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Preface 
 
 

he Moving Ahead for Progress for the 21st Century Act of 2012 (MAP-21) requires the U.S. 
Department of Transportation Bureau of Transportation Statistics (BTS) to provide “a national 

accounting of expenditures and capital stocks for each mode of transportation and intermodal 
combination.” The BTS, the Bureau of Economic Analysis (BEA), and other federal statistical 
agencies collect and maintain relevant databases and statistics that can be used to address this 
requirement. Additional data, new analysis methodologies, and innovative reporting methods will 
likely be needed, however, to produce a robust, reliable, and up-to-date national accounting to 
support decision making and to meet MAP-21 requirements. In addition, addressing the MAP-21 
performance-based management requirements for federal surface transportation programs will 
likely require new data, more sophisticated analysis tools, and new multiagency partnerships. 

At the request of BTS, TRB is undertaking a 3-year review of the data and methods used to 
estimate the value of the transportation infrastructure and its role in the economy. The review also is 
considering ways to extend and improve these methods to provide more meaningful data and 
statistics for decision makers. TRB appointed the Task Force on Value of Transportation 
Infrastructure to oversee these activities and to coordinate with other TRB committees and efforts. 
Chaired by Paul Bingham, CDM Smith, the task force includes individuals from both the public and 
private sectors with expertise in economics, transportation, valuing infrastructure, and related fields. 

The Workshop on Data and Statistics for Valuing Transportation Infrastructure and 
Transportation’s Contribution to the Economy was held on July 23–24, 2014, in Washington, D.C. 
The workshop initiated the task force’s review of methods used to estimate the value of 
transportation infrastructure. The workshop brought together a cross-section of transportation 
professionals who produce and use data and statistics for valuing transportation infrastructure and 
transportation’s contribution to the economy. 

A total of 59 individuals from state, metropolitan, and local transportation agencies, 
consulting firms, universities and university-affiliated research institutes, industry groups, and 
businesses attended the workshop. Speakers addressed data and statistics available from BTS, 
BEA, other federal statistical agencies, public agencies, businesses, shippers, carriers, and other 
public- and private-sector groups. Workshop participants discussed current practices for estimating 
infrastructure value, data- and methodology-based limitations with current practices, available data 
that could be used more fully, and alternative practices that could be developed and used to better 
estimate the value of transportation infrastructure. 

This document summarizes the presentations at the workshop. The key topics covered by 
the speakers are presented. Thanks to all who participated in the workshop (see Appendix A for a 
list of workshop participants). Appendix B contains the white paper on alternative practices for 
reporting transportation infrastructure value and expenditures, prepared for the workshop by 
Randall W. Eberts, W.E. Upjohn Institute for Employment Research. 

The TRB Task Force on Value of Transportation Infrastructure organized the workshop. 
Katherine F. Turnbull, Texas A&M Transportation Institute, prepared this report as a factual 
summary of what occurred at the workshop. The views expressed in the summary are those of the 
individual workshop speakers, as attributed to them, and do not necessarily represent the views of 
all workshop participants, the task force, TRB, or NRC. 

The task force thanks Katherine Turnbull for preparing the summary and also thanks BTS 
for providing the funding support that made the workshop possible. 

T 
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Welcome and Introductions 
 
 

WORKSHOP WELCOME 
Patricia Hu, U.S. Bureau of Transportation Statistics, presiding 
 
Patricia Hu welcomed participants to the Workshop on Data and Statistics for Valuing 
Transportation Infrastructure and Transportation’s Contribution to the Economy. She described 
the new Transportation Research Board (TRB) Value of Transportation Infrastructure Task 
Force and summarized the background and purpose of the workshop. Hu covered the following 
topics in her presentation: 
 

• Hu thanked Paul Bingham, chair, and members of the new task force for organizing a 
very interesting and informative workshop. She also recognized and thanked TRB staff members 
James Bryant and Tom Palmerlee for their assistance in planning and conducting the workshop. 

• Hu noted that the TRB Value of Transportation Infrastructure Task Force was 
established in 2013 to help focus on measuring the value of the transportation system to the 
economy and to the quality of life in the United States. She suggested that while billions of 
dollars are spent every year building, maintaining, and operating the world’s largest 
transportation system, the funding gap between needed and available resources continues to 
widen. She further suggested that developing and communicating better information on the value 
of the transportation system to the United States economy and the quality of life would be 
beneficial in addressing this gap. 

• Hu noted that one task force goal is to present approaches for consideration by the 
United States Bureau of Transportation Statistics (BTS) in estimating the value of the 
transportation infrastructure to the economy at the regional, state, and national levels. She 
reported that the workshop represents an early activity for the task force. The workshop will 
assist in identifying the best practices, evaluating existing approaches and data, and generating 
innovative ideas for the task force to consider. 
 
 
WORKSHOP OVERVIEW 
Paul Bingham, CDM Smith, and Value of Transportation Infrastructure Task Force Chair 
 
Paul Bingham described the charge to the TRB Value of Transportation Infrastructure Task 
Force and the purpose of the workshop. He summarized the workshop expectations and 
questions to be addressed. He also discussed the relationship of the task force and the workshop 
to other TRB activities and efforts underway at the U.S. Department of Transportation (U.S. 
DOT), other federal agencies, national organizations, and other groups. Bingham covered the 
following topics in his presentation: 
 

• According to Bingham, the charge to the TRB Value of Transportation Infrastructure 
Task Force focuses on examining the state of knowledge of transportation asset valuation, current 
practices in valuation, uses of valuation information, and the adequacy of current data sources for 
estimating asset value. As part of this effort, the task force will provide the BTS with background 
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information on the potential uses of available information on valuing transportation infrastructure 
and the challenges of implementing the different approaches and methods of analysis. 

• Bingham noted that this workshop on current data and methods for valuing 
transportation infrastructure at the national level represented a major task during the first year of 
the task force. A second workshop is planned for the third year of the task force to examine new 
data and new methods for valuation, including applications for use at the regional, state, and 
local levels. 

• Bingham reviewed the purpose of the workshop, which was to bring together 
producers and users of data and methods for valuing transportation infrastructure and 
transportation’s contribution to the economy to discuss current practices for estimating 
infrastructure value and sharing examples of methods used in valuing different transportation 
modes and different geographies. Other topics to be addressed included data and methodology 
limitations of current practices, alternative practices that could be developed from existing data, 
and potential new data sources. 

• In terms of workshop expectations, Bingham encouraged participants to actively 
participate in discussions. As users or producers of transportation infrastructure valuation data 
and methods, he suggested that participants bring unique perspectives and experiences to share 
with others. The four facilitated round-table discussions provide time for dialog about data, 
methods, and alternative approaches. He requested that participants maintain a focus on the 
context of decision-making support, with existing data and methods. 

• Bingham reviewed the following six questions for discussion at the workshop: (1) 
What are the public and private decisions that would be informed by statistics on the value of 
transportation? (2) What is the state-of-the-practice for generating value statistics in response to 
each of the types of decisions? (3) What are the criteria for identifying best practices, and how does 
the state-of-the-practice measure up to these criteria? (4) What decisions are not being answered or 
are being answered poorly by current practice? (5) What are current data sources for statistics on 
value, and are those sources being tapped fully? (6) What methods for estimating value used only 
outside the United States might be applied to the United States with existing data? 

• Bingham discussed the relationship of the task force to other activities at TRB. As a 
multidimensional cross-cutting topic, the task force will coordinate with standing TRB 
committees on economics, data, asset management, performance management, and other related 
topics. The task force will also coordinate activities and work in parallel with the Special Task 
Force on Data for Decisions and Performance Measures, which reports to the Technical 
Activities Council (TAC). The task force will build on the Strategic Highway Research Program 
2 (SHRP 2) Capacity Projects, including C11: Tools for Assessing Wider Economic Benefits of 
Transportation and National Cooperative Highway Research Program (NCHRP) studies, 
including those under 02-24, Economic Productivity and Transportation Investment Priorities. 

• Bingham noted that many other agencies and organizations are concerned with the 
transportation infrastructure evaluation topic. In addition to BTS, the U.S. DOT Office of the 
Secretary and the modal administrations use different valuation techniques and have different 
research activities underway. The U.S. Department of Defense (U.S. DOD), including the U.S. 
Army Corps of Engineers (USACE), the U.S. Bureau of Economic Analysis (BEA) and other 
parts of the U.S. Department of Commerce, and other federal agencies are involved in related 
activities. He also indicated that the American Association of State and Highway Transportation 
Officials (AASHTO), state departments of transportation, metropolitan planning organizations 
(MPOs), universities, think tanks, trade organizations, and other groups have activities 
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underway. Bingham further suggested that international agencies, including the Organization for 
Economic Co-operation and Development (OECD), the World Bank, and regional development 
banks use different methods for valuating infrastructure. 
 
 
BUREAU OF TRANSPORTATION STATISTICS AND THE VALUE  
OF TRANSPORTATION 
Rolf Schmitt, U.S. Department of Transportation, Bureau of Transportation Statistics 
 
Rolf Schmitt described the transportation and economic data and statistics available from BTS. 
He summarized the BTS products that may be of use in valuing the transportation infrastructure. 
Schmitt covered the following topics in his presentation: 
 

• Schmitt noted that BTS’s mandate has changed relatively little since it was first 
articulated in the 1991 Intermodal Surface Transportation Efficiency Act (ISTEA). Under current 
law, the BTS Director shall compile, analyze, and publish statistics on 1) economic efficiency 
across the entire transportation sector; 2) the effects of the transportation system on global and 
domestic economic competitiveness; 3) demographic, economic, and other variables affecting 
travel behavior, including choice of transportation mode and goods movement; 4) transportation-
related variables that influence the domestic economy and international competitiveness; and 5) 
economic costs and impacts of passenger travel and freight movement. 

• The Transportation Efficiency Act for the 21st Century (TEA-21) moved the 
Intermodal Transportation Database to BTS. This database includes data on the volumes and 
patterns of goods movement and people movement, and the location and connectivity of 
transportation facilities and services. It also includes a national accounting of expenditures and 
capital stocks on each mode of transportation and intermodal combination. Schmitt suggested the 
following implicit questions related to these databases:  

– What does the transportation system deliver?  
– How much is spent on the transportation system? and 
– Is the spending worthwhile? 

• Schmitt discussed the proceedings prepared for the 1999 TRB Information 
Requirements for Transportation Economic Analysis Conference. Background papers in the 
proceedings include “Transportation Satellite Accounts and Capital Stocks Accounts” by 
Barbara Fraumeni and “How Transportation Investments Affect Economic Health” by Randy 
Eberts. The proceedings include a suggested research plan covering levels of investment and 
economic health, economic evaluation, and economic forecasting. There were 30 specific 
proposals totaling approximately $21 million in 1999 dollars. 

• Schmitt noted that the BTS, BEA, and other agencies have collected substantial 
economic data and produced many economic statistics over the past 15 years. He commented, 
however, that questions continue to be asked about how to value the transportation infrastructure. 

• Schmitt suggested that many of the research ideas from the 1999 conference would be 
worth revisiting as part of the future work of the task force. He noted that the immediate focus of 
the task force should be on how the data and methods available today can be used to develop and 
publish credible, useful statistics on the value of the transportation infrastructure. 

• Schmitt indicated that transportation is an economic activity, an enabler of economic 
activity, and a reflection of economic activity. Transportation as an economic activity supports 
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companies selling services, hiring employees, purchasing fuel, and investing in facilities and 
equipment. As an enabler of economic activity, transportation facilitates moving goods between 
suppliers and markets and linking workers with jobs, and consumers with products. Further, he 
suggested that freight and passenger travel are the physical manifestations of economic 
relationships reflecting economic activity in the country. 

• Schmitt reviewed currently available BTS economic statistics. He noted that most 
data are included in the on-line National Transportation Statistics, as well as the Transportation 
Statistics Annual Report and the Pocket Guide to Transportation. The BTS relies heavily on data 
from the Census Bureau, BEA, the Energy Information Administration (EIA), and other federal 
statistical agencies for the data used in the statistical analyses. Examples of these types of data 
include households, workers, and disposable income from the Census Bureau and gross domestic 
product (GDP), the number of business establishments, and the value of merchandise from the 
BEA. He suggested that the BTS tables with this information form many of the building blocks 
for the analysis being discussed at this workshop. 

• Schmitt highlighted statistics published by BTS on transportation costs, spending, 
productivity, contribution to the economy, and consequences for households, businesses, and 
localities. Statistics on transportation costs include the Producer Price Indices for for-hire 
transportation published by the Bureau of Labor Statistics, average airline fares data collected by 
the BTS, fuel prices monitored by the EIA, and the highway construction cost index. Statistics 
are available on total transportation spending, personal expenditures, and average household 
expenditures. Information on federal, state, and local transportation-related expenditures and 
revenues is also available. Statistics on value of transportation capital stocks by mode and the 
value of construction are available from BEA. 

• Schmitt summarized examples of BTS economic statistics addressing the productivity 
of the transportation system. Examples included information on average passenger revenue per 
passenger mile, average freight revenue per ton mile, and labor productivity by the for-hire 
mode. He described available information on transportation’s contribution to the economy, 
including transportation as a share of GDP final demand, transportation as a share of the 
production of GDP, and transportation requirements for the production of commodities. 

• Other BTS economic statistics discussed by Schmitt focused on the impact of 
transportation spending on households, businesses, and localities. Statistical tables are available 
for employment in transportation industries by mode, employment in transportation occupations, 
average wages and salaries, the number of trips, passenger miles, and tons miles. Data on access 
to jobs will be available in the future. 

• Schmitt described several BTS products, including the National Commodity Flow 
Origin–Destination Accounts (NCODA). The NCODA provides a 5-year benchmark and current 
year estimates based on methods from the Freight Analysis Framework (FAF) and integrated 
with the Commodity Flow Survey (CFS). He also described the National Travel Origin–
Destination Accounts (NTODA). The NTODA is being built on BTS airline data, the National 
Household Travel Survey (NHTS), and the American Community Survey (ACS). 

• Other BTS products highlighted by Schmitt included the transportation economic 
accounts. These include the transportation satellite account, transportation employment by 
occupation and industry, total transportation spending, and government spending on and 
revenues from transportation. 
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• Schmitt noted that most economic statistics published by BTS appear in the on-line 
National Transportation Statistics. Other publications cited by Schmitt were the monthly 
Transportation Services Index and the forthcoming Transportation Economics Facts and Figures. 

• In closing, Schmitt noted that input from the task force on how BTS can produce 
better statistics on the value of transportation with existing data to support transportation policy 
makers, planners, and analysts would be beneficial. He stressed the need for statistics that are 
meaningful for decision makers at all levels. 
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Modal Perspectives 
 

 
RAIL 
John Friedmann, Norfolk Southern Corporation 
 
For the modal perspectives session, with Francis Mulvey, former member of the Surface 
Transportation Board, presiding, John Friedmann provided a railroad and a private sector 
perspective on valuing infrastructure. He described the positive and negative value of the rail 
infrastructure and the economic contributions it provides. Friedmann covered the following 
topics in his presentation: 
 

• Friedmann noted that Norfolk Southern Railway (NS) and other railroads are 
infrastructure providers. The corporate value is reflected in the rail infrastructure. He described the 
three ways NS values transportation infrastructure—book value, tax value, and economic value. He 
suggested that the book value is not all that relevant, except for the annual depreciation that flows 
through to the earnings statement. He noted that the newer rail infrastructure has more impact on 
earnings, but that at a point, the book value becomes disconnected from its economic value. The 
book value of centuries old rail infrastructure is close to zero, but that infrastructure continues to 
provide economic value. The tax value of infrastructure produces income for the company through 
a tax shield against earnings. He suggested that adjusting tax depreciation schedules is the single 
most effective way government can encourage or discourage new construction. The tax value of 
rail infrastructure reaches zero long before the actual value and the book value reaches zero. The 
economic value, which he defined as the cash flow produced by the infrastructure relative to its 
cost, was the third way NS values infrastructure. Friedmann suggested that the economic returns 
versus historic costs are tremendous, but the escalating cost of new infrastructure make new 
infrastructure increasingly hard to justify from a cash-flow perspective. 

• Friedmann noted that rail infrastructure may have a negative value economically to the 
company. Adding new rail track does not initially require much maintenance, but at some point 
major maintenance or renewal is needed. In addition, he noted that the property tax on rail 
infrastructure is high in some states. NS and other railroads work to minimize infrastructure in 
those states. 

• According to Friedmann, the three valuation methods interlock to some degree. From 
an economic perspective, valuing the contribution of a specific segment of rail infrastructure is 
difficult because rail is a network. Some investments, such as a new bridge or new rail, have to 
be undertaken to keep the network operating. Investments for additional capacity or efficiency 
are valued using an allocation or costs and revenues spread over the improvement or a set of 
improvements. He noted that finding ways to value a new piece of infrastructure either in terms 
of efficiency benefits or additional revenue is fundamentally a marginal cost versus a marginal 
contribution perspective. Additionally, he noted that NS spends approximately $2 billion on the 
rail system annually, with 80% accounting for replacement and renewal. 

• Friedmann suggested that external costs and benefits are actually easier to measure, 
but more difficult to capture. He provided two recent examples to highlight this point. The first 
example was a TIGER grant for an NS intermodal facility in Rossville, Tennessee, which is in 
the Memphis metropolitan area. As part of the grant, NS was required to estimate and measure 
diversion of truck traffic from the highway system, reduction in vehicle emissions, fuel savings, 
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and other factors. Since it was a discreet facility, it was relatively easy to estimate and measure 
these impacts. The second example was the expansion of NS’s classification yard in Bellevue, 
Ohio This project represented a similar level of funding, but was financed solely by NS. A 
thorough economic justification was conducted by NS for benefits to the company, but no public 
benefits were analyzed as no public funding was involved and no public permitting was required. 
 
 
AIR 
Stephen Van Beek, ICF International 
 
Stephen Van Beek discussed valuing airport and aviation infrastructure. He described available 
data from different sources and the use of that data in capital planning for airports, airport 
transactional work, and airport capacity justifications. Van Beek covered the following topics in 
his presentation: 
 

• Van Beek noted that there is a rich set of aviation data in the United States, especially 
compared to aviation in other parts of the world and compared to other modes. This data provides 
an advantage in assessing the value of aviation infrastructure. Data on air carrier and airport traffic, 
as well as fare data, is readily available through the Form 41 information collected by the BTS. 
The public sector side of aviation is funded primarily through user charges, with larger airports 
operating on a cost-recovery basis. Data on airport finances, operating costs, and related activities 
is available. He noted that private funding and the commercial money in an airport system is 
reported, which makes data gathering on the value of airport infrastructure easier to access. 
Financial data, such as the amount of capital stocks an airport owns is available. He also noted that 
data are available on the Federal Aviation Administration (FAA’s) capital stock. 

• Van Beek described the three major uses of available data. The first is in capital 
planning for airports. He provided the Massport business plan as one example of a capital plan. 
He reported that the replacement value for Massport's capital stock is approximately $4.75 
billion. To maintain a state of good repair on infrastructure, the American Society of Civil 
Engineers (ASCE) uses 2.5% of the value as a guideline to maintain infrastructure. For 
Massport, this approach establishes a target of approximately $120 million in recommended 
annual spending. For FY 2015, Massport will invest $145 million to maintain and upgrade 
infrastructure. He suggested that this responsible and transparent capital planning process is 
more challenging for transit systems throughout the country that are not able to establish a 
similar process because they do not operate on the basis of cost-recovery as do many 
commercially-oriented large airports. 

• Transactional work was the second use of available data described by Van Beek. In 
these cases, the buyer sets the economic value of an asset. He noted that transactional analyses 
are conducted more on an international basis than in the United States, where most airports and 
the air traffic control system are owned and operated by the public sector. He suggested that the 
recent privatization of airports in Brazil indicated that investors set high values for airports. He 
noted that airports frequently will privatize the ownership and management of individual assets, 
such as parking facilities, land, and terminals. 

• Conducting capacity justifications represented the third area discussed by Van Beek. 
He noted that a benefit–cost analysis (BCA) is conducted in aviation similar to those done for 
highway projects. The FAA and other federal funding sources require a BCA as part of the 
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project application process. He noted that economic impact studies are also frequently conducted 
as part of a capacity project justification and to highlight the value of a project to the greater 
community. 

• Van Beek suggested that the approach of considering transportation expenditures as a 
share of the GDP provides a common methodology among modes. He further suggested that 
thinking of valuing transportation as a ring of concentric circles would be beneficial. The inner 
circle is the empirical methodology for valuing transportation infrastructure developed by 
economists. The next concentric ring is the analysis that uses the results to communicate with 
policy elites and public officials. The final outer ring is the public. The different rings have 
different perspectives, with the two outer rings frequently used by transportation advocates to 
make the case for additional investments and spending. He suggested that developing the 
methodology, obtaining the data, and agreeing on common definitions are key to communicating 
effectively with all of the different audiences.  

• In closing, Van Beek noted a current data weakness is the lack of data on the public 
value of air transportation. The public value is the nonuser (nonshipper and nonpassenger) value. 
It focuses on aviation’s contribution to the economy. He also noted that more data is needed on 
the topic of intermodal access to airports, as it is difficult to conduct an alternative analysis 
valuation for access to airports by different modes. 
 
 
HIGHWAYS 
Joung Lee, American Association of State and Highway Transportation Officials 
 
Joung Lee discussed public perceptions related to highway funding, recent state transportation 
funding initiatives, and AASHTO’s funding scenarios developed as part of the MAP-21 
reauthorization process. He covered the following topics in his presentation: 
 

• Lee described the paradox related to public support for transportation. On one hand, a 
recent survey conducted by the Rockefeller Foundation shows strong support for improving the 
country’s transportation infrastructure. The survey found that 66% of voters agreed that 
improving the transportation infrastructure in the United States was extremely or very important. 
In addition, 80% of voters agreed that federal funding to improve and modernize transportation 
“would boost local economies and create millions of jobs from construction to manufacturing to 
engineering.” On the other hand, Lee noted that the public shows little support for funding 
needed improvements. The same survey indicated support for private investment, 78%; a 
national infrastructure bank, 60%; bonding, 59%; and eliminating subsidies for American oil 
companies, 58%. However, the results also indicated opposition to increasing the federal gas tax, 
71%; tolling Interstate highways and bridges, 64%; mileage-based user fees, 58%; and a new tax 
on foreign oil, 51%.  

