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Study Selection 
 
Wherever possible, studies included in this review were those that included empirical findings 
from actual road pricing programs.  For link pricing, numerous studies exist that calculate 
elasticities of demand based on traffic counts before and after toll implementation or after 
changes in toll level.  Only studies that comprehensively controlled for other potential effects 
on traffic volumes were considered in this review.  This includes employment and population 
levels, motor vehicle registrations, fuel prices, transit fares and service level, seasonal 
variations, parking charges, and income levels.  Preference was also given to longitudinal 
studies that included changing toll levels over several years. 
 
For cordon tolls, both pilot and operational programs are becoming more common worldwide.  
In order to examine the real-world effectiveness of these programs, studies were chosen that 
examined changes in travel behavior before and after implementation.  These studies mostly 
take the form of case studies.  The difficulty in interpreting studies of this type is that the 
effects being examined are typically local reductions in traffic volume, not vehicle miles 
traveled (VMT).  Also, because the situation under consideration is a change from zero to 
some non-zero cordon toll, elasticities cannot be derived.  The exception is Olszewski's 
(2007) study of Singapore's Area Licensing Scheme (ALS) and the Börjesson et al. (2012) 
study of the Stockholm congestion charge.  The Singapore study used a time series partial-
adjust model that included average income, parking fees, and license costs.  Because the 
Singapore ALS has been in effect since the early 1970s and the charge has changed over the 
years, elasticities of demand for private vehicle travel into the charging zone can be 
evaluated.  The Stockholm congestion charge began in 2006 and the study used a time series 
model and controlled for fuel price, total employment, private cars per employed person, and 
inflation.  An alternative approach to evaluating the impact of cordon charging is to simulate 
impacts through travel demand models.  Rodier (2009) evaluates such model results in her 
analysis of congestion, cordon, and VMT charges, and the results are mentioned in the policy 
brief accompanying this technical background document. 
 
In the case of VMT charges, no operational programs currently exist for passenger vehicles.  
Therefore, studies selected for this analysis were those that used comprehensive travel 
demand models to examine potential impacts on VMT.  The one exception is Oregon DOT's 
pilot VMT charging program (Rudolfo and Kimpel, 2008), which was carried out in the 
Portland area.  This program had several methodological shortcomings, including small 
sample size, high attrition rate for the control group, and data collection problems.  Despite 
these drawbacks, it was included both because it represented the results of a real-world trial 
in the United States, and because the study results generally agree with those derived 
through simulation (for example see Rodier's [2009] review).  In the Portland pilot program, 
the distance charging group reduced their daily VMT by an average of 2.9 miles (95% 
confidence interval: -4.9 to -0.9 miles) in response to a 1.2 cent per mile charge.  A second 
experimental group was charged a congestion premium of 10 cents per mile within the 
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Portland growth boundary during peak hours.  This group received a discounted rate of 0.43 
cents per mile on non-peak miles and miles outside of the Portland area.  The peak charge 
group reduced their daily mileage by an average of 5.1 miles (95% CI: -7.4 to -2.8 miles).  
These equated to 9 and 19 percent VMT reductions, respectively.  Rudolfo and Kimpel (2008) 
analyzed the data to get these results using a pre-post test with control to examine VMT 
changes, in conjunction with a multiple regression model that included demographic and 
attitudinal predictor variables.  
 
Additional studies considered in this assessment involve a variety of methods.  Hirschman et 
al. (1995) used a log-transformed multiple regression model to calculate bridge elasticities in 
New York.  Odeck and Bråthen (2008) used a time series model with a lagged dependent 
variable to determine elasticities for toll facilities in Norway.  The CURACAO (2009a,b) and 
Eliasson et al. (2009) studies used pre- and post-implementation traffic counts at cordon 
boundaries to determine traffic reductions in London and Stockholm.  Estimates of traffic 
volume reductions in Glaister and Graham (2005) were obtained from econometric models 
that included driving costs, time costs, taxes, and other relevant factors 
 
