($216,720). The resulting figure 
(92,746) represents the number of mortgage pay-
ers whose mortgages could be paid for 15 years. 
Grueling, M. (2012, December 1). National Average 
Monthly Mortgage Payment by State. LendingTree.
com. Retrieved from https://www.lendingtree.com/
mortgage/2011-2012-national-average-monthly-
mortgage-payment-article. Note: This figure uses 
data obtained from 2011-2012. 

4 To achieve this figure, we divided the number of 
gallons of gas to be saved over the next 15 years 
(2.6 billion gallons) by the number of households 
in Massachusetts in 2014 (2,828,492) to achieve 923 
gallons of gas not consumed per household be-
tween the years 2015 and 2030. U.S. Census Bureau 
(2015). State & County QuickFacts: Massachusetts. 
Retrieved from http://quickfacts.census.gov/qfd/
states/25000.html

5 To acquire this data, one must enter the aforemen-
tioned metric tons into the “Carbon Dioxide or 
CO2 Equivalent” form field, then hit “Calculate.” 
This results in a host of equivalents, including 
equivalent number of greenhouse gas emissions 
from passenger vehicles. U.S. Environmental Pro-
tection Agency. (2015). Greenhouse Equivalencies 
Calculator. Retrieved from http://www.epa.gov/
cleanenergy/energy-resources/calculator.html

6 Massachusetts Energy Information Administration. 
Massachusetts Carbon Dioxide Emissions from Fos-
sil Fuel Consumption(1980-2012). Retrieved from 
http://www.eia.gov/environment/emissions/state/
excel/massachusetts.xlsx
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Retrieved from http://lae.mit.edu/wordpress2/wp-
content/uploads/2013/08/US-air-pollution-paper.
pdf

8 Jacobson, S.H., King, D.H., Yuan, R. (2011). A note 
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Journal of Transport Policy, 1-5. Retrieved from 
http://www.ahtd.info/yahoo_site_admin/assets/
docs/A_note_on_the_relationship_between_obe-
sity_and_driving.173153035.pdf. Note: The study 
found that vehicle use (measured in annual 
vehicle-miles traveled) correlated as high as 99 
percent with annual obesity rates
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Introduction		

Traditional	evaluation	of	the	transportation	system	focuses	on	automobile	traffic	flow	and	
congestion	reduction.	However,	this	paradigm	is	shifting.	In	an	effort	to	combat	global	warming	
and	reduce	greenhouse	gas	(GHG)	emissions,	a	number	of	cities,	regions,	and	states	across	the	
United	States	have	begun	to	deemphasize	vehicle	delay	metrics	such	as	automobile	Level	of	
Service	(LOS).	In	their	place,	policymakers	are	considering	alternative	transportation	impact	
metrics	that	more	closely	approximate	the	true	environmental	impacts	of	driving.	One	metric	
increasingly	coming	into	use	is	the	total	amount	of	driving	or	Vehicle	Miles	Traveled	(VMT).	
	
Since	passing	the	seminal	Global	Warming	Solutions	Act	(AB	32)	in	2006,	California	has	enacted	
two	major	laws	over	the	past	decade	that	are	spurring	efforts	to	reduce	VMT:	Senate	Bill	375	
(2008)	and	SB	743	(2013).	SB	375	addresses	regional	GHG	emissions	reductions	from	passenger	
travel.	For	each	region	in	the	State	with	a	metropolitan	planning	organization	(MPO),	the	law	
requires	the	California	Air	Resources	Board	(ARB)	to	set	and	regularly	update	per	capita	GHG	
emissions	reduction	targets	for	2020	and	2035.	To	achieve	those	targets,	SB	375	requires	each	
MPO	to	adopt	a	“sustainable	communities	strategy”	(SCS)	as	part	of	its	regional	transportation	
plan.	VMT	reductions	are	a	key	strategy	in	SCSs.	
	
Senate	Bill	743	(2013)	directs	the	Governor’s	Office	of	Planning	and	Research	(OPR)	to	revise	
the	guidelines	for	determining	the	significance	of	transportation	impacts	during	analyses	
conducted	under	the	California	Environmental	Quality	Act	(CEQA).	SB	743	requires	a	
replacement	metric	that	will	“promote	the	reduction	of	greenhouse	gas	emissions,	the	
development	of	multimodal	transportation	networks,	and	a	diversity	of	land	uses.”	It	mandates	
that	“automobile	delay,	as	described	solely	by	[LOS]	shall	not	be	considered	a	significant	impact	
on	the	environment”	under	CEQA,	except	in	“locations	specifically	identified	in	the	guidelines,	if	
any.”	VMT	is	OPR’s	currently	recommended	replacement	metric	(OPR,	2016).	
	
While	state	goals	for	reducing	GHG	emissions	have	been	one	motivation	for	the	shift	to	VMT	
measures,	reductions	in	VMT	produce	many	other	potential	benefits,	referred	to	as	“co-
benefits,”	such	as	reductions	in	other	air	pollutant	emissions,	water	pollution,	wildlife	mortality,	
and	traffic	congestion,	as	well	as	improvements	in	safety	and	health,	and	savings	in	public	and	
private	costs.	Such	benefits	may	provide	additional	justification	for	reducing	VMT.	In	this	paper,	
we	review	the	literature	to	explore	the	presence	and	magnitude	of	potential	co-benefits	of	
reducing	VMT,	providing	California-specific	examples	where	available.	
	
Figure	1	shows	the	conceptual	framework	guiding	our	literature	review.	Items	shaded	in	green	
indicate	characteristics	that	can	influence	VMT.	Items	shaded	in	red	indicate	co-benefits	
potentially	sensitive	to	VMT.	
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Figure	1.	Conceptual	Framework	

Air	Pollutant	Emissions		

GHG	and	Criteria	Air	Pollutant	Emissions	from	Vehicular	Operation	

Motor	vehicles	emit	pollutants	into	the	atmosphere	as	by-products	of	combustion	(tailpipe	
emissions)	and	through	other	mechanisms	such	as	fuel	evaporation,	tire	and	brake	wear,	and	
creation	of	road	dust	from	the	wearing	of	pavement.	Emissions	of	major	concern	include	
greenhouse	gases	and	criteria	air	pollutants,	each	of	which	is	a	major	policy	concern	in	
California.	Reducing	the	State’s	GHG	emissions	has	been	state	priority	for	over	a	decade,	as	
reflected	by	the	aforementioned	AB	32,	SB	375	and	SB	743.	Criteria	air	pollutants	are	
substances	for	which	national	and	state	standards	have	been	set	on	the	basis	of	human	health.	
California	has	long	standing	air	quality	problems,	with	large	areas	of	the	state	unable	to	attain	
national	ambient	air	quality	standards	(NAAQS)	for	criteria	pollutants.	Of	52	counties,	39	are	in	
non-attainment	for	at	least	one	pollutant.	Four	counties	are	in	non-attainment	for	five	
pollutants,	and	nine	counties	are	in	non-attainment	for	four	pollutants.		
	
Transportation	is	a	major	source	of	emissions.	Table	1	shows	emissions	of	criteria	air	pollutants	
and	GHGs	from	the	operation	of	on-road	vehicles	in	California	(not	including	life-cycle	
emissions).	For	criteria	air	pollutants,	operation	of	on-road	vehicles	are	the	source	for	a	
majority	of	carbon	monoxide	(CO),	a	near	majority	of	nitrogen	oxides	(NOx),	and	a	double-digit	
percent	share	of	particulate	matter	(PM)	2.5.	For	greenhouse	gases,	approximately	33	percent	
of	carbon	dioxide	equivalent	(CO2e)	emissions	comes	from	the	operation	of	on-road	vehicles.	
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Estimates	of	vehicles	nationwide	project	that	the	average	passenger	vehicle	emits	
approximately	5.5	metric	tons	of	CO2e	per	year	(US	Environmental	Protection	Agency,	2005).	
This	equates	to	approximately	1.01	pounds	of	CO2e	per	mile.	
	

Table	1.	Criteria	air	pollutant/greenhouse	gas	emissions	from	on-road	transportation	

operations	in	California	and	potential	emissions	reduction
1
	

		
Emissions	(Tons/yr)	

ROG	 CO	 NOx	 SOx	 PM	 PM	10	 PM	2.5	 CO2e	

Total	 634,596	 2,690,886	 768,555	 38,354	 928,560	 532,849	 152,574	 486,670,304	
From	on-road	
transportation*	 147,278	 1,437,220	 373,585	 1,964	 15,764	 28,309	 15,721	 159,559,517	

Share	of	emissions	from	
road	transportation*	 23.2%	 53.4%	 48.6%	 5.1%	 1.7%	 5.3%	 10.3%	 32.8%	

If	on-road	

transportation	emissions	

decreased	by…	

Emissions	(tons/yr)	would	decrease	by…	

ROG	 CO	 NOx	 Sox	 PM	 PM	10	 PM	2.5	 CO2e	

1%	 1,473	 14,372	 3,736	 20	 158	 283	 157	 1,595,595	
5%	 7,364	 71,861	 18,679	 98	 788	 1,415	 786	 7,977,976	
10%	 14,728	 143,722	 37,358	 196	 1,576	 2,831	 1,572	 15,955,952	
15%	 22,092	 215,583	 56,038	 295	 2,365	 4,246	 2,358	 23,933,927	

If	on-road	

transportation	emissions	

decreased	by…	

Total	statewide	emissions	would	drop	by…	

ROG	 CO	 Nox	 Sox	 PM	 PM	10	 PM	2.5	 CO2e	

1%	 0.2%	 0.5%	 0.5%	 0.1%	 0.0%	 0.1%	 0.1%	 0.3%	
5%	 1.2%	 2.7%	 2.4%	 0.3%	 0.1%	 0.3%	 0.5%	 1.6%	
10%	 2.3%	 5.3%	 4.9%	 0.5%	 0.2%	 0.5%	 1.0%	 3.3%	
15%	 3.5%	 8.0%	 7.3%	 0.8%	 0.3%	 0.8%	 1.5%	 4.9%	

*Includes	tailpipe	and	other	operational	emissions	(e.g.	evaporation,	brake	dust,	tire	wear)	from	mobile	
transportation	sources.	Does	not	include	other	transportation-related	lifecycle	emissions	(e.g.	vehicle	
manufacturing,	fuel	refining)	
	
Table	1	also	shows	potential	mass	reductions	of	pollutants	if	on-road	transportation	emissions	
decreased	by	modest	percentages.	There	could	be	reductions	of	up	to	millions	of	tons	of	
reduced	CO2e	emissions	and	up	to	hundreds	of	thousands	of	tons	of	criteria	air	pollutant	
emissions.	
	
State	targets	for	some	emissions	(e.g.	CO2)	require	a	steep	reduction	over	the	coming	years	and	
decades.		In	order	to	reach	those	targets,	improvements	in	vehicle	efficiency,	fuels,	and	VMT	
will	each	need	to	contribute	substantially.	If	per-capita	VMT	does	not	decline,	VMT	increases	
(through	population	growth)	would	likely	preclude	achieving	GHG	reduction	goals	by	
outweighing	improvements	in	vehicle	efficiency	and	fuel	carbon	content	(California	Air	
Resources	Board,	2016).	Thus,	while	improvements	in	vehicle	efficiency	and	fuel	pollutant	
content	will	mean	each	reduced	mile	of	vehicle	travel	eliminates	less	pollution	in	an	absolute	

																																																								
1 Criteria	air	pollutant	emissions	from	California	Air	Resources	Board	(2013)	–	California	Almanac	of	Emissions	and	
Air	Quality	[2012	data]	
CO2e	emissions	from	California	Air	Resources	Board	(2016)	–	California	Greenhouse	Gas	Inventory	[2014	data]	
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sense,	steeply	reducing	targets	mean	that,	for	the	foreseeable	future,	VMT	reduction	will	
continue	to	provide	a	substantial	share	of	the	needed	emissions	reduction	to	hit	targets.			
Vehicles	which	have	no	tailpipe	emissions	(e.g.	plug-in	hybrid	and	fully	electric	vehicles)	still	
lead	to	some	air	pollutant	emissions,	through	the	electricity	generation	required	for	charging.	
Emissions	can	be	substantially	less	depending	on	the	carbon	content	of	the	energy	grid	
(McLaren,	et	al.	2016).	California	has	a	relatively	high	proportion	of	energy	generated	from	
renewables;	however,	a	substantial	(though	shrinking)	share	of	electricity	used	in	California	is	
generated	from	sources	that	emit	GHGs	or	criteria	air	pollutants	(California	Energy	Commission,	
2016).	Thus,	reducing	even	the	VMT	driven	by	zero	tailpipe	emissions	vehicles	would	reduce	
GHG	and	local	air	pollutant	emissions.	
	
A	potential	confounding	factor	when	discussing	potential	emissions	benefits	of	reduced	VMT	is	
travel	speed,	as	emissions	of	several	criteria	air	pollutants	and	GHGs	are	sensitive	to	travel	
speed	(Transportation	Research	Board,	1995;	Barth	and	Boriboonsomsin,	2009).	In	
conventional	vehicles,	powered	by	internal	combustion	engines	(ICEs),	greater	per-mile	
emissions	tend	to	take	place	at	higher	speeds	(e.g.	60	mph	or	greater)	where	more	energy	is	
required	to	move	a	vehicle,	as	well	as	at	lower	speeds	(e.g.	less	than	30	mph	average	travel	
speeds),	where	the	stop-and-go	conditions	of	congestion	cause	extra	acceleration	cycles,	
energy	lost	to	braking,	longer	vehicle	operation	time.		
	
The	effect	of	speed	is	different	on	hybrid	and	battery	electric	vehicles.	Nikowitz,	et	al.	(2016)	
show	that	unlike	ICEs,	which	have	greatest	energy	use	(and	in	turn	emissions)	at	low	and	high	
speeds,	hybrid	and	battery	electric	vehicles	have	greatest	energy	use	under	high	speed	and	
aggressive	driving	scenarios	(see	Table	2).	Emerging	advanced	vehicle	technologies	such	as	
regenerative	braking	recovers	some	of	the	energy	lost	in	stop	and	go	conditions.	Electric	motors	
in	battery	electric	and	hybrid	vehicles	shut	off	when	the	vehicle	is	stopped.	Similar	“start-stop”	
technology	is	increasingly	common	in	ICE-powered	vehicles.	Increased	deployment	of	
technology	points	to	a	decreased	sensitivity	of	emissions	reductions	to	the	speed	of	VMT	in	the	
future.	
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Table	2.	Relative	energy	consumption	for	internal	combustion,	hybrid,	and	battery	electric	

vehicles	under	different	drive	cycle	scenarios
2
	

	 Scenario	

City	driving	 Highway	driving	 Aggressive	driving	

Test	cycle	 UDDS	 HWFET	 US06	

Test	cycle	parameters	

19.59	mph	average	
speed,	frequent	
stops	and	starts	

48.3	mph		
average	speed,		
one	start/stop	

48.4	mph	average	
speed,	some	stops,	
rapid	acceleration	

Make	 Vehicle	type	 Energy	consumption	relative		to	lowest	energy	consumption	

2012	Ford	Focus	

Internal	
Combustion	

Engine	
32%	greater	 Lowest	 37%	greater	

2010	Toyota	Prius	 Hybrid	 Lowest	 4%	greater	 60%	greater	
2012	Nissan	Leaf	 Battery	electric	 Lowest	 19%	greater	 72%	greater	
	

Life	Cycle	Emissions	

Beyond	reducing	tailpipe	emissions,	VMT	reduction	also	reduces	life	cycle	emissions,	such	as	
those	from	fuel	refining,	vehicle	manufacture,	roadway	construction,	and	roadway	
maintenance	(Chester	and	Horvath,	2009;	Chester	and	Madanat,	2010,	Chehovitz	and	
Galehouse,	2010;	Hendriks,	et	al.,	2004).	These	additional	sources	increase	estimates	of	GHG	
emissions	from	road	vehicles	by	approximately	63	percent	over	tailpipe	emissions	alone,	and	
increase	estimates	of	criteria	air	pollutant	emissions	from	1.1	to	800	times	greater.	To	the	
extent	that	VMT	reductions	(1)	reduce	fuel	purchases,	(2)	cause	or	are	the	result	of	decisions	of	
would-be	drivers	to	sell	their	vehicles	or	forego	purchasing	an	additional	vehicle,	or	(3)	reduce	
roadway	repair	burdens,	they	reduce	life-cycle	emissions.	

Emissions	from	Building-Related	Energy	Use	

Compact	development	is	a	key	VMT	reduction	strategy,	as	it	leads	to	both	shorter	trip	distances	
and	greater	use	of	alternative	modes	(Ewing	and	Cervero,	2010,	Transportation	Research	Board	
2009).	Stone	et	al.	(2007)	estimate	that	building	compact	development	to	reduce	VMT	would	
also	reduce	criteria	air	pollutant	and	carbon	dioxide	emissions	at	a	regional	level	between	five	
and	six	percent	over	a	conventional	growth	scenario,	even	when	accounting	for	changes	in	
travel	speeds.	
	
Compact	development	can	also	promote	air	pollutant	and	GHG	emissions	reductions	through	
decreased	building	energy	use.	More	compact	housing	units	have	a	smaller	volume	of	air	to	
heat	and	cool.	Additionally,	attached	housing	units	have	less	exposed	surface	area	through	
which	energy	is	lost.	Overall,	Ewing	and	Rong	(2008),	estimate	households	living	in	compact	
counties	use	approximately	20	percent	energy	than	households	living	in	sprawling	counties,	
even	while	taking	into	account	other	factors	such	as	income,	and	the	urban	heat	island	effect.	

																																																								
2 Drive	cycles	–	US	Environmental	Protection	Agency	(2016)	
Energy	consumption	–	Adapted	from	Nikowitz,	et	al.	(2016)	
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Water	Pollution	

Motor	vehicle	travel	can	cause	deposition	of	pollutants	onto	roadways,	which	can	then	be	
carried	by	stormwater	runoff	into	waterways.	Fuel,	oil,	and	other	liquids	used	in	motor	vehicles	
can	leak	from	vehicles	onto	the	ground	(Delucchi,	2000).	Brake	dust	and	tire	wear	can	further	
cause	particles	to	be	deposited	onto	the	ground	(Thorpe	and	Harrison,	2008).	Brake	pads	and	
tire	compounds	are	made	out	of	compounds	that	include	metal.	One	study	estimates	that	
approximately	half	of	all	copper	in	San	Francisco	Bay	could	have	originated	from	brake	pads	
(Nixon	and	Saphores,	2003).	In	California	as	a	whole,	up	to	232,000	pounds	of	copper,	13,280	
pounds	of	lead,	and	92,800	pounds	of	zinc	in	stormwater	are	attributable	to	brake	pad	dust	
(Nixon	and	Saphores,	2003).	
	
Motor	vehicles	require	roadways	for	travel.	Paved	roadways	are	generally	impervious	surfaces	
which	prevent	infiltration	of	storm	water	in	the	ground.	Impervious	surfaces	can	increase	the	
rate,	volume,	speed,	and	temperature	of	stormwater	runoff	(US	Environmental	Protection	
Agency,	2003),	and	can	transport	pollutants	via	that	runoff	into	waterways.	Wearing	down	of	
roadways	can	further	cause	particles	to	be	deposited	onto	the	ground	(Thorpe	and	Harrison,	
2008).	
	
Most	motor	vehicles	also	consume	liquid	fuel,	the	storage	and	handling	of	which	can	result	in	
fuel	tank	leaks	and	spills	(Delucchi,	2000).	California	has	had	at	least	38,000	confirmed	cases	of	
leaks	from	underground	storage	tanks	(Nixon	and	Saphores,	2003).	Reducing	VMT	cuts	
consumption	of	fuel	and	could	reduce	fuel	spillage	risks.	These	reductions	would	be	additional	
to	reductions	gained	through	greater	vehicle	efficiency	and	adoption	of	alternative	fuel	
vehicles.	
	
The	Victoria	Transportation	Policy	Institute	(2015)	estimates	that	motor	vehicle-related	water	
pollution	from	roadway	runoff,	oil	spills,	and	road	salting	cost	approximately	42	billion	dollars	
per	year	or	1.4	cents	per	mile.		

Health	and	Safety	

Vehicle	Collisions	and	Fatalities	

A	plurality	of	“unintentional	injury	deaths”	(deaths	not	caused	by	old	age,	disease,	suicide	and	
homicide)	are	transportation	related	(Savage,	2013).	According	to	the	National	Highway	Traffic	
Safety	Administration’s	Fatality	Analysis	Reporting	System	(FARS),	32,675	individuals	were	killed	
in	motor	vehicle	crashes	in	2014	(NHTSA,	2015).	3,074	of	these	fatalities	occurred	in	California,	
7.9	fatalities	per	every	100,000	people	per	year.	These	fatalities	are	not	just	borne	by	motor	
vehicle	occupants,	but	by	other	users	as	well.	In	California,	more	than	one	quarter	of	those	
killed	in	motor	vehicle	collisions	are	pedestrians,	bicyclists,	or	users	of	other	non-motorized	
modes.	
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Where	there	is	more	driving,	there	are	more	vehicle-related	fatalities.	Comparing	motor	vehicle	
fatalities	by	state	from	FARS	and	VMT	data	from	the	Bureau	of	Transportation	Statistics	(2015)	
shows	a	strong	positive	correlation	(r	=	0.82)	between	VMT	per	capita	and	fatalities	from	motor	
vehicle	crashes	per	capita	(authors	calculation,	see	Figure	3).		
	
Data	also	indicates	that	each	mile	driven	is	also	more	dangerous	in	areas	with	high	VMT.	Again	
comparing	data	from	FARS	and	the	BTS,	there	is	a	moderately	strong	positive	correlation	(r	=	
0.50)	between	VMT	per	capita	and	deaths	per	mile	traveled	(authors	calculation,	see	Figure	4).	
If	the	number	of	vehicle-related	fatalities	were	purely	a	matter	of	exposure,	every	mile	traveled	
should	have	the	same	amount	of	risk	regardless	of	where	that	mile	was	driven.	There	would	
thus	be	no	correlation	between	VMT	per	capita	and	fatalities	per	mile.	However,	states	with	
higher	VMT	tend	to	have	more	motor	vehicle	crash	deaths	per	mile	than	lower	VMT	states.	
Since	increasing	VMT	is	associated	with	more	vehicle-related	fatalities	per	capita	and	per	mile,	
residents	of	states	where	they	can	fulfill	their	travel	needs	with	fewer	or	shorter	vehicle	trips	
(and	thus	with	lower	VMT)	enjoy	reduced	transportation	safety	risks.		
	
Using	public	transit	alternatives	is	associated	with	less	risk	than	motor	vehicle	travel.	Savage	
(2013)	estimates	that	drivers	or	passengers	of	cars	or	light	trucks	experienced	7.28	fatalities	per	
billion	miles	traveled	from	2000-2009.	Comparatively,	riders	of	Amtrak,	commuter	rail,	urban	
mass	transit	rail	systems,	buses,	and	commercial	aviation	experience	0.43	fatalities	per	billion	
miles	traveled	or	fewer.		

