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ABSTRACT 
 
As the United States moves closer to regulating greenhouse gas (GHG) emissions in 

response to global climate change, solutions are needed that minimize the cost 

burden on consumers.  The on-road transportation sector, which accounts for one-

third of US GHG emissions, may be a likely candidate for significant reduction of 

GHGs.  While vehicle and fuel technology  increasingly limit the release of other 

tailpipe pollutants, transportation-based GHG emissions have continued to rise, as 

the number of total vehicle miles traveled (VMT) has risen.  At the same time, the 

Federal Highway Trust Fund, the source for most Federal surface transportation 

spending, suffers from  a substantial financial crisis.  Directing transportation 

investment into a cost-effective means of significant VMT reduction would help 

alleviate pressure on the Trust Fund, as well as, abate US GHG emissions.  This 

study looks at the potential of VMT reduction from the Congestion Mitigation and 

Air Quality (CMAQ) program, as a means of reducing GHG emissions with a 

particular focus paid to its funding of infrastructure for transportation modes, other 

than single-occupancy vehicles.  While it was determined that VMT grew at a slower 
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rate in metropolitan areas that received more alternative transportation funding, the 

findings were not significant enough to definitively state the effectiveness of CMAQ 

as a GHG reducing mechanism.  There are two possible reasons for these findings, 

one practical and one statistical.  The practical reason may be that the programs are 

so small relative to overall system expenditure that only larger programs would 

produce a real impact.  The statistical reason may be that the funding amounts are so 

small relative to overall VMT that other factors dominated in the statistical 

regressions.  However, the results also do not rule out the ability of concentrated 

alternative transportation spending, as in CMAQ, to influence VMT growth. 
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Chapter 1.  Introduction 

 
Transportation in the United States is in the midst of an environmental and fiscal 

crisis.  The United States Environmental Protection Agency (EPA) found that while 

overall greenhouse gas emissions (GHG) grew 13% between 1990 and 2003; 

transportation sector emissions grew by 24%, the fastest growth rate among GHG 

emitting sectors of the economy (EPA 2006).  In the same period, total vehicle miles 

traveled (VMT) in the US grew by 34%, and the correlation between these two figures 

is neither accidental nor trivial.  Overall, the US accounts for 27% of global GHG 

emissions, 33% of which comes from the on-road transportation sector (Davis and Hale 

2007), so programs aimed at VMT reduction, whether through mode shift away from 

cars or congestion control measures, may provide a viable, short-term means to 

reducing our contribution to global climate change.1  As the United States moves closer 

to regulating GHGs, it is already evident that states and municipalities are looking at 

limiting automobile emissions as one of the key elements of reducing our contribution 

to climate change.  The 2007 case Massachusetts v. EPA, in which the Supreme Court 

ruled that carbon dioxide and other GHGs could be regulated under the Clean Air Act, 

centered specifically on the impact that tailpipe CO2 emissions could have on climate 

change-related damages.  The ruling prompted the state of California to request a 

waiver from EPA to mandate lower emissions standards for cars sold in the state, with 

the potential to reduce fleet-wide emissions 27% by 2030.(CCAP Guidebook)  While 

                                                 
1 Mode refers to the mode of transportation such as rail, air, automobile, bicycle, etc… 
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this request focused on fuel efficiency, it reinforces the belief that the transportation 

sector can, and will, play an important role in any future decisions on how to deal with 

climate change.   

 As said above, there is also financial trouble affecting the transportation sector 

in this country.  The Highway Trust Fund is the source of nearly all Federal spending 

for on-road transportation, including road building and maintenance, bridge repair, 

congestion mitigation projects, public transit grants and bicycle/pedestrian 

infrastructure, as well as the annual budget for several Department of Transportation 

agencies, including the Federal Highway Administration (FHWA).  The source of Trust 

Fund dollars is the Federal gasoline tax and other assorted fuel taxes.  Overall VMT 

growth has slowed in the last few years, due largely to increases in gasoline prices.  The 

year 2008 saw both a peak in gasoline prices and the first decline in yearly VMT since 

1982.  Total VMT decreased from 298 billion vehicle miles to 289 billion between 2007 

and 2008 (See Figures 1A and 1B).  However, since fuel taxes are set at a fixed rate per 

gallon, rather than as a percentage of gasoline price; as gasoline prices rise and demand 

for gasoline falls, it leads to declining tax revenues.  Over the last few years, 

contributions to the Trust Fund began to decline, while outlays continued to increase.  