• Lee suggested that there appears to be little awareness of how the public contributes 
to the federal transportation program. At the same time, he noted that public agencies have not 
always done a good job of articulating the benefits from the public’s contribution. He further 
suggested that there is a general lack of awareness concerning how much an individual pays in 
gasoline taxes on an annual basis. Lee suggested that most people over estimate the amount they 
pay in gasoline taxes and many do not understand the overall funding sources for transportation. 
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• Another potential contribution factor cited by Lee was a lack of credibility in the public 
sector. He reported that in the same survey, 64% of voters said that how the government currently 
spends money on building and maintaining our transportation infrastructure is inefficient and 
unwise. Only 32% said the government currently spends money efficiently and wisely. 

• Lee further suggested that the lack of price signals in transportation also contributes 
to the public misunderstanding about who pays for the system. He suggested that a severe 
information asymmetry exists between the public and consumers and providers of transportation. 
He provided the example that there is no tax breakdown on gas receipts. 

• Lee highlighted some of the recent state transportation funding initiatives, suggesting 
that states are leading the way on meeting the transportation revenue challenge. He described 
some common themes behind the state success stories. First, the needs appear reasonable and the 
benefits are relatable to the public. Second, the users’ share of investment cost was clear. Third, 
strong political leadership was provided from the executive branch. A fourth theme was the 
formation and use of a broad coalition of supporters beyond self-interest groups. 

• Lee suggested that addressing the Highway Trust Fund shortfall would not present an 
unreasonable burden on the public. He noted that the average household pays $46 in federal and 
state gasoline tax per month. This amount is less than the monthly cost of electricity and gas at 
$160, cell phone at $161, and cable and internet access at $124. He reported that a 10-cent 
increase in the federal gas tax would translate into $1.15 more for the average driver per week. 
An increase of this amount would address the Highway Trust Fund shortfall. 

• Lee described the federal funding scenarios developed by AASHTO as part of the 
MAP-21 reauthorization process. Four scenarios were developed—a cliff scenario with no 
available funding, sustaining current investment in real terms, funding to meet the needs outlined 
in the U.S. DOT Conditions and Performance Report, and retro indexing the gasoline tax to 
recapture 1993 purchasing power. He noted that AASHTO has been using infographics to 
communicate with the public and policy makers, and to tell the story about the challenges of 
transportation funding. This approach includes providing information on a state-by-state basis. 
He suggested that developing better techniques to define the impacts of transportation on 
employment would be beneficial. He noted that the link between transportation and jobs 
sometimes seems to be overestimated. At the same time, transportation is key to employment and 
providing good information is important. 
 
 
PORTS 
Walter Kemmsies, Moffatt & Nichol 
 
Walter Kemmsies discussed valuing port infrastructure. He described the various users of ports, 
identifying port market areas and market capture possibilities, and customers for port economic 
data and market analyses. Kemmsies covered the following points in his presentation: 
 

• Kemmsies noted that ports use different terms and definitions in examining markets 
and commodities. Ports use data available from many sources, including federal agencies, 
shippers and carriers, local and regional agencies, and other sources. He noted that the White 
Paper highlighted many of the techniques currently used for valuing transportation infrastructure. 
The White Paper focused on links, however, while ports are nodes. 
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• Kemmsies suggested that ports are the most complex intermodal asset of the freight 
infrastructure. Ports connect pipelines, trucks, railroads, passenger vehicles, and a wide range of 
marine vehicles. Ports may serve passenger and vehicle ferries, fishing boats, and barges, as well 
as container, dry bulk, and liquid bulk vessels. All of these modes may need to be accommodated 
within a port facility. An understanding of the economics of all these modes is also needed for 
various analyses. He also noted that the availability of data outside the United States varies 
greatly, making international market analyses more challenging. 

• Kemmsies discussed approaches to examine nodes, such as ports, rather than 
roadways and other connectors. A port is a gateway, connecting parts of the United States to 
either others parts of the country or to international destinations. Determining the locations a port 
can serve is an important first step in assessing the market potential for a port. He noted there are 
numerous ports and ways to transport commodities—air, truck, rail, and water. Determining the 
areas a port can serve competitively is an important step. Cost is a key factor in determining 
competiveness. The cost to transport goods by each link—ship, port handling charges, rail or 
trucks—all need to be included in the calculation. These transportation costs can be developed 
for different markets and compared to identify areas a port can serve most cost effectively. 

• Kemmsies noted that operational cost data is available, but data on cargo value, 
inventory carrying costs, and system reliability are more difficult to obtain. Understanding the 
scale economic effects is also important. He reported that the FAF data are used in assessing port 
service areas and competiveness, but similar to other uses, it is adjusted and graded for specific 
applications. He noted that while large countries are a major focus, from a freight perspective, 
the world is divided into 16 trade lanes. The North Asia trade lane includes China, Japan, South 
Korea, Hong Kong, and Taiwan. It accounts for 60% of the United States container trade and 
40% of the bulk trade. Liners serving the North Asia trade lane may call on all five countries and 
then cross the Pacific Ocean to American and Canadian ports. Examples of other trade lanes 
include South Asia, Southeast Asia, East Coast South America, and West Coast South America. 
He noted that the Suez Canal, the Panama Canal, and other factors must also be considered in 
assessing market areas and competiveness. Information on the economics of these canals is 
difficult to obtain. The FAF is used to assess how well the actual delivery of cargo matches the 
identified markets. He noted that one of the issues with the bill of lading data is that the 
corporate headquarters is often incorrectly listed as the destination for cargo. 

• Kemmsies discussed that all of this data is combined to calculate market capture 
probabilities. Since there were no models available to conduct this type of analysis, Moffett & 
Nichol developed a gravity model. He also noted that modal shifts have to be considered. He 
indicated that a rule of thumb is to maintain a 20% reserve margin or excess capacity for 
volumes to be handled at a port. In considering the capacity of a port, the marginal cost curve 
becomes very steep at 80% of nominal or design capacity and actually reaching 100% of 
nominal or design capacity may be prohibitively expensive. In addition, if the potential markets 
for a new facility or project are being estimated, the results are projected out 15 years, since that 
is the typical length of time for the permitting and construction processes. The costs associated 
with dredging also have to be forecast for the 15-year time frame. 

• Kemmsies described the lack of investment in the inland waterway system, which is 
resulting in less reliable travel times on the Mississippi River and other rivers. He noted the 
important role major rivers have played historically in other countries, including Germany, 
France, and China. He noted that the lack of investment in river transportation is resulting in 
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shifts in the American economy, which may result in over or under estimation of the impacts of 
transportation infrastructure investments. 

• Kemmsies discussed the clients and customers for port economic and market area 
data, which include terminal operators, lenders, port authorities, and federal, state, and local 
governments. Port authorities are interested in debt carrying capacities, pay-back periods, ramp-
up periods, and recovery value, in case they cannot pay for the project. Private equity investors 
are interested in valuation multiples and upgrading a facility. Long-term investors, such as 
insurance companies and pension funds, are interested in cash flow and the potential impacts of 
inflation on contracts. Considerations for public agencies include lease payments, economic 
impacts, BCAs, debt service, and credit quality. He noted that public agencies have good data on 
commodity flows, but origin–destination data, and more importantly, flow path data, are 
frequently lacking. Information can also be obtained from shippers and carriers. In conclusion, 
he suggested that answering overarching policy questions, such as what infrastructure 
improvements are needed to enhance American exports, can be difficult with existing data. 
 
 
TRANSIT 
Art Guzzetti, American Public Transportation Association 
 
Art Guzzetti summarized the products and services offered by the American Public 
Transportation Association (APTA). He described the transit data and statistics, reports, and 
information available from APTA. Guzzetti discussed the following topics in his presentation: 
 

• APTA was established in 1882 at the time of the horse-drawn streetcars. The electric 
trolley system followed, which Guzzetti noted was responsible for the first wave of metropolitan 
growth. He noted that APTA is a full-service organization. It set standards for the transit 
industry, sponsors research, conducts conferences and workshops, provides training, and shares 
information and best practices. APTA also advocates for public transportation. Guzzetti 
suggested that APTA’s role in developing and maintaining data and statistics on transit 
operations, ridership, fare collection, vehicles, infrastructure, wages, and finance is relevant to 
this workshop. APTA publishes a report annually with much of this data, and more is available 
online. He also noted that APTA conducts numerous surveys of its members and other transit 
groups, including a recent survey on the possible impacts of a slowdown in federal funding. 

• Guzzetti noted that APTA also obtains information from onboard ridership surveys 
conducted by transit systems throughout the country. The results of these surveys are compiled 
and summarized in a report on public transit passenger characteristics that is published every five 
years. He suggested that many of the recent trends, including demographics, socioeconomic, 
energy, and air quality favor public transportation. He reported that ridership continues to 
increase on systems throughout the country. APTA also tracks transit projects in the planning, 
designing, and construction stages. He noted that the project pipeline is robust with the first 
segment of the Metro extension to Dulles Airport opening this weekend and the light rail transit 
(LRT) line between Minneapolis and St. Paul opening a week ago. 

• Guzzetti highlighted other APTA products and services, including an online 
calculator that estimates savings in energy and emissions from riding transit, rather than driving 
alone in a personal vehicle. He described recent APTA reports related to the workshop topic, 
including one on jobs created and supported by public transportation. He noted that while 
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employment related to construction of new transit systems is important to local economies, 
transit does more than that—it underpins the economy, providing access and mobility, and 
making communities livable and competitive. He suggested that by providing sustained 
economic benefits, transit is the “gift that keeps on giving.” 

• Other recent APTA reports described by Guzzetti focus on the impact of 
agglomeration, the travel preferences of the Millennium generation, transit’s impact on 
conventions, recent market trends, transit, and real estate. He also noted that transit was 
mentioned in the 2013 State of the Union address. In closing, he reported that a recent 
Congressional hearing highlighted the positive impacts to the local economy from the Hudson–
Bergen LRT line in Hudson, New Jersey; the Euclid Avenue Bus Rapid Transit (BRT) line in 
Cleveland, Ohio; multimodal options in Reno, Nevada; and rural applications. 
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Current and Emerging Practices 
 
 

VALUING TRANSPORTATION IN THE BUREAU OF  
ECONOMIC ANALYSIS’ ECONOMIC ACCOUNTS 
Brian Moyer, United States Bureau of Economic Analysis, presiding 
 
Brian Moyer discussed transportation data in the various BEA accounts. He provided an 
overview of the BEA and its role in the federal statistical system and described the different BEA 
accounts. Moyer covered the following topics in his presentation: 
 

• Moyer noted that similar to BTS, BEA compiles, rather than collects, data. BEA 
gathers data from the Census Bureau, the Bureau of Labor Statistics (BLS), the EIA, and other 
sources. The data from these sources are compiled into BEA’s accounting frameworks. 
Examples of these accounts include the National Income and Product Accounts and Input–
Output (I-O) Accounts. The BEA harmonizes different data from the various sources into the 
accounting frameworks. The results include macroeconomic measures, such as the GDP, and 
measures to gauge the performance of individual industries.  

• Moyer suggested that there is a lot of data available from different sources that are 
not currently being used to analyze the performance and the value of the transportation system. 
The BEA’s I-O Accounts provide an example of harmonized data that are not being fully 
exploited to inform transportation decision making. He noted that the BTS has begun to examine 
the BEA accounts, but he suggested that more can be done to fully use BEA data.  

• Moyer noted that BEA produces two types of statistics: stock estimates and flow 
estimates. The stock estimates include the National Fixed Asset Accounts, which measure wealth 
stocks at a point in time. He suggested these accounts match well with the transportation 
infrastructure. The flow statistics measure amounts over a period of time. The National Accounts 
include the GDP, fixed investment, and depreciation. It also includes Industry Accounts focusing 
on gross output, purchases of intermediate inputs (energy, materials, and services), and value 
added by industry. Regional Accounts include the GDP by state and by metropolitan area 

• Moyer described the two methods used to measure net stocks of fixed assets. The first 
is the physical inventory method, which is a direct count of the physical units of each type of 
asset valued using independently estimated prices. He noted that this method is not used 
frequently because BEA does not observe many assets first hand. One example is motor vehicle 
stocks, where the BEA purchases motor vehicle registration data. The perpetual inventory 
method is the second approach BEA uses to measure stocks. This method uses past investment 
flows to indirectly estimate the value of stock. This approach takes the beginning of the year 
stocks, adds fixed investment and subtracts depreciation during the year, and obtains an end-of-
year stock. Due to data constraints, the majority of BEA’s fixed assets stocks are estimated using 
the perpetual inventory method. 

• Moyer explained the components of the perpetual inventory method of measuring net 
stocks of fixed assets in more detail. He noted that the investment estimates underlying net stock 
estimates are conceptually and statistically consistent with those in the national GDP statistics. It 
is also consistent with North American Industry Classification System (NAICS) classifications. 
Both investments and net purchases of used assets are included. The depreciation used in the 
perpetual inventory method assumes that most assets have depreciation patterns that decline 
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geometrically over time. The geometric depreciation rates are derived by dividing the 
appropriate declining-balance rate for each asset by the asset’s assumed service life. He noted 
that although separate services lives should be used for each industry and varies over time to 
account for changes in business conditions and technology, data limitations present estimation 
challenges in this area. 

• Moyer presented sample service lives for transportation assets. Highways and 
roadways are listed with service lives of 45 years. He suggested that additional research would 
be beneficial to examine the service lives of other types of transportation assets. 

• According to Moyer, net stocks and the depreciation of fixed assets are valued using 
three different types of measures—historical, current, and real costs. Current cost is the value of 
stock in prices paid for assets at the end of a year. Real cost is the value of stock expressed in 
chained (2009) dollars, excluding the effect of price change. Historical cost is analogous to book 
value estimates, with assets valued at prices that were prevailing at time of the purchase. 

• The Census Bureau is the major source of data used in the Fixed Asset Accounts. 
Examples of Census Bureau data on investment used in the Fixed Asset Accounts include the 
Economic Census (EC), construction spending, new home sales, and the annual capital 
expenditures survey (ACES). Other data from the Census Bureau are the annual survey of 
manufacturers (ASM), imports and exports, government finances, and the monthly survey of 
manufacturers’ shipments, inventories, and orders (M3). The Producer Price Index (PPI) from 
the BLS is the main source for the price measures. Other sources, such as the Turner 
Construction Index and FHWA data are also used. The annual depreciation rates for each asset 
type are based on numerous studies of the used asset markets. 

• Moyer described examples of transportation infrastructure included in the BEA’s 
Fixed Asset Accounts. Federal government fixed assets include national defense equipment, such 
as aircraft, ships, and vehicles, and nondefense structures, such as transportation, along with 
highways and streets. State and local government fixed assets include structures such as 
transportation and highways and streets. He noted that the state and local government highway 
and street assets represent the largest share of government fixed assets. Private fixed assets 
include nonresidential equipment, such as transportation, trucks, buses, and truck trailers; 
automobiles; aircraft; ships and boats; and railroad equipment. Private fixed asset nonresidential 
structures include transportation, air and other transportation, and land, which consist primarily 
of railroad property. 

• Moyer described the source data used to prepare the highways and streets fixed asset 
estimates. As noted previously, highways and streets are mainly owned by state and local 
governments. Investment data from the Census Bureau monthly construction surveys and new 
construction and major improvements are used in the fixed asset estimates. The PPI for other 
nonresidential construction from the BLS is the major source of price data. Other sources include 
the FHWA’s composite index for highway construction and the Turner Construction Cost 
Building Index. He noted that a depreciation of approximately 2% per year is used, based on 
BEA studies from 1999. For government fixed assets such as highways, depreciation measures 
are included in GDP. He provided examples of the increases in fixed investments, depreciation, 
and net stocks for highways and streets from 1925 to 2005. 

• Moyer described some of the challenges for the Fixed Asset Accounts. He suggested 
that the depreciation patterns based on annual rates and service lives are difficult to estimate. The 
studies are old in many cases and surveys of businesses and government to determine 
depreciation patterns are not conducted in the United States. Further, spending for major 
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improvements can be difficult to estimate. He noted that recent improvements included in the 
2013 comprehensive revision are new estimates of net stocks of intellectual property products 
(R&D). He indicated that continuing to explore the impact of all types of infrastructure 
investment on the economy and productivity through collaborative partnerships represents 
another important future activity. A project with the Federal Reserve Bank of Chicago is 
exploring this topic. 

• Moyer provided additional explanations of the transportation elements in the BEA’s 
National Accounts. Transportation elements are found in personal consumption expenditures, the 
private fixed investments, and the government fixed investments. Personal consumption 
expenditures include goods such as motor vehicles and parts, recreational vehicles, and services 
for motor vehicles and public transportation. Private fixed investments include transportation-
related structures, which are primarily associated with railroads and railroad equipment, and 
automobiles, trucks, buses, aircraft, and ships and boats. Government fixed investments include 
transportation-related structures, which are primarily highways and streets, and defense 
equipment, such as aircraft, ships, and vehicles. 

• Moyer discussed the BEA’s industry accounts. He noted that the BEA’s I-O accounts 
provide comprehensive and consistent information on the production of goods and services by 
industries and the flow of goods and services to industries as inputs—energy, materials, and 
services—to the production of GDP and to the final users in the economy as consumption 
expenditures, business investment, net exports, and government spending. There are two types of I-O 
accounts; Benchmark I-O Accounts and Annual I-O Accounts. Benchmark I-O accounts are 
prepared at approximately 5-year intervals, based largely on the Census Bureau’s Economic Census. 
The Benchmark I-O Accounts include approximately about 400 industries. The Benchmark I-O 
Accounts establishes a new level and commodity composition for the GDP for BEA’s national 
income and product accounts (NIPAs). The Annual I-O Accounts are based primarily on Census 
Bureau annual survey data for 69 industries and are fully integrated with the NIPAs. 

• Moyer described the three ways to calculate the GDP. The Expenditure Approach 
focused on the purchases of final consumers in the economy. The Income Approach focuses on 
the income earned in the production of those goods and services, including compensation, taxes 
on production and imports (TOPI) less subsidies, and gross operating surplus. The Production or 
“Value Added” Approach considers industry-by-industry production, and what is purchased to 
produce that output. The difference between what an industry produces and what it purchases to 
produce that output, is referenced as “value added.” The GDP is the sum of the value added 
across all industries in the economy. 

• Moyer noted that the three methods rely on different source data, and do not always 
produce the same results. The BEA uses all three methods and enters the results into its I-O 
Accounts, which is one of the harmonizing frameworks mentioned previously. Consistency is 
imposed across all three methods because the I-O tables must balance. He suggested that the I-O 
framework has not been fully exploited for use in valuing transportation and could provide a 
better understanding of the dynamics of the transportation industry. 

• Schmitt described the Transportation Satellite Account, which is prepared by BTS to 
measure the total contribution of transportation services to the national economy. He noted that 
the BEA’s I-O Accounts measure the contribution of for-hire transportation to the economy, and 
that the Transportation Satellite Account adds the contribution of in-house transportation such as 
the truck fleets owned and operated by grocery stores. He described the five basic tables in the 
Transportation Satellite Account: the Main Table, the Use Table, the Direct Requirements Table, 
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the Commodity-By-Commodity Requirements Table, and the Total Requirements Table. Each 
table has a slightly different use. The Main Table focuses on the value of commodities produced 
by each industry. The Use Table focuses on the value added by each industry. The Direct 
Requirements Table includes the value of commodities as a per dollar value of industry output. It 
includes the value of inputs for each commodity required to deliver one dollar of a given 
commodity to final users, which can be considered a multiplier effecting the change the 
transportation system has on other industries. Schmitt noted there are numerous nuances with the 
tables, but he suggested that the tables can be used to obtain a robust estimate of the value of 
transportation infrastructure. 

• Schmitt noted differences in terminology between BEA and the transportation 
community. The BEA uses public transportation to refer to “for-hire” transportation, not mass 
transit. The BEA refers to commodities as all industry outputs including goods and services, 
while the transportation community refers to commodities as physical goods that are moved. He 
suggested that the use of the new North American Product Classification System may compound 
definitional problems, and he noted that work is under way to reconcile the new system with the 
Standard Classification of Transported Goods (SCTG) used in the FAF. 

• Schmitt described a measure of the household production of transportation services, 
which is beyond the normal framework used to estimate GDP. This measure attempts to place a 
value on all the personal transportation occurring as part of household activities. He noted that 
this measure is very dependent on the value of time assumption. He further suggested that 
assumptions related to the value of time need further examination. 

• Moyer discussed the GDP by industry statistics developed from the I-O matrix. The 
statistics provide information on the contribution of each industry to the GDP. They include a 
time series of inflation-adjusted “real” measures of gross output, intermediate inputs, and value 
added by industry. Statistics on a 69-industry group detail are produced on an annual basis. 
Statistics on a 22-industry group detail are available quarterly. The statistics are used to analyze 
the relative performance of industries and their supply chains, economic turning points and 
business-cycle dynamics, and structural changes in production, capacity, and productivity across 
industries. 

• Moyer noted that there has been long-standing interest in statistics on the sources of 
growth. The Integrated BEA-BLS Productivity Account attempts to address this need. The 
project integrates BEA data on gross output, intermediate inputs, and value added with BLS data 
on labor and capital input by industry. It includes estimates of multifactor productivity calculated 
within a framework that is consistent with GDP. It also allows for an analysis on the sources of 
growth by industry, such as identifying the performance of the transportation sector. He noted 
that production stocks, not wealth stocks, are needed for this analysis. In conducting the 
harmonization with BLS, the BLS hyperbolic age efficiency profiles are considered when 
converting wealth stocks to production stocks. 

• Moyer described the statistics available on GDP by state and the metropolitan area. 
These income-based measures of GDP are developed by adding employee compensation, TOPI 
less subsidies, and gross operating surplus for each state and for 64 industries within each state 
on an annual basis. A prototype quarterly report of GDP statistics by state at the 21-industry 
group level will be available later in 2014. 

• Moyer described RIMS II, BEA’s regional I-O multiplier program. He noted it 
provides multipliers for conducting regional impact studies, such as those examining jobs created 
by new highway construction, earnings lost from closing a warehouse, and sales generated by a 
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new manufacturing facility. RIMS II is based on National I-O Accounts adjusted by regional 
data. Moyer noted that as part of the sequestration in 2013, BEA announced that RIMS II was 
going to be discontinued. Due to concern from users, a modified model of RIMS II, targeted for 
release in 2015, will be available and updated with I-O data for benchmark years only. 
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Practices and Problems 
Current Valuation Methods 

 
 
STATE DEPARTMENTS OF TRANSPORTATION PERSPECTIVE  
ON VALUING TRANSPORTATION INFRASTRUCTURE  
Michael Bridges, Louisiana Department of Transportation and Development 
 
In the session looking at practices and problems, with Brian Moyer, U.S. Bureau of Economic 
Analysis, presiding, Michael Bridges provided a perspective from a state department of 
transportation on valuing transportation infrastructure. He described the approaches being used 
by states to respond to the requirements of MAP-21 related to asset management plans and asset 
valuation. Bridges covered the following topics in his presentation: 
 

• Bridges described the requirements in MAP-21 related to risk-based asset 
management plans. These plans are further required to contain a financial element that includes 
an asset value component. He noted that states, including Louisiana, were interested in 
conducting more than just an accounting exercise in meeting these requirements. To meet the 
previous Governmental Accounting Standards Board (GASB) requirements, the Louisiana 
Department of Transportation and Development (LADOTD) took its capital infrastructure stock, 
added annual expenditures, and depreciated the total value. This process was conducted at the 
aggregate level, not the asset level. 