 

Figure	2.	Motor-vehicle	related	deaths	per	capita	increases	as	VMT	per	capita	increases	
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Figure	3.	Motor-vehicle	related	deaths	per	mile	increases	as	VMT	per	capita	increases	

	

Physical	Health	

Driving	or	riding	in	motor	vehicles	is	a	sedentary	behavior.	Several	studies	find	associations	
between	VMT	and	weight.	For	example,	obesity	and	Body	Mass	Index	(BMI)	are	positively	
associated	with	VMT	per	licensed	driver	(Jacobson	and	King,	2009;	Behzad,	King,	and	Jacobson,	
2012).	Geographic	areas	with	high	VMT	per	capita	are	also	associated	with	poorer	health	
outcomes	resulting	from	reduced	physical	activity.	Residents	of	counties	in	the	United	States	
with	high	VMT	per	capita	are	less	likely	to	walk	for	leisure,	more	likely	to	be	obese,	have	higher	
BMI	levels,	and	have	a	greater	prevalence	of	hypertension	(Ewing,	et	al.	2003).	Among	
California	counties,	those	with	the	highest	mean	obesity	also	tend	to	have	the	highest	mean	
VMT	per	capita	(Lopez-Zetina,	Lee,	and	Friis,	2006).	Potentially	contributing	to	this	pattern	are	
more		nights	with	insufficient	sleep	and	higher	smoking	rates	found	with	increased	driving	time	
(Ding,	et	al.	2014).	
	
While	transit	users	also	ride	in	motorized	vehicles,	transit	users	are	more	likely	to	engage	in	
significant	physical	activity,	walking	to	and	from	transit	stops.	Besser	and	Dannenberg	(2012)	
found	that	bus	and	rail	users	walk	an	average	of	24	minutes	per	day	to	and	from	transit.	More	
than	a	quarter	of	transit	riders	fulfill	the	US	Surgeon	General’s	recommendation	of	30	minutes	
of	physical	activity	per	day	just	from	walking	to/from	stops	and	stations.	On	the	other	hand,	
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increased	time	driving	is	significantly	associated	with	not	meeting	the	physical	activity	
recommendation	(Ding,	et	al.	2014).		
	
Users	of	non-motorized	modes	by	definition	engage	in	physical	activity	while	traveling.	The	
Caltrans	Strategic	Management	Plan	(CSMP)	sets	a	goal	of	doubling	2010	walking	and	transit	
levels,	and	tripling	bicycling	levels	by	2020.	An	epidemiological	analysis	of	that	CSMP	describe	
that	achieving	this	goal	would	reduce	chronic	disease	and	“would	constitute	a	major	public	
health	achievement	on	par	with	California’s	successful	efforts	at	tobacco	control.”	(Maizlish,	
2016,	p.	5).	

Health	Impacts	of	Air	Pollution	

As	discussed	previously,	road	transportation	and	VMT	contribute	to	air	pollutant	emissions.	
Criteria	air	pollutants	can	lead	to	a	variety	of	health	effects.	For	example,	nitrogen	oxides	and	
volatile	organic	compounds	react	with	oxygen	in	the	air	to	create	ozone,	which	can	have	several	
negative	health	effects	including	chest	pain,	coughing,	throat	irritation,	airway	inflammation,	
reduced	lung	function,	and	aggravation	of	other	respiratory	conditions	(US	Environmental	
Protection	Agency,	2016a).	Particulate	matter	poses	particularly	acute	health	impacts	as	small	
particulates	(less	than	10	μm	in	diameter)	can	enter	the	lungs	or	bloodstream	and	cause	or	
exacerbate	heart	and	lung	issues,	and	even	lead	to	premature	death	(US	Environmental	
Protection	Agency,	2016b).	California	has	especially	poor	air	quality	attainment	for	both	ozone	
and	particulate	matter.	
	
Table	3	shows	per	mile	estimates	of	the	cost	of	motor	vehicle-related	air	pollution	by	McCubbin	
and	Delucchi	(1999).	Costs	range	from	several	cents	per	mile	for	most	ozone,	carbon	monoxide,	
nitrogen	oxides,	and	air	toxics,	to	more	than	12	dollars	per	mile	for	particulate	matter.	The	
higher	estimate	for	particulate	matter	reflects	the	greater	health	effects,	including	mortality,	
that	can	be	triggered	by	particulate	matter.	
	

Table	3.	Gasoline-powered	motor	vehicle	air	pollution	cost	per	mile
3
	

		 PM	 O3	 CO	 NO2	
Air	

Toxics	

Cost	(2015	$)	 12.60	 0.08	 0.08	 0.65	 0.05	

*Original	data	in	1991	dollars.	Data	above	is	average	of	low/high	estimate	from	original	study.	
Costs	include	emissions	from	tailpipe,	upstream	fuel	and	vehicle	production,	and	road	dust.	

Mental	Health	

In	addition	to	physical	health,	long	driving	commutes	can	also	have	a	negative	impact	on	
mental	health.	Hennessy	(2008)	identifies	several	examples	from	studies	associating	long	
driving	commutes	with	poor	mental	health	outcomes	and	related	consequences,	including	
stress,	negative	mood,	poor	concentration,	driver	error	and	traffic	collisions.	Hennessy	also	
																																																								
3	Based	off	McCubbin	and	Delucchi	(1999)	
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finds	that	as	stress	drivers	experience	while	driving	increases,	workplace	hostility	and	
obstructionism	rise	among	men.	Other	studies	corroborate	Hennessy's	findings.	Gee	and	
Takeuchi	(2004),	for	example,	find	that	traffic	stress	correlates	with	depressive	symptoms.	Ding,	
et	al.	(2014)	find	the	more	total	time	a	person	spends	driving	per	day,	the	more	likely	they	are	
to	report	a	poor/fair	quality	of	life,	high/very	high	physiological	distress,	being	stressed	for	
time,	and	that	their	health	interferes	with	social	activities.	
	
In	addition	to	negative	mental	health	outcomes	for	drivers,	VMT	can	also	cause	worse	mental	
health	for	people	in	the	neighborhoods	where	that	driving	occurs	or	originates.	A	review	of	
literature	by	Pohanka	and	Fitzgerald	(2004)	notes	that	residents	of	dispersed,	and	thus	
generally	auto-dependent,	suburban	areas	can	face	increased	blood	pressure,	headaches,	and	
social	isolation,	which	is	disadvantageous	as	the	presence	of	social	relationships	is	positively	
correlated	with	health.	Additionally,	the	aforementioned	depressive	symptoms	identified	by	
Gee	and	Takeuchi	are	significantly	worse	in	neighborhoods	with	a	high	“vehicular	burden”,	
which	increases	with	motorized	transport	in	an	area.	Built	environments	that	reduce	
automobile	dependence	and	promote	walking	can	result	in	lower	rates	of	dementia	(Xia	et	al.,	
2013).	

Wildlife	Impacts	

Many	of	the	same	roadway	impacts	that	affect	the	health	of	people	can	also	affect	wildlife.	
Forman	and	Alexander	(1998)	outline	several	potential	ecological	impacts	of	roads.	For	
instance,	vehicles	can	directly	harm	wildlife	in	“roadkill”	events,	with	an	estimated	one	million	
vertebrates	killed	per	day	on	US	roads.	Shilling	and	Waetjen	(2016)	discuss	that	in	California,	
5,950	wildlife-related	incidents	were	reported	to	the	California	Highway	Patrol	from	a	one-year	
period	between	2015	and	2016.	Additionally,	about	7,000	reports	of	animal	carcasses	are	made	
annually	to	the	volunteer	California	Roadkill	Observation	System.	Overall,	Shilling	and	Waetjen	
estimate	that	reported	and	unreported	animal-vehicle	collisions	cost	California	approximately	
$225	million	per	year.	Due	to	varying	avoidance	of	roadways,	impacts	differ	by	species	types.	
Amphibians	and	reptiles	are	especially	at	risk	on	narrow,	low-traffic	roads,	larger	mammals	are	
at	risk	on	narrow,	high-speed	roads,	and	birds	and	small	mammals	at	risk	on	wide,	high-speed	
roads,	Forman	and	Alexander	(1998).	
	
Roadway	avoidance	is	itself	an	impact,	with	lower	populations	of	species	adjacent	to	roadways	
Forman	and	Alexander	(1998).	Species	can	be	affected	and	deterred	by	characteristics	such	as	
road	noise,	air	pollution,	altered	or	polluted	water	runoff,	and	nighttime	lighting.	Roadway	
avoidance	tends	to	be	higher	adjacent	to	higher	speed	and	higher	traffic	roads.	Due	to	the	
impacts	of	roadkill	and	road	avoidance,	roadways	also	act	as	barriers	for	species	movement.	
Roadways	cutting	through	habitat	can	isolate	populations	of	species	into	smaller	groups.	
Isolated	populations	have	a	higher	risk	for	extinction	and	can	have	negative	impacts	on	genetic	
diversity	(Coffin,	2007;	Holderegger	and	DiGiulio,	2010).	
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More	compact	development	patterns	that	are	associated	with	lower	VMT	would	consume	less	
land	and	conceivably	subject	less	territory	to	road	avoidance	and	potential	habitat	
fragmentation.	A	comparison	of	various	development	scenarios	across	the	Sacramento	and	San	
Francisco	Bay	Areas	predicted	that	the	most	compact	growth	scenario	would	save	nearly	50	
percent	of	agriculturally	sensitive	land	acreage	and	steep-sloped	areas,	and	close	to	100	
percent	of	wetland	areas	(Landis,	1995).		

Congestion	and	Accessibility		

Broadly,	congestion	occurs	when	the	free-flow	capacity	of	a	roadway	is	either	exceeded	by	
demand	(e.g.	freeways	entering	central	business	districts	during	peak-hour	commutes)	or	
impeded	(e.g.	when	there	are	auto	accidents,	roadwork	or	other	road	closures).	In	either	case,	
congestion	increases	as	more	vehicle	travel	is	loaded	onto	the	roadway	(Falcocchio	and	
Levinson,	2015;	Downs,	2004).	Conversely,	reducing	total	VMT	in	a	region	can	reduce	
congestion	on	the	regional	road	network,	albeit	subject	to	temporal	and	spatial	caveats.	
	
From	a	temporal	standpoint,	unless	there	is	an	explicit	cost	imposed	on	using	congested	
roadways	(e.g.	a	congestion	charge)	or	driving	passenger	vehicles	in	general,	congestion	
reductions	on	those	roadways	will	commonly	increase	the	demand	for	using	them	and	
ultimately	cause	congestion	to	rebound	to	near-preexisting	levels	in	the	long-term.	This	is	called	
the	“Principle	of	Triple	Convergence”	–	some	trip	makers	in	the	region	change	their	travel	
locations	(routes),	times	and/or	modes	to	take	advantage	of	the	reduced	congestion	on	the	
roadways	in	question	(Downs,	2004).		This	“triple	convergence”	is	the	reason	why	roadway	
expansions	often	do	not	reduce	congestion	in	the	long-term	(Handy	and	Boarnet,	2014),	and	
why,	according	to	Downs	(2004,	p.	22]),	“building	light	rail	systems	or	subways	rarely	reduces	
peak-hour	traffic	congestion.”	
		
However,	recent	research	indicates	that	transit	may	cause	a	more	sizeable	and	enduring	
reduction	in	peak-hour	congestion	than	previously	thought.	Anderson	(2014)	used	a	choice	
model,	calibrated	using	data	from	the	Los	Angeles	metro	area,	that	unlike	most	previous	
studies	accounted	for	the	heterogeneity	in	congestion	levels	on	roadways	in	the	region,	which	
increased	the	predicted	congestion-reducing	effects	of	transit	by	six	times.	As	Anderson	(2014,	
p.	2764	)	explains,	since	“drivers	on	heavily	congested	roads	have	a	much	higher	marginal	
impact	on	congestion	than	drivers	on	the	average	road,”	and	since	transit	riders	are	often	those	
who	would	have	to	drive	on	“the	most	congested	roads	at	the	most	congested	times,”	transit	
has	a	“large	impact	on	reducing	traffic	congestion.”	
		
Spatially,	VMT	reductions	alleviate	congestion	in	the	specific	locations	where	net	vehicle	travel	
is	curtailed.	And	even	where	urban	(or	suburban)	densification	increases	net	localized	vehicle	
travel	and	congestion	despite	reducing	per	capita	(or	even	net	regional)	VMT,	it	generally	
increases	local	accessibility	to	jobs	and	other	desired	destinations,	decreasing	the	time	and	cost	
of	reaching	those	destinations.	In	a	study	of	congestion	and	accessibility	in	the	Los	Angeles	
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region,	Mondschein	et	al.	(2015,	p.	v)	found	that	“high-density	areas	in	the	region	provide	
better	access	to	jobs	than	those	areas	where	traffic	conditions	are	relatively	less	congested.”		
Similarly,	for	Los	Angeles	firms,	they	found	that	“physical	proximity	to	other	firms,	rather	than	
area	congestion	levels,	is	the	primary	component	of	firms’	ability	to	access	other	similar	firms”	
(Mondschein	et	al.,	2015,	p.	viii).	
		
In	sum,	increasing	regional	VMT,	all	else	equal,	will	increase	regional	congestion.	And	
conversely,	reducing	regional	VMT	can	reduce	regional	congestion,	though	congestion	levels	
may	rebound	somewhat	in	the	long-term.	Even	where	VMT-reducing	densification	increases	
local	congestion,	it	tends	to	improve	local	accessibility.	

Fiscal	Matters	

Reducing	VMT	also	has	major	fiscal	impacts.	It	has	both	direct	and	indirect	impacts	on	both	
household	and	public	costs.	VMT	can	also	have	major	impacts	on	governmental	revenues.	

Household	Costs	–	Direct	Impacts	

American	households	pay	more	for	transportation	than	any	other	category	of	household	
expenditures	except	housing	(Haas	et	al.,	2013).	According	to	Bureau	of	Labor	Statistics	data,	
households	spent	nearly	20	percent	of	their	income	on	transportation	on	average	in	both	2000	
(18%)	and	2010	(16%)	(Moeckel,	2017;	Haas	et	al.,	2013).	A	major	reason	for	that	is	auto	
ownership	and	use	are	expensive	–	“the	most	expensive	component	of	transportation	cost	is	
auto	ownership”	–	and	many	U.S.	households	live	in	suburban	and	exurban	areas	with	poor	
accessibility	and	transit	connectivity	(Haas	et	al.,	2013,	20).	Reducing	household	VMT	(and	car	
ownership)	can	thus	reduce	total	household	costs	both	directly	and	indirectly.		
	
The	direct	cost	reductions	of	driving	less	are	well	known,	and	include	reduced	fuel	use	and	
parking	costs,	lower	maintenance	costs	averaged	over	time,	and,	for	those	households	that	
reduce	their	VMT	enough	to	sell	one	of	their	vehicles,	license,	registration,	insurance,	and	
additional	maintenance	cost	savings	(Levinson	and	Gillen,	1998;	Cui	and	Levinson,	2016).	The	
cost	of	alternatives	to	driving	vary	greatly	by	location,	alternative,	value	of	time,	and	other	
factors	Active	transportation	options	like	walking	and	bicycling	can	be	much	cheaper	for	shorter	
trips	than	driving	because	they	have	lower	capital	and	operating	costs	(e.g.	the	cost	of	walking	
shoes	or	a	bicycle	versus	the	cost	of	a	vehicle	and	gasoline).	And	transit	(e.g.	buses	and	
commuter	rail)	can	be	cheaper	than	driving	for	longer	trips.	Keeler	et	al.	(1975),	for	example,	
estimated	the	comparative	costs	of	a	hypothetical	commute	in	the	San	Francisco	Bay	Area	by	
driving	(1.5	passengers	per	auto),	riding	Bay	Area	Rapid	Transit	(BART),	and	riding	a	bus.	They	
concluded	that	both	bus	and	rail	transit	can	be	cheaper	for	the	user	on	an	average	basis	than	
driving	at	sufficiently	high	passenger	densities.	However,	the	potential	for	a	given	household	to	
reduce	its	transportation	costs	by	reducing	VMT	largely	depends	on	availability	of	sufficient	
regional	transit	connectivity,	accessibility	to	jobs	and	other	amenities	(Haas	et	al.,	2013;	Haas	et	
al.,	2008;	Renne	and	Ewing,	2013).		
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Household	Costs	–	Indirect	Impacts	

As	is	frequently	discussed	in	both	the	academic	literature	and	California	policy	circles,	one	way	
to	reduce	VMT	–	and	achieve	the	associated	household	cost	savings	–	is	to	increase	residential	
and	employment	densities	within	existing	urban	areas,	and	especially	near	transit	stations	
(Ewing	and	Cervero,	2010).	For	residences,	a	benefit	of	this	type	of	“smart	growth”	is	that	it	can	
substantially	reduce	household	costs,	particularly	transportation	costs.	Haas	et	al.	(2008),	for	
example,	developed	a	model	for	estimating	average	household	transportation	costs	by	Census	
block	based	on	annual	household	VMT,	household	car	ownership	and	annual	household	transit	
use.		They	tested	their	model	in	the	Minneapolis-St.	Paul	metropolitan	region	and	found	that	
reductions	in	average	annual	household	transportation	costs	correlated	with	decreasing	VMT,	
decreasing	auto	ownership,	increasing	transit	trips	and	denser,	more	transit-	and	job-accessible	
areas.	From	that	original	model,	the	Center	for	Neighborhood	Technology	(CNT)	developed	the	
Housing	+	Transportation	Index.	CNT	has	since	expanded	and	refined	the	model,	but	its	results	
continue	to	show	that	residential	density	is	the	single	largest	predictor	of	auto	ownership	and	
use,	and	thus	household	transportation	costs	(Haas	et	al.,	2013).		
	
Households	in	denser	and	more	accessible	urban	areas	often	also	demand	less	energy	and	
water	because	they	have	smaller	units	and	lots	(Litman,	2016;	Busch	et	al.,	2015).	When	all	the	
cost	savings	of	living	in	denser	urban	areas	are	combined,	the	available	evidence	shows	that	
they	“more	than	offset”	the	increased	housing	costs	in	those	areas	(Litman,	2016,	p.	19;	Ewing	
and	Hamidi,	2014).	In	other	words,	when	all	costs	are	considered,	rather	than	just	housing	
costs,	living	in	smart	growth	communities	is	generally	less	expensive	than	living	elsewhere.	
	
With	specific	respect	to	California,	one	recent	study	estimated	that	if	85	percent	of	new	
housing	and	jobs	added	in	the	state	until	2030	were	located	within	existing	urban	boundaries,	it	
would	reduce	per	capita	VMT	by	about	12	percent	below	2014	levels	(Busch	et	al.,	2015).		That	
combination	of	reduced	VMT	and	more	compact	development	would,	in	turn,	result	in	an	
estimated	$250	billion	in	household	cost	savings	cumulative	to	2030	(with	an	average	annual	
savings	per	household	in	2030	of	$2,000)	(Busch	et	al.,	2015).		Household	costs	analyzed	in	the	
study	include	auto	fuel,	ownership	and	maintenance	costs,	as	well	as	residential	energy	and	
water	costs.	

Public	Costs	–	Indirect	Impacts	

In	addition,	denser	development	usually	reduces	the	per	capita	costs	of	providing	many	types	
of	public	infrastructure	and	services.	Denser	development	can,	among	other	things,	reduce	
road	and	utility	line	lengths,	and	in	turn	reduce	travel	distances	needed	to	provide	public	
services	like	police,	garbage	collection,	emergency	response	and	transporting	school	children	
(Litman,	2016;	Busch	et	al.,	2015;	Burchell	and	Mukherji,	2003).	Indeed,	in	his	review	of	the	
literature,	Litman	(2016)	found	that	“[n]o	credible,	peer-reviewed	studies	demonstrate	that	
comprehensive	Smart	Growth	policies	fail	to	significantly	reduce	public	infrastructure	and	
service	costs.”	
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With	specific	respect	to	California,	the	recent	Busch	et	al.	(2015)	study	estimated	that	if	85	
percent	of	new	housing	and	jobs	added	in	the	state	through	2030	were	located	within	existing	
urban	boundaries,	it	would	result	in	$8.2	billion	in	avoided	public	health	costs	and	$18.5	billion	
in	infrastructure	cost	savings	cumulative	to	2030	(Busch	et	al.,	2015).	Public	health	costs	
considered	include	those	related	to	passenger	vehicle	air	pollutant	emissions,	such	as	
respiratory-related	ER	visits,	mortality,	etc.		Infrastructure	costs	estimated	include	“one-time	
capital	costs	for	building	local	roads,	water	and	sewer	infrastructure;	and	ongoing	annual	
operations	and	maintenance	costs”	(Busch	et	al.,	2015).	All	cost	savings	estimates	are	in	2015	
dollars.	

Government	Revenues	–	Direct	Impacts	

VMT	reduction	can	reduce	public	revenues	from	volumetric	gas	taxes	or	VMT	fees,	if	those	fees	
are	held	constant	per	gallon	or	mile.	As	VMT	declines,	so	does	the	volume	of	gas	consumed	or	
miles	tolled,	and,	correspondingly,	the	amount	of	revenue	received.	However,	decreases	in	gas	
tax	or	potential	future	VMT	tax	revenue	could	be	made	up	by	increasing	the	tax	rates.	And	as	
between	volumetric	gas	taxes	and	VMT-based	taxes,	revenue	stability	would	likely	be	more	
easily	achieved	with	a	VMT-based	fee,	given	the	rapidly	advancing	shift	to	electric	and	more	
fuel-efficient	vehicles	that	are	reducing	liquid	fuel	consumption	(National	Highway	Traffic	Safety	
Administration,	2014;	California	Energy	Commission,	2016).	That	is	one	reason	states	including	
California	have	been	studying	VMT	fees	(California	Department	of	Transportation,	2016).	A	
VMT	fee	would	also	be	one	of	the	“most	effective	way[s]	to	change	behavior”	to	reduce	VMT	
(Chapple,	2015).	However,	fees,	like	taxes,	are	commonly	politically	unpopular,	even	those	with	
immense	social	benefit	(Bedsworth	et	al.,	2011).		

Government	Revenues	–	Indirect	Impacts	

As	with	household	and	governmental	costs,	VMT-reducing	“smart	growth”	land	use	patterns	
also	impact	governmental	revenues.	Litman	(2016)	surveyed	the	literature	and	found	that	
“Smart	Growth	tends	to	increase	economic	development,	including	productivity,	business	
activity,	property	values	and	tax	revenue.”	For	example,	the	Chicago	Metropolitan	Agency	for	
Planning	(CMAP)	(2014)	concluded,	based	on	a	comparison	of	Chicago-area	residential	project	
case	studies,	that	“denser	projects	drive	higher	revenues.”	Per	capita	gross	domestic	product	
(GDP)	also	tends	to	decline	with	rising	VMT	and	increase	with	per	capita	transit	ridership,	which	
in	turn	can	increase	tax	revenues	(Kooshian	and	Winkelman,	2011).	
	
Most	studies	look	primarily	at	either	the	cost	impacts	or	the	revenue	impacts	of	smart	growth	
and	reducing	VMT,	not	both.	But	in	two	recent	studies	of	Madison,	Wisconsin	and	West	Des	
Moines,	Iowa,	respectively,	Smart	Growth	America	(SGA)	did	a	more	comprehensive	fiscal	
impact	analysis	(SGA,	2015a,	2015b).	In	the	studies,	SGA	calculated	both	costs	and	revenues	–	
the	net	fiscal	impact	–	to	the	cities	and	their	associated	school	districts	across	a	range	of	high-	
and	low-development	density	scenarios.			
	
The	West	Des	Moines	study	assessed	the	fiscal	impact	of	the	estimated	residential	and	
commercial	growth	in	the	city	over	20	years	using	four	different	density	scenarios	(holding	the	
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product	mix	constant),	and	estimated	that	the	net	fiscal	benefit	for	the	city	and	the	local	school	
district	would	be	50	percent	greater	for	the	most	compact	development	scenario	as	compared	
to	the	base	density	scenario	(current	West	Des	Moines	density)	(SGA,	2015a).			
	
