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Hamre and Buehler  Abstract 

Abstract 
 
This study examines the relationship between commuter benefits and the likelihood to walk, 
cycle, or ride public transport to work in the Washington, DC region. The analysis examines 
individual level commute data along with information about multiple categories of commuter 
benefits, such as free car parking, public transport benefits and workplace facilities for cyclists 
and pedestrians. Data about full-time workers originate from the 2007/2008 Washington, DC 
Household Travel Survey. Results of a multinomial logistic regression model indicate that free 
car parking is significantly associated with lower levels of commuting by public transport as well 
as less walking and cycling to work. Public transport benefits are associated with higher levels of 
commuting by public transport as well as more walking and cycling to work. Benefits for 
walking and cycling are associated with higher levels of walking and cycling to work, as well as 
public transport use. Employees simultaneously offered free car parking, public transport 
benefits, and benefits for walking and cycling are significantly less likely to choose public 
transport. This suggests that free car parking may effectively counterweigh the incentives for 
walking, cycling, and public transport when benefit packages include free car parking alongside 
incentives for other modes. Results for control variables have expected signs and most are 
significant. Limitations of the study, relating to endogeneity, selection bias, and omitted 
variables, are discussed. These findings are consistent with other studies of commuting in the 
Washington, DC region as well as other studies of transportation mode choice and commuter 
benefits. 
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The Role of Commuter Benefits in Shaping the Decision to Walk, Cycle, or  1 
Ride Public Transport to Work in the Washington, DC Region 2 

 3 
 4 
1. INTRODUCTION 5 
 6 
In the United States, efforts to promote walking, cycling, and public transport as sustainable 7 
modes of transportation have increased in recent decades (1, 2, 3). For example, in the 15-Year 8 
Status Report of the National Biking and Walking Study, the Federal Highway Administration 9 
outlined health, transportation, economic, environmental, energy, and quality of life benefits of 10 
biking and walking, and specified goals for increases in biking and walking levels nationwide 11 
(2). In the spring of 2010, the Secretary of Transportation issued a policy statement regarding the 12 
U.S. Department of Transportation’s “support for the development of fully integrated active 13 
transportation networks” as “an important component” of livability, safety, health, and 14 
environmental outcomes (4). At the local and regional level, planning authorities have begun to 15 
implement changes to zoning ordinances, building codes, and road regulations to provide more 16 
facilities and infrastructure for active travel—including public transport, because walking and 17 
cycling account for the vast majority of trips to and from public transport (1).  18 

One approach to supporting active travel has been the creation of new or the expansion of 19 
existing commuter benefit programs that favor walking, cycling, and public transport. For 20 
example, the maximum allowable tax-exempt benefit for public transport under the federal tax 21 
code has increased about tenfold since its introduction in 1984, and bicycling was recently added 22 
to the list of qualified forms of transportation for tax-exempt benefits. Commuter benefits 23 
include both direct financial incentives, such as public transport and bicycle benefits, as well as 24 
the provision of workplace facilities, such as showers and bicycle parking (2, 5, 6, 7, 8, 9, 10).  25 
However, in spite of the increase in benefits for alternatives to the car, commuter benefits for 26 
motorists, such as free parking at work, still provide strong incentives to commute by car. Thus, 27 
efforts to encourage a shift away from automobiles and toward walking, cycling, and public 28 
transport may be undermined by the provision of free car parking, which is still the norm at most 29 
workplaces in the United States (11, 12, 13).  30 

After a short literature review about commuter benefits, this paper empirically investigates 31 
the relationship between transportation mode choice for travel to work and commuter benefits 32 
for motorists, public transport users, pedestrians, and cyclists in the Washington, DC region. 33 
Until recently, commuter benefits for biking and walking were often omitted from studies 34 
regarding transportation mode choice. Most commonly, studies of commuter benefits have 35 
focused on free car parking and public transport benefits. This study contributes to the literature 36 
through the inclusion of data on benefits for walking and cycling, free car parking and public 37 
transport benefits in the analysis of the choice to drive, use public transport, walk, or cycle to 38 
work.   39 