• Bridges noted that in 2010, the LADOTD upgraded from an old mainframe computer 
system to a SAP platform. As part of this improvement, the department was directed by the State 
Comptroller’s Office to use a straight-line method of depreciation for GASB 34. At the same 
time, LADOTD was interested in moving to an asset-level approach for the overall analysis. The 
department was also working to comply with GASB 42, which requires accounting for the 
impairment of assets. This need became important to account for the damage caused by 
Hurricanes Katrina and Rita. 

• A team was created to value the department’s infrastructure as part of a process of 
converting to the SAP platform. The team developed a typical cost-per mile for constructing 
Interstate freeways, secondary roads, and bridges. These costs were applied to the asset inventory 
to determine the value and replacement cost of LADOTD’s transportation infrastructure. The 
costs were deflated back to the year the infrastructure was last renewed. These figures were then 
depreciated for 40 years. Bridges noted that while the results meet the GASB requirements, they 
are not really useful for other applications. Based on MAP-21, the department is focusing on 
using data to better drive decisions on the best investments for scarce resources. 

• Bridges reported that the LADOTD is one of three state departments of transportation 
participating in the FHWA asset management plan pilot project. He described the process and 
approach LADOTD is using, noting that the final federal rulemaking in the asset management 
plan requirements is still pending. He noted that the approach used to value assets under GASB, 
which focused on depreciating all assets, was not appropriate for the asset management plan. The 
approach used takes advantage of the existing LADOTD Bridge Management System and the 
Pavement Management System. The data from these two management systems were used to 
develop deterioration models, which were used to identify current condition levels. This 
information was used to forecast the condition of facilities in 10 years based on current 



20 TR Circular E-C192: Workshop on Data and Statistics for Valuing Transportation Infrastructure 
 
 

 

maintenance funding levels. This baseline was compared against LADOTD bridge and pavement 
performance measures. The funding needed to meet these performance measures has been 
termed the sustainability index. This measure will be used to address the MAP-21 asset valuation 
requirement. He noted that other state departments of transportation are considering similar 
approaches. 

• Bridges suggested there are often misperceptions on the part of the public related to 
funding transportation infrastructure and operations. He further suggested it was important to 
describe the value of the transportation infrastructure in easily understandable ways for policy 
makers and the public. Practitioners with the state and local transportation agencies would 
benefit from better tools and methods to value transportation assets and to explain the benefits of 
the transportation system on the economy to policy makers and the public. 
 
 
VALUATION METHODS 
Barbara Fraumeni, Central University for Finance and Economics 
 
Barbara Fraumeni discussed value identification, nonmarket issues, and the global value chain 
(GVC). Fraumeni covered the following topics in her presentation: 
 

• Fraumeni defined value as a measure of the difference the United States 
transportation infrastructure makes to businesses, consumers, government, and the country. She 
noted that GDP does not include or explicitly identify much of the value of the transportation 
infrastructure. 

• In discussing value identification, Fraumeni noted that easy access to the Interstate 
highway network reduces the time it takes to get goods to market. This value is represented in 
the National Accounts on the income side as larger profits and lower compensation for labor. 
The time savings, which would be reflected in fewer hourly wages paid to drivers, would 
typically lead to higher sales with a lower price potential, and therefore, higher profit margins. 
She noted that the National Accounts do not isolate or identify the reasons for lower costs. 

• In describing nonmarket issues, Fraumeni suggested that unless people enjoy sitting 
in traffic, spending less time on the road traveling to the grocery store or other destinations 
should make them happier. As a nonhighway example, she noted that the lack of airline delays 
makes people traveling on vacations happier. She suggested that the availability of more detailed 
data on a broader range of transportation assets could be combined with the Transportation 
Satellite Accounts statistics to estimate transportation infrastructure value. The more detailed 
highway data she has developed provides an example of the type of data needed for use with this 
approach. 

• Fraumeni noted that for American businesses to be competitive in the global 
economy, they must be able to connect to the GVC to produce and sell goods. She provided an 
example of a business based in Ottawa, Canada, which the owner moved to the United States 
because, at the time, there were no direct flights by Ottawa from most major cities in America. 
Traveling to Ottawa required flying though the airline hubs. Thus, transportation made a 
difference in locating this business.  

• Fraumeni suggested that to some extent, the country is in the same position as it was 
15 to 20 years ago when the economy was being transformed from one mainly dependent on 
manufacturing to one mainly dependent on services. The surveys conducted for many years 
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focused on manufacturing, with few surveys addressing the service industry. She noted that 
while the CFS is important, it does not inform the discussion of how the transportation 
infrastructure connects businesses to the GVC. The CFS covers the movement of freight 
throughout the country. Data gaps exist in tracking freight movements into and out of the 
country. She suggested that tracking these shipments is important. Following the approach used 
to measure services provides one option that could be considered. 

• Fraumeni noted that a group of economists associated with Marcel Timmer of 
Groningen University in the Netherlands have made progress in tracing the GVC through 
complicated I-O–type matrices. An analysis of 560 manufacturing products was conducted 
featuring 14 product groups by 40 countries of completion. She suggested documenting the 
cross-border freight movements to better understand the value of the transportation infrastructure 
to businesses and consumers in a global economy and to understand how value might be 
increased. Based on the experience with developing a similar approach for services, she 
suggested that this is not a short-run project. 

• Fraumeni suggested that once the movement of freight across international borders is 
known, the need for improvements—including infrastructure improvements—can be considered. 
She further suggested that the value of the transportation infrastructure can increase if informed 
decisions are made about how to spend limited budgets. Drawing a comparison to the difference 
the Interstate highway system made in the country, she noted is a very important policy question. 
 
 
VALUING AVIATION SECTOR ASSETS 
David Ballard, GRA, Inc. 
 
David Ballard discussed valuing aviation sector assets and assessing the impacts of the aviation 
system on the local and national economies. He described different methods for estimating value 
and highlighted advantages and limitations. Ballard covered the following topics in his 
presentation: 
 

• Ballard noted that a unique aspect of the aviation sector is the wealth of data and 
statistics reported and recorded at the airport level, the system level, and at the national, regional, 
and local levels. The air traffic control enhanced traffic management system (ETMS) provides an 
example of using data to assess how aviation supports the economy. The ETMS is a recording of 
the day-to-day radar hits of all commercial air traffic. The FAA and GRA have pieced together 
every flight to create a picture, called the business model, of flight activity in the country every 
fiscal year. That data can be matched with the FAA budget and other financial information to 
identify the costs of delivering service at various locations. Tax and fee receipts can also be 
attributed. He noted that the business model, which has taken almost nine years to develop, is 
now fairly robust. It is hoped the database can be used in the future to better understand the 
incidents and the history of costs in the system. 

• Ballard suggested that the aviation revenue collection system using through passenger 
taxes and other forms of taxes are at odds with the way costs are incurred in the system. The 
business model may provide a better understanding of how revenue or fee collections could be 
coordinated with the actual cost incidents. The results would provide a better understanding of 
the aviation sector and the economy. It can also be used to communicate the role aviation plays 
in communities in providing travel options to residents, supporting existing business, and 
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promoting companies to locate in the area. He noted that data from the BEA are used in 
developing the business models. Direct and indirect impacts, such as the costs incurred at the 
airport level for providing the service, spending levels by passengers and other airport users, and 
tourism and convention activity are considered in the model. The result represents the effect of 
the airport facility on the community. 

• Ballard stressed that the direct impacts are the costs of providing the air service. The 
indirect and induced impacts are not a benefit, but are a consequence of the service being in 
place. The overall economic impact is the costs and the consequences added together. He 
suggested that this figure is not a good measure of the value of an airport system to a community 
or the aviation system to the American economy, however. He further noted these calculations 
usually focus on economic activity and not GDP contributions. While an imperfect method, it is 
commonly used in transportation and other sectors of the economy. He provided a cautionary 
note that these other sections of the economy, which transportation may compete with for 
funding, may not take as refined an approach in estimating their economic value. 

• Ballard noted that the economic impact of transportation and other infrastructure may 
change over time. While most people consider a growing economic impact as positive, he 
suggested that it is not always the case. He cited the example of facilities becoming less efficient, 
but still reflects a growing impact. 

• Ballard described the use of a BCA in the aviation sector, which are required for 
projects funded in part through federal programs. A BCA is also required for regulatory changes 
above certain levels to ensure the benefits outweigh the costs associated with the change. He 
noted that economic impact analyses present a slice in time picture of the role a facility plays in a 
regional economy. In contrast, a BCA is a forward looking statement. It identifies the impacts for 
the users of a facility or the national system if certain improvements are made in the future.  

• Ballard discussed that numerous assumptions are incorporated into a BCA, including 
future travel and economic activity. He also noted that there is a mismatch in the timing of costs 
and benefits. Costs come early to pay for a project, while benefits flow after the improvement is 
in place. The discounting procedure, which is governed by federal regulations, has an impact on 
the BCA. A change in the discount rate will change a BCA. He noted that while costs are fairly 
straight forward, benefits are harder to estimate as they are based on how users will change their 
behavior. The value of reduction in delay is estimated based on passengers’ value-of-time, 
operating costs for users, and other factors. He noted that numerous factors may influence these 
estimates. A new runway at an airport could result in reduced delay. Assumptions related to the 
shape of the demand curve, growth in the economy, and changes in air carrier activity all need to 
be made. The results can be framed by error bands. He suggested that if air travelers 20 years 
from now feel the same about the system as they do now due to NextGen, that would be a 
benefit, as there will be approximately 50,000 more air travelers. He suggested that one of the 
challenges of valuing transportation infrastructure is that improvements may make things better 
for more people, but an individual’s experience may be about the same. This result may not feel 
very satisfactory to an individual. He also suggested it is important not to oversell the benefits of 
possible improvements. He noted it would be interesting to consider transportation’s impact on 
productivity in other sectors of the economy. 
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CONTINGENT VALUATION, HEDONICS, AND SPATIAL MULTIPLIER EFFECTS 
Jeffrey P. Cohen, University of Hartford 
 
A second session highlighting practices and problems, with Mary Lynn Tischer, FHWA, 
presiding, focuses on accounting for nonmarket resources. Speaker Jeffrey Cohen discussed 
methods to value nonmarket resources and the potential limitations with these techniques. He 
described the concepts of externalities and spillovers, using airport noise and housing prices as 
an example. Cohen covered the following topics in his presentation: 
 

• Cohen indicated that externalities and spillovers occur when markets do not work 
well on their own. An externality occurs when someone imposes some damage on another party 
without facing the true costs of imposing the damage. He noted that both air pollution and noise 
pollution are examples of externalities. A spillover occurs when someone benefits from another 
party’s activity, without paying for the true value of the benefits. He cited an example of a 
spillover as a resident of Washington, D.C., using the roads in Maryland to drive on when the 
individual does not pay taxes in Maryland. Cohen indicated that consequences of an externality 
may be overinvestment, overspending, or overproduction depending on the context, while the 
consequence of spillovers may be underinvestment. 

• Cohen noted that a key question is how to place a dollar value on externalities and 
spillovers. Two common approaches are the Contingent Valuation approach and the Hedonic 
Pricing approach. The Contingent Valuation approach focuses on asking individuals how much 
they would be willing to pay to remove an externality, such as airport noise. The Hedonic Pricing 
approach uses econometric and statistical methods. 

• Cohen described the development of a survey asking people how they value the 
environment as an example of the Contingent Valuation approach. Local residents in an area 
with heavy pollution from transportation congestion might be asked how much they would be 
willing to pay for clean air. The responses can be averaged across the total population in the area 
to provide an indication of the value of the pollution. He suggested that advantages of the 
Contingent Valuation approach are its simplicity and reliance on individuals’ stated valuations. 
One drawback is that the answers may vary dramatically depending on how the questions are 
framed. He provided the following examples of questions which might provide different 
answers. The first question was, “Suppose there was no aircraft noise in Alexandria, Virginia. 
How much would you have to be paid for you to be willing to accept the level of noise that is 
actually there now?” The second question was, “How much would you be willing to pay to 
eliminate aircraft noise in Alexandria, Virginia?” He suggested that the responses to the second 
question—which involves an individual actually paying—are typically lower than the first 
question—where the individual is being paid to accept the noise. Thus, the value of a nonmarket 
resource can vary depending on how the questions are formed. 

• Cohen described Hedonic Pricing, which provides a market-based approach to 
valuing nonmarket benefits and costs, using housing as an example. The prices paid in the 
market for housing are used to determine the value of the nonmarket cost or benefit. The housing 
sale price is influenced by the house characteristics, such as the number of bedrooms and 
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bathrooms. The sale price is also influenced by neighborhood characteristics, such as level of 
airport noise, the distance to an airport, and the distance to a major highway. A statistical 
estimation equation is used to determine the change in the sale price due to a change in an 
environmental factor such as noise, holding all other factors constant that affect sale price. 

• Cohen described some of the advantages and the drawbacks with using Hedonic 
Pricing. One advantage is the ability to obtain a reliable estimate as it is based on transactions 
that reflect environmental factors. A second advantage is that it is based on statistical techniques 
with a long history in social sciences research, with software available to perform the 
calculations. One drawback is that some statistical assumptions may not always hold, such as 
error terms following a normal distribution. He noted that if this situation occurs, more 
sophisticated and complex statistical techniques may be needed. 

• Cohen discussed research he conducted examining the impacts of airport noise on 
housing prices. The study examined noise contours at Atlanta’s Hartsfield International Airport 
in 2003. The location of houses around the airport sold in 2005 and the noise contours were 
mapped. Information on the characteristics of each house was also obtained and analyzed. Each 
of the houses sold had a noise level associated with it. 

• A regression analysis was conducted to assess the impact of airport noise on housing 
prices. The analysis indicated that the typical home buyer was willing to pay $18,800 to move 
from a 70 decibels (db) to a 65 db zone, holding all else constant, including distance. The 
analysis also indicated that proximity to the airport increased house values, holding noise 
constant. Further, moving 10% closer to the airport raised house prices by 1.5% on average, 
holding all else constant, including noise. 

• Cohen suggested that with hedonics, it may be possible to place a dollar value on an 
airport expansion project that increases the noise levels for some houses, and/or reduces noise 
levels for other houses by diverting air traffic. He noted that a similar approach could be used for 
other types of environmental variables, such as air pollution, and other transportation modes. He 
indicated there may be some limitations with highway projects, however. For example, it would 
be possible to analyze the impact of noise, while holding distance constant and the impact of 
being closer to the highway, while holding noise constant, but the two cannot be added together. 

• Cohen discussed spatial multiplier effects and how the concept could be applied to 
the housing and airport noise example. Applying the concept would mean that more noise at a 
house results in a higher price for that house, which means higher prices of other houses in the 
area, which means a higher average price, which circles back to a higher price for the initial 
house. 

• Cohen described applying the spatial multiplier effects to the Atlanta airport example. 
He noted that instead of $18,800 willingness to pay for less noise, willingness-to-pay becomes 
approximately $33,000 with the spatial multiplier effect, which was found to be 0.54. This 
analysis indicated that spatial effects can be important to consider when valuing the 
environmental impacts of infrastructure improvements. 

• Cohen discussed the estimation of spillover benefits. He noted that output is a 
function of capital, labor, energy, materials, and infrastructure. With spillovers, people often add 
a variable focused on the weighted average of other regions’ infrastructure. As stated by earlier 
speakers, the BEA does not produce state-level stocks for infrastructure. Some academic studies 
have estimated state-level infrastructure stocks using government finance and Census Bureau 
data to determine the impacts of spillover benefits. He suggested that these approaches may not 
be as rigorous as a statistical agency would produce, however. He also noted that a spatial 
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multiplier effect might be possible if states are interdependent in output production. An example 
of interdependence in production may occur when one component of a product is produced in 
one state and another component is produced in a neighboring state. An increase in output may 
occur in both states, but there may be an impact of a spatial multiplier. 

• Cohen cited the following two references for the information covered in his 
presentation:  

– Cohen, J. P. The Broader Effects of Transportation Infrastructure: Spatial 
Econometrics and Productivity Approaches. Transportation Research Part E: 
Logistics and Transportation Review, Vol. 46, No. 3, 2010, pp. 317–326 and 
– Cohen, J. P., and C. C. Coughlin. Spatial Hedonic Models of Airport Noise, 
Proximity, and Housing Prices. Journal of Regional Science, Vol. 48, No. 5, 2008, 
pp. 859–878. 

 
 
ACCOUNTING FOR NONMARKET RESOURCES 
Daniel Brod, Decisiontek 
 
Daniel Brod discussed approaches used for accounting nonmarket resources in valuing 
transportation infrastructure. He described the use of a BCA, valuing labor under conditions of 
employment, and using shadow prices. Brod covered the following topics in his presentation: 
 

• Brod described some of the BCA and policy models available to support 
infrastructure management and decision making at the federal, state, and local levels. He assisted 
in the development of some of these applications. BCA.Net is an FHWA model that evaluates 
highway projects. It begins with the effects of the speed-flow relationships described in the 
Highway Capacity Manual and tracks these through the facility lifecycle, along with investments 
and maintenance. It calculates user costs and induced demand effects resulting from alternative 
build and maintenance strategies. The GradeDec.Net model, developed for the Federal Railroad 
Administration (FRA), examines the BCA of grade crossing improvements, closures, and grade 
separations. A third model Brod mentioned was the TRB Shared-Use web-based tool, which is a 
simulation web-based model that evaluates the feasibility of introducing new rail passenger 
service with infrastructure improvements on existing freight rail corridors. 

• Brod noted that as a benefit–cost practitioner, policy analyst, and tool developer, he is 
a consumer of the existing data products and has an interest in the work of the task force. His 
interest is that new data products adhere to best practice methods for economic valuation, 
supports infrastructure management decisions for MAP-21 and beyond, and advances the state of 
knowledge and practice. 

• Brod discussed transportation system valuation and the emphasis in MAP-21 on 
performance measurement and asset management. He noted that the 1999 GASB Statement 34 
directed public agencies responsible for infrastructure investment spending to maintain accounts 
of investments and depreciated capital stocks, and establish transparent reporting of the liabilities 
for their maintenance. Brod noted that as the asset management methodology has evolved, it 
incorporated financial planning requirements that extended GASB 34.  

• Brod discussed BCA and its relationship to asset management and shadow prices. He 
suggested that best practice indicates the use of shadow prices in BCA. He defined a shadow 
price as the price that an analyst assigns to a product or a factor based on the argument that it is 
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more appropriate for calculating economics than the existing price, if any. He noted that while 
evaluating a project, an analyst may add or subtract from the cost of an item, making an 
allowance for some diseconomy. He noted that in BCA, costs are not generally equal to the costs 
of materials and production factors used in infrastructure construction as opposed to how 
companies would value the costs based on market prices. The relevant values are opportunity 
costs—a term that indicates the value is foregone when materials or factors are transferred from 
other uses or employments. He suggested that an analyst will usually choose the highest 
alternative value if there are several alternatives. 

• Brod discussed valuing labor, noting that with full employment, the prevailing wage 
rate is generally used to value labor. He talked about valuing labor when projects draw from 
unemployed labor and suggested that an analyst might price unemployed labor at its marginal 
rate, or at the minimum wage that would entice the laborer work instead of remaining 
unemployed (the larger of the two). With unemployment, he suggested it is proper to add the 
multiplier effects from unemployed labor as a benefit. For example, he commented that the 
Denver region was the first area to emerge from the 1990–1991 recession due in large part to the 
construction of the Denver International Airport. He suggested that a BCA on the Denver Airport 
would have correctly included those multiplier benefits. 

• Brod noted that another example where the analyst may modify project costs occurs 
when material costs reflect the exercise of market power, and the analyst may find a reason to set 
the opportunity cost lower than the prevailing market price. He suggested that project costs for 
the purpose of BCA project evaluation will differ from the asset cost according to GASB 34 or 
an asset management framework. Further, because project costs with shadow price adjustments 
use willingness-to-pay (WTP) measures, they will also differ from capital stock measures in 
national account statistics. 

• Brod suggested that for transportation projects, two of the principal benefit categories 
are safety and time savings. The safety benefit is derived from the value of a statistical life 
(VSL), and the benefit of reduced delay or added capacity is derived from the value of time 
(VOT), as applied for different trip purposes. He suggested that for the most part, there is a 
general understanding of what is meant by the VOT, but less so for the VSL. VSL is a measure 
of what people are willing to pay to reduce their exposure to risk. VSL is derived from studies of 
WIT in related markets (such as smoke detectors) and the premiums paid to workers for 
undertaking risky jobs. He noted that VSL and VOT are widely used as mandated policy values, 
and for which analysts, in many cases, do not seek project-specific or localized values. He 
indicated that the VSL used by U.S. DOT has grown steadily since its introduction in the 1990s 
(from about $3.5 million in 1995 to $9.2 million in 2012). 

• Brod reported that air quality benefits are typically measured by emissions reductions 
and that there are estimates of cost per ton for Clean Air Act criteria pollutants and carbon. 
Livability is often measured by proximity to transit stops as reflected in real estate prices, and 
hedonic price studies can reveal the livability value. He noted that care must be taken not to 
double count, as real estate values are stocks that reflect travel-time flows. For access, he 
suggested that in urban transportation planning “spatial mismatch” can be overcome with 
mobility afforded by transit projects—measurable by hedonic pricing or survey methods. 