The	Madison	study	was	narrower	in	scope.	It	analyzed	the	fiscal	impact	of	developing	a	1,400-
acre	site	across	a	range	of	development	densities	and	product	mixes.		Comparing	the	baseline	
density	and	product	mix	scenario	to	the	more	compact	development	scenario	with	the	same	
product	mix,	the	study	estimated	that	the	latter	–	compact	development	–	would	have	a	slightly	
greater	(about	5	percent)	net	fiscal	benefit.	However,	the	authors	also	concluded	that	their	
model	likely	underestimated	the	net	fiscal	benefit	of	the	more	compact	scenario	(SGA,	2015b).	

Conclusion	

Reducing	VMT	can	provide	many	additional	benefits	beyond	reducing	GHG	emissions.	Studies	
show	a	broad	array	of	co-benefits	including	environmental,	human,	and	fiscal	health.	VMT	
reductions	can	provide	these	co-benefits	directly	(e.g.	lowering	air	pollutant	emissions	and	
operating	costs	of	vehicles	with	reduced	use)	and	indirectly	(e.g.	realizing	the	benefits	of	
alternatives	to	driving).	As	noted,	there	are	some	variations	in	the	depth	of	these	benefits	(e.g.	
spatial	differences	in	impacts,	and	impacts	dependent	on	other	factors	in	addition	to	VMT),	but	
the	evidence	is	clear	that,	overall,	VMT	reductions	can	help	forward	multiple	goals	in	addition	
to	GHG	reduction.	Additional	research	measuring	costs	and	benefits	of	transportation	on	a	per	
distance	traveled	basis,	which	was	not	yet	available	for	all	impacts	reviewed	in	this	paper,	
would	be	helpful	in	further	ascertaining	the	depth	and	breadth	of	potential	co-benefits	of	VMT	
reductions.		
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The	Economic	Benefits	of	Vehicle	Miles	Traveled	(VMT)-
Reducing	Placemaking:	Synthesizing	a	New	View	

EXECUTIVE	SUMMARY	
	
This	paper	analyzes	evidence	on	the	economic	benefits	of	placemaking	efforts	that	prioritize	
pedestrian	and	non-motorized	access	and	that,	at	times,	reduce	vehicle	miles	traveled.		The	
previous	literature	on	the	economic	impacts	of	transportation	has	focused	on	theorizing	and	
gathering	evidence	on	ways	that	transportation	infrastructure	generates	economic	benefits	at	
large	geographic	scales	–	often	states	or	nations.		That	literature	overlooks	many	of	today’s	
transportation	projects	which	are	at	the	scale	of	a	neighborhood	and	which	typically	include	
non-motorized	transportation.		We	summarize	evidence	on	how	those	more	locally	oriented	
placemaking	efforts	are	associated	with	benefits	that	accrue	to	residents	and	firms.	There	is	a	
high	degree	of	evidence	that	there	are	economic	benefits,	on	commercial	property	values,	
residential	property	values,	business	sentiment,	and	productivity,	from	density	that	are	
summarized	as	they	relate	to	neighborhood	oriented	placemaking	transportation	policies.		We	
conclude	by	suggesting	a	systems	view	of	metropolitan	transportation	that	has	a	hierarchy	of	
networks,	from	high-throughput	metropolitan	arteries	to	local,	multi-modal,	neighborhood	
planning	with	connections	between	the	different	levels	of	the	system.	
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Introduction		
California	cities,	and	regions	across	the	world,	are	embarking	on	a	sea	of	change	in	
transportation	policy.		Movements	to	limit	the	automobile,	reduce	driving,	and	support	transit	
and	non-motorized	travel	are	now	popular	worldwide.		This	change	is	motivated	in	part	by	
environmental	regulations.	California,	for	example,	encourages	local	governments	to	reduce	
vehicle	miles	traveled	(VMT)	to	comply	with	state	regulations	for	greenhouse	gas	(GHG)	
emission	reduction.		But	the	trend	toward	lower	VMT,	and	policies	that	are	aimed	at	reducing	
VMT,	goes	deeper	than	compliance	with	environmental	regulations.		VMT-reducing	planning	–	
programs	that	include	complete	streets,	pedestrian	neighborhoods,	bicycle	infrastructure,	or	
transit	–	is	part	of	a	movement	to	reconnect	transportation	to	place	and	placemaking,	and	to	
view	transportation	not	simply	as	a	mobility	tool	but	as	an	integral	part	of	the	built	
environment	in	our	communities.	
	

The	Project	for	Public	Spaces	defines	placemaking	as…	“the	collaborative,	community-based	
process	by	which	we	can	shape	our	public	realm	in	order	to	maximize	shared	value.	More	
than	just	promoting	better	urban	design,	Placemaking	facilitates	creative	patterns	of	use,	
paying	particular	attention	to	the	physical,	cultural,	and	social	identities	that	define	a	place	

and	support	its	ongoing	evolution.”	(Project	for	Public	Spaces,	2009)	

	
In	this	paper,	we	examine	how	VMT-reducing	placemaking	can	help	boost	local	(i.e.	
neighborhood)	economies.		This	is	a	new	question	in	two	ways.		First,	the	link	between	
economic	development	and	transportation	has	been	largely	a	link	from	increased	mobility	–	at	
times	from	increased	VMT	–	to	economic	growth.		Second,	the	academic	literature	on	economic	
benefits	and	transportation	has	been	regional	and	national,	and	rarely	neighborhood	focused.		
	
Changing	the	focus	to	the	economic	role	of	less	VMT	and	shifting	the	geography	from	the	
metropolitan	area	to	the	neighborhood	are	both	challenging	shifts.		The	increasing	policy	
importance	of	multi-modal	transportation,	often	with	an	explicit	goal	to	reduce	VMT,	requires	a	
better	understanding	of	how	VMT-reducing	placemaking	is,	or	could	be,	linked	to	neighborhood	
economic	benefits.		This	paper	addresses	that	gap	for	policymakers	and	researchers.	
	
This	paper	proceeds	in	the	following	sections.		In	Section	II,	we	discuss	the	motivation	for	a	new	
view	of	VMT-reducing	placemaking	and	the	link	to	local	economic	benefits.		Section	III	
articulates	both	the	old	(or	traditional)	view	of	how	transportation	influences	economic	
development,	and	a	new	view	that	we	argue	should	be	synthesized.		The	two	views,	we	note,	
are	not	mutually	exclusive,	but	rather	focus	on	different	problems	at	different	geographic	
scales.		Sections	IV	through	VI	articulate	different	categories	of	benefits	from	plans	that	reduce	
VMT	in	neighborhoods.		Section	IV	summarizes	evidence	on	agglomeration	benefits	(i.e.	
increases	in	business	productivity),	Section	V	discusses	resident	benefits	that	accrue	from	VMT-
reducing	placemaking,	and	Section	VI	summarizes	business	benefits.		We	close	with	conclusions	
in	Section	VII.	
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II.	Why	Study	the	Economic	Benefits	of	Placemaking?	
California	has	a	policy	interest	in	encouraging	alternatives	to	automobile	travel.		Senate	Bill	(SB)	
375	(The	Sustainable	Communities	and	Climate	Protection	Act	of	2008)	requires	that	
metropolitan	planning	organizations	(MPO’s)	meet	GHG	reduction	targets	for	the	ground	
transportation	sector.		SB	375	does	not	require	VMT	reduction	per	se	(the	target	is	GHG	
emissions),	but	SB	375	has	accelerated	discussion	about	the	co-benefits	of	policies	that	reduce	
GHG	emissions,	and	those	co-benefits	are	often	related	to	quality-of-life	attributes	associated	
with	reduced	driving.1			Additionally,	in	response	to	SB	743	(2013),	the	California	Governor’s	
Office	of	Planning	and	Research	has	proposed	shifting	the	criteria	for	transportation	impacts	for	
California	Environmental	Quality	Act	(CEQA)	review	from	level-of-service	–	a	congestion	
criterion	–	to	VMT,	which	will	favor	projects	that	reduce	current	levels	or	future	growth	of	VMT.	
	
At	the	sub-state	level,	cities	and	municipalities	are	increasingly	pursuing	policies	that	are	
consistent	with	VMT	reduction.		Los	Angeles	Mayor	Eric	Garcetti’s	Great	Streets	program	has	
been	a	signature	of	his	administration.2	Complete	streets	–	streets	that	accommodate	
pedestrians	and	bicyclists,	that	are	environmentally	sustainable,	and	that	integrate	the	street	
space	and	associated	sidewalks	into	public	life	–	have	been	a	priority	in	many	California	
communities	for	some	years.3		Traffic	calming	is	increasingly	popular	and	is	related	to	complete	
streets	and	pedestrianization.		All	of	these	reflect	a	policy	context	that	has	shifted	from	viewing	
streets	and	highways	solely	as	mobility	infrastructure	to	viewing	those	roadways	as	public	
space	and	hence	valuing	policies	that	favor	lower	levels	of	VMT.	
	
For	purposes	of	this	paper,	we	define	VMT-reducing	placemaking	as	efforts	that	have	two	
broad	characteristics.				
	

(1) VMT-reducing	placemaking	projects	link	transportation	infrastructure	to	place,	such	that	
the	transportation	project	becomes	a	neighborhood	amenity.	Examples	include	but	are	
not	limited	to	complete	streets,	pedestrianized	streets	or	malls,	highway	caps,	bike	
lanes	and	bicycle	sharing.	
	

(2) VMT-reducing	placemaking	projects	have	the	effect	of	reducing	VMT,	either	through	
purposeful	efforts	(e.g.	traffic	calming)	or	through	a	concomitant	of	the	project	(e.g.	
infrastructure	that	supports	bicycle	or	walking	travel.)	

	
We	focus	on	neighborhood	scale	geographies,	because	that	is	the	scale	for	many	VMT-reducing	
or	similar	placemaking	projects,	and	because	smaller	communities	(or	small	locales	within	

																																																								
1	See	the	set	of	25	policy	briefs	developed	for	the	California	Air	Resources	Board.		Each	brief	includes	a	section	on	
co-benefits.		Here:	https://arb.ca.gov/cc/sb375/policies/policies.htm.		
2	See	LA	Great	Streets	Initiative	website	for	more	information	on	this	program,	here:	http://lagreatstreets.org/.	
3	See,	e.g.,	the	proceedings	of	a	2011	UCLA	conference,	available	here:	http://www.lewis.ucla.edu/wp-
content/uploads/sites/2/2015/02/2011-Complete-Streets-for-Los-Angeles.pdf.		
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larger	cities)	have	often	been	most	concerned	about	whether	and	how	VMT-reducing	
placemaking	will	affect	their	local	economy.		Our	research	aims	to	inform	other	researchers	and	
local	policymakers	on	the	effects	of	neighborhood	scale	VMT-reducing	placemaking.		
	
	
III.	How	Might	VMT	Reduction	Contribute	to	Neighborhood	Vitality	
and	Neighborhood	Economies?	
The	idea	that	VMT	reduction	can	have	economic	benefits	might	seem	odd	at	first	–	particularly	
so	after	decades	of	practice	and	scholarship	that	focused	on	ways	that	mobility	(and	hence	at	
times	increased	VMT)	is	associated	with	economic	growth.		In	this	sub-section,	we	discuss	two	
things.		First,	we	will	discuss	the	traditional	literature	on	transportation	and	economic	
development,	to	provide	both	a	benchmark	and	lessons,	and	then	theoretical	perspectives	on	
why	and	how	VMT-reducing	placemaking	can	have	positive	local	(neighborhood)	economic	
outcomes.	
	
A.	The	Old	View:		Transportation	and	Economic	Development	

The	link	between	transportation	and	economic	growth	began,	intuitively	enough,	with	the	idea	
that	better	transportation	improves	economic	development.		Increasing	market	access,	by	
building	transportation	infrastructure,	improves	trade	and	increases	economic	growth.		That	is	
particularly	true	for	the	early	stages	of	infrastructure	construction	which	can	have	large	impacts	
on	the	geographic	scope	of	markets.		Donaldson	(2010)	and	Donaldson	and	Hornbeck	(2016)	
found	that	early	railway	construction	in	both	the	U.S.	and	India	in	the	1800s	led	to	economic	
growth.		Those	early	railroads	connected	market	towns	and	far-flung	locations	that,	often,	were	
not	previously	readily	or	reliably	connected	to	the	larger	market.	
		
The	construction	of	the	Interstate	Highway	system	in	the	1950s	and	1960s	provided	another	
opportunity	to	examine	the	link	between	large-scale	transportation	infrastructure	investment	
and	economic	growth.		Nadiri	and	Manuneas	(1996,	p.	110)	examined	how	highway	capital	is	
related	to	total	factor	productivity	(TFP)	for	35	industries	in	the	U.S.		They	found	that	from	1964	
through	1972,	25	percent	of	TFP	growth	in	those	industries	was	associated	with	increases	in	the	
stock	of	highways,	but	that	in	later	years,	when	the	Interstate	Highway	network	was	largely	
complete,	the	effect	was	smaller.		From	1973	through	1979,	highway	capital	accounted	for	two	
percent	of	TFP	growth	in	the	industries	studied	by	Nadiri	and	Manuneas	(1996).		Like	the	
railroads	before	them,	the	construction	of	a	new,	national	transportation	network	was	
associated	with	economic	growth	(in	this	case	measured	by	growth	in	productivity.)		But	the	
effect	of	additional	changes	to	the	transportation	network	is	smaller	when	the	network	is	
mature.	
		
Mohring	and	Harwitz	(1962)	examined	the	impact	of	the	early	Interstate	Highway	system	and	
developed	a	critique	which	still	applies	today.		In	some	cases,	improvements	in	transportation	
infrastructure	shift	economic	activity	from	one	location	to	another.		Distinguishing	between	
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aggregate	growth	and	shifts	in	activity	across	the	landscape	is	an	important	issue.		A	good	piece	
of	intuition,	which	is	consistent	with	theory	and	evidence,	is	that	large	investments	in	new	
national	infrastructure	(railways	in	the	1800s,	highways	in	the	mid-1900s),	by	connecting	large	
numbers	of	previously	poorly	linked	markets,	can	generate	aggregate	economic	growth.		Once	
the	network	matures,	the	economic	impact	of	transportation	investment	is	more	likely	to	shift	
economic	activity	from	one	location	to	another,	as	businesses	move	to	take	advantage	of	the	
new	pattern	of	transportation	accessibility.	
		
This	has	led	to	the	double	counting	critique,	first	formalized	by	Mohring	(1961)	in	a	different	
context	(land	prices).		Applied	to	economic	growth,	the	double	counting	critique	cautions	us	to	
be	careful	to	distinguish	between	two	cases:	(1)	when	transformative	new	networks	connect	
previously	unconnected	places,	and	hence	lead	to	new	economic	growth,	and	(2)	when	more	
marginal	changes	in	transportation	infrastructure	advantage	some	locations,	shifting	economic	
activity	from	one	location	to	another.		The	double	counting	critique	has	been	a	mainstay	of	
academic	thinking	on	transportation	and	economics.	The	critique	implies	that	new	jobs	near	
highways	or	rail	stations	ought	not	be	counted	as	economic	impacts,	because	those	jobs	moved	
from	somewhere	else,	and	hence	are	countervailed	by	job	losses	elsewhere.		This	critique	has	
led	many,	including	this	paper’s	first	author	(Boarnet,	1997),	to	be	skeptical	of	the	role	that	
highway	building,	or	by	extension,	any	improvement	in	transportation	access	in	a	mature	
system	in	a	developed	economy,	can	have	on	aggregate	economic	growth.	
		
Yet	there	is	one	more	nuance,	and	a	potentially	important	one.		Knowledge-based	economies,	
relying	on	access	within	metropolitan	areas,	benefit	from	smooth	transportation.		Hymel	(2007)	
found	that	traffic	congestion	is	associated	with	lower	rates	of	employment	growth	in	a	sample	
of	U.S.	metropolitan	areas.		The	dampening	effect	of	congestion	on	employment	growth	is	
larger	at	higher	levels	of	congestion	(Hymel,	2007,	p.	134).		Starting	from	a	less	congested	
network,	in	San	Diego,	a	10%	reduction	in	travel	time	gives	a	2.48%	increase	in	employment	
growth.		In	the	more	congested	Los	Angeles	-	Orange	County	network	a	10%	reduction	in	travel	
time	gives	a	4.6%	increase	in	employment	growth.		
		
This	result	has	been	reproduced	by	computable	general	equilibrium	(CGE)	models	that	examine	
how	transportation	investment	is	related	to	economic	growth	within	a	metropolitan	area.		The	
Southern	California	Association	of	Governments	(SCAG)	is	the	metropolitan	planning	
organization	for	the	greater	Los	Angeles	region,	a	six-county	area	that	is	home	to	over	18	
million	persons.	Beginning	in	the	2012	Regional	Transportation	Plan,	and	continuing	with	the	
2016	plan,	SCAG	has	modeled	how	transportation	spending	in	the	greater	Los	Angeles	region	
will	increase	employment.		The	results	show	that	the	2016	Regional	Transportation	Plan,	a	
program	of	over	$500	billion	in	transportation	investments	over	25	years,	can	create	an	average	
of	539,000	annual	jobs	from	2016-2040,	of	which	188,000	jobs	in	each	year	will	be	from	the	
construction,	operation,	or	maintenance	of	transportation	projects.	The	other	351,000	annual	
jobs	flow	from	increased	economic	competitiveness	(SCAG,	2016).4		This	is	similar	to	the	market	

																																																								
4			“Annual	jobs”	in	the	SCAG	(2016)	analysis	is	job	years.		One	job	for	a	duration	of	one	year	is	one	“annual	job.”	
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area	results	of	Donaldson	(2010)	and	Donaldson	and	Hornbeck	(2016),	but	it	reflects	
advantages	within	the	metropolitan	area	that	likely	go	beyond	simple	one-for-one	shifts	in	
economic	activity	from	one	location	to	another.	
	
This	result	applies	at	the	regional	(metropolitan	or	county)	level	(the	unit	of	analysis	in	Hymel’s	
study	and	similar	research)	not	at	the	neighborhood	level.		The	research	results	suggest	that	
improved	regional	transportation	access,	of	the	sort	that	would	flow	from	congestion	pricing	or	
improved	access	to	jobs,	is	associated	with	regional	economic	growth,	while	at	the	
neighborhood	level	knowledge-based	industries	benefit	from	density	and	hence	often	
congestion.		The	research	literature	does	not	give	evidence	that	neighborhood	congestion	is	a	
factor	in	local	economic	growth,	but	the	literature	(summarized	below)	does	support	the	idea	
that	VMT	reduction	can	boost	neighborhood	economic	growth.	
		
Summarizing,	the	following	results	are	important:	
	
1. Most	research	has	focused	on	how	more	transportation,	often	measured	as	more	

infrastructure,	relates	to	economic	growth.		The	results	are	twofold:	(a)	New	networks,	
often	built	to	respond	to	new	transportation	technologies,	can	connect	far-flung	markets,	
increasing	market	access,	trade,	and	hence	economic	growth.		(b)	After	the	initial	network	
construction,	marginal	changes	(for	example,	adding	a	link	to	the	network	or	expanding	
capacity	by	adding	a	lane)	often	have	no	or	at	best	little	relationship	to	economic	growth.	
	

2. Recent	evidence	(e.g.	Hymel,	2007,	SCAG,	2016)	has	linked	congestion	reduction	to	
economic	growth.			Congestion	reduction,	however,	is	not	the	same	as	simply	investing	in	
more	transportation	infrastructure.		In	large,	congested,	metropolitan	areas,	evidence	
indicates	that	adding	more	highway	lane	miles	induces	more	driving	(Duranton	and	Turner,	
2011).		Managing	the	system,	including	pricing	congestion,	will	be	important	for	the	
relationship	between	transportation	access	and	economic	growth,	particularly	so	in	mature	
networks	and	systems.	
	

3. The	practice	community	should	beware	of	double	counting.		In	the	early	stages	of	network	
construction,	the	economic	benefits	from	increased	connectivity	likely	extend	broadly	and	
hence	economic	gains	are	likely	to	go	beyond	simply	moving	activity	from	one	location	to	
another.		But	as	the	network	matures,	continued	improvements	in	transportation	access	
most	often	shift	economic	activity	from	one	location	(with	relatively	poor	access)	to	
another,	more	accessible,	location.		Seeing	a	new	office	park	develop	near	an	intersection	of	
two	highways,	or	in	a	transit-oriented	development	(TOD),	does	not	imply	that	all	those	jobs	
are	new.		Much	of	that	economic	activity	might	have	located	elsewhere	absent	the	new	
freeways	or	TOD.	
	

4. Double	counting	applies	most	clearly	to	cases	where	the	economy	is	constant	returns	to	
scale	–	in	simple	terms,	cases	where	doubling	economic	inputs	leads	to	twice	as	much	
economic	output.		Knowledge	economies	rely	on	learning	that	is	facilitated	by	interaction,	
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and	is	performed	by	workers	who	value	amenities.	Such	economies	may	be	characterized	by	
increasing	returns	to	scale	if,	as	is	often	the	case,	firms	become	more	productive	when	they	
and	their	employees	interact	with	each	other.		This	is	the	key	to	why	congestion	reduction	
in	heavily	congested	locations	is	associated	with	more	employment	growth.		

	
What	does	this	all	mean?		We	should	draw	two	distinctions	–	between	metropolitan	and	
neighborhood	geographies,	and	between	efficiency	of	movement	(access)	and	simply	building	
more	infrastructure.		The	evidence	suggests	that	improving	connections	across	a	metropolitan	
area	can	increase	economic	activity	(e.g.	Hymel,	2007;	SCAG,	2016).			This	is	not	a	formula	for	
simply	building	more	infrastructure,	but	a	call	to	build	infrastructure	wisely.		The	evidence	
suggests	that	ease	of	movement	across	a	metropolitan	area	can	be	important,	and	in	dense	
cities,	such	movement	is	usually	multi-modal,	requiring	in	part	the	higher	passenger	throughput	
that	rail	transit	(particularly	heavy	rail)	can	provide.		At	the	same	time,	foot	traffic	and	inviting	
streetscapes	are	important	for	neighborhoods,	and	are	likely	increasingly	valued	by	residents	
and	business	visitors	alike.		All	of	this	suggests	a	place	for	a	new	view	of	transportation	and	
economic	development,	which	has	a	role	for	placemaking	that	can,	at	times,	be	linked	to	
reductions	in	VMT	rather	than	increases	in	driving.	
	
B.		A	New	View:		VMT,	Placemaking,	and	the	Value	of	Place	

The	idea	that	place	is	valuable	is	not	new	in	planning.		It	is	at	the	core	of	the	field.		But	it	is	
arguably	new	to	transportation	planning	–	at	least	new	in	the	way	we	are	currently	asking	the	
question	and	in	the	policy	debates	that	the	question	informs.	The	purpose	of	this	white	paper	is	
to	summarize	the	evidence	in	ways	that	can	inform	policy.	
	
There	are	three	ways	that	VMT-reducing	placemaking	can	enhance	the	value	of	and	the	
economy	in	a	neighborhood:	(1)	amenities	associated	with	placemaking	aspects	of	
transportation	policies	or	projects,	(2)	increased	residential	property	values	which	reflect	
improved	resident	quality	of	life,	and	(3)	increased	business	activity	or	economic	benefits	that	
flow	from	the	VMT	reduction.		Each	is	described	below.	
	