The data for this analysis originate from the 2007/2008 Washington DC Household Travel 40 
Survey. The survey comprises information about free car parking, public transport benefits, 41 
secure bicycle facilities, and facilities/services for cyclists and pedestrians at work. A 42 
multinomial logistic regression analysis is used to examine the impact of these different types of 43 
commuter benefits on mode choice comparing pedestrians/cyclists and public transport users to 44 
motorists. Due to the cross-sectional nature of the data, the model is capable of assessing 45 
correlations between benefits and mode choice, but not causal relationships. According to our 46 
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sample, in the Washington, DC region about 27% of workers report having free car parking 1 
available and no other benefits, 5% indicate a public transport incentive is offered and no other 2 
benefits, and 1% report secure bike parking and cyclist/pedestrian facilities/services and no other 3 
benefits. In addition, almost 2% report having all benefit types offered. 4 
 5 
2. ESTIMATING THE IMPACT OF COMMUTER BENEFITS ON MODE CHOICE 6 
 7 
Few studies on commuter mode choice concurrently include variables measuring benefits for 8 
driving, public transport, walking, and cycling. One study randomly sampled firms identified as 9 
“best workplaces for commuters” in several metropolitan areas in the United States, including 10 
Washington DC, and found that comprehensive benefit packages including a financial 11 
component could reduce vehicle miles traveled and pollutants by about 15% (5). Another study 12 
modeled public transport mode share using worksite-level data from Portland, OR, and found 13 
public transport benefits and bike amenities to be significant factors. The study did not assess the 14 
provision of worksite-specific free parking, but rather attempted to control for free parking via a 15 
dummy variable for the downtown Fareless Square area where free parking was much less likely 16 
(3).     17 

Other studies have focused on benefits for one or two modes only. For example, 18 
considerable attention has focused on free parking and the potential for fees to reduce single 19 
occupancy vehicle commuting. Willson and Shoup (14) conducted a review of empirical studies 20 
of parking subsidies in a variety of settings, and found that eliminating free parking at work 21 
reduces single occupancy vehicle commuting by between 19% and 81%. Another study 22 
examined parking subsidies in Los Angeles, CA, and found that between 25% and 34% fewer 23 
automobiles were driven to workplaces where workers had to pay to park (15). More recently, an 24 
analysis of parking subsidies in Portland, OR, found that a daily parking charge of $6 reduced 25 
single occupancy vehicle commuting by an estimated 16% (16). 26 

Additional studies have focused on public transport subsidies. For example, a team of 27 
researchers assessed the impact of the introduction of a new fare-free public transport program 28 
on a university campus, and found that ridership increased by 50% in the year after the program 29 
was implemented, while car trips declined significantly (6). Another study examined the efficacy 30 
of a proposed university community’s “mobility pass” that would combine parking and public 31 
transport benefit programs, and predicted that both single occupancy vehicle commuting and 32 
overall commuter costs would decrease (17).   33 

Studies on direct subsidies for walking and cycling are less common. One analysis found 34 
that direct payments could effectively increase cycling commuting rates (10).  In many studies, 35 
public transport, walking, and cycling are considered complementary (18, 19). However, Boyd et 36 
al (6) found a decrease in walking and cycling to the campus after the fare-free public transport 37 
program’s introduction. Dill and Wilson (3) also found bike amenities to be negatively correlated 38 
with public transport use in their study of factors affecting mode choice in Portland, OR.     39 

Overall, the subject has been examined using a variety of methodologies and in a variety 40 
of settings. Some studies have surveyed employers, while others have surveyed employees. The 41 
literature to date suggests a correlation between the provision of commuter benefits and a 42 
commuter’s transportation mode choice, with free parking associated with higher rates of single 43 
occupancy vehicle commuting, public transport benefits associated with higher rates of public 44 
transport use, and walking and cycling benefits associated with higher rates of walking and 45 
cycling to work. 46 
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Selection bias continues to be a concern in interpreting these findings, as self-selection 1 
into residential and workplace settings may impact the perceived relationship between commuter 2 
benefits and transportation mode choice. This study is no exception and cannot control for 3 
potential selection bias. Further, as is common in social science research and mentioned above, 4 
studies of this subject have typically relied on cross-sectional and observational data and that is 5 
also the case in our study. These types of studies therefore suffer from the potential for 6 
endogeneity and selection bias, so findings suggest correlations, but cannot assess causality 7 
regarding the relationship between transportation mode choice and commuter benefits. 8 