The end-of-year balance for 2009 was just over $9 billion, down from a peak of $22 

billion in 2000(See Figure 2).  Some estimates predict that given the need for 

infrastructure spending, the Trust Fund will fall into a budget shortfall as soon as 

2010(Orszag 2008).  In 2008, Congress “paid back” eight billion dollars that had 

previously been borrowed in order to keep the Trust Fund afloat.  The American 
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Reinvestment and Recovery Act removes some of the burden from the Trust Fund by 

funding transportation infrastructure projects.  However, the solvency of the Highway 

Trust Fund remains an issue. 

 The goal of this study is to look at the effectiveness of one major Federal 

funding source for alternative transportation: FHWA’s Congestion Mitigation and Air 

Quality (CMAQ) program.  The CMAQ program was established in 1991 with the 

passage of the Intermodal Surface Transportation Efficiency Act (ISTEA).  Projects 

eligible for CMAQ funding use a variety of methods to meet the program’s goals of 

reducing traffic congestion and air pollution, with a focus on areas that are not in 

attainment of EPA’s National Ambient Air Quality Standards (NAAQS)(Grant et al, 

2008).  One of the ways in which CMAQ tries to attain these goals is through capital 

spending on alternative transportation projects, which, if effective, should have an 

impact on VMT.  CMAQ funds three types of alternative transportation projects: transit 

(which includes infrastructure improvements, operating costs as well as bus and rail car 

purchases), shared ride (which includes vanpools, regional ridesharing and park & ride 

lots) and bicycle/pedestrian.  If CMAQ projects have been effective at reducing air 

pollution and traffic because they have taken cars off the road (and therefore reduced 

VMT), they should be equally effective at reducing GHG emissions.  However, if the 

success of CMAQ has been because of traffic calming and other demand management 

tools that reduce fuel waste but do not limit VMT, then the ability of CMAQ to 

significantly reduce vehicle-based carbon emissions is much more limited. 
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Chapter 2.  Literature Review 

 

A. Cost Effectiveness of CMAQ 
 

In a study mandated by Section 1808 of the 2005 Safe, Accountable, Flexible, 

Efficient Transportation Act: A Legacy for Users (better known as SAFETEA-LU) 

legislation, DOT and EPA performed a cost-benefit analysis and cost effectiveness 

study of the CMAQ program.2  The study looked at a limited number of CMAQ 

projects (67 total) from a variety of MPOs to gauge their impact on transportation-

related pollutant levels.  Estimations were that, for the alternative transportation 

projects, anywhere from 100 to several hundred car trips were replaced each day.  

Bicycle and pedestrian trips were seen as having the smallest impact on trips reduced 

(and therefore VMT).  Surprisingly, shared ride programs had a significant impact on 

VMT and were generally the programs that cost the least.  A regional rideshare program 

in Maryland with a one-time cost of $956,000 is predicted to reduce VMT by 84,000 

miles each day.  This is contrasted with the four bicycle/pedestrian projects studied, two 

of which received over $1.6 million from CMAQ and whose VMT and pollution 

benefits were unable to be measured.  Transit projects were found to be the most cost 

effective at reducing each of the three pollutants covered (carbon monoxide, nitrogen 

oxides and volatile organic compounds).  The difficulty in interpreting this study is that 

since so few projects were reviewed there is extreme variation in the data and amongst 