1.		Public	or	External	Benefits		

VMT	reduction	can	have	many	positive	effects.		Lower	VMT,	or	the	reduced	car	travel	speeds	
that	are	often	associated	with	lower	VMT,	can	lead	to	lower	accident	rates,	increased	physical	
activity	(from	pedestrian	and	bicycle	programs	and	projects),	improved	air	quality,	and	
amenities	that	range	from	inviting	streetscapes	to	sidewalk	cafes	to	walking	neighborhoods	
that	may	be	desired	by	local	residents	and	shoppers.		Some	of	these	effects	are	reductions	in	
what	economists	would	call	negative	externalities.		A	negative	externality	is	a	cost	to	persons	
who	did	not	buy	a	good	but	who	are	affected	by	others	who	purchase	(or	sell)	the	good.	
Emissions	from	cars	are	negative	externalities,	because	persons	who	did	not	drive	breath	the	
emissions	generated	by	trips	from	other	drivers.		Following	that	logic	in	reverse,	improvements	
in	local	air	quality	from	reduced	driving	are	external	benefits.		Increased	physical	activity,	to	the	
extent	that	physical	activity	produces	or	reflects	societal	benefits	that	are	not	fully	captured	by	
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the	individual	(e.g.	reduced	societal	healthcare	costs)	can	be	external	benefits.		Accident	
reduction,	particularly	when	individuals	cannot	perfectly	insure	against	the	full	effect	of	traffic	
accidents,	can	be	external	benefits.			
	
There	is	a	large	literature	on	each	of	these	topics,	and	for	that	reason	this	paper	will	not	go	into	
depth	on	each	effect.		These	summaries	cover	the	link	between	VMT	reduction	and	
neighborhood	amenities:		For	driving	speed	and	accidents,	see	Aarts	and	Schagen	(2006);	for	
VMT	reduction	and	physical	activity,	see	Frank	et	al.	(2007)	and	Sallis	et	al.	(2004);	for	driving	
and	air	quality,	see	Zhang	and	Batterman	(2013).	
	
All	of	these	things	are	neighborhood	amenities.		As	such,	the	benefits	will	be	dispersed	
throughout	the	neighborhood	–	no	single	private	actor	can	be	expected	to	capture	the	full	
value.		Having	said	that,	a	common	way	to	measure	amenities	is	to	look	for	how	those	
amenities	are	reflected	in	land	values.		If	these	impacts	–	lower	accidents,	improved	air	quality,	
inviting	streetscapes,	and	a	neighborhood	that	is	visually	attractive	–	are	valued	by	residents,	
that	value	should	be	reflected	in	higher	land	prices	and	hence,	holding	all	else	equal,	higher	
home	prices.		This	is	a	time-honored	concept	–	places	with	higher	amenities	have	higher	home	
values.		The	theory	behind	this	dates	to	the	pioneering	urban	economics	work	of	Alonso	(1960),	
Muth	(1968)	and	Mills	(1972),	and	large	literatures	have	demonstrated	that	place	based	
amenities	are	reflected	in	land	values	and	home	values.	For	a	review	of	the	literature	on	house	
prices	and	transit-oriented	developments,	see	Bartholomew	and	Ewing	(2011).	
	
2.		Resident	Benefits	

Residents	value	living	in	neighborhoods	with	more	desirable	amenities.		That	value	should	be	
reflected	in	higher	land	prices	and	hence	higher	house	values.		Hence	a	common	way	to	
measure	resident	benefits	is	to	measure	increases	in	home	prices.		Those	home	prices	will	
measure	the	overall	package	of	amenity	benefits	–	the	combination	of,	for	example,	slower	
vehicle	movement,	pedestrianization,	business	activity,	and	inviting	streetscapes,	in	addition	to	
school	quality,	access	to	jobs,	and	a	host	of	other	factors.		Some	studies	disentangle	the	effect	
of	individual	amenities	on	home	prices,	while	other	studies	examine	the	effect	of	a	package	of	
amenities	by	measuring	the	house	price	premium	associated	with	a	neighborhood	or	specific	
kind	of	neighborhood	without	separating	the	effect	of	the	several	amenities	in	the	
neighborhood.	
	
3.		Business	benefits	

Non-motorized	and	public	transportation,	pedestrianization,	and	traffic	calming	measures	can	
increase	retail	business	benefits	by	doing	three	different	things.	First,	increased	pedestrian	
activity	and	accessibility	for	customers	can	lead	to	more	opportunities	for	walk-by	or	pass-by	
customer	visits	to	retail	businesses.	That	increase	in	retail	sales	can	lead	to	an	increase	in	
commercial	property	values.	Lastly,	walkable	business	districts	with	links	to	high-throughput	
transit	can	increase	pedestrian	activity	and	transportation	access	in	ways	that	might	lead	to	
more	business	interactions	and	hence	higher	business	productivity.		
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We	summarize	the	literature	on	each	impact	in	turn.		We	first	discuss	ways	that	neighborhood-
scale	placemaking	can	lead	to	higher	business	productivity,	then	we	summarize	studies	that	
measure	resident	benefits,	followed	by	studies	of	retail	sales	and	business	property	values.		
	
	
IV.	Placemaking	and	Agglomeration	Benefits	
There	is	consensus	in	both	the	theoretical	and	empirical	economic	literature	that	increased	
urban	density	is	beneficial	for	local	economic	growth.	The	phenomenon	is	called	
“agglomeration	economies”	and	refers	to	the	finding	that	firms	are	more	productive,	on	
average,	when	they	locate	near	other	firms.		Several	studies	on	agglomeration	economies	are	
summarized	in	Table	1.	
	
Agglomeration	benefits	decline	sharply	with	distance.		For	some	industries,	most	of	the	
productivity	benefits	from	locating	near	other	firms	accrue	within	1-5	miles	(Rosenthal	and	
Strange,	2003).	In	other	words,	firms	are	typically	more	productive	when	they	locate	near	other	
firms	in	the	same	industry,	but	that	effect	operates	over	small	distances,	as	small	as	1	to	5	miles	
(Rosenthal	and	Strange,	2003).	An	older	study	that	measured	the	effect	of	train	stations	on	
employment	centers	finds	that	the	positive	influence	of	stations	on	employment	declines	
sharply,	dropping	at	a	rate	of	20-25%	per	mile	(McMillen	and	McDonald,	1998).		In	general,	
there	is	evidence	that	agglomeration	benefits	are	strongest	over	short	distances	(McMillen	and	
McDonald,	1998).	
	
The	Rosenthal	and	Strange	(2003)	study	finds	that	small	firms	(1-20	people)	benefit	the	most	
from	co-locating	near	each	other.		Moreover,	they	find	that	some	industries	benefit	more	from	
co-locating.		Firms	in	creative	industries,	such	as	software	and	fashion	apparel,	benefited	more	
from	co-locating	near	other	similar	firms,	suggesting	the	importance	of	knowledge	spillovers	as	
a	source	of	agglomeration	economies.		A	series	of	studies	finds	that	traffic	congestion	is	
negatively	related	to	economic	growth.	For	example,	workers	who	spend	more	time	
commuting	need	to	be	compensated	with	higher	wages	(Wheaton	and	Lewis,	2002).	As	a	result,	
if	congestion	leads	to	commute	times	that	are	excessively	long,	it	is	in	the	interest	of	firms	to	
move	closer	to	their	employees	to	reduce	commute	times.	One	way	to	mitigate	this	shuffling	is	
to	allow	for	mixed-used	zoning	that	enables	firms	and	employees	to	co-reside	(Wheaton	and	
Lewis,	2002).	Another	study	that	modeled	traffic	flow	in	urban	areas	reached	a	similar	
conclusion	that	mixing	land-use	inside	commercial	districts,	increasing	density,	and	improving	
road	network	connectivity	in	order	to	stem	congestion	helps	economic	efficiency	and	spatial	
equity	(Tsekeris	and	Geroliminis,	2013).	Another	study	examined	Britain’s	largest	cities	and	
found	that	congestion	and	increasing	housing	prices	negatively	affect	economic	growth	(Hanlon	
and	Miscio,	2017).	These	conclusions	are	consistent	with	those	of	Gordon,	Richardson,	and	
Wong	(1986)	who	find	that	cities	such	as	Los	Angeles	are	highly	polycentric,	meaning	that	traffic	
congestion	is	encouraging	firms	to	move	closer	to	employees	in	order	to	reduce	their	
commuting	times.	However,	firm	relocations	to	places	outside	of	the	urban	core	may	also	
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reduce	the	benefits	of	agglomeration	unless	enough	firms	choose	to	locate	in	the	same	area.	As	
a	result,	the	Los	Angeles	area	may	not	be	as	productive	as	it	could	be.	Similarly,	Hymel	(2007)	
finds	that	high	congestion	reduces	employment	growth.	
		
Importantly,	benefits	to	firms	from	locating	near	each	other	do	not	benefit	everyone	equally.	
Services,	shopping,	and	knowledge	industries	benefit	the	most	from	agglomeration	(Graham,	
2007b).	Bacolod,	Blum,	and	Strange	(2009)	find	that	agglomeration	benefits	accrue	most	to	
sectors	requiring	high	cognitive	and	social	skills.	In	a	similar	analysis,	Rosenthal	(2008)	and	
Rosenthal	(2001)	find	that	benefits	accrue	from	human	capital	spillovers	as	evidenced	by	high	
agglomeration	effects	among	college	educated	workers.		All	of	this	is	consistent	with	a	view	
that	agglomeration	benefits	–	the	benefits	of	firms	and	employees	quickly	interacting	with	each	
other	–	are	strongest	in	creative	and	knowledge-based	industries.	
	
Although	no	studies	examined	agglomeration	effects	at	the	neighborhood	level,	presumably	
due	to	lack	of	appropriate	data,	some	inferences	can	be	made	from	the	studies	on	
agglomeration	that	may	apply	at	the	neighborhood	level.	First,	for	industries	requiring	social	
and	cognitive	skills,	density	leads	to	higher	productivity.	Second,	congestion	reduces	
productivity	at	all	surveyed	geographic	levels	and	increases	the	spread	of	firms	which	can	
reduce	agglomeration	benefits.	Combining	these	findings,	we	can	surmise	that	shopping	or	
high-skilled	industry	clusters	would	benefit	from	VMT	reductions	if	high	density	transport	
alternatives	(i.e.,	walking,	cycling,	transit)	could	enable	retailers	and	firms	to	co-locate	at	the	
neighborhood	level.		
	
Table	1.	Summary	of	Studies	on	Agglomeration	Economics	

Author	(Year)	 Results	

Bacolod,	Blum,	and	
Strange		
(2009)	

Urban	wage	premium	is	a	premium	on	cognitive	and	social	skills.		

Graham		
(2007a)	

Transport	infrastructure	increases	firm	and	residential	density.	

Graham	
(2007b)	

All	tested	sectors	experience	positive	returns	from	agglomeration.	
In	the	study,	manufacturing	has	the	lowest	agglomeration	benefits.	
The	industries	that	benefits	most	from	agglomeration	economies	
are:	public	services,	business	services,	and	banking	finance	and	
insurance.	
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Author	(Year)	 Results	

Hanlon	and	Miscio	
(2017)	

Congestion,	measured	through	commuting	times,	has	a	negative	
effect	on	city	growth.	

Hymel		
(2007)	

High	levels	of	congestion	reduce	employment	growth	in	urban	
areas.		

McMillen	
and	McDonald		
(1998)	

Average	employment	density	decreases	by	34%	to	35%	per	mile	
from	employment	subcenters.	

Rosenthal	and	Strange		
(2001)	

For	agglomeration	benefits,	labor	market	pooling	works	at	the	zip	
code	level	while	knowledge	spillovers	work	at	the	county	level.	

Rosenthal	and	Strange	
(2003)	

The	benefits	of	co-locating	diminish	rapidly	with	distance.		For	
example,	for	software	firms,	100	additional	software	workers	
within	one	mile	is	associated	with	0.04	new	software	firm	births	
and	1.17	additional	employees	at	each	firm.	

Rosenthal	and	Strange	
(2008)	

Being	located	closer	to	an	employment	center	increases	wages.	
Human	capital	spillovers	are	especially	important	for	college	
educated	workers.	

Tsekeris	and	
Geroliminis	
(2013)	

Improving	road	network	connectivity	can	reduce	congestion	and	
increase	economic	efficiency.	

Wheaton		
(2004)	

In	a	general	equilibrium	model	with	agglomeration	economies	and	
commuting	costs,	firms	locate	in	a	polycentric	pattern	to	obtain	
agglomeration	benefits	while	reducing	commuting	costs.	

Wheaton	and	Lewis	
(2002)	

A	1%	increase	in	worker	specialization	leads	to	a	23%	increase	in	
wages.	Specialization	leads	to	30%	wage	increases	at	the	MSA	level	
with	variation	between	industries	and	occupations.	
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V.	Resident	Benefits	
Benefits	to	residents	can	be	capitalized	into	increased	house	prices	or	rental	values.		Those	
benefits	would	be	of	two	types:	
	

1. Benefits	from	accessibility	created	by	projects	associated	with	reduced	VMT.		Multi-
modal	transportation	projects,	improved	non-motorized	access,	and	clustering	of	
destinations	near	residences	might	all	increase	transportation	access	while	reducing	
VMT.	

2. Benefits	from	larger	“quality	of	life”	impacts	or	amenities	related	to	improved	access.	
	
Examining	house	prices	or	rental	rates	will	capture	both	benefits,	and	most	studies	in	the	
literature	cannot	disentangle	the	effect	of	accessibility	from	other	quality	of	life	or	placemaking	
benefits.	
	
One	method	for	understanding	if	a	characteristic	is	capitalized	into	property	values	is	by	
performing	hedonic	house	price	models.		Due	to	data	availability,	most	studies	use	house	prices	
rather	than	rents,	and	we	summarize	those	studies	here.	
	
Hedonic	house	price	models	use	property	values	as	the	dependent	variable	with	a	variety	of	
environmental	and	home	characteristics	as	the	independent	variables.		The	literature	on	
hedonic	house	pricing	models	published	since	2000	was	reviewed.	The	studies	looked	at	both	
commercial	and	residential	property	values	as	the	dependent	variable.	Most	of	the	studies	used	
proximity	(distance)	to	a	transit	station	as	the	measure	of	accessibility.	The	measurement	of	
walkability	differed	slightly;	some	studies	used	Walk	Score,	while	others	used	neighborhood	
characteristics	such	as	sidewalk	density	or	the	slope	of	sidewalks.		
	
The	impact	of	transit-	and	pedestrian-oriented	development	on	property	values	varied	across	
studies,	likely	due	to	geographical	differences,	walkability	measurement	differences,	and	other	
model-related	factors.	The	studies	and	their	results	are	listed	in	Table	2.	The	pattern	in	Table	2	
aligns	with	the	findings	of	the	meta-analysis	by	Debrezion,	Pels,	and	Rietveld	(2007),	who	
looked	at	the	impact	of	transit	railway	stations	on	commercial	and	residential	property	prices.		
	
Debrezion	et	al.	(2007)	find	that	accessibility	to	a	market	or	central	business	district	(CBD),	
measured	as	railway	station	proximity,	is	associated	with	property	values.	However,	there	is	
variability	in	the	results	of	studies	that	attempt	to	measure	that	impact;	some	hedonic	pricing	
analyses	find	statistically	significant	small,	positive,	and	modest	impacts,	while	others	find	
negative	or	statistically	insignificant	impacts	(Debrezion	et	al.,	2007).	Debrezion	et	al.	(2007)	
performed	a	meta-analysis	of	57	studies	to	better	understand	why	there	is	variation	in	results.	
This	analysis	concludes	that	six	features	of	the	analyzed	studies	could	explain	the	variation:	
type	of	property,	type	of	railway	station,	type	of	model	used,	the	presence	of	specific	variables	
related	to	accessibility,	demographic	features,	and	the	timing	of	the	data.	More	detailed	
findings	of	the	meta-analysis	include	(Debrezion	et	al.,	2007):	
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● Properties	near	commuter	railway	stations	show	consistently	and	significantly	higher	
values,	controlling	for	other	factors,	compared	to	light	and	heavy	rail	stations.	

● Commercial	property	values	located	within	a	0.25-mile	range	from	a	railway	station	are,	
on	average,	16.4	percent	more	expensive.		As	Debrezion	et	al.	(2007,	p.	176)	explain,	
“…when	the	office	is	within	walking	distance	of	the	station,	it	benefits,	otherwise	the	
station	is	of	little	use…”	

● Residential	home	prices	increase	2.4	percent	for	every	250	meters	closer	to	a	railway	
station.	

● Omitted	variable	bias	may	occur.	If	a	study	leaves	out	highways	in	its	regression,	the	
regression	can	overestimate	the	impact	of	station	access	on	property	values.	

	
Most	research	found	that	walkability	is	positively	associated	with	home	prices.	Additionally,	
Matthews	and	Turnbull’s	(2007)	research	found	that	the	design	of	the	transportation	network	
can	affect	the	magnitude	of	walkability	benefits;	grid-like	street	patterns	increased	home	
values.	Pivo	and	Fisher	(2011)	studied	different	types	of	properties	and	their	values	across	the	
United	States	between	2001	and	2008	to	understand	how	walkability	affects	different	property	
types.	Their	study	found	that	apartment	properties	with	high	Walk	Scores	were	associated	with	
a	6	percent	increase	in	market	value,	while	office	and	retail	properties	saw	a	54	percent	
increase	(Pivo	and	Fisher,	2011).		In	Cortright’s	2009	CEO	for	Cities	paper	on	the	effect	of	Walk	
Scores	on	housing	prices,	he	found	a	range	of	price	impacts	depending	on	the	city	studied.	
Looking	at	the	California	results,	Fresno,	Stockton,	San	Francisco	and	Sacramento	each	saw	
positive	associations	between	Walk	Score	and	house	prices,	while	Bakersfield	saw	a	negative	
association	of	Walk	Score	with	house	prices,	,	where	a	1-point	increase	in	walkability	was	
associated	with	a	$112	decrease	in	home	value.	However,	the	result	for	Bakersfield	was	not	
statistically	significant	at	the	.1	(two-tailed)	level.	For	a	1-point	change	in	Walk	Score,	the	price	
of	a	home	in	Fresno	increased	$675,	Stockton	increased	$795,	San	Francisco	increased	$2,985,	
and	Sacramento	increased	$2,642	(Cortright,	2009,	Table	5).	
	
	



	

	
13	

	
	
Several	studies	observed	that	transit-oriented	developments	coupled	with	pedestrian-friendly	
neighborhood	environments	are	associated	with	higher	home	sales	prices	(Bartholomew	and	
Ewing,	2011;	Duncan,	2011).	Duncan	(2011)	examined	whether	proximity	to	transit	adds	more	
value	to	a	condominium	property	in	a	good	pedestrian	environment	than	it	does	in	a	bad	
pedestrian	environment.	His	study	focused	on	San	Diego	and	measured	good	pedestrian	
environments	in	neighborhoods	with	three	variables:	density	of	commercial	activity,	flat	path	to	

Resident	Benefits	in	Guerrero	Street,	San	Francisco,	CA	

In	the	quickly	transforming	Mission	District	in	San	Francisco,	residents	along	Guerrero	Street	came	
together	in	an	effort	to	make	their	street	more	pedestrian-friendly.	With	speeding	cars	along	its	six	
traffic	lanes	and	eight	unsignalized	intersections,	the	community	called	for	Guerrero	Street	to	be	
included	in	traffic	calming	plans	(Project	for	Public	Spaces,	pg.	58).	The	citizen’s	organization,	San	
Jose/Guerrero	Coalition	to	Save	Our	Streets,	successfully	advocated	for	the	following	pedestrian-
friendly	improvements:	

§ Changed	the	street	from	three	lanes	of	traffic	each	way	to	two	lanes	of	traffic	with	a	bicycle	
lane	

§ Created	wider	medians	
§ Installed	new	traffic	lights	

	
These	changes	resulted	in	residents	feeling	safer	to	walk	in	their	neighborhood	and	a	reduction	in	
driving	speeds	(Roth,	2009).		
	
Images:	

After	traffic	calming,	before	greening:	http://pavementtoparks.org/wp-
content/uploads//2015/10/plaza-guerrero-park-before.jpg	

After	greening:	https://www.flickr.com/photos/54560762@N04/22199523316		
	
Sources:	
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Neighborhoods	Pedestrian/Bicycle/Traffic	Calming	Improvements.”	Accessed:	
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nts.pdf		
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a	station,	and	well-connected	street	network	(intersection	density).	Results	found	that	transit	
stations	in	pedestrian-friendly	neighborhoods	see	higher	market	values	(estimated	premium	of	
$20,000)	than	transit	stations	in	poor	pedestrian	environments	(Duncan,	2011,	p.	120).		This	
supports	the	use	of	a	more	holistic	land	use	and	design	approach	to	transit	station	projects,	to	
ensure	pedestrian-oriented	projects	are	provided.		Duncan’s	results	also	emphasize	the	value	
that	residents	place	on	good	pedestrian	accessibility	in	TOD’s.	
	
The	study	by	Boyle,	Barilleaux,	and	Scheller	(2013)	differs	from	the	more	general	trend	of	
positive	associations	between	home	prices	and	pedestrian	character.		Using	data	from	Miami,	
Boyle,	Barilleaux,	and	Scheller	(2013)	used	fixed	effects	to	control	for	unobserved	
heterogeneity	in	the	data.		Walkable	neighborhoods	might	be	valuable	for	reasons	that	are	
correlated	with	the	walkability	(such	as,	possibly,	better	access	to	downtown	job	centers),	
rather	than	the	pedestrian	character	itself.		The	Boyle,	Barilleaux,	and	Scheller	(2013)	study	
attempted	to	control	for	neighborhood	characteristics	other	than	walkability	by	including	
controls	for	the	subdivision,	one	square	mile	section,	and	zip	code	of	each	house	in	the	data,	
and	when	any	of	those	geographic	controls	were	included	(to	measure	neighborhood	
characteristics),	the	Walk	Score	variable	in	their	hedonic	house	price	regression	was	
insignificant.		While	the	data	were	cross-sectional,	the	use	of	these	“fixed	effects”	to	control	for	
neighborhood	characteristics	is	a	strong	analytical	approach,	and	so	the	results	provide	some	
caution.		Duncan	(2011)	also	used	neighborhood	controls	in	his	San	Diego	study	–	in	his	case,	
using	dummy	variables	for	neighborhoods	ranging	from	0.5	to	4	square	kilometers	to	control	
for	neighborhood	quality.		Duncan	found	a	strong	and	statistically	significant	house	value	
premium	for	pedestrian	characteristics	in	locations	within	a	half	kilometer	of	a	rail	transit	
station.		Good	pedestrian	characteristics	increase	home	prices	within	a	half	kilometer	of	rail	
transit	stations	by	15	percent,	according	to	Duncan	(2011).		On	the	whole,	the	methodological	
quality	of	studies	in	this	literature	varies,	with	two	of	the	strongest	studies	–	Boyle,	Barilleaux,	
and	Scheller	(2013)	and	Duncan	(2011)	–	reaching	opposing	conclusions.	
	