• In closing, Brod noted that it seems that the purpose of the macroeconomic cost or 
production function approaches that use transportation as an input is to justify some level of 
aggregate spending and develop markup factors for project evaluation to capture benefits not 
usually counted (i.e., industry agglomeration, freight productivity benefits, etc.). He noted that 
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economic impact analysis is a noncomparative method. For example, in identifying the value of a 
port to a local economy, using economic impact analysis metrics have merit. He noted that this 
approach does not explain what would happen if the port did not exist, however. He noted that 
asset management, benefit–cost, and national accounts all value transportation assets differently. 
“Valuing the transportation system” implies claiming some share of the uses of the economy’s 
resources. One way to estimate transportation’s value would be to add to the national accounts 
the imputed value of transportation services produced and consumed, excluding those already 
counted in the “for hire” transportation section. 
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TRANSPORTATION ASSET VALUATION: USES FOR ASSET MANAGEMENT 
Gordon Proctor, Gordon Proctor and Associates  
 
Kathryn Zimmerman, Applied Pavement Technology, Inc., presided at a third session on 
practices and problems focusing on public–private valuations. Gordon Proctor discussed using 
asset management in valuing transportation infrastructure. He summarized the transportation 
asset valuation process in Australia, approaches for valuing assets, and elements of financial 
sustainability. Proctor covered the following topics in his presentation: 
 

• Proctor defined asset valuation as the process of assigning a monetary value to a 
physical asset based on its historic cost, age, condition, or depreciated value. He noted that this 
narrow definition does not consider the benefits generated by an asset. It focuses on asset 
management in the GASB context, which is also reflected in MAP-21. He suggested that the 
discussion at the workshop indicates the need for a definition and taxonomy of value. He also 
noted that from an engineering perspective, the condition of an asset will continue to be a key 
measure in the asset management and the valuation processes. 

• Proctor described a number of benefits from assigning a monetary value to assets. He 
suggested that the act of casting assets in monetary terms increases the emphasis on sustaining or 
improving them. He noted that the value of transportation assets is enormous. Transportation 
infrastructure is often the largest asset a state owns. He reported that another benefit of 
transportation asset valuation is that it recognizes the substantial public investment in the system. 
Finally, it treats the highway network like an investment portfolio requiring the system managers 
to also be good portfolio managers. 

• Proctor discussed transportation asset valuation in Australia. Many of the key 
concepts from Australia are reflected in MAP-21. He noted that one purpose of the Australian 
approach was to encourage decision makers to think about the long-term consequences of 
today’s decisions. He suggested that transportation agency budgets are not balanced if 
maintenance obligations are being pushed into the future. He noted that the MAP-21 
requirements for financial plans and asset evaluations are targeted at capturing accrued liability 
and deferred costs. 

• Proctor presented examples of definitions used in Australia for financial 
sustainability. The Queensland Local Government Act uses the following definition, “A local 
government is financially sustainable if the local government is able to maintain its financial 
capital and infrastructure capital over the long term.” The Barossa Transportation Asset 
Management Plan (TAMP) includes the following statement, “The importance of financial 
sustainability is to ensure that each generation ‘pays their way,’ rather than any generation 
‘living off their assets’ and leaving it to future generations to address the issue of repairing worn 
out infrastructure. Such issues are frequently referred to as ‘intergenerational equity.’” 

• Proctor suggested that the asset management process and the GASB 34 process are 
uncoordinated in many state departments of transportation. He also noted that the use of historic 
costs by states and depreciating them results in economic values that are divorced from book 
values. A 40-year old bridge in good condition may be on the books at zero value, even though it 
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will continue to provide service to residents, visitors, and businesses for decades to come. An 
asset valued at zero might appear to warrant little maintenance funding. He suggested that the 
GASB historic depreciation sends a wrong signal that older assets have no value, when in fact 
they do. 

• Proctor described approaches on valuing assets, including historic costs, replacement 
costs, and depreciated replacement costs or fair value. He suggested that historic costs are not 
very useful except for comparison purposes. Replacement costs are interesting for comparison 
purposes, but little else. He noted that the Australian International Infrastructure Management 
Manual Evaluation Chapter uses depreciated replacement costs. Depreciated replacement cost or 
‘fair value’ is the cost to create an equivalent asset, calculated by depreciating the replacement 
cost minus straight line depreciation from the construction year. He suggested that the benefits of 
managing the depreciated replacement cost are that it raises the value of the asset and provides 
incentives for good maintenance practices. 

• Proctor described examples of straight-line depreciation and depreciated replacement 
cost usage. Figure 1 presents an example of a bridge constructed in 1994 for $10 million. It has a 
50-year service life and is depreciated at 2% a year. At the end of 20 years the bridge is on the 
books for $6 million and at the end of 50 years it is on the books at zero value. In the example, 
the bridge has been well maintained and has a structural rating of six or seven, but it is being 
carried on the books at little or no value. Figure 2 presents the same situation using the 
depreciated replacement cost. As illustrated in the figure, the current (2014) replacement cost of 
the bridge is $14 million. The 2% annual depreciation is applied to the $14 million current 
replacement cost, resulting in a $10 million asset on the books in 2014. He suggested that the 
depreciated replacement cost places more focus on preserving assets. He noted that these types 
of measures and analyses may be of benefit in valuing transportation infrastructure. He suggested 
that developing a suite of sustainability performance measures would be useful for long-term 
decision making. 
 
 

 
FIGURE 1  Example of straight-line depreciation.  

(Source: Gordon Proctor and Associates.) 
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FIGURE 2  Example of depreciated replacement cost.  

(Source: Gordon Proctor and Associates.) 
 
 

• Proctor suggested that considering asset valuation in this light may seem limited; 
considering asset valuation as part of a package of measures provides the opportunity to use a 
series of performance metrics on the overall health of the transportation network. This approach 
can help ensure that needed investments are being made to maintain the system. He noted that 
the use of asset valuation in the Australian context is to focus decision makers on considering the 
financial impacts of investing in new facilities or investing in maintenance on existing projects. 

• Procter discussed the various elements of financial sustainability. He noted that 
GASB looks backward, while the Australian approach is forward looking. GASB is a lagging 
indicator, while the Australian method focuses on leading indicators. A first element is a longer-
term horizon of at least 10 years, with larger assets and networks potentially using a horizon of 
20–50 years. A second element is a reliance on accrual accounting, which captures depreciation 
or some other form of long-term obligations and recognizes future obligations or unmet needs on 
today’s financial statements. He noted a third element is the focus of not relying on consuming 
future users’ assets and intergenerational equity by leaving the transportation system for future 
generations in better shape than it is today.  

• Proctor provided definitions of asset sustainability ratios, consumption ratios, and 
renewal ratios. The asset sustainability ratio is expenditures on asset renewal divided by the 
depreciation of assets. Asset consumption ratio is current value of assets divided by replacement 
costs of assets, and asset renewal ratio is net present value invested over 10 years divided by 
needed investments to sustain assets. 

• In closing, Proctor noted that asset valuation can be a powerful tool. It brings the 
long-term implications of decisions into the current budgeting process. It highlights structural 
deficits and allows an agency to document formally the impending needs. 
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PUBLIC–PRIVATE PARTNERSHIPS:  
VALUING TRANSPORTATION INFRASTRUCTURE 
Tom Pelnik, ACS Infrastructure 
 
Tom Pelnik discussed the use of public–private partnerships (P3s) in financing, implementing, 
and operating transportation facilities. He described different approaches and examples of recent 
P3 projects. Pelnik covered the following topics in his presentation: 
 

• Pelnik suggested that considering P3s as a principle of long-term service delivery, as 
opposed to only a means of financing infrastructure, provides a different perspective on 
considering P3s. He noted that there is a body of knowledge in the international community 
related to the operation and maintenance of critical infrastructure and accelerates service delivery 
by leveraging future revenue sources. The scope of these agreements generally last for decades 
and the private developer has the responsibility to finance the cost of constructing the initial 
improvements and to meet performance measures for the operation and maintenance of the 
infrastructure over the course of the contract. He suggested that one of the benefits of P3s is the 
ability to provide projects sooner than relying on traditional public funding methods. 

• Pelnick responded to the following statement in the White Paper: “However, with 
private partners, particularly private financial arrangements that have limited disclosure 
requirements, maintaining some information about infrastructure conditions in the public domain 
can be a challenge.” He noted that the private developers measure the things the public agency 
has asked for as specified in the contract. All parts of the contract have to be satisfied. If certain 
performance measures are neglected, the project company could be assessed penalties or go into 
default and no longer be paid, and risk contract termination. He suggested that if there is data 
that would be beneficial for assessing the value of the infrastructure, it could be included in the 
P3 agreement. 

• Pelnik discussed the need for both macro-level analysis to inform policy makers 
about the relationship between transportation infrastructure and economic growth and cost-
benefit and financial analyses to assist in decision making on individual projects. He noted that 
BCAs and financial analyses are conducted on P3 projects. 

• Pelnik summarized ACS’ infrastructure investments in North America. He noted that 
since 2008, ACS has financed assets valued at more than $9 billion. Examples of projects 
include the I-595 Corridor Improvements Project in Fort Lauderdale, Florida at $1.7 billion; the 
Ottawa LRT Confederation Line at $2 billion; the Northeast Anthony Henday Drive in 
Edmonton, Alberta at $1.5 billion; the Right Honorable Herb Gray Parkway in Windsor, Ontario 
at $1.5 billion; South Fraser Perimeter Road in Vancouver, British Columbia at $800 million; 
and the A30 PPP Completion Project in Montreal, Quebec at $1.9 billion. 

• Pelnik reported that the I-595 corridor improvements project represents the first 
availability payment P3 project in the United States. The project widened approximately 10 
miles of I-595 from the I-75/Sawgrass Interchange to the I-595/I-95 Interchange. It included 
three new, reversible, tolled Express Lanes; improved capacity and access at interchanges; and 
maintained continuity along the adjacent service road, SR-84. The facility was opened on-time 
and on-budget on March 26, 2014. The project maintained full capacity and speed of travel on 
existing lanes for up to 180,000 vehicles per day throughout construction. The project met all 
eight interim milestones. It employed more than 2,000 people and 150 businesses at the peak of 
construction; including approximately 12% disadvantaged business enterprises (DBEs) and 
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graduated 164 trainees. Pelnik suggested that while it may be difficult to capture these benefits in 
a BCA or economic analysis, they are of interest and value to policy makers and the public. 

• Pelnik noted that the I-595 corridor improvements project was the largest 
construction contract in Florida Department of Transportation (DOT) history. The $1.8 billion 
project included $1.2 billion of design and build work, plus financing and 35 years of operations 
and maintenance for both the un-tolled and tolled lanes. The winning price was approximately 
$275 million under Florida DOT’s estimate. The project objective was to reduce congestion in 
the corridor for all users through new tolled express lanes, improved ramps, access roads, and 
BRT. He noted the project was the first availability payment-based P3 in the United States. No 
public money was paid to the concessionaire until the project was opened. Florida DOT collects, 
retains, and the sets tolls. The project also represents successful financing despite difficult 
economic times. 

• The P3 combined and accelerated high-priority projects in the corridor. It was 
initially envisioned that 11 different projects would be let, beginning in 2009, with completion in 
2024. The bundled projects were initiated as the P3 project in 2009 and opened in 2014. Within 
the first week of operation, 20,000 travelers were electing to pay a toll on a daily basis and use 
the facility. He noted that economic analyses may not capture the benefits accrued from 
accelerating the projects and providing benefits to users quicker. 

• Pelnik noted that there are a number of different models for P3s. Completing the 
construction on-time is always the major risk on a project. As a result, the credit rating agencies 
always place importance on assessing the construction risks. He noted that the design-build 
contractor typically has a maximum liability cap to the private developer of between 40% to 50% 
of the value of the construction contract. These percentages typically translate into $500 million 
to $600 million in liability on a $1.2 billion design–build contract as for the I-595 project. 

• The revenue risk on a project was the second major risk discussed by Pelnik. If the 
revenue risk [ridership and toll revenue] is transferred to the private developer, it typically 
represents approximately 30% to 40% of the total value of the amount financed to build the 
project. Lenders will require that risk to be carried by the equity investors [the private 
developer], which is how lenders protect the bondholders against potential downsides and 
actually realized revenue. If the owner retains the revenue risk rather than passing it on to the 
private sector, the private developers can leverage the debt at approximately 90%, with only 
about 10% equity. 

• On the I-595 project, Florida DOT had to make a policy decision of maximizing 
revenue or maximizing system throughput. Traffic and revenue forecasts suggested that if the toll 
rate was lowered from $3.00 to about $1.25, revenue declined, but the number of daily 
transactions increased. The number of daily toll transactions estimated at the lower rate was 
6,000, compared to 3,500 at the higher rate. The speed in the managed lanes was not forecast to 
deteriorate with more people using them, however, while the speed in the general purpose 
freeway lanes was expected to increase considerably. Florida DOT determined that for a modest 
decrease in the toll revenue the throughput of the entire system increased. This information was 
used by Florida DOT and the Governor in deciding to use an availability payment approach. He 
noted that these types of decisions are made on a regular basis and suggested that capturing these 
types of benefits in the process of valuing transportation infrastructure would be beneficial.  
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PUBLIC–PRIVATE VALUATION OF TRANSPORTATION INFRASTRUCTURE 
Scott Rawlins, KPMG 
 
Scott Rawlins provided a private sector perspective on valuing transportation infrastructure. He 
discussed the critical factors to be considered, data needs, and leveraging the value of 
transportation assets. He described the financial value, the economic value, and the public policy 
value. Rawlins covered the following topics in his presentation: 
 

• Rawlins discussed current market activity related to asset valuation from both an 
international and a domestic perspective. For international markets, he noted that the current 
dollar value measurement of asset valuation is used for financial and operational management 
purposes. This valuation is typically conducted on an asset-by-asset basis. The full inventory 
includes both geographic location and condition. Domestically, the historical asset cost valuation 
has been used for general purpose external financial reporting, which is performed at a high 
organization-wide level. He suggested that at least a partial inventory for both location and 
condition is available for the transportation system in most areas, typically focusing on pavement 
and bridges. 

• Rawlins reviewed some of the critical factors to consider in valuing transportation 
infrastructure. He noted that assets have multiple dimensions, including financial, economic, and 
technical, which all contribute to value. He described the difference between economic value and 
financial value. An example of economic value is the creation of jobs from constructing a 
transportation facility, which spurs economic growth. Financial value relates to the current dollar 
figure valuation based on potential sale, historical cost, comparable assets, and other factors. He 
suggested that the complexity of the valuation methodology used in different situations will be 
influenced by how the asset value is determined, as well as the benchmarks that could be 
employed to drive that valuation. As other speakers discussed, he noted that assets that are fully 
depreciated may still have value. He discussed the relationship between asset value and service 
delivery. Part of an assets’ value is its ability to drive service delivery. Higher quality assets and 
higher value assets will increase the level of service. 

• In discussing the importance of considering asset valuation,. Rawlins suggested that 
the performance evaluation should examine if an organization’s assets are being used as cost-
effectively as possible and if the assets are enabling optimal service delivery. Measuring and 
quantifying the financial value, the economic value, and the public policy value are all important. 
He suggested that the public policy value is important to decision makers. 

• Rawlins described some of the key elements in defining data needs and conducting a 
gap analysis. Assessing what data an organization needs to be able to value its assets and 
examining the completeness of asset data represent first steps. Factors that may influence the 
decision-making process include if an organization’s critical assets are losing value, the size of 
the investment required to replenish those assets, and how the organization is currently 
prioritizing assets. 

• Rawlins noted that public agencies are being squeezed to maximize the value of their 
asset portfolios. As a result, many state departments of transportation are taking a holistic 
approach of their asset management portfolio. States are driving the performance of key assets 
through good asset management practices, and in some cases, generating revenues from different 
assets. He also noted that state transportation agencies are moving toward integrated decision 
making, including decision making across asset classes and geographic regions, top-down 
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strategic decision making connected with bottom-up technical knowledge, and linking financial 
and technical reporting. 

• Rawlins discussed opportunities for public agencies to leverage the value of their 
transportation assets. He described the asset review process and the asset performance 
management process, which includes reviewing the agency goals, identifying challenges and 
opportunities, assessing benefits, and developing and applying performance measures. Examples 
of performance measures address safety, mobility, level of service, customer satisfaction, 
sustainability, and cost-effectiveness. 

• Rawlins noted that potential opportunities typically fall within the categories of cost 
savings, revenue generation, and value realization. Cost savings may be realized through asset 
management, traffic management centers, rail operations and maintenance, and fuel purchasing. 
Revenue generation may result from 511 information system sponsorship, vehicle sponsorship, 
billboards, and rest areas. Value realization may occur from ports, aviation, surplus property, 
facilities, and real estate. Portfolio optimization occurs when an activity or program results in 
multiple benefits. He provided the examples of facilities management and fleet management, 
which may result in both cost savings and value realization. 
 
 
VALUING PORTS AND INFRASTRUCTURE 
Walter Kemmsies, Moffatt & Nichol 
 
Expanding on his earlier presentation, Walter Kemmsies discussed valuating port infrastructure. 
He described the general characteristics of ports, the public and private sectors’ perspectives on 
port infrastructure valuation, and the deteriorating condition of the inland waterway 
infrastructure. Kemmsies covered the following topics in his presentation: 
 

• Kemmsies noted that ports are the most intermodal asset of freight movement 
infrastructure. Examples of the intermodal nature of ports include transferring liquid bulk 
between ships, barges, trucks, railroads, and pipelines; transferring dry bulk, containers, and 
project cargo between ships, barges, trucks, and railroads; and moving seafood between boats, 
ships, railroads, and trucks. Ports may also accommodate passengers on private vessels, ferries, 
and cruise ships. Kemmsies reported that ships continue to increase in size, creating additional 
challenges for port infrastructure and operations, including automated loading and unloading 
capabilities. 

• According to Kemmsies, ports and port facilities provide a wide range of services, 
including customs and inspection services, loading and unloading, and storage. Ports also 
provide consolidation and deconsolidation services, value-added services, and concessions. 
Other services may include equipment and vessel maintenance and repair, as well as storage, 
bunkering, and cold ironing. 

• Kemmsies suggested that ports serve geographies defined by their cost 
competitiveness. Examples cited included the vessel fleets that can be served by the port based 
on channel depth and the inland infrastructure of highways, railroads, and pipelines. 

• Kemmsies described key routing criteria and the costs associated with transporting 
containers. He noted that some routing criteria are readily quantifiable, while others are not. The 
transportation costs of different modes and segments, and the inventory carrying costs can be 
readily quantified. The tolerance for variance in supply chain performance, the risk and 
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reliability path dependence, and the extent to which past behavior guides current and future 
behavior is not so easily quantified.  

• Kemmsies described typical supply chains for a container arriving at a port. After 
being unloaded from the vessel, a container may be transported by truck or rail to a distribution 
center where it is broken down and the goods distributed within the region by truck or rail. The 
container may also continue by truck or rail for a longer distance before being sent to a 
distribution center. For example, containers arriving at west coast ports may be sent in double-
stacked trains to the Dallas–Fort Worth Metroplex or Chicago or from an east coast port to 
Memphis. The cost of each segment can be estimated to calculate the total cost from the origin 
port to the United States import destination and from the United States export origin to the 
foreign port destination. 

• Kemmsies suggested that shippers and carriers tend to follow established 
transportation patterns. Changes in supply chains typically occur during recessions or when some 
economic condition influences the need to reduce transportation costs. It is difficult to predict 
these situations. 

• He noted that a true macro gateway port would have approximately 192,000 time 
series. This estimate is based on two directions of trade: imports and exports, 16 trade lanes, at 
least 42 commodities following the SCTG, and the 120 FAF zones. He described examples of 
the North Asia trade lane. In the North Asia trade lane, vessels serve ports in China, Japan, Hong 
Kong, and Taiwan and either travel to west coast ports, travel through the Suez Canal to east 
coast ports, or travel through the Panama Canal to gulf and east coast ports. 

• He presented maps illustrating the areas where a port has a cost advantage over other 
ports. The cost advantage of a port tends to dissipate as distance increases and other ports have 
an advantage. He noted that the competiveness of one gateway port over another port is used to 
develop a probability of market capture of a region’s international cargo by a port. A probability 
factor is identified to account for the nonmeasurable factors mentioned earlier, which included 
path dependence and reliability concerns with different cargo. 

• Kemmsies described the five groups of data typically used in analyzing ports. The 
Census Bureau U.S.A. Trade On-Line data are used for the trade flows alone. It provides 
weights, but not the number of containers, which is obtained from Dayamyne or PIERS. Data 
from the FAF are also used. The USACE Waterborne Commerce data are used for domestic 
moves. Data are also obtained from the U.S. Department of Energy, the U.S. Geological Survey, 
and the U.S. Department of Agriculture (USDA). Data from the American Association of Port 
Authorities on empty container movements are also used. Data on 20-foot versus 40-foot 
containers, dry versus reefer, and other factors are also examined when available. Available 
storage factors are used to convert tons of cargo into containers, and a containerized rate is 
calculated for every commodity. He noted that approximately 7% of soybean exports are 
containerized today; seven years ago only 4% were containerized. He estimated that in 5–10 
years, 20% will be containerized. Data on origins and destinations is obtained from the 
Establishment Survey and labor data from the BLS. Data on rail routes, particularly for rail yards 
and terminals where freight is delivered or picked up, are needed to identify the least-time path 
and the least-cost path. Pipeline data, including the width of the pipe and input–output facilities, 
are also needed. Data on the size of ships, and the services offered, their capacity, and their 
rotation schedules are obtained from Blue Water. 

• Adjusted FAF data are used to identify the destinations for imports shipped through 
American ports. The first step is identifying trade flows by trade region. A second step is to 
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isolate origins and destinations in the United States. Computing door-to-door cost travel times 
represents the third step. Establishing the 20-foot container equivalent unit (TEU) market capture 
probability represents the fourth step. The market capture areas represent regions where a port 
has a major cost advantage over other ports. This approach can be applied to other infrastructure, 
such as airports. 

• Kemmsies described using the FAF database to identify the economic zones that are 
dominated by West Coast and Gulf Coast and East Coast ports, and where neither has a 
dominant share. He presented an analysis of West Coast and East Coast and Gulf Coast ports 
share of container imports from Asia. He noted that the Appalachian Mountains tend to be a 
dividing line for East Coast port domination due to the impact of mountains on train operations. 

• Kemmsies described the deteriorating conditions of much of the inland waterway 
infrastructure. He noted that according to a report by the Texas A&M Transportation Institute 
(TTI), approximately 54% of the Inland Marine Transportation System’s (IMTS) structures are 
more than 50 years old and 36% are more than 70 years old. Unscheduled outages have 
increased, making transportation by barge unpredictable and more expensive. He noted that 
based on USDA data, this deterioration has impacted where grain is produced and exported. 
Grain is increasingly being moved by rail. He suggested that the outlook for grain exports 
currently depends more on railroads, unless there are investments to repair and upgrade the 
inland waterway system. 