Effect Size, Methodology, and Applicability Issues 
 
Although road user pricing is an attractive alternative from the standpoint of congestion 
management and revenue generation, several issues exist related to its effectiveness as a 
VMT reduction measure.  First, cordon and link charging are essentially local policies 
designed to mitigate pollution and/or congestion.  Their effect on regional VMT is difficult to 
ascertain for several reasons.  Second, in all of the real-world cases where cordon charging 
has been employed, the charging area is quite small.  For example, the London charging 
zone is only 8 square miles – less than 1.5 percent of the area of Greater London.  At 18 
square miles, Stockholm's charging zone is somewhat larger, but Singapore's is only 2 square 
miles.  In addition, each of the areas in which congestion charges have been implemented is 
generally mono-centric.  This means they have a single strong central business district that is 
the dominant employment center of their region.  The major urbanized areas of California 
(and the US) have numerous employment centers distributed throughout the region.  The 
VMT reduction from a single cordon charge in California could be affected by this poly-centric 
form.  In the long run, changes in employer location could further alter commuting travel 
patterns, though the impact on VMT is somewhat uncertain.  For example, the PROPOLIS 
modeling study of European cities (Lautso et al., 2004), found that cordon tolls resulted in a 
net movement of employment outside of the cordon zone.  However, results for residential 
movement out of the cordon zone were mixed, with some central zones gaining and others 
losing population over the long run. 
 
Likewise, VMT impacts from link charging are likely to vary significantly depending on context.  
The variation in elasticities can be attributed to a number of factors, including predominant trip 
purpose, trip frequency, and the presence of viable untolled alternatives.  Generally, toll 
increases should result in larger traffic reductions on segments that carry more non-essential 
trips, those with little congestion, and those that offer parallel routes with similar travel times.  
Because of the importance of context, it is difficult to narrow the range of elasticities for such 
facilities. 
 
It should also be noted that traffic reductions on a roadway segment may not result in a 
corresponding change in regional VMT.  Reductions in VMT are dependent on the number of 
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trips that are either not taken or those taken by another mode.  In cases where alternative 
modes are lacking, drivers may choose to avoid link tolls by diversion to another route, which 
could lead to no change or even increases in VMT and travel time. 
 
Of the studies presented here, those that examine distance charging are most likely to 
provide accurate assessments of potential VMT reductions at the regional level.  There are 
two reasons for this.  First, the variable of interest in distance charging studies is VMT, which 
is directly related to regional greenhouse gas emissions.  Second, the problems of toll 
avoidance are reduced or eliminated.  These factors explain why the expected VMT reduction 
from distance charging fall within a relatively narrow range (10 to 15 percent) compared to 
cordon and link pricing.  However, issues related to alternative availability still remain – at 
least in the short run.  It is possible that this problem could be reduced by using revenue 
collected from VMT charging to increase the attractiveness of alternative modes through 
infrastructure and service improvements.  
 
 
References 
 
Börjesson, M., Eliasson, J., Hugosson, M. B., & Brundell-Freij, K.  2012. The Stockholm 

congestion charges—5 years on. Effects, acceptability and lessons learnt. Transport 
Policy, 20, 1-12. 

 
CURACAO 2009a. “Deliverable D2: State of the Art Review” Project: Coordination of Urban 

Road User Charging Organisational Issues Sponsored by European Commission 
under the FP6 Framework. Accessed 30 March 2010 at: 
http://www.basqueecodesigncenter.net/Documentos/Noticias/82E3FE3D-BEA9-44B9-
B0AB-455EDDAC0C2B/CURACAO%20D2%2520STATE-OF-THE-
ART%2520REVIEW%2520INTERIM%2520MONTH%252013%2520-
%2520CURACAO.PDF  

CURACAO 2009b. “Deliverable D3: Case Study results”, Project: Coordination of Urban Road 
User Charging Organisational Issues Sponsored by European Commission under the 
FP6 Framework. Accessed 26 September 2014 at: http://www.its-
toolkit.eu/2decide/toolkit/files/ITS_TOOLKIT_11_1314874486.pdf 

 
Dahlgren, J. 2002. “High-occupancy/toll lanes: where should they be implemented?” 