                                                 
2 The “A Legacy for Users” addendum to the bill’s name was added by sponsor Don Young (R-AK) in 
honor of his wife, Lu. 
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the results.  Each category generally only included 3-5 projects, and the difference 

between the most cost-effective project and the least cost-effective in some categories 

varied by more than a factor of ten.3  Traffic flow improvements, another potential 

source of emissions reductions since they reduce congestion and idling time even if 

VMT is not reduced, were also found to be inconclusive.  FHWA determined that 

because traffic flow improvements often lead to travel at greater speeds, and the impact 

of increased speed varies depending on the amount of the increase.  Again, only 4 

projects were studied, so the results can not be convincingly generalized to all CMAQ 

programs.   The study also failed to take into account for non-VMT related reasons for 

pollution reductions, such as advanced fuel and vehicle technology. 

  

C. Alternative Transportation and Emissions 
 

One of the underlying questions in determining potential GHG reductions from 

transportation is the relationship between trips avoided and the reduction in VMT.  One 

estimate places current public transportation use as saving 35 billion miles of VMT per 

year, for a fuel savings of 1.4 billion gallons (Bailey 2005).  This takes into account the 

fuel used by public transportation vehicles as well as the fuel used by passenger cars.  

Bailey uses the conservative estimate that one mile traveled via public transportation is 

the equivalent of a one mile reduction in VMT from an automobile, but indicates that 

                                                 
3 For example: “the most cost-effective new bus service in the set of projects examined was estimated to 
cost $130,000/ton of VOC removed, while the least cost-effective new bus service was estimated to cost 
$1.5 million/ton of VOC removed.” 
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other research has shown this 1-to-1 correlation is in fact false.  The study also used 

data from the 2001 National Household Transportation Survey (NHTS) to estimate 

public transportation use.  Bailey concedes that in the time between the survey and the 

release of the study, public transportation use grew rapidly, particularly in urban areas.      

Gotschi and Mills (2008) made several estimations on the impact of bicycle and 

pedestrian infrastructure, both in terms of its cost effectiveness, and its role in reducing 

VMT.  They used two separate scenarios, one in which active transportation4 mode 

share increased modestly and one in which it increased dramatically.5  Their results 

estimated a reduction in VMT of 69 billion miles in the first scenario and 199 billion 

miles in the second one.  This estimate includes an increase in public transportation 

mode share, as increased or improved bicycle and pedestrian infrastructure are assumed 

to make public transportation more accessible.  Gotschi and Mills also assume a large 

current impact on fuel savings due to bicycle and pedestrian mode share.  Their 

assertion that 1.4 billion gallons of fuel are saved each year is likely an overestimate, 

since it is the same value that Bailey estimated for the benefits of public transportation.  

If mode share for active transportation is smaller and is replacing shorter trips, it is not 

possible that the fuel savings are identical, even taking into account the gap between 

studies.  In fact, Gotschi and Mills estimate that the 1.4 billion gallons of fuel are saved 

by a 23 million mile VMT reduction, a number that conflicts with Bailey’s estimation.  

                                                 
4 “Active transportation” signifies any non-motorized form of transportation and largely consists of 
bicycling and walking. 
 
5 In the modest scenario, the mode share increased from 31% to 40% for trips under 1 mile, and from 4% 
to 10% for trips between 1 and 3 miles.  In the substantial scenario, mode share increased to 70% and 
25%, respectively. 
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Gotschi and Mills also use the NHTS to estimate current mode share for bicycling and 

walking.  Because the sample size of bicyclists is even smaller, the NHTS is less 

reliable in estimating active transportation mode share than it is for public 

transportation.  The other importance of Gotschi and Mills’s work to this study is that it 

directly estimates the cost benefits of investing in active transportation infrastructure.  