• Kemmsies noted that in developing forecasts, funding is phased to lengthen the 
financing time period to allow volumes and revenues to grow to pay debt. He discussed the 
different elements of constructing a modern container terminal, including the importance and 
cost of dredging the harbor and channel. Obtaining approval and developing a port or port 
expansion is a lengthy process, with the permitting process alone taking 10 to 12 years. 
Stakeholders involved in different aspects of port projects include state governments, local 
authorities such as fire marshals, numerous federal agencies, unions, carriers, railroads, trucking 
companies, value-added businesses, shippers, local communities, and environmental groups. 
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CURRENT VALUATION METHODS SESSION 
Brian Moyer, U.S. Bureau of Economic Analysis 
 
Moyer described four broad areas from the session on practices and problems—current valuation 
methods that would be beneficial for the task force to further consider. As highlighted below, 
these topics include maximizing the use of existing data, developing a taxonomy for evaluation 
methods, exploring new data sources, and improving communication. Moyer covered the 
following topics in his presentation: 
 

• Moyer noted that speakers in the session described a number of different data sources 
that can be used in valuing transportation infrastructure. Data from BTS, BEA, and other sources 
can be used for different analyses. He suggested that focusing on exploiting, improving, and 
expanding existing data would be beneficial. As an example, he noted Schmidt’s use of data in 
the Benchmark and Annual Input–Output accounts to increase the frequency of the transportation 
satellite account and to increase the coverage. Utilizing existing data provides opportunities for 
addressing key issues now, while working on new data sources and other longer-term 
improvements. 

• The second topic discussed by Moyer was the need for a taxonomy for evaluation 
methods and the source data required for the various valuation methods. He noted that the task 
force has been discussing this topic, which was reinforced by many workshop speakers. He 
suggested that identifying priorities for the taxonomy development would be beneficial to help 
ensure that time and resources are well used. 

• The third topic was exploring new data sources, which might include alternative data 
sources, big data, private sector data, and administrative data. It was suggested that new data 
sources may allow for better measurement of transportation infrastructure value and 
transportation service flows. New data sources, such as worldwide input–output tables for 
capturing global supply chains would be very beneficial. In response to comments from some 
speakers and participants, he suggested that BEA and other statistical agencies could consider 
providing data at subnational levels, including state, metropolitan, and local. 

• The need to improve communication and to be more aware of how valuing 
transportation is perceived by the public and policy makers was the fourth topic discussed by 
Moyer. He noted that some speakers presented examples of misinformation and a general lack of 
understanding concerning transportation funding and the value of transportation infrastructure. 
He repeated a comment made by Michael Bridges concerning the importance of communicating 
with practitioners at the state and local levels who will be implementing the methods and 
procedures. Moyer suggested that the idea of developing a common glossary of terms fits within 
this topic area. 
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ACCOUNTING FOR NONMARKET RESOURCES 
Mary Lynn Tischer, Federal Highway Administration 
 
Mary Lynn Tischer summarized the key points from the two speakers in the session on 
accounting for nonmarket resources. She highlighted the following topics in her presentation: 
 

• The first speaker, Jeff Cohen, discussed spillovers and externalities, which occur 
when the market is not working well. An externality occurs when damage is imposed and the 
responsible party does not pay for that damage. A spillover occurs when an individual receives 
benefits, but does not pay for those benefits. He discussed two approaches for addressing 
nonmarket resources: Contingent Valuation, which focuses on asking individuals how much they 
value specific items, and Hedonic Pricing, a market-based approach using econometric and 
statistical methods. He also discussed spatial multipliers and provided an analysis valuing the 
noise impacts from the airport in Atlanta, Georgia. 

• The second speaker, Daniel Brod, discussed BCA and its relationship to asset 
management and shadow prices. He noted the differences between BCA and economic impact 
analysis. He also noted that asset management, BCA, and national accounts all value 
transportation assets differently. He discussed the importance of two benefits—safety and travel-
time savings—in calculating the BCA for most transportation projects. 

• Comments from the audience focused on the potential of deriving values from 
regulations, estimating public health benefits, the impacts of relocations resulting from recent 
extreme weather events, and using behavioral economics to derive benefits from transportation 
projects. Tischer noted that while there appeared to be agreement among participants with the 
need to address nonmarket resources, there was also agreement that data were lacking to evaluate 
many nonmarket resources. 
 
 
PUBLIC–PRIVATE VALUATION OF PUBLIC TRANSPORTATION 
INFRASTRUCTURE ASSETS 
Kathryn Zimmerman, Applied Pavement Technology, Inc. 
 
Kathryn Zimmerman discussed the key points made by the four speakers in the session on 
public–private valuation of public transportation infrastructure assets. She identified the 
following five major topics from the presentations: 
 

• The first topic identified by Zimmerman was the need for a common definition and 
taxonomy of “value.” She noted that the speakers in the session all discussed value, but in 
different ways, applications, and uses. She suggested that developing a common definition, 
which was also noted by speakers in other sessions, would be beneficial. 

• The second topic Zimmerman described was the opportunity to use available methods 
to analyze and present the value of the transportation infrastructure. She suggested that the asset 
sustainability index discussed by Gordon Proctor provided one example of a financial metric that 
could be used in communicating with decision makers. Obtaining input from the economists 
participating in the workshop on developing a practical measure that would meet the needs of 
state departments of transportation and other public agencies would be beneficial. She suggested 
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that traditional approaches of communicating financial information, such as historical cost and 
replacement cost, have not proven to be effective in capturing financial deficits. 

• Realizing the complexity of the subject and the numerous available public and private 
data sources was the third topic discussed by Zimmerman. She remarked that speakers in the 
session described sources with data on the different modes, as well as the variety of data available 
from the federal statistical agencies. They also identified numerous benefits that could be attributed 
to different aspects of transportation, including financial, economic, and technical benefits. Many 
of these benefits are not being captured, however, due to lack of data or agreed upon analysis 
methods. Benefits, such as accelerating construction and opening facilities to use sooner, 
improving traffic flow on non-tolled freeway lanes, creating jobs, and providing workforce 
development opportunities were described by speakers. These types of benefits are not being 
captured and brought into the discussion on a regular basis, however. Session speakers also noted 
opportunities to learn from the analyses conducted by private sector groups, including P3s. 

• The fourth topic presented by Zimmerman focused on the need for forward thinking 
measures, rather than lagging or backward thinking measures. The asset sustainability index that 
was described by Gordon Proctor provides one example of a forward thinking measure. She also 
noted the numerous changes occurring in data collection and analysis methods, which hold 
promise for improved analytical capabilities. 

• Improving communication methods and messages was the fifth topic discussed by 
Zimmerman. She said furthermore that speakers in the session suggested that public agencies 
could do a better job of presenting information to policy makers and the public on the value of 
transportation. Focusing on key messages that policy makers and the public can relate to was 
suggested by some speakers, while others noted the importance of presenting information in 
formats that are easy to understand. 
 
 
CLOSING COMMENTS 
Paul Bingham, CDM Smith, presiding, and Rolf Schmitt, Bureau of Transportation Statistics 
 
Paul Bingham and Rolf Schmitt provided closing comments to the workshop. They thanked the 
speakers and the attendees for actively participating in the workshop. They highlighted some of 
the key topics discussed during the workshop and possible follow-up activities. Bingham and 
Schmitt covered the following topics in their presentations: 
 

• Bingham noted that the workshop helped re-establish existing relationships and 
develop new partnerships among public agencies and the private sector. The active participation 
of attendees also highlighted the interest in the topic. The workshop speakers and the ensuing 
discussion pointed out the challenges of using available data to serve multiple approaches to 
valuing transportation infrastructure by different public agencies and private sector groups. The 
discussion also illustrated the challenges facing BTS and the task force. 

• Bingham suggested the presentations and discussion provided a strong base for the 
work of the task force. He noted the presentations on international and private sector approaches 
to valuing infrastructure were enlightening. Obtaining a better understanding of the data 
programs at BTS, BEA, and other federal statistical agencies was also beneficial. The 
perspectives from the different modal representatives, as well as various governmental levels, 
helped frame the decision-making context for valuing transportation infrastructure. He noted 
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additional outreach efforts will be undertaken to these groups to reach the communities that were 
underrepresented at the workshop, including the transportation planning community. 

• Schmitt thanked the speakers and participants. He noted that the workshop was very 
beneficial for BTS and the task force. He commented that the speakers highlighted the wealth of 
available data for valuing transportation infrastructure, but also pointed out data gaps and areas 
for improvements. He noted that the need for developing a common taxonomy and definition for 
value and other variables was a common point raised by speakers and participants. The need for 
common measures was also discussed. 

• Schmitt reported that BTS annually publishes 30 tables on national transportation 
statistics related to economic variables. The agency will be publishing a Transportation 
Economic Facts and Figures report. BTS looks forward to feedback from users on the tables and 
data contained in the report to know if any tables are not useful or could be modified to make 
them more beneficial, and to learn if new tables are desired. He noted that BTS will follow up 
with suggestions of the task force and other partners. 
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White Paper on Valuing Transportation Infrastructure 
 

RANDALL W. EBERTS 
W. E. Upjohn Institute for Employment Research 

 
 
PURPOSE 
 
In 2014, the Workshop on Data and Statistics for Valuing Transportation Infrastructure and 
Transportation’s contribution to the Economy initiated a 3-year effort to review methods used to 
estimate the value of transportation infrastructure and its role in the economy and to explore and 
recommend how these methods might be extended and improved to provide more meaningful 
statistics for decision makers. The workshop was established in response to the mandate of the 
recently enacted highway transportation bill, Moving Ahead for Progress in the 21st Century Act 
(MAP-21), which requires a “national accounting of expenditures and capital stocks on each 
mode of transportation and intermodal combination.” In addition, MAP-21 introduced 
performance-based management for federal surface transportation programs, which may require 
the creation of new data sets. Section 1203 of MAP-21 declared that performance management 
will transform the federal-aid highway program and refocus it on national transportation goals, 
increase accountability and transparency of the federal-aid highway program, and improve 
project decision making through performance-based planning and programming. It is expected 
that performance measures will be in effect by the second quarter of 2015.  

The purpose of the workshop was to provide decision makers with ideas of what statistics 
should be generated at the national level in the near term and to provide state department of 
transportation (DOT) officials with ideas for proceeding within their own domains using state or 
regionally available statistics. This White Paper was commissioned by the Task Force as a 
resource for participants as they discussed current issues with existing data and methods such as 

 
• Alternative strategies for using data and statistics in estimating infrastructure value; 
• Relative strengths and weaknesses of these methods; and 
• Potential benefits of improved methods and data.  

 
More specifically, the Task Force structured their discussion around six questions: 

 
1. What are the public and private decisions that would be informed by statistics on the 

value of transportation? 
2. What is the state of practice for generating value statistics in response to each of the 

types of decisions? 
3. What are the criteria for identifying best practice and how does the state of practice 

measure up? 
4. What decisions are not being answered or are being answered poorly by current 

practice?  
5. What are current data sources for statistics on value, and are those sources being 

tapped fully? 
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6. What methods for estimating value used outside the United States might be applied to 
the United States with existing data? 
 

While the White Paper addresses the issues posed by each of these questions, the paper is 
not organized explicitly by these questions. However, an appendix summarizes the findings 
succinctly by these questions, as a helpful reference for the Task Force.  

The paper focuses on methodologies and data requirements in valuing transportation 
infrastructure. While transportation encompasses several modes, highways will receive the most 
attention. It is fair to say that a majority of the studies on the effects of transportation on 
economic activity focus on highways. Highways embody most of the attributes that make 
transportation systems a rather difficult entity to value—most importantly their congestion and 
network characteristics. The paper examines the mature nature of the highway system and what 
this means for valuing it. It considers the complex relationships between the facility-related 
characteristics of highways (such as lane miles, pavement conditions, and so forth), its outputs of 
transportation services, and outcomes of economic growth and externalities. The paper describes 
in detail the estimation of highway capital stock. It then looks at four ways to value highway 
system, which can be extended to other modes of transportation. These are  

 
1. Valuing the capital itself; 
2. Relating capital stock to national output; 
3. Conducting benefit–cost analyses and the valuations of individual elements needed 

for this methodology; and  
4. Estimating production functions, or similar aggregate constructs, relating highway 

capital stock (or measures of the stock of other modes of transportation), as one of the production 
inputs, to a measure of economic output.  

 
Since motivation for this workshop is the performance measures required under MAP-21, 

the paper starts with the practical issues of defining the audience for the valuation estimates, how 
valuation may be related to the performance measures, and what it means for sound asset 
management practices. The paper concludes with a summary of the findings and a reminder 
about the need to coordinate data collection efforts, reflecting both the spirit of a highway (or 
more broadly a transportation network) and the requirements of MAP-21. 
 
 
AUDIENCE 
 
MAP-21 requires a coordinated effort among local metropolitan planning organizations (MPOs) 
and state and federal DOTs with respect to strategic planning and asset management. In general, 
each level of government has a specific role. The federal role involves the distribution of formula 
grants to states and MPOs. The U.S. DOT also gives out grants for projects that meet specific 
criteria. As a result, most surface transportation planning, prioritization, and funding takes place 
at the state and metropolitan levels. Generally, states tend to play a dominant role in highway 
planning and MPOs play a dominant role in multimodal planning for urban areas.1  

Asset management, according to MAP-21, is a strategic and systematic process of 
operating, maintaining, and improving physical assets, with a focus on engineering and 
economic analysis based upon quality information. The process identifies a structured sequence 
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of maintenance, preservation, repair, rehabilitation, and replacement actions that will achieve and 
sustain a desired state of good repair over the life cycle of the assets at a minimum practical cost 
[23 U.S.C. 101(a)(2), MAP-21, para. 1103]. Therefore, the public-sector decision makers should 
include officials from all three levels of government.  

However, the focus on asset management by MAP-21 and the challenges facing the 
management and improvement of the transport infrastructure also require collaboration with 
private-sector decision makers. The most basic decision is for users of transport infrastructure to 
decide when, where, and how much of the transport capital to use. Users of transportation 
services need to know the optimal mode by which to ship their services, and households must 
decide on the appropriate modal option to use to commute or to shop. These decisions will be 
based on price, past investment in trucks or cars, or other moving stock, and the conditions of the 
transport facilities.  

Since the construction and maintenance of highways and other transportation modes are 
paid for primarily through government financing, the cost to users and thus the price they pay 
may not necessarily reflect the entire cost of providing transportation services. Consequently, 
without true prices, transportation resources from a societal perspective may not be allocated 
efficiently. For example, if the use of highways by trucks is subsidized relative to rail transport, 
then highways may become congested with truck traffic and rail may be underutilized. Fuel taxes 
and tolls may approximate the price of using highways but fall short of acting as a true price. 
Accurate cost information must be available not only to policy makers and practitioners but also 
to users in order to manage transport assets efficiently.  

In addition, ensuring that the existing highway infrastructure is able to accommodate 
increased use without reducing transport time and reliability requires new technology from the 
private sector. Cars of today, for example, are already considerably “smarter” than they were 
only 5 years ago, with guidance and warning systems that allow more efficient and safer use of 
highways, even with significant increases in highway volume. However, to take full advantage of 
these technological advances and the many more to come, public highway officials need to 
collaborate with auto and truck manufacturers and freight providers as well as software 
developers to ensure that highways are providing the infrastructure necessary to accommodate 
the technology. It may be the case that relevant stakeholders may come from business sectors 
that today seem totally irrelevant to the discussion of transportation but tomorrow may be major 
players. For instance, who would have thought 5 years ago that Google or Tesla Motors would 
become major players in the transportation arena?2  

Moreover, the need for more information of all different types to monitor and improve 
the performance of the nation’s transportation system requires the linking of information 
generated from many different sources. For instance, the discussion under MAP-21 performance 
monitoring of the possibility of linking serious accident data to hospital records as a way of 
monitoring the safety of highways is but one example of bringing together seemingly disparate 
stakeholders. This possibility of linking administrative data pales in comparison to the likely 
future of linking smartphones and other devices as sources of information to provide real-time 
data on road conditions and usage. Furthermore, local, regional, and national economic data will 
need to be linked more closely with highway and other transportation data in order to show the 
relationships between transportation infrastructure and the economy, which also requires 
partnerships with statistical agencies and private businesses and households.  

The private sector also becomes an important stakeholder and audience member through 
the formation of private–public partnerships (P3) for financing infrastructure projects. According 
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to a FHWA primer on the topic: “…expanded financial capacity is one of the primary reasons 
public agencies consider P3 concessions for transportation facilities…when the public is unable 
or unwilling to borrow for a project.”3 For example, the state of Indiana leased its cross-state 
turnpike to a private entity for 75 years when the state faced a $2.8 billion highway funding gap. 
State officials saw the upfront money from the lease arrangement as a way to fund priority 
projects that were important to the state.4 Other reasons for P3 concessions are for the 
government sector to share the risk of building and operating highways with the private sector 
and to provide incentives for better asset management.3 Consequently, investors need accurate 
information about the finances and traffic flows of highway segments under lease, for example, 
and each partner must have reliable information to know whether the other partners are 
upholding their agreements (e.g., with respect to maintenance, highway improvements). 
However, with private partners, particularly private financial arrangements that have limited 
disclosure requirements, maintaining some information about infrastructure conditions in the 
public domain can be a challenge.  

 
 

DECISIONS REGARDING TRANSPORT INFRASTRUCTURE 
 
Decisions Within the Context of a Mature Highway System 
 
Evidence suggests that the U.S. transportation system has reached a mature stage in its 
development. Using the highway system as an example, total lane miles have increased very 
little over the past three decades, while the use of the highway system has increased 
dramatically. Total lane miles have increased 9% from 1981 through 2009 while vehicle miles 
traveled (VMT) have increased 91% over that same period. The result is a much more intensive 
use of the highway system, as shown in Figure B-1 in which the VMT per lane mile of roads has 
increased 75%. Furthermore, empirical results from econometric studies, as discussed later, find 
the marginal benefit of an additional unit of highway infrastructure is approaching, if not equal 
to, the marginal cost of investing in an additional unit, suggesting that the quantity of highway 
capital stock may be in a steady state and the benefits of additional highway investment equals 
the cost of constructing it.  

The mature nature of the transportation system frames the decisions transportation 
officials, policy makers, and private stakeholders will face in the coming years. A mature system 
focuses more on improving quality than quantity by which quantity is thought of as additional 
lane miles or extending the network of the highway system whereas quality means restoring and 
improving infrastructure so traffic can move more efficiently over the existing network, thus 
reducing travel time and increasing reliability. 

A mature system also depends upon improvements from the private sector. For example, 
the navigational systems on today’s cars and trucks provide drivers with information about 
construction delays and road closings and offer alternative routes. These systems reduce travel 
time and costs and improve the reliability of using the highway system, but their operation 
depends very little on features of the highway system, thus imposing little additional cost to 
constructing highways. Other features on vehicles do depend more on the state of the highway 
infrastructure. Safety features installed on vehicles that warn of inadvertent lane changes is one 
example. These devices depend upon well-defined lane markings. If the lane markings are 
nonexistent or faded because of wear and neglect, then the systems won’t work and drivers who  
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FIGURE B-1  VMT and lane miles. (Source: FHWA, Highway Statistics.) 

 
 
depend upon them are put in undue jeopardy. As a result of these privately provided devices, 
state DOTs may find their priorities changing from straightening curves to focusing on painted 
lane dividers in pursuit of their goals of safer roads.  

These issues facing the transportation sector have received considerable attention 
recently, particularly leading up to and following the enactment of MAP-21. For example, a 
NCHRP Task Panel, 20-24 Task 80, was convened in 2012 to focus on assessing the economic 
benefit of transportation infrastructure investment in a mature surface transportation system.5 
The stated overall goals of the panel were to “inform decision makers at national, regional, state, 
and metropolitan levels as to the synergies and tradeoffs with regard to economic growth 
embodied in funding and financing surface transportation systems.” It reviewed a host of studies 
that estimate the effect of transport infrastructure on broader economic and social effects, with 
the intent of exploring what further research is needed to assist policy makers and the general 
public alike in understanding the economic value of transportation improvements (pp. 1–2).  

Recognizing the mature nature of the transportation system, the broad question of how to 
value transportation hinges on whether one is interested in the value of the total capital stock in 
place or the value of investing in an additional unit of transportation capital stock. A mature 
system might lead one to focus on the capital stock in place and channel efforts to improve the 
efficient use of that existing capital stock through proper asset management and augmentation of 
the system with appropriate technological enhancements.  

One also must recognize the tradeoff between new infrastructure investment and 
maintaining what one already has been put in place. If infrastructure is not well maintained, 
additional infrastructure investment will divert resources away from maintenance and operational 
expenditures and impinge negatively on growth.6 Considerable interest in recent years has been 
placed on operating and maintaining infrastructure efficiently and effectively. A recently 
released white paper from the World Economic Forum states that “against the backdrop of 
increasing user demand, constrained financing and an aging asset base, it is imperative for 
governments to make the most of their existing infrastructure assets—specifically, to increase the 
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assets’ productivity and longevity.” 7 The report asserts that a proper strategic plan is a step 
change in infrastructure asset management. It is more than a maintenance plan but a plan to 
optimize the service life of the infrastructure asset.  

A recent report from the International Transport Forum states that “deferring 
maintenance can make roadway costs much greater than indicated by current expenditures.”8 The 
report continues with a reminder of the importance of information in asset management by 
saying “the challenge is to provide additional information on the value of roadway facilities and 
the costs associated with deferred spending, in order to bring these to the attention of decision 
makers.”  

The question then is whether this focus on asset management requires the same 
understanding of the broader effects of transportation infrastructure on the economy that is 
considered when the focus is on expanding the highway network. Network externalities include 
market expansion, economies of scale, more efficient labor markets, more efficient spatial 
allocation of production, and improved management techniques. One could argue that using a 
relatively narrow set of outcomes, which could include travel time, reliability, and safety, as 
goals and targets to maintain the efficient use of the system may offer sufficient information 
even as the use of the system continues to increase.  

It could also be argued that considering the broader economic and social effects of 
transportation infrastructure investment, such as externalities, is necessary in order to properly 
assess the benefits and costs of maintaining and improving the existing system so that proper 
investment decisions can be made. The magnitude and scope of these benefits change with the 
changing dynamics and structure of the U.S. economy and its global competitors. Consequently, 
the broader effects must be closely monitored and quantified in order to gauge whether sufficient 
and appropriate investments continue to be made. One cannot necessarily assume that the value 
of a segment of highway, for example, is the same today as it was when it was first constructed. 
Not only has the infrastructure deteriorated (depending upon the level of maintenance over the 
course of its life to date), but also the economic activities it once supported may have changed. 
An example is access to the coals fields of West Virginia. As coal deposits are depleted and coal 
is replaced by lower-carbon–emitting fuels, the economic value of the roads in supporting the 
coal industry is reduced.  