The present study contributes to this literature by using revealed preference data via a 9 
household travel survey and incorporates commuter benefits for driving, public transport, 10 
walking, and cycling. The literature review guided the selection of control variables included in 11 
the analysis. Most studies of transportation mode choice for the commute include demographic, 12 
socioeconomic, and geographic measures as control variables. Variations across studies are often 13 
due, in part, to differences in data availability and travel survey design.        14 
 15 
3. DATA SOURCE AND VARIABLES 16 
 17 
The data source for this analysis is the regional household travel survey conducted by the 18 
Metropolitan Washington Council of Governments’ (MWCOG) Transportation Planning Board 19 
between February 2007 and April 2008. The survey used random sampling based on postal 20 
addresses stratified by geographic area, and is representative of the region. The survey consisted 21 
of an introductory household questionnaire—which collected demographic, socioeconomic, and 22 
travel choice characteristics—as well as a travel diary to gather in-depth information on daily 23 
travel on a specifically assigned travel day for each household (20). The survey collected 24 
information on the provision of free car parking, public transport benefits, secure bike facilities 25 
(typically bike parking), and cyclist/pedestrian facilities/services (most commonly changing 26 
rooms and showers) at work. Therefore the survey is particularly useful for assessing factors 27 
influencing an individual’s commute mode choice.   28 
 This analysis is based on a sample of 7,894 adult full-time workers commuting to regular 29 
workplaces using a reported usual mode to work. The analysis is comprised of a multinomial 30 
logistic regression which examines mode choice while controlling for commuter benefit 31 
variables. Table 1 summarizes the variable names, definitions, and descriptive statistics for the 32 
model. The dependent variable is the commuter’s transportation mode choice among driving, 33 
public transport, and walking/cycling, based on the survey question, “How did you usually get to 34 
work last week?”  35 

Walking and cycling are combined as one mode choice in this analysis for two reasons. 36 
First, because cycling was not common in the Washington, DC region in 2007/2008 (~1% of 37 
trips), the sample included very low numbers of cycling commuters (<100). The second reason is 38 
related to the travel survey design. The only benefit data for walking was combined with cycling 39 
in the survey question, “Does your employer provide bicycle/pedestrian facilities/services?” For 40 
the analysis, one other benefit question regarding secure bicycle facilities was also merged with 41 
the cyclist/pedestrian facilities/services variable to make a single combined walking/cycling 42 
benefit category (for details please see Table 1).  43 

In the model, the relationship between mode choice and free parking, public transport 44 
benefits, and walking/cycling benefits is assessed in several ways. First, a variable captures if all 45 
of the benefit types are simultaneously provided. Second, variables are included to measure the 46 
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effect of each benefit type individually; for example, the public transport benefit variable 1 
captures if the public transport benefit is provided and no other benefit is provided. Third, a 2 
series of variables captures combinations of benefit types, such as free parking and public 3 
transport benefits but no walking/cycling benefits. 4 

In the model, several control variables are included. First, the number of cars per 5 
household worker is included as an approximate measure of vehicle availability. This is not a 6 
perfect measure, in that it does not take into account whether the individual has a driver’s 7 
license, or any impairment that might inhibit driving. However, it is a commonly used control 8 
variable in transportation mode choice studies. In addition, vehicle access is often considered 9 
income’s main impact on mode choice, so cars per household worker is included here while a 10 
measure of income is not. The number of bicycles per household worker is included as a similar 11 
measure of access for cycling equipment. In addition, whether a household lives in a detached 12 
single family home is included as an approximate measure of residential density. The variable is 13 
in a binary form that combines alternatives such as attached single family homes and multi-14 
family dwellings, which would likely be located in areas of higher population density than 15 
detached single family homes. 16 