Total Federal spending on active transportation through 2007 was only $4.5 billion, but 

they estimate that bicycling and walking save taxpayers between $10 and $65 billion 

per year in the two scenarios.6   

 

D. Emissions Impact of Congestion 
 

 Schrank and Lomax (2007) surveyed the long-term trends in traffic congestion, 

its impact on fuel use, and the potential costs and benefits of increased spending on 

congestion mitigation.  They estimate that for 2005, congestion throughout the United 

States caused drivers to consume 2.9 billion gallons of excess fuel, and that public 

transportation saved only 340 million gallons.  While they concede that increased public 

transportation is beneficial to reducing congestion, their findings dictate that congestion 

mitigation generally will have a much stronger impact on emissions reductions 

(including GHG emissions) than VMT reductions due to mode shift.  The cost benefit 

analysis of one congestion reduction plan estimates that an additional $70 billion over 

                                                 
6 These savings include fuel costs, as well as less-easily quantified benefits such as health care costs and 
carbon emissions reductions. 



 

 8

25 years will generate $540 billion in benefits over the same time period, including $37 

billion in reduced fuel consumption.  This amount is simply the price of gasoline and 

diesel and, unlike Gotschi and Mills, this analysis does not estimate the monetary 

benefits of emissions reduction on health and climate change. 

 Wilson and Langer (2004), using earlier data from the same source as Schrank 

and Lomax, come to a much different conclusion on the costs and benefits of 

congestion mitigation spending.  They found that the impacts of highway spending (all 

federal, state and local money spent on road infrastructure, specifically excluding 

transit) were statistically significant in reducing congestion, but the costs did not 

outweigh the monetized benefits of less congestion.  For example, Wilson and Langer 

found that every dollar of highway spending in 1996 was found to reduce congestion 

costs by only 3.3 cents.  Increased roadway capacity has been successful in reducing 

congestion, but has led to a slight increase in VMT.  The fact that highway funds are 

allocated by road miles, and not VMT, leads to an inefficient distribution since areas 

with high congestion cost (but perhaps the largest potential benefits) often receive fewer 

funds than they perhaps warrant.  However, they argue that a more efficient distribution 

of funds would only increase the cost/benefit ratio to 19 cents of congestion reduction 

per every highway dollar spent, still far too little to declare non-transit transportation 

spending a viable means of decreasing congestion. 

 Polzin (2006) takes a different approach to the impact of congestion on VMT.  

Polzin determined that VMT growth slowed in the years from 1996 to 2006, it will 

likely continue to slow in the next 20 years due to the stabilization of a number of 
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economic and demographic factors, such as family size, female labor force 

participation, accessibility to public transportation and the transition of the “baby 

boom” generation past their peak travel years.  As these factors have stabilized, Polzin 

argues that citizens have adjusted to congestion levels and travel times, and so the 

benefits of congestion reduction do not outweigh the costs.  Polzin also calculates that 

population growth only has a 30% impact on VMT growth, an important calculation for 

this study.   
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Chapter 3.  Conceptual Framework 

 

The main focus of this study is to look at what factors affect the rate at which 

vehicle miles traveled (VMT) increases or decreases, with CMAQ alternative 

transportation spending at the top of that list.  Total VMT is an aggregate variable.  It 

consists of two underlying variables: miles driven per person and total number of 

drivers.  Therefore, VMT is most related to macro-economic influences such as 

population size, miles of road, number of cars and overall economic growth.  However, 

VMT growth is also likely related to mode shift, which itself is influenced by the price 

of gasoline, length of commutes, the availability of mass transit.  VMT per person is 

also influenced by overall economic growth since unemployed people are not driving to 

work although they may not necessarily reduce their driving significantly while 

unemployed.   

Obviously, the more citizens in an area, the higher VMT (assuming constant 

mode share) and the higher automobile mode share, the higher VMT (assuming 

constant population size).  The following factors, crucially interrelated to mode, are 

necessary to understanding the ability of transportation spending to alter VMT. 

• Population – As said above, it should have a strong correlation to VMT.  

Spending is also largely based on population size. 

• Population Growth – Without intervention, as population increases, 

VMT should increase. A dynamic view of population rather than a static 

one. 
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• Population Density – It is expected that VMT per person would 

increase in cities with low population density, partially because the 

economic argument for public transportation diminishes with less 

population density.   