The benefits of a mature transportation system may be even harder to quantify than that 
of a less developed one. The 2012 NCHRP Panel concluded that a mature highway system 
makes understanding the link between transportation services and economic outcomes that much 
more difficult. One reason is that transportation services are woven into the economic fabric of 
the nation, which makes them difficult to study and even harder to isolate from other forces that 
they enable. The study also raised the conceptual issue that limitations on available data make it 
much more difficult to analyze causes and effects for actions that optimize existing service 
within a mature system than for one that is expanding with completely new facilities (pp. 1–2). 
Stated more succinctly, a mature transportation system provides few empirical data points to 
relate an expanded transportation system with expanded economic benefits, and consequently it 
is difficult to estimate the contribution of the quantitative expansion of the system to economic 
outcomes. 

Infrastructure projects are typically undertaken with specific purposes in mind, such as 
relieving congestion, linking areas of economic activities, or improving the quality of the road 
surface. The TPICS searchable database, developed for use by state DOTs and local MPOs, 
documents the actual, postconstruction economic impact of 100 highway and multimodal 
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investment projects. Among these 100 projects, the three dominant motivations were to (a) 
reduce congestion bottlenecks that add to delay and travel time unreliability; (b) enhance market 
access for jobs and businesses; and (c) enhance connectivity to intermodal terminals.9 

States and MPOs are given wide latitude in deciding their priorities and the methods they 
use to make these decisions. Guidance on what methodologies to use and how to use them is 
provided by the U.S. DOT and other organizations. For instance, U.S. DOT provides guidance 
along modal lines and functions. There is existing guidance on how to use benefit–cost analysis 
(BCA) pertaining to decisions regarding highway asset management (FHWA, 2003); freight 
project investment (FHWA, 2008); rail transit new starts (FTA, 2008); aviation improvement 
(FAA, 1999); and ground transportation discretionary grants (U.S. DOT, 2011).  

Therefore, policy makers face two basic decisions: (a) to add to the transportation system 
and (b) to manage the existing asset. With a mature transportation system, the issue of properly 
managing the existing system is larger than the decision to add to the system, where adding to 
the system means in this case constructing new linkages between nodes of activities, such as 
between metropolitan areas. Adding a lane or repaving an existing surface would fall under 
management, for the most part. This distinction between expanding and managing a 
transportation asset may be too fine, since some consider expansion of a transportation asset as 
falling under management. But this distinction is still helpful in sorting out the utility of different 
ways of valuing transportation infrastructure.  
 
Optimal Investment Decisions 
 
The economic value of transportation capital, and any asset for that matter, reflects the benefits 
consumers and producers derive from its use. Two questions face decision makers regarding 
transportation investment and asset management. The first question addresses the issue of the 
optimal amount of transport capital and asks whether government should invest in more transport 
infrastructure, either from a project perspective or a system perspective. The second question 
addresses the value of the existing transportation capital stock as it relates to its overall 
contribution to the economy. This question relates to asset management and understanding the 
value of the existing infrastructure, and will be discussed in more detail in the next section. The 
first question deals with an additional unit of infrastructure and considers the marginal rate of 
return as the value of the additional unit invested. The second concept of value considers the 
value of the transport infrastructure already in place.  

The question regarding the optimal amount of transport capital is typically posed with 
respect to a specific mode of transportation, such as highways, and for the entire transportation 
system within a country. The decision rule is whether the benefits of an additional unit of 
transportation capital are greater or less than the cost of providing that unit of capital stock. The 
many other questions listed in previous sections are offshoots of this basic one. If this were a 
private-sector decision, prices and profitability would be the key metrics. Decisions about 
publicly provided investments must derive the value of benefits and costs in a similar way that 
private-sector allocation decisions rely on prices in perfectly competitive markets to capture the 
value of benefits and costs.  

The optimality conditions for transport infrastructure can be expressed in two equivalent 
ways, under standard assumptions. The user cost version states that the amount that consumers 
and producers are willing to pay for an additional unit of highway capital is equal to the user cost 
of highway capital. If the marginal value is greater than the user cost, then the government 
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(society) has underinvested in highway capital stock; if it is less than the user cost, then the 
government has overinvested.  

The other equivalent decision rule is that the net rate of return of highway capital should 
be equal to the rate of return of private capital. Again, if the net rate of return of highway capital 
is greater than the rate of return of private capital, then the government has underinvested in 
highways relative to private capital. If the net rate of return of highway capital is less than the 
rate of return of private capital, then the government has overinvested in highways.10 Rates of 
return of private capital and transport infrastructure can be estimated by specifying a production 
function with labor, private capital, and transportation capital as the three inputs into the 
production function and gross domestic product (GDP) as output.  

From a social perspective—which includes all parties affected by transportation 
investment and not just those who directly use the transportation capital—one needs to compare 
marginal social benefits with marginal social costs to determine the optimal level of 
infrastructure. The conditions state that the marginal social value of an additional unit of 
highway investment should equal the marginal social cost of producing a unit of highway 
investment. The marginal social value is the value each consumer places on an additional unit of 
highway investment, summed over all consumers. If the marginal social value is greater than the 
social marginal cost, then the quantity of highway infrastructure is less than desired (underbuilt) 
and additional investment is warranted, according to the decision rules generated from this 
methodology. If the social marginal value is less than social marginal cost, then highway 
infrastructure is overbuilt, and no additional investment is warranted.  
 
Asset Management  
 
As defined by the AASHTO Standing Committee on Highways and Planning Subcommittee on 
Asset Management, transportation asset management is a strategic and systematic process of 
operating, maintaining, upgrading, and expanding physical assets effectively throughout their life 
cycle. It focuses on business and engineering practices for resource allocation and utilization, 
with the objective of better decision making based upon quality information and well-defined 
objectives. The distinguishing feature of asset management is its focus on assets, their condition, 
and their performance. Asset management is governed by several core principles: policy-driven 
goals, performance-based decisions, analysis of options and tradeoffs, decisions based on quality 
information, and monitoring that provides clear understanding and feedback.11  

The first question to consider in managing an asset is to understand the economic value 
of the existing asset. To address this question, an average net rate of return is applied to the total 
capital stock. An average net return represents a transportation system as a steady and 
dependable input in the production process or a household’s well-being. The typical approach, 
which will be discussed in more detail later, is to look at the growth in transportation capital 
input and GDP over time.  

An alternative approach is to consider the cost of maintaining the transportation system at 
its initial level of performance. Many of the performance measures discussed earlier are figured 
into estimates of maintaining the functionality of infrastructure. For instance, FHWA defines the 
system’s performance in terms of average user costs, including the costs of travel time, 
operations, and accidents. FHWA estimated that based on 2006 data, maintaining the highway 
system at its current performance would require $126 billion per year in capital spending by all 
levels of government.12 If one assumes that the highway system is mature and most of the system 
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is already in place and decisions to construct the system over the years were optimal in the sense 
that benefits exceeded costs, then the cost of maintaining the performance of the capital stock 
figures into the decisions related to the optimal management of the asset.  

However, the cost of maintaining the existing infrastructure is not necessarily a measure 
of the value of transportation capital to the economy. Even if each previous investment decision 
that built the current capital stock was optimal when the project was constructed, the economy 
and population continue to change, which also changes the value of the infrastructure.  

A simpler approach to assessing the value of an asset, but even less useful, is based on 
depreciated replacement cost. The first step is to calculate what it would cost to replace the 
existing asset today; the second step is to depreciate the current dollar amount by some 
depreciation schedule, usually straight line, over the life of the asset. This approach represents 
the cost to construct an asset that is equivalent to what currently exists. It is different from simply 
valuing the asset based on its original cost. However, like the depreciated replacement cost basis, 
this approach does not reflect the current economic value of the infrastructure asset.  

With respect to data requirements, several of the principles should be highlighted. The 
focus on performance-based decisions requires that policy objectives are translated into system 
performance measures that are used for both day-to-day operations and strategic management. 
The analysis of options and tradeoffs considers decisions on how to allocate funds, within and 
across different types of investments (e.g., preventive maintenance versus rehabilitation, 
pavements versus bridges). Decisions based on quality information explore the merits of 
different options with respect to an agency’s policy goals are evaluated using credible and 
current data (Box B-1). 
 
 

BOX B-1  Guidelines for Asset Management 
 

The Michigan Transportation Asset Management Council prepared guidelines for local agencies in 
developing an asset management plan (Local Agency Guidelines for Developing an Asset 
Management Process and Plan, May 2011). The purpose of the guide is to be a reference for public 
agencies looking to implement asset management. The guide provides common terminology, 
definitions, and procedures to be used in managing their highway assets. It provides a template that 
can be used to (1) introduce the concepts of asset management, (2) assist with the implementation 
of asset management, and (3) assist with the preparation of an asset management plan. It also 
endorses and describes software called Roadsoft, which was developed by the Center for 
Technology and Training at Michigan Technological University. The tool has modules for strategy 
evaluation, pavement deterioration, culvert inventory, road inventory, and other assets.  

In promoting standardizing definitions, the guideline also provides a logic model for 
understanding the different types of work activity related to the management of highway assets. It 
offers a decision tree that asks various questions about the activity. For example, it poses the 
question “Will the work fundamentally change an existing asset or add a new asset (e.g., add a turn 
lane, install a median barrier, lengthen a guardrail)? If the answer is yes, the work type is defined 
as “improvement.” Another question inquires “Does the work return the asset to a previous or 
original condition (e.g., mill or fill or overlay, replace monument box, upgrade guardrail end 
section)? A positive answer identifies this activity as “renewal.”
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Performance Measurement Under MAP-21 
 
Under MAP-21, the FHWA is required to establish measures through a rule-making process that 
assesses performance in 12 areas generalized as follows:  
 

1. Serious injuries per VMT;  
2. Fatalities per VMT;  
3. Number of serious injuries;  
4. Number of fatalities;  
5. Pavement condition on the Interstate system;  
6. Pavement condition on the non-Interstate National Highway System (NHS);  
7. Bridge condition on the NHS;  
8. Traffic congestion;  
9. On-road mobile source emissions; 
10. Freight movement on the Interstate system;  
11. Performance of the Interstate system; and  
12. Performance of the non-Interstate NHS.  

 
For measures of system performance, AASHTO recommends two metrics: annual hours 

of delay and a reliability index.13 AASHTO also recommends a metric to monitor air quality: 
criteria pollutant emissions.  

It should be noted that these performance measures help to link a transportation asset, in 
this case highways, to the economy and offer some notion of valuation based on economic 
activity. However, each measure has its own metrics and thus cannot be aggregated to provide a 
single estimate of the “value” of the transportation asset. If one could place a monetary value on 
the measures from each of the 12 areas, then one would come closer to using performance 
measures to value the asset.  

Federal and state government agencies are already preparing for the broad 
implementation of these performance measures. TRB, FHWA, and FTA sponsored a conference 
in 2011 on performance measurement of transportation systems in anticipation of the 
performance targeting requirements in MAP-21. According to a Pew Charitable Trust survey, 
most states have performance measures of some kind, and 18 states have what are defined as 
mature performance systems (p. 8).14  

Yet, harmonizing performance measures and targets across states is essential so that all 
work together to improve the highway system that they all contribute to and benefit from. For 
example, under its Office of Infrastructure, FHWA has established an Office of Transportation 
Performance Management, which is working to define the role and agenda of the office to ensure 
alignment with the AASHTO Standing Committee on Performance Management. The Office of 
Transportation Performance Management coordinates the crosscutting aspects of performance 
management, as well as the efforts of individual offices. For example, the Office of Safety will 
still lead safety performance measures, but the Office of Transportation Performance 
Management will ensure internal coordination. FHWA is also developing analysis tools and 
training to assist states and local governments in advancing performance management and is 
working with the FTA to facilitate collaboration between the highway and the transit 
communities (p. 45). Undoubtedly, additional efforts have commenced since these initiatives 
were reported out at the 2011 conference.  
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UNDERSTANDING THE RELATIONSHIP BETWEEN  
TRANSPORT FACILITIES AND BENEFITS 
 
To see how best to assess the economic value of transportation systems, one must first 
understand the relationships between transportation infrastructure and economic and social 
outcomes. These relationships are often complex and are not as well articulated or quantified in 
some valuation studies as required to properly assess the value of transportation. For example, 
many of the econometric studies that estimate this relationship devote little space to laying out 
the linkages. To understand these linkages, the nexus between transportation infrastructure and 
economic and social benefits is conceptualized as several components. Transportation 
infrastructure, or facility for short, is characterized by a list of physical features. For highways, a 
partial list would include lane miles and pavement conditions, for example. For airports, it would 
include the number and length of runways. For railroads, the list would include track miles and 
speed limitations, to mention only a few features. All transportation systems connect nodes of 
activities, and these network characteristics must also be taken into consideration. 

The private sector—households and businesses—receives three types of benefits from the 
use of transportation infrastructure.  

 
• The first of the three components includes the benefits to direct users of the 

transportation system. Direct users are the transportation industry, which run trucks on highways, 
airplanes through airports, and ships through ports in order to generate transportation services. 
Direct users are also household members that drive to work or to shop.  

• The second type includes the benefits to those who use transportation services but do 
not directly drive the cars or trucks that use the highway infrastructure, for example, or ride on 
trains or plains. A manufacturing firm that uses an independent trucking company to ship its 
products benefits from highway infrastructure through the transport services provided by the 
trucking company. The benefits included in this component are those transmitted through the 
price mechanisms of a perfectly competitive market economy. For example, investment in 
additional lanes along a stretch of congested highway would be expected to increase travel 
speeds and lower travel costs. The lower travel costs reduce the cost of transportation services 
which in turn lowers the cost of production of those firms located close enough to the investment 
to benefit from the investment.  

• The third component includes benefits that are not transmitted through the markets 
tied to transportation services but instead are related to the existence of market failures or 
imperfect competition. These benefits are typically referred to as wider effects. According to 
Hulten (1994), cases of this sort result from spillover externalities, increasing returns to scale, 
and the network characteristics of transportation which can generate agglomeration economies, 
enlarge labor pools and expand customer markets. Transportation infrastructure investment can 
affect these growth factors by improving accessibility.  

 
Figure B-2, reproduced from Berechman, summarizes the three types of benefits outlined 

above and links them to economic growth.15 Transportation services, such as those outputs 
described in the previous section, are derived from fixed assets funded primarily by government 
and built by private-sector contractors. The actual construction, operations, and maintenance of the 
infrastructure generate jobs and personal income directly and indirectly through a multiplier effect, 
under certain conditions. The fixed assets, in most cases, generate transport services when 
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FIGURE B-2  Link between transportation investment and economic growth.  

(Source: Berechman 2001.) 
 
 
combined with private-sector assets, such as cars, trucks, aircraft and so forth.16 With respect to 
highway investment, for example, the direct benefits to users come through access to the highway 
network and savings from a reduction in travel time and increased safety, which generate welfare 
gains to users and to those who purchase transportation services. A highway system also generates 
externalities through its public good and network characteristics, which ultimately affect economic 
growth though network economies, labor market efficiencies, and agglomeration effects. Some of 
the externalities are captured through their effects on market prices but others take place through 
allocative externalities in specific markets.  

Berechman draws two conclusions from these relationships. First, economic growth is a 
function of the primary transportation benefits generated by the investment, so that the size and 
scope of the benefits derived from economic growth are predicated on the size and scope of the 
primary benefits to the direct users of the infrastructure investment. The second message is that the 
benefits from growth due to allocative externalities may not occur unless certain conditions are 
present. For instance, transportation investment may not lead to greater clustering of firms unless a 
sufficient number of firms sharing a common labor pool or purchasing from each other already 
exists. Furthermore, these preconditions do not exist in every place and circumstance and must be 
identified and scrutinized before including them in the list of benefits (Berechman 2001, p. 118). 

To illustrate the types of benefits outlined above and to further delve into the various 
channels from infrastructure to economic growth, highways will be the primary focus.  
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Highway Facilities 
 
Highway infrastructure is characterized by a number of features: lane miles, grade, tightness of 
curves, pavement condition, number of bridges, bridge load capacity, bridge conditions, and volume 
capacity, to mention a few. When combined with the vehicles that use the roads, the highway 
infrastructure generates benefits to the users in the form of transportation services. The use of 
highways can also yield negative effects, such as noise and air pollution for those driving along the 
road and those living beside it. Each of these characteristics can affect the level and quality of 
services generated from the highway facility. The number of lane miles affects the speed of travel, 
the tightness of the curve affects speed and safety, grade impacts fuel efficiency of trucks, and bridge 
load capacity determines the type of truck traffic that can use the roads.17  

In a mature highway system, highway facilities with these characteristics have been built, 
maintained, and restored over a number of years, and the quality of the highway system varies by 
highway segments. Consequently, one cannot assume that a dollar spent on highway investment on 
one part of the system is the same as a dollar spent on another part of the system. The cost of building 
a mile of highway may vary across regions due to differences in labor costs, differences in the 
terrain, and because of the purpose of the project, such as to add lanes, straighten curves, or reduce 
travel distance by bridging a river. Benefits derived from an additional dollar of investment also 
differ at different points along the highway system, as a result of variation in congestion, demand for 
transportation services in and around the highway system and other circumstances and conditions.  

Furthermore, the network nature of highways and other transport systems adds another 
dimension to the facility and thus to measuring infrastructure. For instance, constructing an 
additional lane between mile marker 10 and 20 on a stretch of Interstate, for example, affects more 
than that 10-mi stretch of highway. The additional lane can increase the traffic flow over the entire 
network that is larger than the additional traffic over that specific segment. If the additional lane 
reduced congestion on that segment of highway, then a manufacturing facility on that stretch now has 
greater access to other parts of the network. A manufacturer 100 mi away that was affected by 
delayed shipments due to the congestion along that segment benefits even though the investment 
might be in another state.  

Consequently, measurements of infrastructure must take into account the various features that 
characterize a segment of infrastructure as well as the network relationships of that particular 
segment. Simply adding up past highway outlays and applying a generic depreciation rate is not 
sufficient, and such an approach obviously does not capture the network characteristics of that stretch 
of highway.  

Scope and scale of transportation facilities are also important. The previous example 
considered the construction of an additional lane on a 10-mi segment of highway. Obviously the 
scale is much larger because of the network features, but also the scope may be greater if there are 
other transportation options within the vicinity. The obvious situation of other options would be 
intermodal connections: car to air, car to rail, truck to freighter. However, other possibilities occur 
when light rail may be another option for commuting by car or railcar transport may substitute for 
truck transport. Consequently, the transport facility may need to cross modal lines even though the 
actual investment decision involves only one mode—highways—for the same reason that network 
features require an examination of other parts of the network. How much consideration should be 
given to other modes or other parts of the highway networks depends on the location of the 
investment (within a metropolitan area or in the Mohave Desert) and the importance of that 
investment to the rest of the network. 
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Accurate measurement of the characteristics of the investment and other features listed above 
are important for understanding the types of benefits that may flow from the investment. It is also 
important in estimating the effects of transport infrastructure because such estimation techniques 
typically look for comparable investments and locations in order to more accurately estimate the 
effects, such as the TPICS database provides (as mentioned previously). Accurate measurement of 
expenditures and knowledge of what the expenditures have paid for is important for methods such as 
benefit-cost analysis.  

The European Commission provides a convenient typology of investments that helps to 
clarify the types of investment that relate to the characteristics of highways discussed in this section 
and how these characteristics relate to the benefits of infrastructure improvements of direct users 
discussed in the next section. As shown in Table B-1, the types of investment range from increasing 
accessibility to peripheral regions through constructing a new link in the highway network to 
improving the use of existing networks. The typology also highlights the type of service, which 
includes the characteristics of the region within which the project is intended to be built.18  
 
Benefits to Direct Users 
 
The benefits to the direct users of the highway facilities include, among others, access, mobility, 
movement of goods, reliability of service, and safety. These users of highways—those driving the 
automobiles and the trucks—receive direct benefits typically measured as:  
 

• Travel time savings; 
• Improved transportation system reliability; 
• Vehicle operating cost savings; 
• Reductions in crash-related costs; 
• Improved mobility; and 
• Availability of travel options (NCHRP 20-24 Task 80 Panel, White Paper, 2012, p. 3). 

 
 

TABLE B-1  Typology of Transport Investments 
Types of Investments Financial Characteristics Types of Services 

New infrastructure to satisfy 
transport demand 

Increasing capacity of existing 
networks 

Infrastructures for densely 
populated areas 

Completion of existing networks Reducing congestion Infrastructures for long distance  
Extension of existing 
infrastructure 

Reducing externalities Infrastructures for freight 
transport 

Investment in safety measures on 
existing links or networks 

Improving accessibility to 
peripheral regions 

Infrastructures for passengers 
transport 

Improved use of existing 
networks 

Reducing transport-operating 
costs 

 

Improvement in intermodality   
Improvement in networks 
interoperability 

  

Improvement in management of 
infrastructure 

  

SOURCE: European Commission, 2008. 
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For manufacturers who provide their own transportation, for example, reduced travel 
time from highway investment affects their production costs directly. For households who drive 
to work, the reduced travel time gives more time for other activities, resulting in welfare gains.  
 
Benefits to Purchasers of Transportation Services 
 
The direct benefits to users can also affect those who use or purchase the transportation services 
produced by these direct users. For those who purchase services from a transport service 
company (e.g., Yellow Freight), their “production” of transport services includes an unpaid 
factor of production: the highway. The savings from reduced travel time are included in the cost 
of the transport services, and this upstream externality is internalized in the market price of the 
transport services.19 The SHRP 2 Capacity Project C-11 Report refers to these as broader indirect 
effects and offers as examples the effect of reduced travel time on businesses and households. 
For businesses, the savings in delivery costs may allow businesses to generate greater income, or 
products to be offered at lower prices—which in turn can lead to greater profits and economic 
growth. For households, savings in transportation costs may also allow households to buy more 
local goods and services, which can also lead to greater economic growth. The greater economic 
growth can be viewed in terms of added jobs, wages, or value added.  
 
Wider Effects 
 
The third type of benefits includes wider effects, as reflected in social and economic outcomes, 
which operate largely outside the market place and are not mediated by prices (p. 14).20 Economic 
theory states that under conditions of perfect competition, all benefits of highways and transport 
services would be captured in estimates of consumer surplus. However, markets are not perfect, 
and highways affect markets other than transport, such as labor and land markets. Studies have 
shown that these effects can be significant and can be an important part of the appraisal of 
highway benefits. These effects are related to the market access that transportation infrastructure 
investment can provide. Firms can benefit by being closer to their suppliers, workers, and 
customers. A portion of the benefits from increased accessibility may come through cost 
reductions resulting from reduced travel time on existing routes. These benefits, however, are 
already picked up in the market transactions and more specifically in the user cost reduction, as 
reflected in the first two types of benefits outlined above.  