Summarizing,	the	hedonic	house	price	models	that	focused	on	measuring	the	impact	of	transit	
saw	less	consistent	results	than	did	the	studies	examining	pedestrian-oriented	development.	
This	suggests	there	is	a	premium	associated	with	the	quality	of	life	amenities	found	in	walkable	
neighborhoods,	and	that	effect	of	a	walkability	house	price	premium	is	more	robust	in	the	
literature	than	the	evidence	for	transit	access	and	house	prices.		With	the	exception	of	the	
Boyle,	Barilleaux,	and	Scheller	(2013)	study,	the	evidence	on	pedestrian	environments	and	
house	prices	supports	the	idea	that	placemaking	characteristics	associated	with	VMT	reduction	
bring	residential	and	quality	of	life	benefits.		It	must	be	acknowledged	that	property	owners	will	
be	the	primary	beneficiaries	of	increased	property	value	and	there	are	displacement	and	
gentrification	impacts	of	placemaking	amenities.	These	equity	concerns	are	important	and	
deserve	further	research.	
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Table	2.	Summary	of	Studies	of	Hedonic	House	Price	Models	

Author	
(Year)	

Study	Area	 Methodology	 Walkability	Results	 Transit	Results	

Bartholomew	
and	Ewing	
(2011)	

Meta-
analysis	
summarizing	
several	
studies	

Survey	and	
summary	of	
existing	
literature	

Transit-oriented	
development	paired	
with	pedestrian-
oriented	
development	
increases	home	
values	

Transit-oriented	
developments	result	
in	varying	impacts	
due	to	differing	
magnitudes	of	
amenities	and	
disamenities	

Boyle,	
Barilleaux,	
and	Scheller	
(2013)	

Miami,	FL	 Linear	hedonic	
fixed	effects	
regression	

Walkability	
(measured	by	Walk	
Score)	was	not	
associated	with	
home	values	using	a	
fixed	effects	method	
to	control	for	
unobserved	
heterogeneity	

		

Cervero	
(2002)	

Santa	Clara	
County,	CA	

	 		 Commercial	retail	
values	increased	by	
23	percent	for	a	
typical	commercial	
parcel	near	a	light	
rail	station	
	
Commercial	retail	
values	increased	by	
120	percent	located	
within	0.25	miles	of	
a	commuter	rail	
station	
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Author	
(Year)	

Study	Area	 Methodology	 Walkability	Results	 Transit	Results	

Cortright	
(2009)	

Multi-city	 Log-linear	
hedonic	OLS	
regression	

Thirteen	out	of	
fifteen	cities	showed	
positive	impact	of	
Walk	Score	on	house	
prices.	

		

Debrezion,	
Pels,	and	
Rietveld	
(2007)	

Meta-
analysis	
summarizing	
several	
studies	

Meta-
regression	
model	with	the	
effect	size	of	
the	impact	of	
railway	station	
proximity	as	
the	dependent	
(Y)	variable	
	

		 Commercial	
properties	within	
0.25	mile	of	a	rail	
station	see	a	larger	
price	gap	from	
properties	located	
outside	that	range	
than	do	residential	
properties	-	on	
average,	commercial	
properties	have	a	
16.4%	price	increase	
whereas	residential	
properties	have	a	
4.2%	price	increase	
	
Commuter	railway	
stations	have	a	
consistently	higher	
positive	impact	on	
property	values	
compared	to	light	
rail	station	or	bus	
stop	
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Author	
(Year)	

Study	Area	 Methodology	 Walkability	Results	 Transit	Results	

Duncan	
(2011)	

San	Diego,	
CA	

Linear	hedonic	
fixed	effects	
regression		

Home	values	
increased	when	
transit	station	
distance	was	
interacted	with	
pedestrian-oriented	
development	
(measured	by	
sidewalk	slope,	
intersection	density,	
and	population-
serving	businesses)	

	

Li	et	al.	
(2015)	

Austin,	TX	 Cliff-Ord	
spatial	hedonic	
regression	
(also	known	as	
General	Spatial	
Model)	

Home	values	
increased	in	areas	of	
high	walkability	
(measured	by	Walk	
Score	and	sidewalk	
density)	
	
Walkability	premium	
on	home	prices	is	
higher	areas	with:	
more	college	
residents,	higher	
proportion	Hispanic	
residents,	higher	
income	residents,	
lower	crime	rates.		
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Author	
(Year)	

Study	Area	 Methodology	 Walkability	Results	 Transit	Results	

Matthews	
and	Turnbull	
(2007)	

King	County,	
WA	

Linear	hedonic	
OLS	regression	

Pedestrian-oriented	
neighborhoods	with	
a	more	gridiron-like	
street	pattern	
associated	with	
higher	home	values	

		

Pivo	and	
Fisher	
(2011)	

Various	
across	U.S.	

Linear	hedonic	
OLS	regression	

Using	2001-2008	
real	estate	
performance	data	
from	the	National	
Council	of	Real	
Estate	Investment	
Fiduciaries,	found	
walkability	
(measured	by	Walk	
Score)	increased	the	
market	values	of	
office	(54	percent),	
retail	(54	percent)	
and	apartment	(6	
percent)	properties	
	
Walkability	had	a	
statistically	
insignificant	effect	
on	industrial	
properties	
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Author	
(Year)	

Study	Area	 Methodology	 Walkability	Results	 Transit	Results	

Song	and	
Knaap	
(2003)	

Washington	
County,	OR	

Semi-log	
hedonic	OLS	
regression,	
data	from	1990	
to	2000	

Pedestrian	
walkability	has	
mixed	effects	on	
home	values:	1)	
single	family	units	
within	a	quarter-
mile	of	commercial	
uses	have	higher	
prices;	and	2)	single	
family	units	within	a	
quarter-mile	of	a	
bus	stop	have	lower	
values,	controlling	
for	other	
characteristics	

		

Seo,	Golub,	
and	Kuby		
(2014)	

Phoenix,	AZ	 Translog	(ln-ln)	
hedonic	OLS	
regression	
including	
spatial	lag	and	
spatial	error	
model	(to	
mitigate	
hetero-
skedasticity	
and	spatial	
dependence)		

		 Home	values	
increased	near	light-
rail	transit	nodes	
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Author	
(Year)	

Study	Area	 Methodology	 Walkability	Results	 Transit	Results	

Wang	
(2016)	

Seattle,	WA	 Linear	hedonic	
OLS	regression;	
before,	during,	
after	TOD	
construction	
time	periods	

		 After	the	
construction	period,	
transit-oriented	
development	has	a	
positive	impact	on	
single-family	home	
values	located	
within	0.25	to	0.5	
miles	from	a	light	
rail	station	

	
	
VI.		Business	Benefits	
In	some	instances,	neighborhoods	reduce	VMT	in	business	districts	through	traffic	calming,	
closing	streets	to	vehicle	traffic,	or	supporting	alternatives	to	driving.		There	are	multiple	ways	
that	VMT	reduction	can	benefit	neighborhood	businesses.		For	instance,	increased	pedestrian	
activity	and	accessibility	for	customers	can	lead	to	more	visiting	opportunities	for	retail	
businesses	which	can	increase	property	values	and	retail	sales	if	the	increased	foot	traffic	or	
longer	“lingering”	times	offsets	the	effect	of	reduced	automobile	accessibility.		It	is	possible	that	
closing	streets	might	not	reduce	automobile	accessibility	much,	if	nearby	streets	remain	open	
to	vehicle	traffic	as	is	typically	the	case.	The	studies	in	this	section	include	street	closures	and	
other	efforts	that	install	pedestrian	or	bicycle	amenities	or	calm	traffic	while	keeping	streets	
open.	
	
Several	studies	surveyed	businesses	on	their	perception	of	the	impact	of	pedestrianization	
(including	street	closures)	and	walkability.		(For	a	list	of	the	studies	reviewed,	see	Table	3.)		In	
these	studies,	the	sample	size	ranged	from	9	to	777	firms.	Surveys	and	questionnaires	were	
used	both	before	and	after	periods	of	different	pedestrianization	and	traffic	calming	measures,	
some	of	which	spanned	years.	The	studies	varied	in	their	research	period,	with	some	examining	
timeframes	being	as	early	as	the	1990’s	and	the	more	contemporary	studies	being	in	the	
2010’s.	
	
Some	of	the	studies	analyzed	policies	that	close	off	streets	from	vehicle	traffic	or	that	limited	
vehicle	traffic.		Initially,	businesses	were	concerned	that	the	reduction	in	automobile	traffic	
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would	hurt	their	business.	The	studies	showed	that	business	owners	shifted	to	a	positive	
perception	after	the	traffic	calming	policies	or	street	closures	were	instituted.	For	instance,	
after	the	implementation	of	bicycle	lanes	on	Valencia	Street	in	San	Francisco,	66%	of	merchants	
surveyed	indicated	that	they	believed	that	bike	lanes	had	a	generally	positive	effect	on	business	
and/or	sales	and	would	support	more	traffic	calming	(Drennan	and	Kelly,	2003).	At	times,	
business	owners’	positive	perception	led	them	to	attribute	several	benefits	such	as	increased	
public	safety	and	increased	business	revenue	to	the	traffic	calming	policies	(Wooller	et	al.,	
2012;	Kumar	2006).		The	retail	gains	of	the	business	owners	varied	in	each	study	but	showed	
increases	in	the	majority	of	studies.	In	the	Khao	San	Road	project	(a	street	closure	and	
pedestrianization	in	Bangkok,	Thailand),	47%	of	retail	shops	reported	an	increase	in	sales	
volume	(or	turnover)	with	35%	reporting	no	change	(Kumar,	2006).		Similarly,	in	Hong	Kong,	the	
pedestrianization	of	a	two-way	street	retail	area	led	to	an	approximately	17%	increase	in	retail	
sales	on	average	(Yiu,	2011).	Hass-Klau’s	(1993)	work	mirrored	these	findings.		Hass-Klau	(1993)	
conducted	a	cross-country	study	of	retail	businesses	in	Germany	and	the	United	Kingdom.		In	
addition	to	increased	retail	sales,	better	pedestrian	flow,	and	improved	perception	of	
pedestrian	streets,	the	Hass-Klau	study	found	that	pedestrianization	led	to	increases	in	house	
prices	and	rents	in	the	pedestrian	street	areas	after	the	policies	were	implemented	(Hass-Klau,	
1993).		
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According	to	Weisbrod	and	Pollakowski	(1984),	pedestrian	projects	increased	the	entry	of	new	
businesses	into	downtown	areas.		Increased	property	value	was	associated	with	
pedestrianization	and	walkability	initiatives	in	Toronto,	Canada	and	Washington	D.C.	(Prokai,	
1991;	Alfonzo	et.	al,	2012).	Alfonzo	et.	al	(2012)	studied	71	neighborhoods	within	the	
Metropolitan	Washington	D.C.	area	and	found	that	more	walkable	places	perform	better	

Complete	Streets	in	Lancaster,	CA	

The	City	of	Lancaster,	located	in	Los	Angeles	County,	wanted	to	revitalize	its	downtown.	Part	of	the	
problem	in	attracting	people	and	businesses	was	due	to	the	dangerous	and	un-walkable	nature	of	
Lancaster	Boulevard.	A	four-lane	road	with	many	traffic	signals,	cars	sped	by	at	50	miles	per	hour,	
making	it	inhospitable	to	pedestrians	and	shoppers	(National	Complete	Streets	Coalition,	2012,	p.	
22).	The	City	began	its	revitalization	efforts	in	2006	and	in	2008	the	City	Council	passed	its	final	plan	
which	included	a	$10	million	Complete	Streets	design.	The	goals	of	the	project	were	to	improve	
walkability,	increase	pedestrian	safety	and	reduce	speeds	(George,	2013,	p.	65).	
	
The	following	changes	were	made	to	Lancaster	Boulevard	as	part	of	its	Complete	Streets	design:	

§ Reduced	the	number	of	lanes	from	four	to	two,	removed	several	traffic	signals,	installed	a	
roundabout	

§ Created	a	central	“rambla”	(resembling	the	famous	Barcelona	street)	which	includes	
pedestrian-friendly	infrastructure,	parking	spaces,	and	a	community	event	space	

§ Widened	and	repaved	sidewalks,	added	street	lighting,	and	landscaped	with	more	greenery.	
	
Lancaster	Boulevard	is	now	branded	as	“The	BLVD.”	The	Complete	Streets	design	has	spurred	
economic	development	in	the	downtown	by	improving	roadway	safety	for	pedestrians.	More	than	
40	new	businesses	opened	following	the	redesign,	private	investment	is	estimated	to	be	$125	
million	in	downtown,	and	sales	tax	revenue	increased	26	percent	(National	Complete	Streets	
Coalition,	2012,	p.	22).	
	
Images:	

https://i.ytimg.com/vi/pojylzK2uSM/maxresdefault.jpg		
https://www.huduser.gov/portal/casestudies/images/artist_hsg/Image_10.jpg		
https://www.cnu.org/sites/default/files/LancasterBoulevard_streetscape.jpg		

	
Sources:	

George,	Sherie.	(June	2013).	“A	Complete	Streets	Analyis	and	Recommendations	Report	for	the	
City	of	Bakersfield.”	Accessed:	
http://digitalcommons.calpoly.edu/cgi/viewcontent.cgi?article=2037&context=theses	

National	Complete	Streets	Coalition	Local	Government	Commission.	(February	2012).	“It’s	a	
Safe	Decision:	Complete	Streets	in	California.”	Accessed:	
https://www.smartgrowthamerica.org/app/legacy/documents/cs/resources/cs-in-california.pdf	

The	BLVD	website:	http://www.theblvdlancaster.com/downtown-lancaster.html;	City	Council	of	
the	City	of	Lancaster.	(2010).	“Resolution	No.	10-68,	[Downtown	Lancaster	Specific	General	
Plan].”	Accessed:	http://www.cityoflancasterca.org/home/showdocument?id=12940	
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economically.	On	average,	more	walkable	places	had	$6.92/sq.	ft.	per	year	higher	retail	rents	
and	generated	80	percent	more	in	retail	sales	when	compared	to	the	places	with	fair	walkability	
(Alfonzo	et.	al,	2012).	In	addition,	an	increase	in	walk	score	resulted	in	an	increase	in	retail	
sales,	office	rents,	and	residential	property	values	(Alfonzo	et.	al,	2012).	
	
	
	
	
	

	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
When	analyzing	the	studies,	the	type	of	pedestrian	project	and	the	location	of	the	efforts	
should	be	considered.	When	analyzing	how	downtown	revitalization	projects	affected	retail	
sales,	Weisbrod	and	Pollakowski	(1984)	discovered	that	revitalization	of	downtowns	had	little	
to	no	impact	on	employment	growth	of	existing	retail	business	in	the	area	but	revitalization	
efforts	did	increase	new	business	openings	in	the	downtown	areas.	The	studies	of	full	street	

Union	Square	North,	Manhattan,	New	York	City	

Union	Square	in	Manhattan,	New	York	City	(an	area	that	is	about	9	acres	or	a	little	less	than	400,000	
square	feet)	is	a	constantly	traversed	area,	“sometimes	seeing	up	to	200,000	pedestrians	on	peak	
summer	days”	(NYC	Press	Release,	2010).	It	is	a	popular	destination	known	for	its	Greenmarket,	
shops,	restaurants,	street	chess,	and	being	a	gathering	point	for	social	and	political	activism.	
	 		 	 	
In	2010,	the	New	York	City	Department	of	Transportation	(NYCDOT)	announced	its	street	redesign	
project	for	Union	Square.		The	goal	was	to	improve	pedestrian	safety	and	park	access	while	
maintaining	economic	vitality	in	an	area	that	had	95	pedestrian	injury	crashes	from	2004	to	2008	
(NYC	Press	Release,	2010).	
	
The	project,	developed	with	input	from	the	community,	supported	by	the	area's	Community	Board	
and	backed	by	the	Union	Square	Partnership	and	local	businesses,	was	able	to	implement	the	
following	(NYC	Press	Release,	2010	and	Union	Square	Project	Proposal,	2010):	

§ Converting	portions	of	17th	Street	to	one-way	traffic	
§ Adding	pedestrian	areas	
§ Reducing	through	traffic	lanes	on	Broadway	from	23rd	to	18th	Streets	to	one	lane	with	safety	

islands	and	protected	bike	path	
§ Simplified	traffic	signals	to	improve	pedestrian	safety.	

	
The	street	redesign	project	allowed	Union	Square	to	remain	a	vibrant	neighborhood	while	also	
becoming	more	safe	(NYC	Press	Release,	2010).	An	NYCDOT	evaluation	in	2012	found	that	injury	
crashes	in	Union	Square	had	dropped	26	percent	while	commercial	vacancies	had	dropped	by	49	
percent.	
	
Sources:	

NYCDOT	(2012)	Measuring	the	Street:	New	Metrics	for	21st	Century	Streets	
http://www.nyc.gov/html/dot/downloads/pdf/2012-10-measuring-the-street.pdf	

NYC	DOT	Announces	Completion	of	Union	Square	Redesign,	Improving	Safety	and	Park	Access	
Press	Release.	http://www.nyc.gov/html/dot/html/pr2010/pr10_043.shtml				

Union	Square	Project	Proposal.	New	York	City	Department	of	Transportation.	6/21/2010.		
http://www.nyc.gov/html/dot/downloads/pdf/20100610_broadway_union_square.pdf		
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closures	are	outside	of	the	U.S.,	and	we	caution	that	the	evidence	of	positive	impacts	of	
pedestrian	projects	in	the	U.S.	is	largely	from	projects	that	increase	pedestrian	and	non-
motorized	travel,	rather	than	full	street	closures.		Pedestrianization	efforts	in	Toronto,	Canada	
saw	an	increase	in	vacancy	rates	even	though	prior	literature	had	shown	a	negative	relationship	
between	pedestrianization	and	vacancy	rates	(Prokai,	1999).			
	
Summarizing,	there	are	relatively	few	studies	in	this	area,	but	the	surveys	of	business	owners	
suggest	that	initial	business	concerns	about	pedestrian	projects	shifted	to	a	positive	attitude	
after	the	project	was	completed.	Studies	of	property	values,	while	relatively	few	in	number,	
suggest	that	when	implemented	in	areas	of	high	foot	traffic	(or	high	potential	foot	traffic),	
pedestrianization	is	associated	with	increased	sales	and,	through	that,	increased	commercial	
property	values.	
	
Table	3.	Summary	of	Economic/Retail	Benefits	of	Pedestrianization	

Author	
(Year)	

Study	Area		 Methodology	 Results	

Alfonzo,	et.	al	
(2012)	

Walkable	Places	and	
Economic	
Performance,	
Metropolitan	
Washington,	D.C.	

Hedonic	regression	
analysis	using	Walk	
Score	and	Irvine-
Minnesota	Inventory	
to	measure	
walkability	

Higher	Walk	Score	
locations	performed	
better	economically.	Walk	
Score	correlated	with	
increases	in	retail	sales,	
office	rents,	and	
residential	housing	
values.	In	addition,	higher	
Walk	Score	locations	
benefitted	from	being	
near	other	high	Walk	
Score	locations.	

Drennen	and	
Kelly	(2003)	

Economic	Effects	of	
Traffic	Calming	on	
Urban	Small	
Businesses	on	
Valencia	Street	in	San	
Francisco		

Interviews	with	street	
merchants,	N=27	

66%	of	merchants	
believed	that	the	bike	
lanes	have	had	a	positive	
effect	on	business	and/or	
sales.	They	stated	they	
would	support	more	
traffic	calming	on	
Valencia	Street.		

37%	of	surveyed	business	
owners	believe	that	sales	
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Author	
(Year)	

Study	Area		 Methodology	 Results	

increased	due	to	new	
customers	from	outside	
the	neighborhood	being	
able	to	visit	their	business	
because	of	traffic	calming	
policies	

Hass-Klau	
(1993)	

How	does	
pedestrianization	
affect	retail	in	United	
Kingdom	and	
Germany	

Survey,		
Germany	N=777	
UK	N=400	

Increases	in	pedestrian	
flow	were	associated	with	
business	turnover.		

Housing	rents/costs	
increase	in	pedestrian	
areas	after	traffic	calming	
measures	

Kumar	
(2006)	

Khao	San	Road,	
Bangkok.	
	
Effects	of	
pedestrianisation	on	
commercial	and	retail	
sales.		Business	types	
categorized	by	food	
stalls,	shops,	guest	
houses,	and	travel	
agencies	

Survey,	N=110	 47%	of	retail	shops	had	
increase	in	revenue	sales,	
35%	had	no	change,	while	
18%	had	a	reduction		

65%	increase	in	
favorability	of	pedestrian	
project	after	
development	from	20%	
favorability	(before)	to	
85%	favorability	(after)		

New	York	City	
DOT	
(2012)	

New	York	City	 Post-project	metrics	
of	economic	vitality	

Union	Square	North	in	
Manhattan	saw	49%	
fewer	retail	vacancies	
after	the	addition	of	a	
new	pedestrian	plaza	and	
protected	bicycle	lanes.	
Pearl	Street	in	Brooklyn	
saw	172%	increase	in	
retail	sales	after	
pedestrian	plaza	
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Author	
(Year)	

Study	Area		 Methodology	 Results	

Prokai	
(1999)	

Impacts	of	pedestrian	
friendly	streetscape	
improvements	on	two	
retail	areas	in	
Toronto,	Canada	

Indicator	Analysis	of	
Trends	and	
Distribution,	Often	
Simple	Before-After	
Comparison	of	Data	
without	Statistical	
Controls	

Property	values	were	
higher	where	streetscape	
improvements	were	
done.	

Studies	indicated	an	
increase	in	vacancy	
following	pedestrian	
projects.	

Robertson	
(1991)	

Examines	the	city	
centers	of	six	Swedish	
cities	to	help	better	
understand	the	
extent	to	which	
pedestrian	streets	
have	changed	over	
time	in	terms	of	retail	
trends.		

Interviews	 Interviewees’	believed	
that	pedestrian	streets	
helped	to	strengthen	the	
commercial	cores	of	
Swedish	cities.	Prior	to	
the	expansion	of	central	
pedestrian	district,	
downtown	merchants	had	
a	negative	perception	of	
central	pedestrian	
districts.		

Weisbrod	and	
Pollakowski	
(1984)		

Effects	of	Downtown	
Improvement	Projects	
on	Retail	Activity		

Regression	of	data	
for	14	shopping	malls	
that	were	part	of	
downtown	
pedestrian	
revitalization	projects		
	
	
	

Downtown	revitalization	
projects	sometimes	had	
no	statistically	significant	
impact	on	observed	
growth	or	exits	of	existing	
establishments.			

Revitalization	projects	did	
have	a	statistically	
significant	positive	effect	
on	rates	of	new	
establishment	entry	into	
revitalization	areas.		
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Author	
(Year)	

Study	Area		 Methodology	 Results	

Wooller,	
Badlam,	and	
Schofield	(2012)	

Pedestrianization	
Benefits,	New	
Zealand	

Semi-Structured	
Interviews,	N=9	

Perception	of	
interviewees	was	that	
pedestrianization	
encouraged	leisure	
business.	
	
Perception	of	co-benefits	
included	public	safety,	
accessibility,	and	exercise	

Yiu	
(2011)	

Pedestrianization	and	
Retail	Rents,	Hong	
Kong,	China	

Two-street,	Two-
period	Regression	
Model	

Pedestrianization	
increased	the	retail	rental	
value	of	the	street	by	
approximately	17%.	