• Mode Share/Shift – The question here is: what are the marginal benefits 

of additional spending on mode shift?  For example, is it more cost-

effective to bring marginal mode shift away from cars in cities where 

auto mode share is high, or continue mode shift in cities where it is low? 

• Climate/Geography – Colder, hillier cities are far less likely to have 

strong non-motorized mode share and perhaps public transit mode share, 

and would limit mode shift.  

• Infrastructure – This effect is similar to mode share/shift from a 

marginal benefits perspective.  It may also be influenced by geography 

and population density. 

• Incentives – Likely highly correlated with mode share, and will have a 

larger effect given appropriate infrastructure. 

 

While there is not an exact relationship, funding for alternative forms of 

transportation is highly related to mode share, both because it leads to mode shift away 

from cars and because there will be high levels of maintenance costs for cities that 

already possess robust transportation infrastructure.  It is hypothesized that the effect 

will be strongest for mass transit funding, but there should also be a significant, but not 
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necessarily substantial effects for both bicycle and pedestrian funding.  This will 

hopefully prove the idea that concentrated bicycle and pedestrian funding is effective in 

converting shorter trips away from automobile travel.  The effect for shared ride 

programs is unclear.  If shared ride projects do reduce the rate at which VMT grows, it 

will likely fall somewhere between mass transit and active transportation.  Shared ride 

programs do not have the potential to carry as many riders as transit programs do, but 

can cover longer trips than bicycling or walking, so the overall VMT reductions should 

be larger. 
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Chapter 4.  Data and Methods 

 

The primary data sources for this study are the VMT tables compiled and 

published by FHWA.  These tables are broken down by urbanized area and list 

estimated population, total road miles within the urbanized area (UA), and daily VMT 

numbers for each.  This data is the source for both VMT numbers and population 

estimates.  For the funding levels, a spreadsheet entitled CMAQ database 1992-2007 

was acquired directly from the CMAQ program at FHWA.  This database listed every 

CMAQ project, its project type, the amount of funding given to the project and the 

MPO responsible for the project.  Nearly all CMAQ projects fall into one of 6 project 

types: demand management; inspection/maintenance and other transportation control 

measures; pedestrian/bicycle; shared ride; traffic flow improvements; and transit.  This 

study focuses on the three project types designed to discourage single-occupancy 

vehicle use: transit, pedestrian/bicycle, and shared ride.  Population density figures were 

from published 2000 census data.  Since FHWA data was listed by UA and CMAQ data 

listed by MPO/MSA, VMT and population data for some UAs were combined so that 

the population, VMT and funding numbers all corresponded to the same MSA.  The 

following variables were compiled into the final data set used for this study: 

Msaid:  This is the  ID variable for each Metropolitan Statistical Area. In the end, 79 

MSAs were used in the study over a span of 7 years (2000-2006).  
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Pop:   This is a measure of estimated population, in thousands, for each area, obtained 

from the FHWA DVMT tables. 

 

Dvmt:  This is a measure of daily vehicle miles traveled, in thousands, taken from the 

same tables. 

 

Transit:   This is the measure of CMAQ funding, in dollars, for transit projects.  It was 

calculated by taking the sum of all projects in the transit category of the CMAQ 

database for each MSA and year. 

 

Bikeped:  This is the measure of CMAQ funding, in dollars, for bicycle and pedestrian 

projects.  It was calculated by taking the sum of all projects in the pedestrian/bicycle 

category of the CMAQ database for each MSA and year. 

 

Rideshare: This is the measure of CMAQ funding, in dollars, for shared ride projects.  

It was calculated by taking the sum of all projects in the shared ride category of the 

CMAQ database for each MSA and year. 

 

Popden: This variable is the estimated 2000 census population density for each MSA. 

It is measured in terms of persons per square mile. 
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Yr00 – yr06:  These are dummy variables that indicate to which year in the panel the 

data applies.   

 

Popcat1 – popcat4:  These are dummy variables that divide the population numbers 

in the following categories:  popcat1=1 if 2006 population was greater than 3 million.  