Benefits classified as wider effects are derived from a noncompensatory effect of 
transportation investment, which was referred to in Figure B-2 as allocative externalities. 
Allocative externalities result when the economic behavior of one entity impacts another entity 
without the ability for one to compensate the other for the gain or loss. The microeconomic 
representation of the externality is the presence of one producer’s inputs or output in other 
producers’ production functions. A classic example of allocative externalities is the relationship 
between a honey producer and an apple grower. The honey bees pollinate the apple trees and the 
honey bees carry away pollen from the apple blossoms. The honey producer cannot determine 
the number of apple blossoms in her production function to produce honey and the apple grower 
cannot determine the number of bees in his production function to grow apples. And neither one 
can monitor the activity of the other with sufficient accuracy to charge a fee.  

Berechman (2001) offers the construction of an intermodal freight terminal as an example 
of positive externalities in transportation. By enabling intermodality between truck and rail, a 
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new freight terminal improves just-in-time production, reducing inventory costs to producers. An 
example of a negative externality is the increased congestion and the reduction in travel time 
imposed on existing users of a highway by new users entering a crowded roadway where the new 
users do not compensate the existing users for their reduced utilities.20 

These indirect effects are related to the public good nature of public transportation 
infrastructure, both in terms of its connectivity or network characteristics and in terms of its 
public goods characteristics. Hulten frames it in terms of “spillover externalities and the 
economic theory of partial public goods, or clubs” (p. 12). “Roads and highways, for example, 
are joint-use facilities with many different simultaneous users and uses” (p. 12).20 Highways are 
considered partial public goods, in economic terms, because there is a point of usage when 
congestion sets in and adding an additional user reduces the benefits for everyone else already 
using it.  

The network characteristics of highways introduce another dimension of externalities. 
Infrastructure facilities are typically interlocking networks of investment. Highways and bridges, 
mass transit, rail transport, and air transport are all made up of networks of interdependent 
components, which connect pairs of nodes. Even the nodes—an urban center, subway station, 
train depot, and airport—can be seen as a partial public good, in that each can accommodate a 
number of users up to a point before congestion sets in. Furthermore, the flow of services from 
any one component depends on the capacity and congestion of other links in the network. The 
capacity of the entire highway system, for example, is determined from the perspective of each 
component, which means that the decision to invest in a particular project within the highway 
network must take into account the utilization of other parts of the system. Each component of 
the system sees the rest of the system differently, from its own vantage point. Consequently, the 
benefit of the highway network will be different for producers located at each node of the 
highway network. And the production function of each producer will have as inputs the segments 
of the highway network that are most important to the transport needs of producers at each node.  

Following Krugman’s (1998) work on location theory and economic geography, 
expanded transport systems may have several effects: 

 
• Expansion of product and input markets, which in turn leads to efficiency gains 

through economies of scale and access to specialized inputs (Eberts and McMillan); 
• Concentration of production at various points in the network that lead to further 

economies of scale and scope; 
• Improvement in transport services, which may also cause a reallocation of production 

within the network to exploit specialized local resources, lower regional input costs, and a more 
favorable regulatory or tax climate; and 

• An increase in total productivity directly through improved technologies (e.g., just-in-
time inventory management). 

 
Duranton and Puga (2004), in reviewing the microfoundations of the existence of cities or 

in a broader sense the advantage of place, categorized three mechanisms through which these 
externalities take place: sharing, matching, and learning.  

 
• Sharing of indivisible facilities leads to increasing returns to activities located in a 

particular place, and accessibility through improved transportation enables new economic activity 
that could otherwise not exist at that location and makes existing activities there more productive.  
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• Matching relates to specialization and has possible effects in all three markets: labor, 
intermediate inputs, and final products. Larger markets accompanied by a greater number of agents 
in the market improve the expected quality of each match. Pooling of labor increases the likelihood 
that employers will find the qualified workers they need; pooling of firms makes it more likely that 
firms will find the specialized products they need; and more customers within a market will 
increase the availability of specialized products. 

• Learning is tied to the interaction of people and the exchange of knowledge and ideas. 
Closer proximity of people leads to greater interaction and the greater diffusion of ideas, which in 
turn leads to greater productivity. 
 

The increase in accessibility brought about by improvements in transportation can generate 
economic growth if the conditions of positive externalities are present. Duranton and Puga (2004), 
however, warn that identifying these different mechanisms is not easy. It becomes even more 
difficult because the benefits of agglomeration may not percolate through wages or output per 
worker but accrue directly to workers through the utility of a higher quality match.  

How important are these wider benefits within a mature highway system? The simple fact 
is that the system is so large that any investment in the system, even a major one, may not be large 
enough to make a difference in overall travel time. However, some markets may have positive 
externalities that are amenable to greater accessibility brought about by transportation 
improvements. For those markets that do, transportation investment can reduce production costs, 
improve productivity, enable more efficient use of resources, and expand output. These allocative 
externalities are typically represented by economies of scale and scope, agglomeration, and 
network. The resulting economic growth can be measured by the traditional metrics of output, 
employment, and personal income. Berechman asserts that “these benefits must be in addition to 
the primary transportation benefits that have prompted them.”  

On the other hand, for those markets that do not have the preconditions for positive 
externalities, improved accessibility through transportation investment will not necessarily 
generate economic growth. More generally, less economic growth benefits can be expected from a 
specific infrastructure investment the weaker the allocative impact of these externalities.  
 
 
VALUE OF TRANSPORTATION AND PERFORMANCE MEASURES 
 
It is useful from a practical standpoint to return to the performance measures and asset 
management concept to consider the extent to which these measures encompass the full value of 
the highway system. The link between performance measures and outcomes is critical in 
establishing a meaningful performance measurement and target-setting system. At the Fourth 
International Conference on Performance Measurement of Transportation Systems, the setting of 
performance targets was discussed, with the observation that “it is crucial to have good data and 
to understand the relationship between strategies and outcomes and between input (i.e., 
resources) and outcomes” (p. 9). 21 Recommendations from the conference included expanding 
“performance measures to assess the economic impact of the transportation system” (p. 82). This 
statement is perhaps more profound that it may appear at first glance since performance 
measures are typically not used to measure the net impact of a system unless combined with 
other factors or even the construction of a comparison group. 
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Using the relationships defined in the previous sections, one can map the proposed 
performance measures to the measures of highway characteristics and the three different types of 
benefits, as displayed in Table B-2. One can see that the performance measures relate to highway 
characteristics and direct users of highways but not to direct users of transport services or wider 
effects, with the exception of air quality and perhaps other environment issues. However, the absence 
of performance measures for direct users of transport services may be picked up by the performance 
measures of direct users of the facility if one can be confident that the two are proportionally related. 
However, the same relationship is not necessarily true for wider benefits since these benefits will 
vary by the region according to their preconditions for positive externalities.  

The network nature of transportation infrastructure also informs the spatial perspective of 
various decision makers. From an MPO perspective, the vantage point is the region they 
represent and the investment decisions for which they are responsible. For the state DOT, it is the 
state and the relationship between its own highway system and that of neighboring states and the 
rest of the national system. The network characteristics of transport infrastructure and what it 
means for making appropriate investment decisions underscores the need for coordination of 
effort across the system and the sharing of information. This calls for common definitions of 
performance measures across the system and coordination of the setting of performance targets.  

 
 

METHODS OF MEASURING TRANSPORT CAPITAL STOCK 
 
Several methods are used to measure transport capital stock and the specific measure is 
determined by the type of analysis used to estimate the benefits of transportation investment and 
the questions being asked. However, there are some overlaps in their use. The methods of 
measurement are classified into four types, with highways used as an example:  
 
 

TABLE B-2  Relationship Between Performance Measures and Highway Effects 

Performance 
Measures 

Highway 
Characteristics 

Benefits 
Direct Users of 
Infrastructure 

Direct Users of 
Transport Services 

Wider  
Effects 

Serious injuries  Safety   
Fatalities  Safety   
Pavement 
Conditions 

Facility quality    

Bridge conditions Facility quality    
Freight movement  Mobility; 

expected speed 
(travel time); 
reliability 

  

System 
performance 

 Mobility; 
expected speed 
(travel time); 
reliability 

  

Air quality    Environmental 
quality 

SOURCE: SCOPM Task Force findings on national-level performance measures.  
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1. Deriving accurate cost estimates of different types of facility expansion or upgrades 
such as adding connectors, adding lane miles, reconfiguring grades or curves, or resurfacing. 
These estimates are used primarily to decide on undertaking specific projects, typically through 
the microeconomic approach of BCA. 

2. Characterizing highway infrastructure by a compilation of physical attributes of 
highway capital stock, such as total lane miles within a specific region (e.g., county or state), 
perhaps adjusted for highway conditions. These estimates are typically used in the 
macroeconomic approach of estimating production functions of the relationship between 
economic activity and highway capital stock. 

3. Using the perpetual inventory method (PIM) to sum the value of past capital outlays 
adjusted for depreciation and discard. PIM is used in the macroeconomic approach of estimating 
production functions and in addressing the question of the value of existing capital stock using 
national income accounts.  

 
For the purpose of valuing transport infrastructure, each method is more appropriate for 

one approach of estimation than another. For instance, since BCA typically focuses on a specific 
project (such as adding an additional lane) constructed for a specific purpose (such as a reduction 
in congestion), the first method described above is the most appropriate since the cost of the 
project is most important. Since the purpose of the project under the BCA approach is well 
specified as are the improvements undertaken to achieve that purpose, the need for a capital 
stock estimate such as derived from PIM is not necessary. Yet, in modeling the various channels 
of effects generated by the infrastructure improvement, it is important, particularly when 
considering the wider effects, to understand the positioning of that project within the broader 
highway system. In this case, the broader systemwide context within which the project is 
constructed will be reflected in the estimation of the costs and benefits and not in the measure of 
capital stock. The data necessary to estimate the costs of the improvement are approximately the 
same data required for cost estimates of the project. The same is true for the engineering data that 
characterizes the nature of the improvement—location, highway type, lanes, curve dimensions, 
free-flow speed, average annual daily traffic counts, and so forth. Consequently, the data burden 
is not much more than compiling the information needed to construct the project.  

On the other hand, using the macroeconomic approach to relate highway capital stock to 
economic activity requires an accurate reflection of the quantity and quality of the highway 
capital stock. This can be done using either the PIM approach or a metric based on physical 
attributes. While each approach has advantages and disadvantages, the majority of researchers 
studying the macroeconomic effects have adopted some variant of the PIM.22 The PIM’s primary 
advantage is that by encompassing all expenditures on highways, it is a comprehensive measure 
of the amount of highway stock available for use. For valuation techniques addressing the 
valuation of existing highway capital stock (the second question posed in the previous section), it 
is best for the highway capital stock measure to be consistent with national income accounts. The 
PIM approach, with the appropriate adjustments, meets that criterion.  

The PIM technique approaches the measurement of highway capital stock from a more 
aggregate perspective but also from a broader systemwide perspective. At the same time, the 
assumption regarding the use of highway capital stock (or any asset stock) in a production 
function is that the size of the capital stock is proportional to the services it yields. But the flow 
of services also depends on the characteristics of the highway and its utilization. Also, highways 
connect nodes of activity, as previously mentioned. Adding these dimensions to the PIM (or to 
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the specification of the production functions) presents challenges in constructing the highway 
capital stock, which will be discussed in a later section.  

Because of the prominence of using the PIM approach to estimate the relationship 
between transportation capital and economic activity, a description of the most recent 
refinements to this approach will be discussed before the discussion of the macroeconomic 
approach to estimating the benefits of highways.  

 
Perpetual Inventory Method  
 
The PIM of estimating capital stock is based on summing past outlays (in constant dollars) that 
were used to construct the capital stock currently in place, subtracting the proportion of capital 
stock that has been retired, and adjusting for the wear and tear and obsolescence of the current 
stock. The primary advantage of this approach is that it is a comprehensive measure of the 
amount of highway stock available for use. It also is consistent with national income accounts. 
The major challenge of using this technique is the data needed to make the proper adjustments.  

Figure B-3, reproduced from the OECD manual for measuring capital stock, depicts the 
various types of capital measures and the steps necessary to construct them. There are two types 
of net capital stock. One is considered a wealth measure and is the type estimated by the Bureau 
of Economic Analysis (BEA). The other is productive capital stock, which is the type appropriate 
for estimating the effects of transportation infrastructure. Net or wealth capital stock is the stock of 
assets surviving from past periods and corrected for depreciation. The net stock is valued as if the 
capital good (used or new) were acquired on the date to which a balance sheet relates. The net 
stock is designed to reflect the wealth of the owner of the asset at a particular point in time, hence 
the name. However, it is important not to confuse this “net” capital stock with the “net” capital 
stock that accounts for efficiency losses of capital stock due to ageing or obsolescence, referred to 
as productive capital. 

Productive capital stock is a “net” capital stock, but unlike the definition of a “wealth” 
capital stock described above, this definition corrects the particular type of asset surviving from 
past periods for its loss in productive efficiency. Thus, productive stocks are directly related to the 
quantity and production aspect of capital. Productive stocks constitute an intermediate step towards  

 
 

 
FIGURE B-3  Integrated set of capital measures.  

(Source: OECD, Measuring Capital, OECD Manual 2009, p. 25.) 
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the measurement of capital services. If the assumption is made that the flow of capital services—
the actual capital input into production—is proportional to the productive stock of an asset 
class,and the proportionality is constant, the rate of change of capital services will equal the rate of 
change of the productive stock (OECD, p. 60). 

Along with physical deterioration, depreciation should include normal or foreseen 
obsolescence. A representative definition of obsolescence from the literature is “…the loss in value 
of existing capital because it is no longer technologically suited to economic conditions or because 
technically superior alternatives become available” (Hulten and Wykoff 1981, p. 255).  
 
Fraumeni’s National Productive Capital Stock Estimates 
 
The BEA estimates national government capital stock using the perpetual inventory approach. 
Their estimates include depreciation (retirements) but not deterioration, and thus are considered 
“wealth” estimates of capital not “productive” estimates. The perpetual inventory technique adds 
over time the investment (or outlays) in highways and subtracts out the portion that is retired. If the 
length of the outlay series sufficiently exceeds the life of an asset then the perpetual inventory 
technique takes into account all the investments that are embodied in the asset at a particular point 
in time.  

Fraumeni (1999) uses the same perpetual inventory technique as BEA to estimate national 
productive highway capital. In order to provide more detail regarding the highway system, she uses 
outlays and other highway characteristics compiled by FHWA in Highway Statistics. Fraumeni 
also uses AASHTO pavement curves to construct the age-efficiency function and adopts BEA all 
government highway deflators. Her estimates are considered the most accurate series of national 
productive highway capital stock available from 1921 through 2005.23 Therefore, it is worthwhile 
highlighting the methodology Fraumeni employed in estimating highway capital stocks.  

Fraumeni’s construction of highway capital stock uses four components: (a) capital 
outlays, (b) outlay percentage splits, (c) deflators, and (d) pavement curves. Highway capital 
outlays are disaggregated into 

 
• Interstate system, 
• Non-Interstate state system, 
• Local system, 
• Right-of-way, 
• New construction or reconstruction, 
• Other than new construction or reconstruction, 
• Pavement, 
• Grading, and 
• Structures. 

 
The allocation of outlays into these various components differ from year to year reflecting 

changes in how capital outlays are invested. Pavement conditions are reflected in net efficiency 
pavement curves. The estimation of net efficiency curves begins with the construction of a present 
serviceability index–time relationship based on the intensity and type of traffic, and the road 
system: Interstate, non-Interstate, state, or local system. Pavement serviceability determines the 
pavement condition, which in turn indicates how productive pavement could be. Net efficiency, 
which is the basis for productive capacity, is reduced if pavement conditions reduce speed or 
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increase motor vehicle operating cost. Fraumeni reports that pavement net efficiency on average 
never gets below 93% for the Interstate system curves; 84% for the non-Interstate system curves; 
and 72% for the local system curves (Fraumeni, 2009, p. 3).  

Fraumeni also experimented with adjusting existing bridge capital stock estimates by the 
quality and condition of the structures. She found that adjusting the bridge stock estimates for 
quality increased the annual rate of growth of the highway structure series by about four-tenths of a 
percentage point from 1983 to 1996 and by about two-tenths of a percentage point from 1996 to 
2006.  

Fraumeni noted much larger differences between her highway capital stock estimates and 
BEA’s. The differences relate to annual rates of growth as well as the level of the stock. BEA’s 
estimates produce a larger capital stock than Fraumeni’s, particularly from 1930 through 2000. The 
growth rates of Fraumeni’s estimates are significantly lower than those of BEA’s estimates from 
the 1970s and 1980s and then are higher thereafter. She attributes this difference to deflators and 
differences in the component series underlying her estimates (Fraumeni 2007, p. 33). 

Figure B-4 displays the estimates derived by Fraumeni for the Interstate system, non-
Interstate system, and local road system. One can see that construction of the Interstate system did 
not begin until the late 1950s and most of the construction of what is in place today occurred 
during the next 20 years. The Interstate highway capital stock expanded again in the late 1990s, 
with much of that construction around metropolitan areas. The non-Interstate highway capital stock 
has grown since the series began in 1921 and as of 2005 was valued in 2000 dollars at 75% higher 
than the Interstate system.  

 
 

 
FIGURE B-4  Productive capital stocks: Interstate, non-Interstate, and  

local systems (billions of 2000 US$, 1921–2005). 
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Direct Observation of Capital 
 
Another method of estimating highway capital stock is the direct observation of capital (DOC).24 
DOC is conceptually simpler than PIM because it simply counts the number of physical 
segments of the highway capital stock using surveys of physical assets. The simplest aggregate 
DOC measure of highways is the total number of miles of highways. A slightly more complex 
approach is to add up the number of highway units by type of highway and even more extensive 
is to add the number of lane miles. However, this approach of simply adding the length of 
segments (by number of lanes) ignores the condition of these segments. One could come up with 
a measure of effective miles of highway capital by weighting the miles (or lane miles) by each 
segment’s condition. The Highway Performance Monitoring System (HPMS) provides an 
inventory of the pavement condition of samples of highway units. Rating the pavement condition 
of highway segments by a value between 0 and 1, with 0 being impassable and 1 being newly 
constructed state of the art, and multiplying the applicable segment by this weight would provide 
some measure of conditional miles (or lane miles).  

However, pavement condition may not be the only characteristic of a segment of highway 
that matters with respect to the level of service received from it. Tightness of the curves, 
steepness of the grades, and weight limits on bridges could be other characteristics that 
determine the flow of services from highways. Adding these features to miles of highways is less 
straightforward and requires more complicated weighting schemes.  

It may not be necessary, however, to use a weighting scheme to derive a single measure 
of the physical asset of highway capital if the purpose of constructing such a stock is to enter it 
into a production function. Production functions are specified with private and public inputs on 
the right side of the equation, which means that multiple entries of capital characteristics could 
be entered separately instead of as one number. Furthermore, the United States has highway 
inventories over multiple years so a time series of physical capital assets and characteristics are 
available. However, multiple components of capital stock entered separately into a production 
function would make it difficult to interpret the coefficients as a measure of the total value of 
infrastructure. 

A drawback of DOC is the incomparability across modal types. A mile of highway is not 
the same as a mile of track or a mile of transit rail. Airports and intermodal freight facilities, even 
though they may cost the same, are different entities. PIM provides a common metric of 
monetary value, which may be misleading if used in a way that a dollar worth of airports is 
naively compared with a dollar worth of intermodal freight facilities. Another issue with the 
DOC method has to do with a mature economy. Since the number of miles of highways is the 
basic building block of the DOC method and a mature system is not constructing many 
additional miles of highways, the major differences across regions or over time would be in 
minor variations in the number of lanes or pavement conditions, which may not reflect the true 
investment activity for highways. 

For measuring productive highway capital stock, PIM and DOC are conceptually 
equivalent (Bingsong and Han 1997, p. 13). However, there are differences in available data to 
construct the necessary components of these two estimation methods. One of the major data 
problems for DOC is the difficulty in distinguishing different vintages of highway capital stock, 
which is necessary for calculating efficiency patterns. PIM has similar problems with accurate 
efficiency patterns but for different data reasons. An advantage of DOC is the detailed 
information on pavement conditions, characteristics of highway segments, and cost per lane mile 
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from the HPMS and some state reporting systems. These differences in available data are 
summarized in Table B-3. Bingsong and Han (1997) conclude that there is no conclusive reason 
to choose one method over the other, even though the majority of macroeconomic studies 
relating highway capital stock to economic activity use the PIM method to estimate highway 
capital stock. One reason is that it matches the method typically used to estimate private capital 
stock, which is also included in the production function. Dalenberg and Eberts (1997) propose a 
hybrid approach in which the physical characteristics are integrated into the PIM estimates to 
adjust for some of these issues.  

 
Estimating Highway Network Characteristics Using State-Level Capital Stock  
 
National estimates do not reflect the network aspect of transport systems, such as the highway 
system. To begin to capture these characteristics, one must consider how the highway system 
connects the various nodes of activity within its network. This means considering the flows of 
freight and passenger traffic between each pair of metropolitan areas, for example, and then 
considering from the vantage point of each metropolitan what possible routes are possible.  

Another approach of estimating highway network characteristics is to use the commodity 
flows to measure the shipments from point of origin to point of destination. The Commodity 
Flow Survey reports this information aggregated at the state level. It is also possible to obtain the 
micro data of shipments from each establishment included in the survey. The use of the 
microdata is discussed in the next section.  

By combining the state-level flows with highway capital stock estimated at the state 
level, one can provide an estimate of the weighted average of the capital stock from other states  
 
 

TABLE B-3  Data Requirements of PIM and  
DOC for Measuring Productive Highway Capital 

Feature 
PIM DOC Preferred 

Method Needed Comment Needed Comment 
Highway 
retirement 
pattern 

Yes Not readily available No Automatically 
excluded from 
physical asset 
inventory 

DOC 

Physical 
characteristics 

Yes Difficult aggregating  Yes More detailed than for 
investment measures 

DOC 

Original 
acquisition or 
replacement 
cost 

Yes  Yes Level of detail of 
acquisition cost does 
not match level of 
detail of physical 
characteristics 

PIM 

Efficiency 
pattern 

Yes Unit based; 
uses it to adjust 
original investments; 
not readily available 

 

Yes Aggregate; 
uses it to value 
existing physical 
assets by vintage; 
not readily available 

DOC 
(if highway 
maintenance 
and repair 
keeps highways 
intact) 

SOURCE: Author’s analysis of Bingsong and Hang (1998).  
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used by producers in a specific state. The weights are the percentage of goods shipped from a 
specific state to all the other states connected by the highway system. For example, if shippers in 
Ohio use highways in Pennsylvania and Michigan more intensively than in Kentucky and 
Indiana, then the commodity flows will weight the capital stock in those two states more than the 
capital stock in Indiana. This approach, however, requires the estimation of state-level highway 
capital stock. 