	
	
VII.		Discussion:		Synthesizing	a	Systems	View	of	the	Economic	
Benefits	of	Transportation	
The	literature	on	economic	benefits	of	transportation	falls	into	two	parts	–	what	we	called	the	
“old”	and	the	“new”	views	–	with	little	cross-talk	or	connections	between	those	two	literatures.		
The	different	views	evolved	at	different	times	(roughly	the	early	and	mid-Interstate	Highway	
era	for	the	old	view	versus	the	past	two	decades	for	the	new	view),	focusing	on	different	policy	
questions	(increased	VMT	versus	neighborhood	placemaking)	and	different	geographic	scales	
(metropolitan	areas	or	larger	geographies	versus	neighborhoods).		We	first	summarize	the	
results	from	the	“new”	view	studies	surveyed	here,	and	then	suggest	a	policy	synthesis.	
	
The	studies	on	residential	benefits	of	VMT-reducing	placemaking	provide	evidence	that	house	
prices	are	higher,	controlling	for	other	factors,	in	neighborhoods	with	good	pedestrian	
characteristics.		Higher	neighborhood	Walk	Score	(indicating	better	pedestrian	access	to	
destinations)	is	associated	with	higher	house	values,	suggesting	that	persons	value	the	package	
of	amenities	that	is	associated	with	walkable	neighborhoods.		Transit	access	also	is	associated	
with	higher	house	values,	although	that	effect	varies	across	studies	and	the	transit	house	price	
premium	is	larger	in	more	walkable	neighborhoods.	
	
Business	surveys	indicate	that	businesses	in	locations	where	streets	were	closed	or	where	
traffic	lanes	were	reduced	had	a	generally	positive	view	of	the	impact	on	their	retail	sales.		
Some	evidence	indicates	that	increases	in	commercial	property	prices	are	associated	with	
pedestrianization.		Some	of	these	business	impact	studies	might	be	subject	to	“survivor	bias”,	
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surveying	firms	that	remained	in	the	neighborhood	after	the	pedestrianization	project	was	
completed	and	hence	missing	firms	whose	business	could	not	adapt	and	that	thus	left	the	
neighborhood	or	ceased	operations.		Yet	some	of	the	survey	studies	contacted	firms	before	and	
after	pedestrian	improvements,	and	those	surveys	showed	large	increases	in	business	
favorability	from	before-project	to	after	the	project	was	completed.	
	
One	caution	for	both	the	residential	house	price	and	business	impact	studies	is	that	the	
research	might	have	focused	on	places	where	pedestrianization	and	placemaking	was	most	
likely	to	have	a	positive	impact.		Policy	activity	often	focuses	on	locations	that	are	primed	to	
benefit,	and	researchers	might	also	choose	neighborhoods	where	the	placemaking	activity	was	
likely	to	provide	benefits,	if	for	no	other	reason	than	that	such	places	are	more	visible	to	
researchers.		While	the	results	suggest	positive	impacts	on	residents	and	businesses,	it	would	
be	premature	to	generalize	that	every	place	will	benefit.		We	suggest	that	the	evidence	is	best	
interpreted	as	showing	that	thoughtfully	applied	placemaking	activity	has	positive	impacts;	not	
that	any	and	every	VMT-reducing	placemaking	in	any	location	will	produce	benefits.	
	
The	studies	on	agglomeration	show	that	the	benefits	from	businesses	locating	near	other	
businesses	is	often	a	short	distance	phenomenon	–	in	some	cases	at	a	scale	of	from	one	to	five	
miles.		Knowledge	industries	and	creative	activities	particularly	benefit	from	agglomeration	
economies,	and	hence	transportation	plans	that	allow	firms,	employees,	and	customers	to	
interact	quickly	and	seamlessly,	often	in	a	face-to-face	fashion,	will	be	important	for	the	
economic	health	of	cities.		The	evidence	does	not	indicate	that	those	interactions	need	be	at	a	
walking	scale,	and	the	geographic	scope	of	agglomeration	benefits,	while	covering	short	
distances,	is	larger	than	the	scale	of	many	neighborhoods.	
	
The	most	applicable	“old	view”	studies	are	those	more	recent	works	that	show	economic	
benefits	from	reduced	congestion	in	a	metropolitan	area	(e.g.	Hymel,	2007;	SCAG,	2016).		These	
works	indicate	that	increasing	access	within	a	metropolitan	area	is	important	for	economic	
growth	–	a	finding	consistent	with	the	literature	on	agglomeration	economies.		But	building	
highways	is	not	a	fruitful	way	to	increase	access	in	metropolitan	areas.		Studies	have	shown	
that	in	congested	metropolitan	areas,	additional	highway	capacity	leads	to	induced	travel,	such	
that	new	highway	capacity	does	not	reduce	congestion	(e.g.	Duranton	and	Turner,	2011).		For	
that	reason,	congestion	reduction	is	not	nearly	as	simple	as	building	more	highways	–	and	
highway	building	alone	will	not	lead	to	lower	congestion	levels	in	large	metropolitan	areas.	
	
Overall,	these	results	suggest	a	systems	approach	(Figure	1).		At	the	scale	of	a	metropolitan	
area,	economic	growth	flows	from	transportation	policies	that	reduce	congestion	and/or	
increase	access,	thus	allowing	more	seamless	business	interactions	and	more	easy	reach	from	
firms	to	output	and	labor	markets.		Many	neighborhoods	will	benefit	from	policies	that	reduce	
VMT	while	producing	placemaking	amenities,	but	creating	an	entire	metropolitan	area	of	slow-
moving	traffic	in	pedestrianized	places	would	not	allow	the	high	throughput	that	metropolitan	
areas	need	to	increase	accessibility.		A	hierarchy	of	transportation	links	is	the	best	approach.		
High	throughput	routes,	ideally	congestion	priced,	should	connect	neighborhoods	within	
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metropolitan	areas,	while	those	neighborhoods	should,	as	often	as	possible,	support	multiple	
travel	modes	that	have	amenities	associated	with	walkable	locales.		There	will	still	be	a	role	for	
suburban	office	parks	with	easy	automobile	accessibility	(not	every	place	can	be	an	urban	
neighborhood),	but	even	in	those	more	suburban	places	planners	should	include	the	amenities	
and	transportation	options	that,	research	has	shown,	produce	value	for	residents	and	firms.	
	

	
Figure	1.	Systems	approach	to	transportation	policy	promoting	economic	benefits	in	both	
place	and	larger	metropolitan	area	
	
Can	a	car-only	transportation	system	support	this	hybrid	of	regional	accessibility	and	
neighborhood	placemaking?		We	believe	the	answer	is	“no”,	particularly	in	larger	metropolitan	
areas.		The	walking-oriented	design	elements	and	pedestrian	neighborhoods	that	help	create	
placemaking	benefits	are	often	seamlessly	associated	with	alternatives	to	automobile	travel.		
Those	designs	are	often	associated	with	first-last	mile	transit	access	or	with	plans	to	increase	
non-motorized	travel.		There	is	a	role	for	the	car,	but	a	car-only	metropolitan	transportation	
plan	leaves	little	room	for	walkable	placemaking	at	the	neighborhood	scale.		The	best	approach	
is	the	one	being	pursued	in	many	cities	–	travel	options	and	alternatives	that	view	the	
automobile	as	one	of	many	ways	to	travel,	but	not	the	only	travel	mode.		In	large	metropolitan	
areas,	a	systems	view	will	require	high	throughput	transit	that	can	support	densities	that	
highways	cannot	support	(e.g.	the	central	business	districts	in	Los	Angeles	or	San	Francisco),	
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ideally	congestion	priced	highways	and	major	transit	links,	and	careful	focus	on	first-last	mile	
neighborhood	accessibility	that	has	a	robust	role	for	placemaking	amenities.	
	
Neighborhood	placemaking,	in	this	view,	is	a	concomitant	of	transportation	systems	based	on	a	
backbone	of	high	throughput	intra-metropolitan	connectors	that	link	to	neighborhoods	through	
a	range	of	modes	that	include	transit,	walking,	and	bicycling.		The	transportation	system,	in	this	
view,	is	about	more	than	movement.		It	connects	people	and	firms	at	the	metropolitan	scale,	
while	focusing	on	providing	amenities	and	weaving	into	the	urban	fabric	at	the	neighborhood	
scale.		Transportation	planning,	in	this	view,	includes	urban	design,	human	interaction,	and	
accessibility.	
	
Equity	considerations	will	be	important	in	a	placemaking-oriented	view	of	transportation	
planning.		Higher	income	neighborhoods	are	often	the	places	with	the	resources	and	political	
clout	to	pursue	placemaking	initiatives.		Pedestrianized	streets,	traffic	calming,	and	bicycle	
lanes	are	more	commonly	found	in	high-income	than	low-income	places.		One	risk	of	
neighborhood-led	planning	is	that	those	neighborhoods	with	the	resources	to	engage	in	
placemaking	will	do	so,	leaving	other	neighborhoods	behind.		For	that	reason,	placemaking	
should	have	a	strong	role	for	equity,	with	purposeful	efforts	to	bring	placemaking	to	
neighborhoods	that	may	not	have	the	resources	or	political	power	to	pursue	such	initiatives	by	
themselves.		Such	an	equity-focused	placemaking	should	empower	local	communities.		The	
best	placemaking	is	typically	organic	and	informed	by	local	needs,	and	hence	it	would	be	
unwise	to	foist	a	placemaking	view	on	a	neighborhood	from	the	outside.		As	neighborhoods	
become	more	important	in	transportation	planning,	transport	planners	will	have	to	shift	from	
top-down	approaches	to	methods	that	empower	and	engage	communities.	
	
Overall,	the	evidence	suggests	that	placemaking	initiatives,	pursued	in	ways	that	reduce	
neighborhood	VMT,	bring	benefits	that	are	valued	by	residents	and	firms.		Placemaking	will	
require	a	more	multi-modal	transportation	planning,	focusing	on	neighborhood	context	and	
engaging	and	empowering	communities	while	building	system	backbones	that	increase	access	
throughout	the	metropolitan	area.		This	synthesis	is	appropriate	and	necessary	for	an	era	in	
which	the	automobile,	while	still	important,	cannot	meet	all	our	accessibility	needs.	There	is	a	
need	for	more	research	that	further	explores	the	impacts	of	small	scaled	placemaking	and	its	
effects	on	local	economies	and	redefining	accessibility.		
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Introduction 
Many jurisdictions have targets to reduce vehicle travel and increase use of non-auto modes 
(walking, bicycling, public transit, etc.) to achieve various economic, social and environmental 
goals. For example, California state law requires that per capita vehicle travel be reduced 15% 
by 2050 (GOPR 2018). Washington State requires 30% reductions by 2035 and 50% by 2050 
(WSL 2008). New Zealand’s target is to reduce light-duty vehicle travel 20% by 2035 (NZMoE 
2022). British Columbia’s target is to reduce light-duty vehicle travel 25% between by 2030 and 
approximately double walking, bicycling and public transit half of all trips by 2050 (CleanBC 
2021). Colorado state law requires that all major transportation projects support emission 
reduction targets (Degood and Zonta 2022). Israel’s goal is to cut car travel in half (Zagrizak 
2022). Minnesota’s goal is to reduce vehicle travel 20% by 2050 (Bellis 2021). The United 
Kingdom’s goal is that half of all urban journeys will be by active modes by 2030 (DfT 2020). 
Scotland has a target to reduce vehicle travel by 20% by 2030 (Reid 2020). Many cities also have 
VMT reduction targets. Guides and tools are available for designing and evaluating VMT 
reduction plans (Byars, Wei and Handy 2017; Caltrans 2020; TransForm 2009). 
 

Examples of Local VMT Reduction Targets (ACEEE 2019; Klein 2020; PBOT 2021; Thorwaldson 2020 Zagrizak 2022) 

 Boston: put every home within 10 minutes of public transport, bike share, and car share by 2050. 

 Columbus: Create “smart mobility hubs,” to help residents travel without a car. 

 Minneapolis: reduce VMT 40% by 2040 through walking, bicycling, public transit and compact development. 

 Orlando: most local trips are done on foot, bike, carpooling, or transit. 

 Phoenix: by 2050, 90% of residents live within a half-mile of transit, and 40% commute by non-auto modes. 

 Portland: reduce vehicle travel and associated emissions by 45%. 

 San Antonio: reduce average daily vehicle-miles per capita from 24 now to 19 by 2040. 

 
Some critics argue that such targets are misguided. Highway advocacy groups (HUA 2009), 
activist organizations (Poole 2009; O’Toole 2009; Cox 2009), and some transport policy experts 
(Pisarski 2009a) argue that VMT reduction policies are costly, unfair, and harmful to consumers 
and the economy. Some environmental advocates argue that “clean vehicle” strategies, such as 
shifting to hybrid and electric vehicles, are more effective at reducing emissions than VMT 
reductions (Hawken 2017). Poole (2009a) calls VMT reduction goals “a terrible idea” and 
challenges proponents to prove they are cost effective. I accept that challenge.  
 
VMT reduction policies are not necessarily the most effective way of achieving any single goal 
but are often cost effective considering all impacts (benefits and costs). They can: 

 Help achieve multiple community goals including congestion reduction, facility cost savings, 
consumer savings, investment fairness between drivers and non-drivers, public health, traffic 
safety, improved mobility for non-drivers, energy conservation and emissions reductions.  

 Align policies between different levels of government and organizations, for example, to 
ensure consistency between local, state and federal policies. 

 Respond to changing travel demands and community priorities (ITF 2021a). 

 
This report investigates these issues. It discusses justifications for VMT reduction targets and 
evaluates criticisms of these policies. It discusses how mobility management objectives can help 
create a transport system that better responds to future needs. 
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Accessibility versus Mobility 
To understand this issue it is useful to consider the distinction between accessibility (people’s 
ability to reach desired goods, services and activities) and mobility (physical movement). 
Accessibility is the ultimate goal of most transportation activity, excepting the small portion of 
travel for which movement is an end in itself such as jogging or cruising; even recreational travel 
usually has a destination such as a picnic site or resort (Litman 2003; Sundquist, McCahill and 
Brenneis 2021). The key question in this analysis is whether it is possible to achieve accessibility 
with less mobility. 
 
Planning decisions often involve tradeoffs between different types of access accessibility. For 
example, wider roads and increased traffic volumes and speeds reduce pedestrian access, and 
therefore public transit access since most transit trips involve walking links; automobile-oriented 
land use patterns (dispersed, urban fringe development with abundant parking) tends to be 
difficult to access by walking, cycling and public transit); and resources devoted to automobile 
transport are unavailable for alternative modes. 
 
VMT reduction critics tend to assume that transportation means automobile travel, so any 
reduction in vehicle travel reduces accessibility. VMT reduction advocates tend to consider a 
broader range of accessibility factors, so VMT reductions need not reduce accessibility if 
implemented with improvements to alternative modes and more accessible land use 
development. They argue that appropriate VMT reduction strategies can improve overall 
accessibility, transport system efficiency, and user benefits. 
 
VMT reduction advocates argue that current planning practices are distorted in various ways 
that favor automobile dependency, and therefore result in economically excessive vehicle travel, 
that is, vehicle travel for which total costs exceed total benefits (Boarnet 2013; Garceau, et al. 
2013; Levine 2006). For example, automobile travel is significantly underpriced (road, parking, 
insurance and fuel prices do not reflect marginal costs); a major portion of transport funding is 
dedicated to roads and parking facilities and cannot be used for other modes or mobility 
management strategies even if they are more cost effective overall; and many land use planning 
practices discourage compact, mixed, infill development (Litman 2014a). Correcting these 
distortions tends to reduce automobile travel in ways that increase economic efficient and 
benefits consumers overall (Clarke and Prentice 2009). 
 
California state law, SB 743 (2013), requires that transportation project environmental impacts 
be evaluated based on their vehicle miles travelled (VMT) rather than roadway level of service 
(LOS), which is sometimes called a shift from LOS to VMT (Lee and Handy 2018). Governor 
Executive Order (EO) N-19-19 (2019) requires state agencies to reduce greenhouse gas 
emissions. The California State Transportation Agency (CalSTA 2021) and the Northern California 
Institute of Transportation Engineers (ITE SB 743 Task Force 2021) have developed guidelines for 
applying these policies to transportation planning decisions. These policies support a shift from 
mobility-based to accessibility-based planning, which recognizes that improvements to non-auto 
modes and more accessible land use development policies can increase accessibility while 
reducing mobility. For example, these policies recognize the important roles that walking, 
bicycling and public transit play in an efficient and equitable transportation system; reform 
transportation funding favor efficient modes; and favor infill development over urban expansion. 
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How Much Vehicle Travel Do People Need? 
Per capita vehicle travel varies significantly among U.S. urban regions, as illustrated below. 
 
Figure 1 Per Capita Vehicle Travel in Selected Urban Regions (FHWA 2018) 

 
Per capita daily vehicle-miles range from less than 16 to more than 50 among U.S. urban regions.  
  
 
There are similar ranges within an urban region. Daily VMT are about three times higher in 
suburban locations than in compact, multimodal neighborhoods, as illustrated below.  
 
Figure 2 Household VMT by Neighborhood Type (Salon 2014) 

 
Per capita average daily vehicle-miles vary significantly within urban regions.  
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Figure 3 Household Climate Emissions, Nashville, TN (Cool Climate Maps) 
 

 

 
Cool Climate Maps show 
average climate 
emissions from 
transportation, housing 
and goods consumption 
by geographic location. 
This example shows the 
much lower emissions 
typical of central 
neighborhoods 
compared with 
automobile-dependent, 
sprawled areas, due 
largely to lower vehicle 
travel. 

 
 
These studies indicate that vehicle travel is highly variable, depending on geographic and 
economic factors. There is no evidence that residents of high vehicle-miles communities access 
more activities or are more productive than lower vehicle-miles communities. In fact, lower 
vehicle-miles communities tend to have more economic productivity and residents spend less 
total time travelling than in higher vehicle-miles areas, as described later in this report. In other 
words, you can say that automobile-dependent areas provide less efficient access: residents 
must travel further to reach desired services and activities. This is not to say that automobile 
dependency is bad, but it is costly in terms of time and travel expenses. 
 
Figure 4 Optimal Automobile Mode Shares (Litman 2014b) 

 

 
The optimal level of automobile 
travel declines with density and 
poverty. In affluent, sprawled 
suburbs, most trips can be by 
automobile, but this should decline 
as densities or poverty increases, 
and should be less than 30% in 
most urban neighborhoods. Various 
demand management strategies 
can be used to favour more space-
efficient and affordable modes over 
private automobiles. 
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The key issue for this discussion is whether, given better transportation options and incentives, 
transportation systems could become more efficient, so people can meet their accessibility 
needs with fewer vehicle-miles. To justify high rates of automobile travel, VMT reduction critics 
sometimes describe a type of trip that is best made by automobile. “You can’t move furniture by 
bicycle,” or “It would take me three times longer to commute by public transit than by car.” This 
may be true, but does not prove that vehicle travel reductions are infeasible. The fact that some 
trips are best made by automobile does not mean that all trips should be made by automobile, 
or that current levels of vehicle travel are optimal.  
 
Evidence discussed later in this report indicates that, given better options and incentives, a 
major portion of vehicle travel could be reduced in ways that are cost-effective overall. The key 
is to focus on the most changeable trips. Some people assume that there are few ways to 
reduce mileage, for example, arguing that vehicle travel reductions are only achievable in large 
cities with high quality public transit, and are therefore infeasible in rural area. However, 
motorists actually have many ways to reduce mileage, by choosing closer destinations, 
consolidating trips, shifting modes, and using mobility substitutes (telecommunications and 
delivery services). Since rural residents currently drive relatively high annual miles, they are 
often able to achieve relatively large mileage reductions. New technologies can significant 
improve non-auto accessibility. For example, the COVID pandemic demonstrated that 
telecommunications and delivery services can substitute for many vehicle trips, studies suggest 
that e-bikes could substitute for 10-30% of local trips, and integrated navigation and payment 
apps can make ridesharing, and public transit services more convenient for many trips.  
 
There are two related challenges to vehicle travel reductions. First, although automobiles are 
expensive to own, their variable costs are low, typically costing just 10-15₵ per vehicle-mile.  
After spending thousands of dollars a year in fixed expenses, vehicles, owners often feel that 
they should maximize their mileage in order to get their money’s worth from their large 
investments. In addition, for many people driving is more prestigious than other modes; they 
feel embarrassed walking, bicycling or using public transit. As a result, motorists often drive 
even when they have good alternatives, such as to local destinations within convenient walking 
and bicycling distance, and on urban corridors with frequent public transit services.  
 
The second challenge is that mobility options have strong economies of scale. If most people in 
a community rely on automobiles, other modes are likely to be inefficient and stigmatized. For 
most of the last century, most communities have experienced a self-reinforcing cycle of 
automobile-oriented transportation planning and sprawled development patterns which create 
automobile-dependent communities. 
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Mobility Management Defined 
Mobility management (also called transportation demand management [TDM] and VMT 
reduction strategies) refers to policies and programs that change travel activity to increase 
transport system efficiency (VTPI 2008; ICAT 2020; TfA and SGA 2020). Table 1 lists common 
mobility management strategies. 
 
Table 1 Mobility Management Strategies (ICAT 2020; ITF 2021; VTPI 2008) 

Improved Options Incentives Land Use Policies Programs 

Transit improvements 

Walking and cycling 
improvements 

Rideshare programs 

Flextime 

Telework 

Carsharing 

Congestion pricing 

Distance-based fees 

Parking cash out 

Parking pricing 

Pay-as-you-drive 
vehicle insurance 

Fuel tax increases 

Smart growth 

New urbanism 

Parking management 

VMT developer fees 

Transit oriented 
development 

Car-free planning 

Commute trip reduction 
programs 

School and campus 
transport management 

Freight transport 
management 

TDM marketing 

This table lists various mobility management strategies. 
 
 
Mobility management is more than individual solutions to individual problems, such as road 
pricing to reduce congestion and transit improvements to reduce pollution; it is most effective if 
implemented as an integrated program that includes improved transport options and incentives 
to use the most efficient option for each trip. It is supported by professional organizations such 
as the Institute of Transportation Engineers and the Federal Highway Administration. Even 
roadway expansion advocates often support some mobility management strategies such as 
efficient road and parking pricing (Staley and Moore 2008). It reflects a paradigm shift, as 
summarized in Table 2.  
 
Table 2 Transport Planning Paradigm Shift (Litman and Burwell 2006) 

Factor Old Paradigm New Paradigm 

Definition of transportation Vehicle travel – mobility  
Accessibility (ability to reach desired 
goods, services and activities) 

Modes considered Automobile and truck 
All modes (walking, cycling, public 
transit, automobile, telework, etc.) 

Land use development 
Low-density, automobile-
dependent Compact, mixed, multi-modal 

Performance indicators 
Vehicle traffic speeds, roadway 
Level-of-Service 

Multi-modal Level-of-Service, overall  
accessibility 

Favored improvements 
Expanded road and parking 
capacity, increased traffic speeds 

Multi-modal improvements, mobility 
management,  

A paradigm shift is changing the way transportation problems are defined and solutions evaluated. 
 
 
Disagreements about the merit of mobility management often reflect differences in analysis 
scope – the range of benefits and costs considered. Critics generally consider just one or two 
benefits, while proponents consider more, including some often overlooked in conventional 

http://www.ite.org/planning/tdm.asp
http://ops.fhwa.dot.gov/tdm
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transport project evaluation such as parking cost savings, vehicle ownership cost savings, and 
health impacts. For example, Poole (2009) and Pisarski (2009a) criticize VMT reduction policies 
as an inefficient way to reduce pollution emissions; such criticism would be justified if pollution 
reduction was the only benefit these policies provide, but when other impacts are considered 
mobility management is often cost effective overall.  
 