Popcat2=1 if 2006 population was less than 3 but greater than 1 million.  Popcat3=1 if 

2006 population was less than 1 million but greater than 500,000, and popcat4=1 if 

2006 population was less than 500,000.  Since some MSAs grew in population over the 

course of the panel to change population category from one year to the next, the 2006 

population was used in order to keep categories consistent for each MSA. 

The following table shows descriptive statistics for each of the relevant statistics: 

Table 1: Descriptive Statistics  
Variable    Mean    Std. Dev.          Minimum    Maximum 
Dvmt 44082.9 58344.96 6711 362135 
Pop 1887.076 2901.734 275 19405 
Transit 7619002 2.44E07 0 3.53E08 
Bikeped 752144.5 1662296 0 1.36E07 
Rideshare 704211.8 2364202 0 3.33E07 
Popden 522.2278 339.9969 39.7 2028.7 
pop_diff .025085 .076438 -.50808 .380368 
vmt_diff .03544 .062201 -.09678 .369101 
 
N = 474 
 

The variables pop_diff and vmt_diff variables were calculated by multiplying 

pop and dvmt by 1000 (to determine the true values), then converted to logarithmic 

form.  This allows VMT and population growth to be tracked in terms of a percentage 
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change rather than a unit change.  Then the value for year n was subtracted from year 

n+1to calculate the differenced value for year n.  Data for 2006 was then dropped, thus 

resulting in 474 total observations (79 MSAs multiplied by only 6 years).   

The multi-year differencing model is necessary for this study for because it 

allows for the rate at which VMT grows from year to year to be tracked.  Since MSAs 

with larger populations and higher VMT levels tend to receive more funds, regressing 

VMT on funding levels would show a positive effect and seem to indicate that higher 

spending levels increased VMT.  Regressing CMAQ funding levels on a prior year’s 

VMT level would show the same effect.  

The vmt_diff variable is created so that the effects of funding for each project 

type in a given year can be seen in the VMT growth in the next year.  For example, 

funding levels for the first year (2000) are compared with the percent change in VMT 

from 2000 to 2001.  If the hypothesis is correct and VMT grows more slowly in MSAs 

that receive more funding, a model is needed so that the expected coefficients for 

transit, bikeped, and rideshare will be negative.  The multi-year differencing model 

allows us to test the hypothesis in this manner  

 The data also includes several MSAs that, while substantial in size, received no 

CMAQ funds in most or all of the years studied.  These MSAs were not eliminated 

from the data set, nor were they treated differently.  The impact of an MSA receiving no 

CMAQ assistance is equally important as the impact of receiving substantial dollars.  If 

VMT grows at a higher rate in MSAs that receive zero CMAQ dollars, this helps prove 

the hypothesis.  If VMT grows at a lower rate, it will be important to explore why 
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CMAQ is having an opposite effect than intended.  It is just as important for this model 

to understand how VMT grows in the absence of funding as it does in the presence of 

substantial funding, and so, those MSAs are included in the model.  In total, 20 of the 

79 MSAs included in the study received no CMAQ funding in any year between 2000 

and 2006. 
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Chapter 5.  Results and Analysis 

 

Since the primary assumption of this study is that DVMT and population are 

closely related, the first step was a correlation matrix between the two to help test this 

hypothesis.  I found that overall there indeed was a strong positive correlation between 

the two.  For all years combined, the correlation coefficient was equal to .9726.  