A dummy variable is included to capture if a commuter both lives and works in 17 
Washington, DC. This controls for a commute that takes place entirely within the study area’s 18 
central city, which has a higher level of public transport service, greater integration and extent of 19 
active travel networks, and greater awareness of drivers regarding walking and cycling, than the 20 
surrounding jurisdictions. Finally, two individual-level binary control variables for gender and 21 
ethnicity are included. Transportation mode choice studies often include measures of gender and 22 
ethnicity and find these factors to be statistically significant.  23 
 24 
TABLE 1  Variable Names, Definitions, Descriptive Statistics, Bivariate Correlations with 25 
Mode Choice, and Model Numbers 26 
Variable 
Name 

Measurement/Description Descriptive 
Statistics 

Commute 
Mode Choice 

Nominal variable based on 
how individual usually got 
to work the previous week. 
Value of 0 if drove, 1 if 
public transport, 2 if 
walked/cycled 

78.55% drove; 
17.32% public 
transport; 
4.13% 
walk/cycle 

Free Parking Nominal variable based on 
whether employer provides 
free car parking. Value of 1 
if benefit is provided and no 
other benefits are provided, 
0 if not 

27.33% have 
free parking at 
work and no 
other benefits 

Public 
Transport 
Benefit 

Nominal variable based on 
whether employer provides 
benefits for public transport 
or vanpooling. Value of 1 if 
benefit is provided and no 
other benefits are provided, 

5.17% have 
public 
transport 
benefits and no 
other benefits 
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0 if not 
Walk/Cycle 
Benefit 

Nominal variable based on 
whether employer provides 
cyclist/pedestrian facilities 
or services, and secure 
bicycle facilities. Value of 1 
if either benefit is provided 
and no other benefits are 
provided, 0 if not 

1.25% have 
walk/cycle 
benefits  and 
no other 
benefits 

Free Parking 
& Public 
Transport 
Benefits 

Nominal variable based on 
whether employer provides 
free parking and public 
transport benefits. Value of 
1 if free parking and public 
transport benefits are 
provided are provided and 
no other benefits are 
provided, value of 0 if not 

1.92% have 
free parking 
and public 
transport 
benefits, but 
not walk/cycle 
benefits 

Free Parking 
& Walk/Cycle 
Benefits 

Nominal variable based on 
whether employer provides 
free parking and 
walking/cycling benefits. 
Value of 1 if free parking 
and walking/cycling 
benefits are provided and no 
other benefits are provided, 
0 if not 

3.97% have 
free parking 
and walk/cycle 
benefits, but 
not public 
transport 
benefits 

Public 
Transport & 
Walk/Cycle 
Benefits 

Nominal variable based on 
whether employer provides 
public transport and 
walk/cycle benefits. Value 
of 1 if public transport and 
walk/cycle benefits are 
provided and no other 
benefits are provided, 0 if 
not 

2.39% have 
public 
transport and 
walk/cycle 
benefits but not 
free parking  

All Benefits Nominal variable based on 
whether employer provides 
free parking, public 
transport, and 
walking/cycling benefits. 
Value of 1 if all benefits are 
provided, 0 if not 

1.84% have all 
benefits 
provided 

Cars Per 
Household 
Worker 

Ratio variable based on the 
number of cars per 
household worker 

Mean: 1.22 
(StDev: 0.65) 
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Bicycles Per 
Household 
Worker 

Ratio variable based on the 
number of bicycles per 
household worker 

Mean: 0.84 
(StDev: 1.03)  

Single Family 
Home  

Nominal variable based on 
whether household lives in a 
detached single family 
home. Value of 1 if 
detached single family 
home, 0 if not 

57.75% have 
detached single 
family homes 

DC Trip Nominal variable based on 
whether individual both 
lives and works in 
Washington, DC. Value of 1 
if individual lives and works 
in Washington, DC, 0 if not 

8.95% both  
live and work 
in Washington, 
DC 

Male Nominal variable based on 
whether individual is male. 
Value of 1 if individual is 
male, 0 if not 

51.03% are 
male 

White Nominal variable based on 
whether individual self-
identifies as white. Value of 
1 if individual is white, 0 if 
not  