Transportation Research Part A: Policy and Practice 36(3): 239-255.   
 
Deakin, E., Harvey, G., Pozdena, R., and Yarema, G. 1996. Transportation Pricing Strategies  

for California: An Assessment of Congestion, Emissions, Energy and Equity Impacts. 
Final Report. Prepared for California Air Resources Board, Sacramento, CA. 

 
Downs, Anthony.  1992.  Stuck in Traffic.  Washington, D.C.:  The Brookings Institution. 
 
Eliasson, Jonas, Lars Hultkrantz, Lena Nerhagen, and Lena Smidfelt Rosqvist. 2009. “The 

Stockholm congestion – charging trial 2006: Overview of effects.” Transportation 
Research Part A: Policy and Practice 43(3): 240-250.   

 

http://www.basqueecodesigncenter.net/Documentos/Noticias/82E3FE3D-BEA9-44B9-B0AB-455EDDAC0C2B/CURACAO%20D2%2520STATE-OF-THE-ART%2520REVIEW%2520INTERIM%2520MONTH%252013%2520-%2520CURACAO.PDF
http://www.basqueecodesigncenter.net/Documentos/Noticias/82E3FE3D-BEA9-44B9-B0AB-455EDDAC0C2B/CURACAO%20D2%2520STATE-OF-THE-ART%2520REVIEW%2520INTERIM%2520MONTH%252013%2520-%2520CURACAO.PDF
http://www.basqueecodesigncenter.net/Documentos/Noticias/82E3FE3D-BEA9-44B9-B0AB-455EDDAC0C2B/CURACAO%20D2%2520STATE-OF-THE-ART%2520REVIEW%2520INTERIM%2520MONTH%252013%2520-%2520CURACAO.PDF
http://www.basqueecodesigncenter.net/Documentos/Noticias/82E3FE3D-BEA9-44B9-B0AB-455EDDAC0C2B/CURACAO%20D2%2520STATE-OF-THE-ART%2520REVIEW%2520INTERIM%2520MONTH%252013%2520-%2520CURACAO.PDF
http://www.its-toolkit.eu/2decide/toolkit/files/ITS_TOOLKIT_11_1314874486.pdf
http://www.its-toolkit.eu/2decide/toolkit/files/ITS_TOOLKIT_11_1314874486.pdf


9/30/2014 

 5 

Glaister, Stephen, and Daniel J. Graham. 2005. “Policy and Practice : An evaluation of 
national road user charging in England.” Transportation Research Part A 39(7-9): 632-
650.   

 
Hirschman, I, C McKnight, J Pucher, RE Paaswell, and J Berechman. 1995. “Bridge and 

Tunnel Toll Elasticities in New York – Some Recent Evidence.” Transportation 22(2): 
97-113.   

 
Lautso, Kari, Klaus Spiekermann, Michael Wegener, Ian Sheppard, Philip Steadman, 
  Angelo Marino, Roberto Domingo, Sylvie Gayda. 2004. PROPOLIS: Planning and  

Research of Policies for Land Use and Transport for Increasing Urban Sustainability: 
Final Report, European Commission, Energy, Environment, and Sustainable 
Development  Thematic Programme. February. 

 
Litman, Todd. 2006. London Congestion Pricing: Implications for Other Cities. Victoria, BC:  

Victoria Transport Policy Institute. 
 
Loo, Becky P Y. 2003. “Tunnel traffic and toll elasticities in Hong Kong: some recent evidence 

for international comparisons.” Environment and Planning A 35(2): 249-276.   
Odeck, J, and S Bråthen.  2008. “Travel demand elasticities and users attitudes: A case study 

of Norwegian toll projects.” Transportation Research Part A: Policy and Practice 42(1): 
77-94.   