Critics often assume that everybody (at least, everybody who matters) drives, and so ignore the 
benefits of improving mobility for non-drivers. They tend to assume that past vehicle travel 
growth rates will continue into the future. They ignore current demographic and economic 
trends (aging population, rising fuel prices, increased urbanization, increasing traffic congestion, 
and increased health and environmental concerns) which are reducing VMT growth and 
increasing the value of alternative modes (NAR 2020).  
 
Figure 5 U.S. Average Annual Vehicles Mileage (FHWA, Various Years) 

 
Per capita motor vehicle travel increased during the Twentieth Century but peaked about 2000. 
Many current demographic, economic and technical trends are reducing vehicle travel demand. 
 
 
Mobility management critics often ignore rebound effects (also called takeback or induced travel 
effects) the additional vehicle travel that results from roadway expansion and increased vehicle 
fuel economy (Moshiri and Aliyev 2017). Ignoring these effects exaggerates the value of highway 
expansion and fuel efficiency standards and so undervalues mobility management solutions. 
Critics often argue that mobility is very inelastic, citing research Small and Van Dender (2007) 
which implies that even large price increases have little effect on vehicle travel. But that study 
was based on U.S. data from 1960 to 2000, a unique period of rising vehicle ownership, 
increasing employment and real incomes, declining real fuel prices, highway expansion, 
declining transit service quality, and suburbanization. More recent analysis indicates that 
motorists are becoming more price sensitive (Brand 2009; Litman 2010). 
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Mobility Management Justifications 
This section discusses justifications for mobility management and therefore VMT reduction targets. 
 

Helps Solve Multiple Problems and Provide Multiple Benefits 
The old planning paradigm was reductionist: each problem was assigned to a profession or 
agency with narrowly defined responsibilities: transportation agencies were responsible for 
reducing traffic congestion, health agencies for improving public fitness and health, and 
environmental agencies for reducing pollution. This can result in those organizations rationally 
implementing solutions that contradict other community goals, and tends to undervalue 
solutions that provide multiple benefits. The new paradigm is more comprehensive, and so 
searches for win-win solutions that help achieve multiple community goals, such as congestion 
reduction strategies that also increase public fitness and reduce pollution. 
 
Mobility management tends to provide many benefits (VTPI 2008). Although a particular 
mobility management strategy may not be the most cost effective solution to a single problem, 
it is often the most beneficial strategy overall, considering all impacts. For example, considering 
just short-term congestion impacts, highway widenings often seem justified, and considering 
just emission reductions, alternative fuel vehicle subsidies often seem justified, but those 
strategies provide a limited range of benefits, and tend to induce additional vehicle travel, which 
reduces their intended benefits and increases other problems. By reducing congestion delays, 
urban roadway expansions tend to induce additional vehicle travel, which over the long run 
increases downstream congestion, crashes and pollution emissions. Similarly, by reducing fuel 
costs, efficient and alternative fueled vehicles tend to increases total vehicle travel and 
therefore congestion, infrastructure costs, crashes and sprawl-related costs. Mobility 
management strategies tend to achieve many planning objectives, as illustrated in Table 3.  
 
Table 3 Comparing Strategies (Litman 2011) 

Planning  
Objective 

Roadway 
Expansion 

Fuel Efficient 
Vehicles 

Mobility 
Management 

Motor Vehicle Travel  Increased Increased Reduced 

User convenience and comfort    

Congestion reduction    

Road and parking cost savings    

Consumer  savings  /  

Reduced traffic accidents    

Improved mobility options    

Energy conservation    

Pollution reduction    

Physical fitness & health    

Economic development ? ?  

Land use objectives    

( = Achieve objectives.  = Contradicts objective.) Roadway expansion and more fuel efficient 
vehicles provide a limited range of benefits, and by increasing total vehicle travel they can exacerbate 
other problems such as congestion, accidents and sprawl. Win-Win Solutions tend to reduce total 
vehicle travel and increases economic efficiency, which helps achieve many planning objectives.  
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Increases Efficiency and Fairness 
Mobility management includes various reforms that increase economic efficiency and equity. An 
efficient transport system should reflect these principles: 

 Consumer options. Consumers have a variety of transport and location options so they 
can choose the combination that best meets their needs and preferences. 

 Efficient pricing. The prices that consumers pay for a good reflect the full marginal costs 
of supplying that good, unless a subsidy is specifically justified. 

 Economic neutrality. Public policies and planning practices are not arbitrarily biased in 
favor of one good over others. 

 
 
Current policies and planning practices are distorted in various ways that tend to increase motor 
vehicle travel beyond what is economically optimal, as summarized in Table 4.  
 
Table 4 Transport Planning Distortions (Clarke and Prentice 2009; Litman 2006) 

 Description Examples Potential Reforms 

 

Inadequate 
consumer 
options  

Consumers often have 
limited alternatives to 
automobile transportation 
and automobile-oriented 
location. 

Poor walking and cycling 
conditions.  

Inadequate public transit 
service. 

Lack of housing in accessible, 
multi-modal locations. 

Improve alternative modes 
such as walking, bicycling, 
public transit and carsharing. 

Integrate alternative modes. 

More affordable housing in 
accessible locations. 

Efficient 
Pricing 

Many motor vehicle costs are 
fixed or external. 

Unpriced roads. 

Unpriced parking. 

Fixed insurance and 
registration fees. 

Low fuel prices. 

As much as feasible, charge 
marginal prices for roads, 
parking and emissions, and 
convert fixed costs, such as 
insurance and registration 
fees, into variable costs. 

 

Transport 
Planning 
Practices 

Transportation planning and 
investment practices favor 
automobile-oriented 
improvements, even when 
other solutions are more cost 
effective. 

Dedicated roadway funding. 

Transportation system 
performance indicators based 
on vehicle traffic conditions. 

Incomplete impact analysis. 

Apply least-cost planning. 
Fund alternative modes and 
mobility management 
whenever cost effective. 

Apply multi-modal transport 
performance indicators. 

Land Use 
Polices 

Current land use planning 
policies encourage lower-
density, automobile-oriented 
development. 

Parking minimums. 

Restrictions on development 
density and mix. 

Development and utility fees 
that fail to reflect the higher 
costs of dispersed locations. 

Smart growth policy reforms 
that support more accessible, 
multi-modal land use 
development. Location-based 
development and utility fees. 

This table summarizes various transportation market distortions and potential reforms. 
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These distortions help create a self-reinforcing cycle of increased automobile dependency and 
sprawl (Figure 6). Mobility management tends to correct these distortions, leading to more 
balanced and efficient transport systems.  
  
Figure 6   Cycle of Automobile Dependency and Sprawl 

 

 
This figure illustrates the self-
reinforcing cycle of increased 
automobile dependency and 
sprawl. Establishing 
objectives to reduce vehicle 
travel and increase use of 
alternative modes can help 
correct existing market 
distortions that lead to 
inadequate transport options, 
economically excessive 
automobile travel, and 
sprawled land use patterns. 

 
 
Various policy and planning reforms are justified on economic efficiency and planning principles, 
such as more efficient road, parking, insurance and fuel pricing; more comprehensive and 
integrated planning; least-cost funding and neutral tax policies. Transportation professionals 
categorize these reforms as mobility management strategies. 
 
Critics might argue that VMT reductions should be an outcome of market reforms rather than 
planning objectives. They could suggest, “Let’s just implement efficient pricing and let 
consumers decide how much to reduce their mobility.” But the first step in reforming outdated 
policies is to establish new goals and performance targets. VMT reduction targets are often the 
best way to begin implementation of economically-justified policy and planning reforms; they 
focus political and institutional actions toward reform. For example, VMT reduction targets 
encourage legislative changes to support efficient road and parking pricing, and for 
transportation agencies to apply least-cost investments and develop more multi-modal planning 
practices. Similarly, these targets encourage local governments to reform zoning codes and 
implement more efficient parking management.  
 

Least-Cost Planning (Lindquist and Wendt 2012) 
Least-cost planning is a planning framework that implements the most cost-effective solution to 
a problem, considering all impacts (costs and benefits), giving equal consideration to demand 
management as capacity expansion. This tends to justify far more implementation of mobility 
management solutions than what occurs under current planning practices which consider a 
limited set of planning goals and have dedicated funds for facility improvements that cannot be 
used to implement mobility management strategies.  
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Provides Strategic Guidance for Individual Policy and Planning Decisions 
A fundamental principle of good planning is that individual, short-term decisions should be 
consistent with strategic, long-term goals. Current transportation policies often fail to reflect 
this principle: individual planning decisions often contradict strategic objectives, resulting in 
inefficiency. Mobility management objectives can help guide individual policy and planning 
decisions so they are more integrated. For example, mobility management objectives encourage 
policy makers to choose efficient pricing and investments, transportation agencies to develop 
mobility management programs, and transportation professionals to learn about mobility 
management techniques.  
 
Many policy and planning decisions affect the amount of mobility that occurs in an area, as 
summarized in Table 5. Although individually decisions that stimulate automobile travel may 
seem modest and justified, their impacts are cumulative and synergistic. People who live or 
work in automobile-oriented areas typically drive 40-60% more annual miles and rely less on 
alternative modes than they would in more multi-modal communities (Pratt 1999-2009; Ewing, 
et al. 2007; VTPI 2008; TransForm 2009).  
 
Table 5 Examples of Policy and Planning Decisions That Affect Mobility 

Transport Policies Land Use Policies 

Fuel taxes and prices 
Road tolls 
Roadway supply and design 
Sidewalk and path supply and quality 
Public transit service supply and quality 
Mobility management programs 

Location of facilities and activities (jobs, housing, 
services, etc.) 
Land use density and mix 
Parking supply and price 
Building orientation 

Many policy and planning decisions affect the amount and type of mobility that occurs in an area.  

 
 
Conventional planning often ignores these long-term impacts. Many transport and land use 
policy decisions are based on narrow, short-term objectives with little consideration of strategic 
goals. For example, transportation agencies often expand roadways to reduce congestion, 
although this induces additional vehicle travel which increases downstream traffic and parking 
congestion, crashes, energy consumption and pollution emissions, although other congestion 
reduction strategies are available. Similarly, most local governments have generous minimum 
parking requirements, although this induces additional vehicle traffic, which increases traffic 
congestion, accidents, energy consumption and pollution emissions. VMT reduction targets 
encourage decision makers to choose the congestion reduction strategies that also help reduce 
parking problems, and the parking solutions that also help reduce congestion problems. Such 
comprehensive, strategic planning maximizes efficiency and benefits. 

Some jurisdictions are starting to reform transportation policies to better support strategic 
goals. For example, the U.K.’s Department for Transport (DfT) has warned local authorities that 
major road projects will not receive central government funding if they are likely to increase 
carbon emissions or fail to support walking, bicycling and public transit (Reid 2022). This 
decision partly reflects research showing that highway expansions tend to increase vehicle 
traffic, which reduces their congestion reduction benefits, leading to poor benefit to cost ratios 
(BCRs), often much lower than for non-auto modes. For example, DfT found BCR’s for bicycling 
projects up to 35 to 1, much higher than the 4.7 average BCR’s for highway improvements. 
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Responds to Changing Travel Demands 
Many demographic, economic and technical trends are reducing demand for automobile travel 
and increasing demand for other mobility and accessibility options.  
 
Trends Shifting Travel Demands (Litman 2006) 

 Vehicle saturation. During the last decade per capita vehicle ownership and annual mileage 
have reached saturation levels. Although total traffic may increase somewhat in areas with 
rapid population growth, growth rates will be much lower than what occurred during the last 
century and many areas will experience no growth or even negative VMT growth. 

 Aging population. As the Baby Boom generation retires per capita vehicle travel will decline 
and their demand for alternatives will increase.  

 Rising fuel prices. This will increase demand for energy efficient travel options such as walking, 
cycling and public transit, and more accessible land use development.  

 Increasing urbanization. As more people move into cities the demand for urban modes 
(walking, cycling and public transportation) increases. 

 Increasing traffic and parking congestion. This increases the relative value of alternative modes 
that reduce urban traffic congestion.  

 Rising roadway construction costs. This reduces the feasibility and economic justification of 
major urban highway expansion. 

 Shifting consumer preferences. Various indicators suggest that an increasing portion of 
consumers prefer multi-modal urban neighbourhoods and alternative modes.  

 Increasing health and environmental concerns. Many individuals, organizations and 
jurisdictions plan to reduce pollution and increase physical fitness.  

 Technological innovations that improve alternatives. Many new transportation technologies 
and services (telework, vehicle sharing services, multi-modal navigation and payment apps, 
delivery services, etc.) help residents reduce their vehicle ownership and use. 

 
 
As a result of these trends, per capita annual automobile travel has peaked in most wealthy 
countries (Figure 4), and demand for alternatives is growing.1 This is not to suggest that 
automobile travel will disappear, but vehicle travel demand will grow much less than in the past 
and demand for alternative modes will increase. It is sensible for transportation policies to 
reflect these changes, which means creating more diverse and efficient transportation systems, 
and more accessible, multi-modal communities. Mobility management objectives are a practical 
way to help implement these changes.  
 

                                                           
1
 In public lectures I often ask the audience, “Compared with your current travel patterns, how many of 

you would prefer to drive more than you currently do, and how many would prefer to drive less, provided 
that alternative modes are convenient, comfortable and affordable?” In virtually every case most 
audience members indicate that they would prefer to drive less and few want to drive more than they 
currently do. 
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Evaluating Criticisms 
This section evaluates specific criticisms of mobility management objectives. 
 
Harms Consumers 
Critics argue that, since consumers freely choose automobile travel and automobile-dependent 
locations, they must be harmed by vehicle travel reduction and smart growth policies (Pisarski 
2009a and 2009b; Moore, Staley and Poole 2010). This is not necessarily true: many mobility 
management strategies use positive incentives that directly benefit consumers by improving 
travel options or rewarding vehicle travel reductions (Table 6), and real estate market research 
indicates that consumers increasingly prefer smart growth home locations (NAR 2020).  
 
Table 6 Mobility Management Strategy Impacts (VTPI 2008) 

Positive Incentives Mixed Negative Incentives 

Public transit improvements 

Walking and cycling improvements 

Rideshare and carshare programs 

Flextime and telework 

Pay-As-You-Drive pricing 

Parking cash out and unbundling 

Smart growth 

New urbanism 

Parking management 

Transit oriented development 

Car-free planning 

Traffic calming 

Road tolls 

Parking pricing 

Fuel tax increases 

This table categorizes mobility management strategies according to user impacts. Far more provide 
positive than negative incentives, and even negative incentives, such as road pricing, can benefit users 
overall if revenues are used to reduce other taxes or provide new valued services. 

 
 
Even negative incentives, such as higher fees or traffic calming, can benefit consumers overall. 
For example, people who drive less due to higher road tolls, parking fees or fuel prices may be 
better off overall if revenues are used to reduce other taxes or provide new valued services, or if 
they benefit from reduced congestion, accident risk, pollution exposure, or less need to 
chauffeur non-driving relatives and friends (Litman 2007b).  
 
Although it would be inefficient to reduce vehicle travel arbitrarily, for example, by randomly 
forbidding vehicle trips or closing roads, efficient mobility management improves the 
convenience of higher value automobile trips (by reducing congestion when motorists are 
willing to pay directly for road and parking use) while giving consumers incentives to reduce 
low-value automobile travel, such as trips that provide little benefit or that can easily shift to 
alternative modes or destinations.  
 
To the degree that mobility management objectives help create a transportation system that 
better responds to future travel demands, applies positive incentives and efficient pricing, 
resulting vehicle travel reductions can maximize consumer benefits and minimize consumer 
costs. 
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Harms the Economy 
Some critics argue that because vehicle travel tends to increase with economic development, 
any effort to reduce vehicle travel is economically harmful. For example, the Highway Users 
Alliance (HUA 2009) claims that the graph below proves that, because VMT and GDP are 
correlated, efforts to reduce vehicle travel must reduce economic productivity.  
 
Figure 7 US VMT and GDP Trends (HUA 2009) 

 

 
 

 
 
The Highway Users 
Alliance claims that 
this graph proves 
that a reduction in 
vehicle travel will 
reduce economic 
productivity, but 
correlation does not 
prove causation. 

 
 
Similarly, economist Randall Pozdena claims that Figure 7 proves there is a strong positive 
relationship between income and energy use, and that because recessions often follow 
petroleum price spikes, efforts to reduce per capita vehicle travel reduce economic productivity. 
He concludes that, “a one percent change in VMT/capita causes a 0.9 percent change in GDP in 
the short run (2 years) and a 0.46 percent in the long run (20 years).” This analysis misrepresents 
these issues in important ways.  
 
The log-log format in Figure 8 is a visual trick that exaggerates the relationships between energy 
and economic development. For example, although the U.S. and Norway are located close 
together, Norwegians actually consume about half as much fuel per capita as U.S. residents. The 
graph includes countries with very different levels of industrialization. An increase in per capita 
vehicle travel in very poor countries such as Zimbabwe and Liberia has a very different 
productivity impacts than in wealthy, industrialized countries. Similarly, although oil price spikes 
harm oil consumers, gradual and predictable fuel tax increases can be economically beneficial by 
encouraging energy conservation and reducing the wealth transferred to oil producers. 
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Figure 8 Per Capita GDP Versus Barrels of Oil (Pozdena 2009) 

 

 
 
 
Pozdena claims this 
graph proves that 
increased energy 
consumption increases 
economic productivity. 
A log-log graph such as 
this exaggerates such 
relationships. 
 

 
 
Certainly energy use, vehicle travel and GDP tend to increase together, as figures 3 and 4 
indicate, but this reflects several factors: 

1. Motor vehicle travel can increase economic productivity, particularly when used for high 
value transport such as freight and service delivery, business travel and emergency trips.  

2. Increased wealth tends to increase vehicle ownership and use, although marginal impacts 
decline as illustrated in Table 7.  

 
Table  7  Annual Per Capita Vehicle Mileage by Income Quintile (BLS 2007) 

Income Quintile: 1 2 3 4 5 

Income before taxes  $6,195 $12,579 $18,485 $24,986 $49,496 

Annual mileage 4,733  6,182  7,440  7,926  8,885  

Mileage increase per $1,000 additional income 764  227  213  75  39  

Increased wealth causes declining marginal mileage increases.  

 

3. Increased wealth allows some wealthy households to choose more accessible locations, 
allowing them to reduce their vehicle travel.  

4. Vehicle travel imposes external costs (congestion, accident damages, import exchange 
burdens, pollution emissions) that can reduce economic productivity. 

5. Increased vehicle travel tends to create more automobile-dependent transport system and 
dispersed land use patterns which increases the amount of travel needed to maintain a 
given level of accessibility. This tends to reduce economic productivity.  
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Only Factor 1 causes wealth to increase with VMT, while factors 2-5 result from increased 
wealth. Factors 1 and 2 cause positive relationships between VMT and GDP, while factors 3, 4 
and 5 cause negative relationships. Because these effects vary, the overall relationships 
between vehicle travel and economic productivity depend on specific conditions, including a 
region’s level of development, economic factors such as the costs of importing fuel, and the 
policies that are applied.  
 
It is unsurprising that VMT and GDP correlate since vehicle expenditures account for a significant 
portion of household, business and government consumption (typically 15-25% in automobile-
oriented regions), so all else being equal, doubling VMT increases GDP about 10%. However, this 
does not necessarily reflect increased social welfare: it could simply reflect an increase in costs. 
For example, policies that stimulate sprawl will increase both VMT and GDP, since residents 
must drive more annual miles, spend more on vehicles and fuel, although consumers and 
society could be worse off overall. In such situations, VMT reductions can support economic 
development (Zheng, et al. 2011). 
 
Researchers find weak or negative relationships between personal vehicle travel and economic 
productivity (Angel and Blie 2015; Ecola and Wach 2012; Kooshian and Winkelman 2011; 
McMullen and Eckstein 2011). Empirical evidence suggests that increasing from very low to 
moderate levels of mobility increases productivity since motor vehicles are used for high-value 
trips, but at higher levels of per capita VMT, marginal benefits decline and eventually becomes 
negative as external costs and inefficiencies increase (Kooshian 2011; Zheng, et al. 2011). An 
international study found that per capita vehicle ownership peaks at about $21,000 (1997 U.S. 
dollars) annual income (Talukadar 1997). Similarly, a World Bank study found that beyond an 
optimal level (about 7,500 kilometers annual motor vehicle travel per capita, with considerable 
variance due to geographic and economic factors), vehicle travel marginal costs outweigh 
marginal benefits (Kenworthy, et al. 1997). The researchers conclude that, “there are no obvious 
gains in economic efficiency from developing car dependence in cities,” and, “There are on the 
other hand significant losses in external costs due to car dependence.”  
 
Among wealthy countries there is considerable variation in per capita vehicle travel. Although 
per capita VMT grew during most of the last century, it has saturated in most wealthy countries 
and the level at which this saturation occurs varies depending on transport and land use policies 
(Millard-Ball and Schipper 2010). The U.S. averages more than twice the per capita vehicle travel 
as most other OECD countries, as indicated in Figure 8. Of particular interest is Norway, which 
produces petroleum but maintains high fuel prices and has other policies to discourage vehicle 
travel and support alternative modes. These policies minimized domestic fuel consumption, 
leaving more oil to export. As a result, Norway has one of the world’s highest incomes, a 
competitive and expanding economy, a positive trade balance, and the world’s largest legacy 
fund.   
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Figure 9 Per Capita Annual Vehicle Travel By Country (OECD 2009) 

Per capita vehicle mileage is significantly higher in the U.S. than in other industrialized countries. 
Residents of wealthy countries such as Switzerland, Norway and Sweden drive about half as much as 
in the U.S. due to policies and planning practices that increase transport system efficiency. 
 
 
Similarly, annual per capita vehicle mileage varies significantly among U.S. cities, from fewer 
than 6,000 average annual vehicle-miles per capita to more than 15,000, as indicated in Figure 1. 
Although many factors influence these differences, they result, in part from transport and land 
use policies that affect the travel options available, travel incentives, and land use patterns. 
There is no evidence that lower VMT cities such as Redding, Sacramento, Chicago and Portland, 
are less economically successful or have inferior quality of life than higher VMT cities such as 
Atlanta, Houston, Birmingham or Durham; in fact, the lower VMT cities tend to have higher per 
capita GDP, as indicated later in this report.  
 
The data presented by HUA and Pozdena do not really prove that increased energy consumption 
and vehicle travel necessarily support economic development. For example, although in an 
undeveloped country, transport system improvements that cause average per capita annual 
vehicle travel to rise from 1,000 to 2,000 VMT may increase economic productivity, this does not 
prove that VMT reduction policies in a developed country, such as more efficient road and 
parking pricing, and greater investments in alternative modes, which cause average annual 
vehicle travel to decline from 16,000 to 15,000 VMT reduce productivity, although this is what 
Pozdena implies. Per capita annual vehicle travel varies widely among wealthy countries due to 
differences in pricing and planning practices. By reducing costs (congestion, road and parking 
facility costs, fuel expenses, accident and pollution damages, etc.) they can increase productivity. 
 
Described differently, the amount of vehicle travel and energy required per unit of GDP varies 
widely. Virtually all developed countries are increasing GDP per unit of energy and mobility, and 
some extract far more productivity (material wealth and income) per unit of mobility and energy 
than others, as illustrated in Figure 10, due, in part, to transport policies. All else being equal, 
policies that increase transport efficiency increase economic productivity and competitiveness. 
This is sometimes called decoupling (Mraihi 2012; OECD 2006). 
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Figure 10 GDP per Passenger-Kilometer for Various Countries (OECD 2009) 

 
Most countries are increasing GDP per passenger-mile, some much more than the U.S. 
 