74.78% are 
white 

 1 
4. RESULTS 2 
 3 
The results for the model are presented in Table 2.  Two indicators suggest the model is 4 
appropriate and a good fit. One is the likelihood ratio test, which can serve as a measure of the 5 
significance of a model as a whole. The hypothesis that all coefficients are equal to zero can be 6 
rejected. Second, the pseudo-R2 for the model is 0.2967, which is comparable to the model fits 7 
achieved in other recent transportation mode choice studies (21, 3).  8 
 9 
TABLE 2  Results of the Multinomial Logit Model of Transportation Mode Choice and 10 
Commuter Benefits in the Washington, DC Region 11 
 12 
Odds ratios after multinomial logit for the decision to 
commute. 
Dependent Variable = Mode Choice  
Base outcome = Driving 
Bold: significant at p<0.10 or less 

  
Public 

transport Walk/Cycle 
Free Parking 0.088 0.345 

Z statistic (-13.9) (-4.96) 
Public transport 
Benefit 13.175 2.819 
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Z statistic (18.81) (3.54) 
Walk/Cycle 
Benefit 2.183 4.961 

Z statistic (2.88) (4.94) 
Free Parking & 
Public Transport 1.029 0.467 
      Z statistic (0.13) (-1.41) 
Free Parking & 
Walk/Cycle 0.116 0.709 

Z statistic (-5.88) (-1.06) 
Public Transport 
& Walk/Cycle 10.278 5.211 

Z statistic (12.23) (5.41) 

All Benefits  0.617  0.616 
Z statistic  (-1.79)  (-0.98) 

Cars Per 
Household 
Worker 0.222 0.164 

Z statistic (-16.9) (-11.85) 
Bikes Per 
Household 
Worker 1.051 1.561 

Z statistic (1.14) (7.34) 
Detached Single 
Family Home 0.558 0.430 

Z statistic (-7.34) (-5.71) 
DC Trip 3.257 9.537 

Z statistic (10.61) (15.15) 
Male 1.262 1.652 

Z statistic (3.18) (3.92) 
White 1.013 2.727 

Z statistic (0.15) (5.71) 
Constant 1.197 0.088 

Z statistic (1.62) (-11.09) 
Model Fit:     
LR chi2 2927.24 
p <0.001 
pseudo-R^2 0.2967 
N 7894 
 1 
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The results for each of the independent variables displayed in Table 2 can be interpreted based 1 
on the sign, magnitude, and statistical significance. Coefficients have been transformed into odds 2 
ratios, which are also presented in Figures 1 and 2. Odds Ratios represent the population 3 
subgroup’s likelihood of choosing a mode of transport to work relative to a specific reference 4 
group assigned the base value 1.00, while controlling for other variables in the analysis. 5 
 6 
FIGURE 1  Adjusted Odds Ratios for Choosing Public Transport to Commute to Work for 7 
the Multinomial Logit Model of Transportation Mode Choice and Commuter Benefits in 8 
the Washington, DC Region 9 
 10 
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FIGURE 2  Adjusted Odds Ratios for Choosing to Walk or Cycle to Work for the 1 
Multinomial Logit Model of Transportation Mode Choice and Commuter Benefits in the 2 
Washington, DC Region 3 
 4 

 5 
 6 
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corresponds to a lower likelihood of taking public transport and walking or cycling. The number 1 
of bicycles per household worker corresponds to a slightly higher but statistically insignificant 2 
likelihood of taking public transport and about a 50% greater likelihood of walking or cycling to 3 
work. As theoretically expected, living in a detached single family home (compared to an 4 
attached home or an apartment/condominium) corresponds to lower odds of taking public 5 
transport and walking or cycling. Commuters living and working in Washington, DC, are more 6 
than three times as likely to ride public transport and over nine times more likely to walk or cycle 7 
compared to commuters who do not both live and work in the city. Males are more likely to take 8 
public transport and walk or cycle. Being Caucasian is not associated with significantly different 9 
odds of choosing public transport over driving, but is associated with being almost three times 10 
more likely to choose walking or cycling over driving to work.  11 
 12 
5. DISCUSSION, LIMITATIONS, CONCLUDING REMARKS 13 
 14 
The results from the multinomial logistic regression presented above suggest a significant 15 
correlation between commuter benefits and transportation mode choice. Specifically, the 16 
provision of free parking is associated with a reduced likelihood to travel by the sustainable and 17 
active modes. Public transport and walk/cycle benefits are associated with a higher likelihood of 18 
traveling by foot, bicycle, and public transport.  19 