However, the correlation between the one-year changes in DVMT and population was 

much weaker (r = .3819).  The expectation for the regressions was that the change in 

population would have a significant impact on the change in VMT, but would be 

tempered by the CMAQ funding, which would have significant negative impacts.  The 

initial regression analysis, without any covariates, produced the following results: 
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Table 2: Initial Regression Results 
Variable  Coefficient  Standard Error P-value 
Constant -.005603 .0141504 .692 
pop_diff .311331 .0345668 .000 
Transit -5.67E-11 1.23E-10 .645 
Bikeped -3.06E-10 1.79E-10 .865 
rideshare -8.03E-10 1.23E-09 .513 
popden 6.45E-06 9.46E-06 .496 
yr00 .0225048 .0090524 .013 
yr01 .0205173 .0090072 .023 
yr02 .0332384 .0090177 .000 
yr03 .0394041 .0090288 .000 
yr04 .0260984 .0090392 .004 
popcat2 -.0022074 .0103159 .831 
popcat3 .0104617 .011466 .362 
popcat4 .0224615 .0126198 .076 
 
N = 472 R2 = .2101 
 
 

These results, while generally insignificant, do verify the accuracy of the 

assumptions in the model.  Because the coefficients for transit, bikeped and 

rideshare all show negative values, spending in these areas is shown to slow the 

growth rate of VMT; the percentage change from one year to the next was smaller in 

years when CMAQ funding was larger.  Even though the effects are very small, this is 

largely due to the fact that VMT growth is change with respect to whole dollar amounts, 

so the coefficients (multiplied by 100 to account for the log-linear model) for the 

funding areas measure the impact of spending only $1 rather than the marginal effects.  
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We can estimate an effect by inserting mean values for pop_diff, transit, bikeped, 

and rideshare in the following equation: 

vmt_diff = -.005603 + .311331*.0250846 + -5.67E-11*100*7619002 +  

-3.06E-10*100*752144.5 +  -8.03E-10*100*704211.8 

The result is that an MSA with mean spending and mean population growth in a given 

year will slow the rate at which VMT grows by .013 percentage points.  The effect is 

obviously small, but not as insignificant as an initial reading of the data would seem to 

indicate.  However, since this result is not statistically significant, it is impossible to 

make any further comments about the implications of this result.  This regression also 

verified the importance of population growth in determining VMT growth.  All other 

factors being equal, a one percentage point increase in the population growth from one 

year to the next caused a .33 percentage point increase in the VMT change in the same 

time period.  This is a similar result to the one estimated by Polzin discussed in Chapter 

II, that population growth only accounts for one-third of VMT growth. 

 As stated earlier, the differencing model controls for variables that remain 

constant from one year to the next.  However, some of these factors may be able to 

influence VMT growth and should not necessarily be removed from the equation 

entirely.  This is done by interacting the population category and population density 

variables (popden and popcat1-4) with the spending variables.  The results of that 

regression were as follows: 
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Table 3: Regression Results with Covariates 
Variable  Coefficient  Standard Error  P-value 
Constant .0221194 .0088681 .013 
pop_diff .3083456 ..0352426 .000 
transit 1.22E-11 5.65E-09 .998 
bikeped -2.89E-08 1.51E-08 .056 
rideshare 3.39E-09 4.43E-08 .939 
yr00 .0224924 .0092406 .015 
yr01 .0187682 .0091473 .041 
yr02 .0320668 .0091423 .000 
yr03 .0386821 .0091716 .000 
yr04 .0258253 .0091495 .005 
popcat1 -.0171845 .0127945 .180 
popcat2 -.030209 .009004 .001 
popcat3 -.0127694 .0080506 .113 
transit_popden 1.21E-13 2.93E-13 .681 
bikeped_popden -2.42E-12 4.17E-12 .563 
rideshare_popden 2.65E-12 4.18E-12 .526 
transit_pop1 -1.68E-10 5.56E-09 .976 
transit_pop2 2.24E-10 5.68E-09 .969 
transit_pop3 -1.08E-09 5.72E-09 .850 
bikeped_pop1 2.56E-08 1.56E-08 .102 
bikeped_pop2 2.83E-08 1.54E-08 .066 
bikeped_pop3 2.33E-08 1.77E-08 .189 
rideshare_pop1 -3.29E-09 4.44E-08 .941 
rideshare_pop2 -1.26E-09 4.44E-08 .977 
rideshare_pop3 1.47E-09 4.45E-08 .974 
 
N = 472 R2 = .2228 
 

While this regression showed bikeped to be statistically significant where it 

had not been before, the overall results are less compelling.  The coefficients for 

transit and rideshare, while remaining insignificant, now show a positive effect on 

VMT growth.  The covariates for bikeped and the categorical population variables 
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have also now gained statistical significance, which would seem to confirm a 

hypothesis that CMAQ bicycle and pedestrian projects are effective at slowing VMT 

growth.  However, these coefficients also now show a positive effect, so this 

confirmation is dubious. 