Olszewski, Piotr. 2007. Singapore Motorisation Restraint and Its Implications on Travel 
Behaviour and Urban Sustainability. Transportation 34(3): 319–35. 

Rodier, Caroline.  2009.  A Review of the International Modeling Literature:  Transit, Land Use, 
and Auto Pricing Strategies to Reduce Vehicle Miles Traveled and Greenhouse Gas 
Emissions.  Paper presented at 2009 Transportation Research Board annual meeting.  
Washington, D.C.  January. 

Rufolo, Anthony M., and Thomas J. Kimpel. 2008. “Responses to Oregon's Experiment in 
Road Pricing.” Transportation Research Record: Journal of the Transportation 
Research Board 2079,1(12): 1-7.   

 
Wachs, Martin.  2009.  Financing Infrastructure in California.  Testimony before the California 

Little Hoover Commission.  March 26.  Available at 
http://www.rand.org/pubs/testimonies/2009/RAND_CT322.pdf (Accessed Feb. 24, 
2010). 

 
 
 
Acknowledgments 
This document was produced through an interagency agreement with the California Air 
Resources Board with additional funding provided by the University of California 
Institute of Transportation Studies MultiCampus Research Program on Sustainable 
Transportation and the William and Flora Hewlett Foundation. 
 

http://www.rand.org/pubs/testimonies/2009/RAND_CT322.pdf



Accessibility Report



		Filename: 

		road_pricing_bkgd.pdf






		Report created by: 

		


		Organization: 

		





[Enter personal and organization information through the Preferences > Identity dialog.]


Summary


The checker found no problems in this document.



		Needs manual check: 0


		Passed manually: 2


		Failed manually: 0


		Skipped: 1


		Passed: 29


		Failed: 0





Detailed Report



		Document




		Rule Name		Status		Description


		Accessibility permission flag		Passed		Accessibility permission flag must be set


		Image-only PDF		Passed		Document is not image-only PDF


		Tagged PDF		Passed		Document is tagged PDF


		Logical Reading Order		Passed manually		Document structure provides a logical reading order


		Primary language		Passed		Text language is specified


		Title		Passed		Document title is showing in title bar


		Bookmarks		Passed		Bookmarks are present in large documents


		Color contrast		Passed manually		Document has appropriate color contrast


		Page Content




		Rule Name		Status		Description


		Tagged content		Passed		All page content is tagged


		Tagged annotations		Passed		All annotations are tagged


		Tab order		Passed		Tab order is consistent with structure order


		Character encoding		Passed		Reliable character encoding is provided


		Tagged multimedia		Passed		All multimedia objects are tagged


		Screen flicker		Passed		Page will not cause screen flicker


		Scripts		Passed		No inaccessible scripts


		Timed responses		Passed		Page does not require timed responses


		Navigation links		Passed		Navigation links are not repetitive


		Forms




		Rule Name		Status		Description


		Tagged form fields		Passed		All form fields are tagged


		Field descriptions		Passed		All form fields have description


		Alternate Text




		Rule Name		Status		Description


		Figures alternate text		Passed		Figures require alternate text


		Nested alternate text		Passed		Alternate text that will never be read


		Associated with content		Passed		Alternate text must be associated with some content


		Hides annotation		Passed		Alternate text should not hide annotation


		Other elements alternate text		Passed		Other elements that require alternate text


		Tables




		Rule Name		Status		Description


		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot


		TH and TD		Passed		TH and TD must be children of TR


		Headers		Passed		Tables should have headers


		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column


		Summary		Skipped		Tables must have a summary


		Lists




		Rule Name		Status		Description


		List items		Passed		LI must be a child of L


		Lbl and LBody		Passed		Lbl and LBody must be children of LI


		Headings




		Rule Name		Status		Description


		Appropriate nesting		Passed		Appropriate nesting







Back to Top