The odds ratio for the variable capturing the simultaneous provision of benefits for all 20 
modes showed a reduced likelihood of public transport use. This could suggest that the provision 21 
of public transport and walk/cycle benefits may not counterweigh the effect of free parking. 22 
However, additional information about the ‘quality’ and ‘quantity’ of the benefits would 23 
strengthen such a finding. The MWCOG dataset only included dummy variables indicating the 24 
presence of a benefit, but did not include information about the quality or quantity of the benefit. 25 

The impact of both living and working in Washington, DC, was considerable for 26 
walking/cycling. This may be due to a number of factors, such as infrastructure like trails and 27 
bike lanes, or shorter distances between trip origins and destinations. Self-selection could also 28 
play a strong role in these findings, as individuals with unobserved preferences for walking and 29 
cycling may choose to live and work in Washington, DC in higher rates than other parts of the 30 
study area. 31 

Overall, the model suggests a strong correlation between commuter benefits and mode 32 
choice. These results support earlier findings in the literature that suggest free parking is 33 
associated with driving to work, public transport benefits are associated with public transport 34 
use, and walking or cycling benefits are associated with active travel. This study contributes to 35 
the literature by examining benefits for driving and public transport, as well as walking and 36 
cycling. In addition, it utilizes individual-level data and controls for several individual and 37 
household characteristics.  38 

There are several important limitations of this study to note. First, the travel survey only 39 
collected binary benefit data, so the quality or quantity of the benefits provided could not be 40 
assessed. Future analyses should attempt to refine this analysis by assessing the impact of 41 
changes in the magnitude of benefits on mode choice. For example, such studies could measure 42 
the amount of free car parking, the dollar value of public transport benefits, the amount of 43 
bicycle parking, and the number and quality of showers and changing facilities. Studies already 44 
control for some of these variables individually, but very few are able to simultaneously control 45 
for benefits for driving, public transport, walking, and cycling.  46 
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In addition, as discussed earlier, endogeneity and selection bias are limitations of this type 1 

of analysis, due to the cross-sectional and observational nature of the data. The potential for 2 
endogeneity and selection bias suggest caution should be taken in interpreting the results of this 3 
study. This study can report a correlation between mode choice and commuter benefits, but is not 4 
designed to assess a causal relationship. In this sense, the study does not control for the potential 5 
for causality to run in the ‘reverse’ direction – that is, for commuter mode choice to impact the 6 
types of benefits offered by employers. 7 

Further, the addition of more relevant variables could improve the analysis. Cross-sectional 8 
studies of this kind are vulnerable to omitted variable bias, and as such the direction and 9 
magnitudes of the results may be biased. Specifically, adding more spatial characteristics 10 
regarding the built environment would greatly strengthen the analysis. For example, employers 11 
offering certain types of benefits may be spatially clustered. The finest level of geographic detail 12 
provided in the data set is at the Census Tract level. Future analyses should include such 13 
measures as population density and distance to public transport stations for both the home and 14 
work location Census Tracts. Lastly, this study is based on the Washington, DC region, which is 15 
home to the U.S. federal government and is thus not necessarily representative for the rest of the 16 
U.S. Studies from other U.S. cities and regions can help solidify the results of this study.   17 
 In summary, the benefit data collected by the MWCOG travel survey present a unique 18 
opportunity to assess the impact of commuter benefits on mode choice.  The multiple regression 19 
analysis suggests that, while controlling for several relevant individual and household factors, the 20 
provision of commuter benefits is significantly correlated with commuter mode choice.  This is 21 
both encouraging and discouraging news when it comes to addressing the challenges related to 22 
automobile peak hour congestion and the goals for increased levels of sustainable and active 23 
travel. The good news is that benefits for alternatives to driving are associated with individuals 24 
choosing to walk, cycle, and ride public transport. The bad news is that free car parking is 25 
associated with driving, and the continued prevalence of free car parking may blunt the efficacy 26 
of efforts to get commuters to walk, cycle, and ride public transport to work.   27 
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