There are also concerns that because funding levels are closely related to 

population levels, there may be multicollinearity issues involving the popcat and 

transit, bikeped and rideshare variables.  However, a regression run with only the 

density covariates did not produce statistically significant results either.  While transit 

and bikeped both showed to have negative effects, as well as the bikeped_popden 

covariate, the results were less significant than in the previous regression, and the 

overall R2 value was the lowest of the three regressions.  The results of this regression 

are shown here: 
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Table 4: Regression Results with Density Covariates Only 
Variable  Coefficient  Standard Error  P-value 
Constant .0066551 .0066958 .321 
pop_diff .327339 .0345844 .000 
transit -2.14E-10 2.26E-10 .344 
bikeped -4.52E-09 3.28E-09 .169 
rideshare 8.82E-10 3.02E-09 .771 
yr00 .0231522 .0091145 .011 
yr01 .0203347 .0090724 .025 
yr02 .0334673 .0090816 .000 
yr03 .0398804 .0091241 .000 
yr04 .0266289 .0091121 .004 
transit_popden 1.30E-13 2.88E-13 .652 
bikeped_popden -2.83E-12 4.11E-12 .492 
rideshare_popden 3.28E-12 3.55E-12 .356 
 
N = 472 R2 = .1960 

  

 One of the other assumptions made in this regression was that these projects 

would have an impact in VMT growth in the very next year.  The pop_diff and 

vmt_diff variables were created to measure the impact of funding on the rate on which 

VMT grew in the next year.  A regression run with a two year lag showed similarly 

insignificant results.7  It is unlikely then that the problem with the results is that the 

impacts of the spending are not felt immediately.  Instead, it is more likely that other 

sources of transportation funding, including road maintenance and construction that 

                                                 
7 The initial regression measured the impact of spending on the next year, so that 2003 spending was 
compared with the change between 2003 and 2004.  The two year lag compared 2003 funding with the 
growth rate between 2004 and 2005. 
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may increase VMT, is contributing to VMT growth, as well as the overwhelming 

influence of population growth. 
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Chapter 6.  Conclusion 

 

The goal of this study was to show that Federal transportation spending on non-

highway infrastructure, represented here by funding allocated under the CMAQ 

program, significantly reduced the rate at which VMT grew from year to year.  From 

there, it would be possible to calculate the impact of spending additional Federal funds 

on potential GHG emissions, the first step in being able to perform a cost-benefit 

analysis of any emissions reductions program.  The CMAQ program makes up a small 

portion of total Federal transportation spending, which in part is a fraction of total 

Federal, state and local transportation spending.  While the results from this study were 

not found to be statistically significant, the potential still exists to measure how total 

alternative transportation spending influences the rate that VMT grows from year to 

year, and how highway spending might contribute to increases in VMT.  The fact that 

the influence of population growth was found to be similar to the estimation in other 

studies verifies that result but begs the question of what other factors influence VMT 

growth.  It is still likely that transportation spending, and its influence on mode share, is 

a large contributing factor, and the potential remains for an analysis of the marginal 

impacts of concentrated transportation spending, and its potential impact on VMT and 

GHG emissions. 
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Appendix 

Figure 1A: Monthly VMT Trends 

Monthly VMT 2000-2008
source: FHWA, Traffic Volume Trends
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Figure 1B: Monthly VMT for 2008 

Monthly VMT 2008
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Figure 2: Highway Trust Fund Revenues and Outlays 
source: FHWA Highway Statistics 2007 

 