 
A rigid relationship between mobility and economic productivity implies that economies are 
inflexible: there is only one efficient way to produce goods, and that economic development 
requires ever more energy and movement. A flexible relationship between mobility and 
economic productivity implies that economies are responsive and creative: if energy and 
mobility are cheap, businesses and consumer use a lot, but if prices increase or other policies 
encourage conservation, the economy becomes more efficient. Within developed countries 
there is a negative relationship between vehicle travel and economic productivity as illustrated 
in the following figures (also see Kooshian 2011).  
 
Figure 11 Per Capita GDP and VMT For U.S. States (FHWA 2019) 

 

 
Per capita 
economic 
productivity 
increases as 
vehicle travel 
declines. (Each dot 
is a U.S. state.) 

Similarly, GDP tends to increase with public transit travel, as illustrated in Figure 9.  
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Figure 12 Per Capita GDP and Transit Ridership (VTPI 2009) 
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GDP tends to increase 
with per capita transit 
travel. (Each dot is a 
U.S. urban region.) 
 

 
 
Per capita GDP tends to decline with roadway lane miles, as illustrated in Figure 13.  
 
Figure 13 Per Capita GDP and Road Lane Miles (VTPI 2009) 

 

Economic 
productivity 
declines with more 
roadway supply, 
an indicator of 
automobile-
oriented transport 
and land use 
patterns. (Each dot 
is a U.S. urban 
region.) 

 

 
 
Per capita GDP tends to increase with population density, as illustrated in the following figure. 
These agglomeration efficiencies reflects the benefits that result from improved land use 
accessibility (reduced distances between activities) and increased transport system diversity, 
which both tend to increase with density. 
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Figure 14 Per Capita GDP and Urban Density (BTS 2006 and BEA 2006) 

 
Productivity tends to increase with population density. (Each dot is a U.S. urban region.) 
 
Zheng, et al. (2011) find similar results: per capita economic productivity tends to be higher in 
states with less automobile-dependent transport systems. Chapple and Makarewicz (2010) 
analyzed business growth trends in California between 1990 and 2005. They find that most 
expanding firms locate near transportation infrastructure, such as highways and major airports, 
but the majority of growth occurred near existing infrastructure in urban areas rather than 
expanding to undeveloped sites at the urban fringe. They conclude that policies that encourage 
infill development need not reduce economic development, and may support economic 
development by improving affordable and accessible housing.  
 
The following figure shows that per capita GDP increases with fuel prices, particularly among oil 
importing countries (“Oil Consumers”). This suggests that, contrary to popular belief, high fuel 
prices (and therefore, high vehicle operating costs) increase economic productivity and 
development by increasing transport system efficiency and reducing the wealth lost to 
importing fuel.  
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Figure 15 GDP Versus Fuel Prices, Countries (Metschies 2005)2 

Economic productivity tends to increase with higher fuel prices, indicating that substantial 
increases in vehicle fees can be achieved without reducing overall economic productivity. 
 
 
Two factors help explain why GDP tends to decline at high levels of VMT:  

1. Marginal productivity benefits decline as a declining portion of travel is for productive uses, 
such as freight and service delivery, and business travel.  

2. The additional VMT imposes increasing economic costs (vehicle expenses, road and parking 
facility costs, traffic service costs, accident and pollution damages, etc.).  

 
 
  

                                                           
2
 Fuel price (www.internationalfuelprices.com), GDP (http://en.wikipedia.org/wiki/List_of_countries_by_GDP_(PPP)_per_capita), 

petroleum production (http://en.wikipedia.org/wiki/Petroleum); excluding countries with average annual GDP under $2,000. 
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Summary of Pozdena Critique 
Pozdena’s 2009 paper makes the following errors:  

 Correlations between energy use, VMT and GDP do not prove causation. Increased wealth often 
increases energy use and vehicle travel. This does not mean that increases in vehicle travel will 
increase wealth or reductions in vehicle travel reduce wealth.  

 The log-log graph exaggerates the perceived correlation. There is actually considerable variation 
in per capita energy use and vehicle travel between countries and cities with comparable GDP due 
to differences in energy and transportation policies. 

 Pozdena’s evidence (international data including very low-income countries, long-term trends 
beginning at the start of the automobile age, and the effects of oil shocks) are not relevant for 
evaluating the economic impacts of typical mobility management strategies. 

 Most experts agree with Pozdena that transportation policy reforms should reflect economic 
principles, but he only considers congestion and pollution problems, and therefore only supports 
congestion pricing and carbon taxes. He ignores other market distortions such as inefficient 
pricing of roadway facilities and crash risk, and underinvestment in non-auto modes. More 
comprehensive analysis justifies additional mobility management strategies, such as parking and 
insurance pricing reforms, more comprehensive planning and least-cost funding. 

 Pozdena argues that “excessive” fuel taxes, VMT fees, or disincentives to driving are unjustified, 
although, until other impacts are efficiently priced they can be justified on second-best grounds. 
For example, until comprehensive road pricing is implemented, higher fuel taxes, VMT fees and 
parking pricing will provide some congestion and road cost saving benefits. 

 Pozdena implies that VMT reductions are implemented primarily by regulations, but most VMT 
reduction strategies reflect market principles and good planning: more efficient pricing for roads, 
parking, insurance and fuel; more multi-modal planning and least-cost investment practices; land 
use planning reforms. This may reflect a semantic confusion: VTM reduction policy targets 
themselves can be considered a type of regulation, but most of the specific mobility management 
strategies applied to achieve these targets are not; they are planning and pricing reforms that can 
be justified for economic efficiency and equity.     

 Pozdena assumes that Smart Growth primarily involves new regulations, although it actually 
involves a variety of policy reforms, many of which reduce regulations or simply shift 
development location and design, and that this does not reduce vehicle travel (he claims, 
incorrectly that “there is no evidence to support implied causality flowing from density to VMT”), 
reduce transport costs or increase economic productivity. His criticism assumes that consumers 
dislike compact communities so urban living necessarily harms consumers and society. Abundant 
research indicates otherwise (Levine 2006; Carlson and Howard 2010; NAR 2020). 

 
 
Transportation market distortions encourage economically inefficient transportation activity, in 
which marginal costs exceed marginal benefits. More neutral planning and efficient pricing 
increase economic productivity. For example, more efficient road and parking pricing encourage 
travelers to use alternative modes under congested conditions, which reduces congestion and 
parking costs borne by businesses. Even sub-optimal reforms, such as fuel tax increases, can be 
justified on second-best ground, until optimal policies, such as time- and location-based fees, 
are fully implemented. 
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Ignores Mobility Benefits 
Critics sometimes argue that motor vehicle travel provides benefits that are overlooked by 
advocates of VMT reduction targets, but this is generally untrue. Most public officials and 
planners are quite aware of the benefits of mobility to people and businesses, and its 
importance in a successful economy. However, they are also aware of the direct and indirect 
costs that result from excessive motor vehicle travel and the benefits that can result from a 
more diverse and efficient transportation system. Table 8 indicates mobility management 
benefits and costs.  
 
Table 8 Mobility Management Benefits and Costs 

Benefit Categories Cost Categories 

Direct user benefits (from positive incentives) 

Revenues (from pricing strategies) 

Congestion reduction 

Roadway costs savings 

Parking cost savings 

Consumer savings 

Reduced chauffeuring burdens  

Accident reductions  

Improved mobility options 

Energy conservation 

Pollution reduction 

Physical fitness and health 

Reduced mobility benefits 

Subsidies 

User fees 

Transaction costs (costs to pay and collect fees, and 
any additional enforcement costs) 

This table indicates the categories of benefits and costs that should be considered when 
evaluating mobility management cost effectiveness. 
 
 
As discussed earlier, the ultimate benefit of transportation is accessibility. If transportation is 
defined only as mobility the only solution to traffic and parking congestion is to expand roads 
and parking facilities. Defining transportation based on accessibility allows a much broader 
range of solutions to be considered, including improvements to alternative modes and mobility 
substitutes, pricing incentives, and more accessible land use. Better management can increase 
the benefits provided by mobility, for example, by reducing traffic and parking congestion so 
there is less delay when people do drive, and improving travel options so motorists are not 
required to spend as much time chauffeuring non-driver friends and family members. 
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Pollution Reduction Cost Efficiency 
Critics argue that reducing vehicle travel is an inefficient way to reduce pollution emissions 
(Poole 2009). This might be true if emission reductions were the only benefit, but VMT 
reductions can provide many co-benefits and so can be very cost effective considering all 
impacts. Vehicle travel reductions tend to reduce consumer costs, congestion, infrastructure, 
crash and sprawl-related costs, while renewable fuel vehicles tend to increase these costs 
because their lower operating expenses induce additional vehicle travel (Alarfaj, Griffin and 
Samaras 2021; Litman 2005; Vaughan 2019).  
 
Although electric and hydrogen vehicles are often called “zero emissions,” they actually produce 
significant emissions over their lifecycle, including their fuel, vehicle and infrastructure 
production. The figure below compares estimated lifecycle energy consumption of various 
modes, measured per passenger-kilometer. The results indicate that bicycles (including e-bikes) 
are most energy efficient, followed by mopeds, public transit, and private cars. The least 
efficient modes are shared vehicles (ridehailing and taxis) due to their additional deadheading 
travel (empty vehicle-miles required to pick up and drop off passengers). In addition, because 
they have lower fuel costs, efficient and alternative fuel vehicle owners typically drive 10-30% 
more annual miles than they would with equivalent fossil fuel vehicles, further reducing their 
emission reductions and increasing other external costs. This indicates that it would is wrong to 
assume that shifts to more efficient and alternative fuel vehicles will solve our transportation 
problems. 
 
Figure 16 Life-Cycle Energy of Urban Transport Modes (ITF 2020) 

 

 
 

 
 
Several recent studies conclude that VMT reductions will be needed to achieve emission 
reduction targets (Manjoo 2021; McCahill 2021; Yudkin, et al. 2021; Vaughan 2019). 
“Electrification of Light-Duty Vehicle Fleet Alone Will Not Meet Mitigation Targets,” (Milovanoff, 
Posen and MacLean 2020) concludes that fleet electrification is an inefficient way to achieve 
emission reductions due to slow fleet turnover, and the economic and environmental costs of 
producing the required batteries and accommodating the additional electrical demand.  
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Some mobility management strategies are particularly effective at achieving environmental 
goals (Burbank 2008; Cambridge Systematics 2009). For example, fuel tax increases, distance-
based insurance and registration fees, more efficient parking management, and land use policy 
reforms often have modest incremental costs and substantial economic and environmental 
benefits (CBO 2003; Parry 2005). Efficient road pricing reduces VMT and congestion, providing 
extra emission reductions. Aviation transport management reduces high altitude pollution 
emissions which have particularly severe climate change impacts. Freight transport 
management can reduce travel by heavy vehicles that have high emission rates per vehicle-mile. 
 
Crowding 
Critics argue that smart growth land use policies cause crowding. This is generally untrue and 
reflects a misunderstanding of the concept. Although smart growth increases density (people 
per acre) it does not necessarily increase crowding (people per square foot of interior building 
space). For example, in a typical 1,800 square foot house requires a 10,000 square foot (quarter 
acre) lot if it is single-story with a large garage and yard, but the same size house needs only 
2,000 square foot if it is three stories with a single car garage and a small yard. 
 
Current and projected market trends favor smart growth (NAR 2020). Demand for dispersed, 
automobile-dependent housing is declining while demand for housing in more accessible, multi-
modal neighborhoods is growing due to factors such as aging population, rising fuel prices and 
shifting consumer preferences (Thomas 2009). Since sprawl has been the primary development 
pattern for the last half-century there is still plenty of low-density, single-family, sprawled 
housing available for people who want it (Leinberger 2008) but the demand for accessible, 
multi-modal housing will be inadequate  (Reconnecting America 2006). Past development 
policies (such as generous minimum parking requirements and building setbacks, and excessive 
limits on development density and mix) caused sprawl; it makes sense to change these policies 
to encourage more urban infill and multi-modal development patterns (Levine 2006).  
 
Consumer Sovereignty 
Consumer sovereignty means that consumers are able to choose the goods that best meet their 
needs. This principle suggests that transportation policies should allow consumers to choose 
how and how much to travel without external intervention. Critics argue that mobility 
management and smart growth policies constitute violates this principle. The Highway User 
Association claims that mobility management attempts to “alter behavior and personal choice” 
(HUA 2009), and Pisarski (2009a and 2009b) argues that such policies prevents consumers from 
choosing the lifestyles they prefer.  
 
But many current policies and planning practices tend to favor automobile travel over other 
modes and more dispersed land use development, depriving consumers of options that involve 
alternative modes or more compact locations. To the degree that current levels of automobile 
dependency and sprawl result from market distortions, mobility management and smart growth 
policies help achieve modal neutrality and consumer sovereignty. These policies tend to 
improve travel and housing options, allowing consumers to choose the combination that best 
meets their needs. They do not eliminate driving and single-family housing, even with programs 
that critics consider aggressive and “radical,” automobile travel would continue to have the 
largest mode share, Americans would continue to drive more than residents of peer countries, 
and most residents would live in single-family homes in most communities.  
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Harms Poor People  
Some studies indicate that economically disadvantaged workers (such as former welfare 
recipients) tend to work and earn more if they have an automobile, and motor vehicles can 
provide access to basic services such as medical care and shopping (Baum 2009; Blumenberg 
and Pierce 2012; Smart and Klein 2015). This leads some people to conclude that vehicle 
ownership increases social equity, so vehicle travel reduction policies are unfair and harmful to 
low-income households (Pisarski 2009a). This misinterprets the issues.  
 
The additional income provided by vehicle ownership is, on average, far less than the additional 
costs, making households financially worse off overall (Smart and Klein 2015). Other studies 
indicate that high quality public transit also increases labor participation (CTS 2010), even in 
automobile-oriented cities such as Houston, Texas (Yi 2006). Analysis by Gao and Johnston (2009) 
indicates that transit improvements provide greater total benefits to all income groups than 
subsidizing automobiles for lower-income groups. 
 
Automobile subsidies only benefit a subset of disadvantaged people, those able to drive, and 
incur significant direct and indirect costs. Low income motorists must typically spend $250 to 
$500 per month to own and operate a vehicle. Their insurance premiums tend to be high, and 
the older vehicles they own tend to be unreliable, imposing large repair costs. As a result, much 
of the additional income provided by automobile ownership must be spent on vehicle expenses, 
reducing net gains. Automobile travel incurs other user costs, including accident risk and 
reduced physical fitness (APHA 2010; Lachapelle, et al. 2011), and increases external costs 
imposed on disadvantaged communities including traffic congestion, road and parking facility 
costs, accident risk, and pollution emissions.  
 
Increased vehicle travel does not necessarily increase overall economic productivity or 
employment. On the contrary, productivity rates (per capita GDP) tend to increase with transit 
ridership and decline with automobile use, indicating that a more multi-modal transport system 
support community economic development (Litman 2010a). 
 
An automobile dependent transportation system is inherently inefficient and inequitable. 
Subsidies intended to help lower-income people own and operate automobiles treat one 
symptom but exacerbate other problems. Creating a more diverse and efficient transport 
system addresses the root of the problem, which provides the greatest total benefits to society, 
including increased social equity by improving mobility and accessibility for physically, 
economically and socially disadvantaged people (Alexander, Alfonzo and Lee 2021).  
 
This analysis indicates that although automobile use can benefit some disadvantaged people, 
other transport improvement strategies are often more cost effective and beneficial overall. 
These include improved walking and cycling conditions, improved rideshare and public transit 
services, carsharing, distance-based vehicle insurance and registration fees, and more affordable 
housing in accessible locations (Sullivan 2003; Litman 2010c). These solutions tend to benefit all 
residents, and especially those who are physically, economically or socially disadvantaged.  
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Summary of Mobility Management Impacts 
Table 9 evaluates the impacts of various mobility management strategies. Most strategies 
increase economic efficiency, and many provide direct consumer and equity benefits.  
 
Table 9 Impacts of Mobility Management Strategies 

Strategy Efficiency Consumer (Users) Equity 

Incentives to Choose Efficient Modes 

Congestion pricing 
Positive. Reflects efficient 
pricing. 

Mixed. Increases motorists’ 
costs but reduces congestion 

Mixed. Benefits some 
people but burdens others 

Cost-recovery road 
tolls 

Positive. Reflects efficient 
pricing. 

Mixed. Increases motorists’ 
costs but provides revenues. 

Positive. More equitable 
than most other funding. 

Distance-based 
registration fees 

Positive. Reflects efficient 
pricing. 

Positive. Gives motorists a 
new way to save money. 

Positive. Charges users for 
the costs they impose. 

Cost-recovery 
parking fees 

Positive. Reflects efficient 
pricing. 

Mixed. Increases motorists’ 
costs but provides revenues. 

Positive. Charges users for 
the costs they impose. 

Fuel tax increases 
Positive if raised gradually 
and predictably.  

Mixed. Increases motorist 
costs but provides revenues. 

Positive if taxes internalize 
costs. 

TDM marketing 
(information and 
encouragement) 

Generally positive, since 
better information tends 
to increase efficiency. 

Generally positive, although 
overly aggressive campaigns 
can be annoying. Generally positive. 

No-drive days Generally negative.  Generally negative. 
Mixed. May be more 
equitable than pricing. 

Improved Options 

Transit 
improvements 

Mixed. Is cost effective on 
major urban corridors. 

Generally positive, provided it 
meets user demands. 

Generally positive. 
Provides basic mobility.  

Walking and cycling 
improvements 

Improvements justified to 
meet growing demand. Generally very positive.  

Generally positive. 
Provides basic mobility.  

Rideshare programs 
Mixed. Is cost effective on 
major urban corridors. 

Generally positive, provided it 
meets user demands. Generally positive.  

Telework and 
flextime 

Generally cost effective 
and beneficial. 

Generally very positive as a 
user option. Generally positive.  

Carsharing 
Generally cost effective 
and beneficial. 

Generally very positive as a 
user option. Generally positive. 

Land use Policies 

More flexible zoning 
(more density, mix, 
housing types, etc.) 

Generally reflects market 
principles and increases 
efficiency. 

Mixed. Benefits some 
consumers but disadvantages 
others. 

Generally achieves equity 
objectives 

Location-efficient 
development. 

Generally reflects market 
principles and reduces 
public service costs. 

Mixed. Benefits some 
consumers but disadvantages 
others. 

Generally achieves equity 
objectives. 

Urban growth 
boundaries. 

Mixed. Restricts 
development but 
increases efficiency. 

Mixed. Benefits some 
consumers but disadvantages 
others. Mixed. 

This table summarizes efficiency, consumer and equity impacts of mobility management strategies. 
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Legitimate Criticisms of VMT Reduction Targets 
This section discusses legitimate criticisms of VMT reduction targets and mobility management 
strategies and how they can be addressed. 
 
Some mobility management strategies can be inefficient and unfair. For example, it would be 
inappropriate to arbitrarily forbid driving at certain times or locations if no suitable alternatives 
are available. Some strategies, such as “no drive days,” are blunt, they fail to give consumers 
maximum flexibility so they can reduce their least-valued vehicle travel while retaining higher-
value trips. As much as possible, mobility management strategies should reflect market 
principles, including consumer sovereignty, efficient pricing, and neutral planning.  
  
Mobility management programs can be uncoordinated. For example, it would be inequitable to 
increase user fees if alternatives (good walking and cycling conditions, convenient ridesharing 
and public transit service, telework options, affordable housing in accessible communities, etc.) 
are unavailable. Similarly, it would be inefficient to spend a lot of money on alternative modes 
(walking and cycling facilities, public transit service improvements, etc.) without sufficient 
incentives to encourage their use. 
 
Vehicle travel reduction targets are somewhat arbitrary, not based on detailed benefit-cost 
analysis. However, there are currently many market distortions that favor automobile travel, 
including underpriced roads and parking facilities, and automobile-oriented planning which 
underinvests in other modes, resulting in economically excessive vehicle travel (Litman 2014a). 
Vehicle travel reduction targets can be considered an appropriate way to focus policy and 
planning decisions to correct these distortions (Thorwaldson 2020). 
 
Mobility management requires public support. For example, it would be inappropriate to tell 
people that they must reduce their automobile travel without communicating why and how. It 
will be important to show consumer benefits.  
 
VMT reduction targets may be nothing more than words. For example, a community may 
establish long-term VMT reduction targets while continuing existing transportation and land use 
planning practices that stimulate automobile dependency and sprawl. It is important that VMT 
reduction targets actually lead to positive and rational change. 
 

Two Narratives  
This debate reflects two conflicting narratives. Reader must decide which to believe: 

1. VTM reduction critics claim that virtually everybody wants to lead high-mileage lifestyles and live in 
automobile-oriented communities, so vehicle travel reduction policies are futile and harmful. 

2. VMT reduction supporters believe that high levels of vehicle travel are an anomaly resulting from a 
combination of automobile-oriented planning, sprawled development and cheap fuel that result in 
economically excessive vehicle travel – and given better options and more efficient incentives, 
many people would drive less, rely more on non-auto modes, live in more compact, multimodal 
neighborhoods, spend less time and money driving, and be better off overall as a result. 
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Conclusions 
There are many reasons to reform current transportation policies. The last century was the 
period of automobile ascendency during which it made sense to invest significant resources to 
build roads and parking facilities, and in other ways accommodate increased motor vehicle 
travel. The next century requires very different policies. Demographic and economic trends are 
reducing vehicle travel demand increasing demand for alternative modes. Economic 
competitiveness will require more efficient transportation systems. To meet these needs, 
transport policies must place more emphasis on efficient management. No single strategy will 
suffice: a variety of integrated transport and land use policy reforms are needed to prepare for 
the future.  
 
To facilitate these changes policy makers can establish mobility management objectives to 
reduce vehicle travel and increased use of alternative modes. Such objectives help coordinate 
individual planning decisions to create a more diverse and efficient transportation system. 
 
Mobility management criticism tends to reflect an older planning paradigm which assumes that 
transportation means driving, and transport agencies have limited responsibilities and solutions. 
Critics tend to ignore many costs of automobile travel and many benefits of alternatives. The 
new paradigm applies systems analysis which considers a variety of objectives, impacts and 
options.   
 
Critics argue that mobility management and smart growth harm consumers and the economy, 
but such criticisms are often inaccurate and do not apply to appropriate, integrated mobility 
management programs which reduce vehicle travel in ways that reflect efficient market 
principles (consumer options, cost-based pricing, neutral policies). Until efficient road, parking, 
insurance and fuel pricing are fully implemented, and planning practices are more neutral, 
blunter strategies (such as regulations and subsidies) may be justified to reduce economically 
excessive automobile travel.  
 
Many VMT reduction critics actually support certain mobility management strategies, such as 
efficient road and parking pricing, more flexible zoning codes, and ridesharing incentives. 
Mobility management tends to be most effective if implemented as an integrated program, so 
some criticism are really justifications for additional strategies, such as investments to improve 
public transit in conjunction with road pricing. In a more diverse and efficient transportation 
system, consumers will choose to drive less, rely more on alternative modes, and be better off 
overall as a result. Automobile travel will not disappear, but it will decrease compared with 
current planning practices.  
 
Mobility management policies help create a transportation system that meets future needs. 
VMT reduction targets are the first step in implementing such policies. 
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