State-level highway capital stock measures have been estimated in basically two ways. The 
first approach estimates highway capital stock for each state the same way the national capital 
stock estimates are constructed. That requires obtaining a sufficiently long time series of highway 
capital outlays for each state as well as appropriate retirement and depreciation estimates. Price 
deflators must also be available for each state to reflect the differences in material costs and wages 
by state and differences in constructing highways in states with different terrain. Issues with 
estimating state-level capital stock are discussed in NCHRP Report 389.25  

Another approach of estimating state capital stock is to apportion national estimates using 
a weighting factor. Munnell (1990) used this approach for her estimates. This approach can be 
used if the time-series for highway outlays is not long enough so that the first outlays in place 
would have been retired by the date the capital stock is needed. She uses the average of several 
years of outlays at the beginning of the outlay series to weight the national capital for each state. 
That provides a starting point for the highway capital estimation for each state using the outlay 
series available for all states. This approach several drawbacks. If state employment shares are 
used to apportion the national capital stock to each state, then the state capital stock, if used in a 
production function, will be correlated with labor inputs simply because of the construction of 
the capital stock. The resulting multicollinearity among the labor and highway capital stock will 
bias the estimates of the effect of highway capital on output, and thus its valuation. 

Another approach of capturing the network characteristics of highway capital is to measure 
the redundancy of the highway system by constructing a measure of circuity or impedance. Eberts 
(1997) merged the Commodity Flow Survey with the Longitudinal Research Database (LRD), 
which together provides information on where each establishment ships its goods. Merging the two 
data sets creates a representative sample of the shipments made by each of nearly 80,000 
manufacturing establishments in which we know not only the production characteristics of an 
establishment but also when the output shipped, by what mode, the shipment’s final destination, 
the distance between origin and destination of shipments, and an estimate of the miles actually 
shipped. This data set provides the means to link an establishment’s location with the highway 
infrastructure close by and thus the highway system it most likely uses. Furthermore, it provides a 
way to trace the destination of the goods produced by each plant. 

Merging the two datasets offers several advantages in studying the effects of highways on 
productivity. First, as previously mentioned, the linked data set gives researchers information on 
where individual manufacturing facilities ship their output. We thus know the extent to which 
plants use highways, as measured by the percentage of goods shipped by trucks and by the distance 
plants ship their output. Previous studies have not been able to measure highway use and thus treat 
all businesses as if they use highways to the same extent.26 This assumption can bias estimates of 
the effect of highways on productivity.  

Second, the data set allows researchers to link the location of an establishment to the 
location of highway infrastructure within the plant’s proximity. Studies based on aggregate data, 
particularly at the state and national levels, do not differentiate between highways that are close to 
an establishment and those that are far away. For example, studies using national-level data for 
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individual industries assume that highways on one coast affect firms located on the other coast. 
This wide dispersion in the location of businesses and highways may exacerbate the problem of 
estimating productivity effects when industries are spatially concentrated, such as the primary 
metals industries and the furniture industry. Unless the spillover effects of highways outside the 
immediate area of the plant are substantial, there is little reason to expect the highway stock in 
Southern California or in Florida, for example, to contribute significantly to the primary metals 
industry, which is heavily concentrated in places like Indiana and Ohio. 

Third, the LRD provides the means to examine the effect of highways on the performance 
of individual plants, not aggregations of plants to the state or national industry levels, which has 
been the case in previous studies. With the LRD, researchers can now explore more-detailed 
behavior of plants and can account for the heterogeneity among individual plants even within 
narrow industry groups. Furthermore, basing the analysis on individual plants mitigates some of 
the econometric problems that plague analyzes based on aggregate data. One of the most serious 
problems is simultaneity bias: does highway infrastructure “cause” business behavior or does 
business behavior “cause” highway investment? Using aggregate data confounds this problem 
because aggregate highway expenditures are in essence placed on par with aggregate business 
output at some government jurisdictional level, typically at the state or national level. It is equally 
likely that an increase in business activity within a state, say, could affect the level of highway 
spending (through the greater need for highways and the enhanced ability to finance the 
investments) as an increase in net highway investment could affect business performance (as an 
unpaid factor of production). With plant-level data, on the other hand, it is less likely that the 
behavior of an individual plant could influence highway investments in a government jurisdiction 
as large as a state or even a county, which is the smallest unit of observation used for the highway 
variables in this study. Therefore, estimates of the effects of highways on productivity are less 
likely to be subject to simultaneity bias when plant-level data are used.  

A measure of circuity or impedance was constructed by using the actual distance traveled 
by a shipment, as estimated by Oak Ridge Laboratories, compared with the shortest distance to 
the destination of the shipment. A ratio of actual miles to shortest distance miles is a measure of 
circuity or impedance. The more directly the highway system connects the points of origin and 
destination, the closer the ratio is to one.27 One can imagine a time in the not-too-distant future 
when the location of shipments will be tracked by Global Positioning System sensors or other 
devices and the information collected and analyzed to show the use of the transportation system. 
Businesses are already doing this; the information now must be shared and processed to provide 
a real-time perspective of transportation usage.  
 
 
METHODS OF ESTIMATING THE BENEFITS OF  
TRANSPORTATION INFRASTRUCTURE 
 
Two approaches are typically taken to estimate the benefits of transportation capital as they relate 
to the value of an additional unit of investment. One is referred to as the microeconomic approach, 
in which a BCA framework is used, and the other is the macroeconomic approach in which 
production functions (or cost functions) are estimated. Figure B-2, which lays out the channels by 
which transportation infrastructure investment can affect economic growth, is useful in 
understanding the differences between the two approaches. The microeconomic approach starts at 
the top of Figure B-2 and monetizes each of the major channels and sums them to obtain a total 
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value. The macroeconomic approach starts at the bottom of Figure B-2 with an aggregate measure 
of economic growth such as GDP and statistically relates it to an aggregate measure of highway 
capital stock. Typically, production functions are estimated using time series data or cross-section 
data (across states or metropolitan areas), or both (in the form of a panel dataset), to estimate the 
elasticity of output with respect to highway capital stock (or other transportation capital stock). 
Most studies using this approach do not identify the causal linkages between transportation 
infrastructure and economic growth in the same detail as is typically done using BCA. Thus, the 
challenge when interpreting the results is to find causal linkages between infrastructure 
investments and economic output. On the other hand, the challenge with using BCA is to include 
all the relevant channels and to find credible estimates of their effects. 

Even though the two approaches converge, so to speak, after starting at opposite ends of the 
Figure B-2, the two approaches do not completely overlap. Hulten (1994) shows that the benefit-
cost analysis might miss the spillover effect, whereas an analysis of the macroeconomic production 
function would capture it. One can always add elements to the BCA that take into account wider 
benefits, as will be discussed later in the paper, but the theoretical basis of the benefit–cost 
framework is welfare theory and includes elements that will maximize total welfare for society. 
Effects of different actions are valued in monetary terms and expressed as opportunity costs for 
users and others who benefit or suffer from the impact of the transportation system under study.28 
The econometric approach casts a wider net but it is difficult to identify the channels by which 
infrastructure affects output and to be sure that the estimated effects are reflecting the appropriate 
causal relationships.29 Without identifying the individual channels, it is difficult to first see how 
much the estimated value from the BCA matches the value from the production function approach 
(that is, whether enough channels are included in the BCA) and whether the direction of causation 
is appropriate in the production function estimates.  

Methods to address the question of the average net return of transportation capital are 
typically tied to the national income accounts in which production from business, nonprofit, and 
government sectors are considered in this estimation. Since this approach focuses on the use of 
highways by producers, the household sector is not included, except in the form of owner-occupied 
housing. Also, externalities such as expansion of economies of scale or increased agglomeration 
economies are not included in these estimates, since they are not included in national income 
accounts. Fraumeni’s (2007) approach to estimating the average net rate of return, which will be 
described in another section of this paper, is to look at the growth in highway capital input and GDP 
over time, based on assumptions about the rate of return of government assets.  
 
Microeconomic Approach: Benefit–Cost Analysis 
 
BCA is used mostly for single project assessments. Although BCA methodologies differ across 
users, they share common aspects. 
 

• A large set of benefits and costs generated by infrastructure projects are scrutinized. 
• A long planning horizon (20 or more years) is often needed. 
• Future benefits and costs are discounted to calculate the net present value of a project. 
• All costs and benefits are converted into monetary values. 
• Geographical region within which benefits are costs are estimated. And 
• Sensitivity analyses are conducted to verify the robustness of the results.30 
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The net socioeconomic benefit includes the following components with some omitted, such 
as externalities, if reliable estimates are not available: 
 

• Change in consumer surplus; 
• Revenues for the infrastructure operator minus operating costs of infrastructure services; 
• Change in welfare because of externalities; and 
• Effect on government budgets. 

 
For this decision tool to provide accurate information, all appropriate benefits and costs need 

to be monetized over the life of the project. In perfectly competitive markets, prices can be used to 
monetize the benefits and costs, but in imperfect markets or for externalities where no market prices 
exist, shadow prices are used instead. After discounting, the social rate of return of infrastructure 
projects derived from monetized benefits can be compared across projects (but only if the same 
elements are used) and with the costs of the project.30  

Externalities, such as those listed as allocative externalities in Figure B-3, must be properly 
measured and explicitly entered into the benefit calculation. Valuations may be derived from 
demonstration projects, they may be based on observed behavior (e.g., intermediate good method, 
hedonic pricing, travel cost method, defensive expenditures) or they may be imputed from surveys.31 
As described in the previous section, the valuation of externalities should be included only if the 
location has the preconditions for the externalities to lead to economic benefits. The benefits of 
agglomeration economies resulting from increased accessibility brought about by improvement in 
highway infrastructure, for example, can be included in the benefit–cost calculations only if there is 
sufficient clustering of economic activity within the vicinity of the proposed project to “incite” 
benefits.  

Another confounding issue in estimating the benefits of the highway system is the network 
characteristics of highways. Investment at each node of the network has implications for the other 
nodes and taking into account these effects are important in obtaining a true reading from the BCA. 
There are obviously different decisions at each node, and different benefits as revealed by different 
relationships between the highway system, as viewed from that node, and output. With these 
externalities and network characteristics, it is important not to double count the benefits when adding 
up the benefits from the vantage point of any specific node as being part of the network (Hulten 
1994, p. 14) 

Since BCA is basically an adding-up process—adding up the discounted net socioeconomic 
benefits and matching them to the costs of construction or operations and maintenance—it is 
important to include the major channels through which infrastructure affects users of transportation 
capital so that the full effect of infrastructure on the economy is recorded. The concern that elements 
may be missing is what spawned interest in the macroeconomic approach, which had the advantage 
that most of the channels would be included by relating the final aggregate outcome, GDP, with the 
transportation infrastructure variable.32  

To promote greater consistency in the criteria used to select projects, more prescriptive 
guidelines have been established by federal agencies or national organizations on what elements 
should be included in benefit cost analysis and what values could be used. A recent study compares 
the elements typically included in BCA across selected countries and finds many elements in 
common, but also differences in what elements are included. The table in Box B-2 shows these 
differences.33 There are even detailed guidelines on which of the so-called “wider effects,” such as 
the allocative externalities in Figure B-3, should be included and how to estimate their effects.  



Appendix: White Paper on Valuing Transportation Infrastructure 71 
 
 

 

 
BOX B-2  Elements of BCA Across Selected Countries 

 
 

TRB recently released a guide to assessing wider economic benefits of transportation, 
accompanied by a set of tools for state DOTs and others to incorporate into their BCAs. The guide 
(SHRP 2014) targets three classes of wider effects: reliability, intermodal connectivity, and market 
access. These benefits go beyond the traditional measures of traveler impact, which are based on 
average travel time and travel cost and include factors that enable businesses to gain efficiency by 
reorganizing their operations or by changing the mix of inputs used to generate products or 
services.34 The tools available to incorporate these benefits within BCAs are based on a searchable 
database of ex post evaluations of 100 projects across the country. It also includes an expert system 
that draws from the database to estimate the range of economic impacts likely to result from any 
specified project in any defined setting (p. 3). In addition, estimates of the more traditional elements 
included in benefit cost analyses, such as congestion costs, are available from various sources, so that 
the combination of the TRB tools for estimating wider effects and the standard sources for travel-
related estimates provide more consistency in the estimates while still being able to customize the 
estimates to specific settings.  

The United Kingdom has taken a similar approach to TRB–SHRP study by developing 
guidelines and detailed instructions on what to include, how to estimate the benefits, and when to use 
them. The instructions extend to estimating the value of externalities and how to include them in the 
BCA. This detailed set of instructions, which includes the definitions of specific externalities, 
metrics, calculation procedures, and data required, provide a common approach that can be used to 

Although BCA include similar sources of benefits and costs, there can be notable 
differences in the elements that they include. According to a recent study comparing benefit 
cost practices across selected OECD countries, notable differences were found.36, 37 The 
United Kingdom appeared to stand out among the six countries selected in not including 
environment elements or tax financing costs in its BCA. The United Kingdom was unique 
in including an element that adjusted for the bias in optimism regarding infrastructure 
projects. Three of the six countries, including the United Kingdom, incorporated 
monetized estimates of socioeconomic indirect effects. 
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compare across highway construction projects. This approach also allows close scrutiny of what 
benefits are included in the analysis and how the valuations are estimated. Box B-2 describes the 
guidelines and estimation procedures for one of the externalities that the U.K. Department for 
Transport has included in the BCA.  

The European Commission provides a handbook of estimates of external costs of 
transport which includes costs associated with congestion, pollution, noise, accidents, and 
climate change, which the SHRP approach does not. The estimates are based on accepted 
methodologies and are intended to provide a consistent measure that can be used to provide 
comparability in BCAs. Table B-4 displays the estimated congestion costs for different regions, 
road type, and road use. The costs are measured as euro cents per vehicle kilometer. One can see 
from the table that congestion caused by cars on motorways is more than three times as high in 
urban areas than rural areas (48.7 versus 13.4) for roads that are being used at near capacity. The 
highest cost in urban areas is due in part to higher wages there than in rural areas.  
 
 

TABLE B-4  Estimates of Congestion Costs by  
Vehicle, Region, Road Type, and Road Use 

 
SOURCE: Update on the Handbook of External Costs of Transport, Report for the European Commission, 2014. 
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Similar estimates of external costs have been derived for the United States and include 
other modes in addition to highways (Delucchi and McCubbin 2010). These estimates, for rail, 
air, water, and highways, provide external costs for air pollution, climate change, noise, and 
energy security. As shown in Table B-5 the range of estimates is pretty wide. For example, 
external costs of climate change range from less than 1 to 4.8 cents per passenger mile. 
Obviously, including one end of the range or the other could have a substantial effect on the 
estimates of the value of benefit (or cost of highways) and affect the benefit–cost ratio.  
A handbook developed by the OECD to provide guidance in estimating benefits for BCAs states 
that there is a “significant risk of double counting if additional effects beyond the primary 
pecuniary benefits are added to BCAs” (OECD, 2001, p. 43). This means that time savings and 
other cost advantages for infrastructure users are assumed to cover all the external pecuniary 
effects and no additional effects should be added to BCAs. Current practice in some other 
countries, e.g., the United Kingdom and France, suggests that external benefits should be 
covered in a nonquantitative way in order to avoid the high uncertainties of quantitative 
assessments (Box B-2). For example the new approach to appraisal of road investments in England 
involves regeneration issues by responding yes or no to questions such as “does the road project 
serve the regeneration priority?” and “does development depend on the scheme?”35 
 
 

TABLE B-5  U.S. Estimates of External  
Transport Costs by Type and Mode (2006 cents) 

 
SOURCE: Delucchi and McCubbin, 2010. 
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Estimating Wider Benefits in the SHRP Study 
 
The recently released SHRP report for TRB on estimating wider effects using BCAs provides a 
framework for including the various channels (or elements) by which transportation infrastructure, 
highways specifically, can affect output. The study provides an accounting framework that lays out 
the categories of direct economic benefits that a given roadway improvement may have on travelers 
using it and on the operation of businesses that depend on it (e.g., basically the first two effects 
described in the previous section). It does not include environmental, social, and other broader 
impacts, nor does it include indirect and secondary effects on the economy (SHRP, p. 24). The tools 
are designed to be used for highways but the framework can be used for other modes. The results can 
be used in benefit cost analyses and to drive economic impact forecasting models to estimate the 
long-term regional economic growth implications of proposed projects (SHRP 2014, p. 2).  

Table B-6 shows the study’s classification of benefits which are divided into three groups: (a) 
traditionally measured benefits, (b) wider economic benefits, and (c) other external (environment and 
social) benefits.  

The SHRP report describes the way in which the values for each of the elements are 
computed. Focusing on the three elements classified as wider economic benefits, one sees 
immediately from the right hand column of Table B-6 that several layers of information are 
required since in some cases the beneficiaries are not the direct users of the highways or, as in 
the case of the reliability estimate, time must be considered in two moments: average or median 
and variation. Therefore, the data requirements and the number of underlying assumptions 
increase when including the wider benefits compared with including only the traditionally 
measured benefits.  

Estimating the value of the reliability benefit starts with the standard estimate of the 
savings from reduced travel time. The next step is to estimate the variation in travel time around 
that average, as expressed as a percentage of the average, referred to as the reliability ratio. Two 
types of delays are considered: recurring and nonrecurring. Recurring delays happen because of 
congestion and reduced traffic flow, whereas nonrecurring delays result from accidents and 
resultant delays. Assuming an appropriate hourly wage for the region within which the project is  

 
 

TABLE B-6  Classification of Benefits of Transportation Improvements 
Benefit or Impact Element Units for Measuring Change 
Traditionally Measured Benefits 
Travel time savings $ value of driver + passenger travel time savings 
Vehicle operating cost savings $ cost savings from reduced vehicle miles or vehicle hours of travel 
Safety improvements $ value of reduction in crash incidents 
$ value of environmental benefit $ value of reduction in tons of emissions 
Wider Economic Benefits 
Reliability benefit $ cost savings of income gain from less nonrecurring delay 
Market access benefit $ income or GDP gain from effective size or density gain 
Connectivity benefit $ income or GDP gain from connectivity benefit 
Other External (Environmental and Social) Benefits 
Other environmental impacts $ value of reduction in water, noise, visual, other pollution 
Social impacts $ value of enhancement in social factors 

SOURCE: Final Report SHRP 2 Project C11, p. 20 
  



Appendix: White Paper on Valuing Transportation Infrastructure 75 
 
 

 

being considered and the number of people potentially affected, the reliability ratio can be 
monetized and entered into the BCA structure as one of the elements.  

The value of intermodal connectivity is also included as a wider effect. It is related to the 
type of service that the intermodal terminal connects to, the location of the terminal, the overall level 
of activity at the terminal and the number of other locations that can be reached through the terminal. 

Market access is measured through a statistical indicator of effective market size or effective 
market density. The intent of this metric is to reflect the magnitude of the opportunities for businesses 
to access workers within a labor market or customers within a delivery area. It incorporates many of 
the same factors discussed in the previous section on wider effects including scale and scope 
economies, shared inputs, and urbanization and localization. As mentioned in that discussion, these 
factors are relevant in generating economic benefits under specific pre-conditions of the region. 
Furthermore, they affect parties that are not directly using the highway system, so various steps from 
the infrastructure improvement to its effect on accessibility and market expansion to output needs to 
be taken into account.  

The market access tool is described in more detail in order to show how the framework is 
developed and what data and assumptions are required to estimate the value. As described in the final 
report (Chapter 5), the market access tool is based on the following components: 

 
• Identification of relevant markets and the associated triggers for market access to have 

economic value and for what groups; 
• Sensitivity to transportation costs and transportation scenarios; 
• Spatial scale for consideration, aggregation, and comparability; 
• Spatial unit within the context of spreadsheet drive tools; 
• Types of measures and economic implications of access changes; and 
• Simplicity in communicating (SHRP Report, p. 70).  

 
The tool defines the value of accessibility as the percentage increase in economic activity 

(measured by income or GDP) that is generated by a one percent increase in effective market scale or 
effective density. The study lays out specific channels through which transportation improvements 
can affect market access and from what perspective—consumption, production, or distribution. It 
uses features (or economic triggers) identified in the literature on agglomeration effects to provide a 
framework for capturing the economic value associated with market access. For example, the feature 
(or economic trigger) of scale economies or scope can lead to higher outputs and benefits through 
providing greater market activity for indivisible assets, such as warehousing and production facilities 
when viewed from the production and distribution perspective. The calculation of the value of 
market access then becomes an exercise of identifying each channel and coming up with metrics and 
data to estimate a specific linkage. Table B-7 provides examples of several, but not all the, channels 
for market access identified in the study.  

Once these channels have been identified, specific formulations are developed for the various 
access points, and these formulations are used to build a model based on a number of steps that 
relates highway use to value of access. For example, the economic implications of a change in 
market access for productivity is described by an equation that includes effective densities, 
elasticities of productivity (response of productivity to changes in market access), and estimates of 
distance or cost decay with distance. These estimates require considerable data and measures of local 
economic conditions and characteristics to know whether the economic trigger is likely to occur. The 
study recognizes that MPOs and state DOTs will have difficulty attaining the necessary data and may  
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TABLE B-7  Transportation–Highways, Specific Markets, and  
Two Types of Measures to Capture Economic Value of Market Access 

Linkage 
Perspective 

Origin  
Market 

Destination 
Market 

User  
Group 

Measurable 
Direct 

Economic 
Value Measure Type 

Production Intermediate 
goods: input 
markets–labor 
home locations 

Places of work–
employment 
locations 

Commuters Economic costs 
associated with 
commuting 

Access to key 
employment 
centers 

Production Intermediate 
goods: input 
markets–raw 
materials  

Production 
locations 

Trucks, freight Economic costs 
associated with 
shipments 

Access to key 
supplier sites 
within 
reasonable 
travel times 

Production: 
consumption 

Final goods: 
production sites 

Locations of final 
demand–product 
markets 

Trucks, freight Economic costs 
associated with 
shipments 
delivery and 
potential price 
effects 

Access to key 
customer 
markets within 
reasonable 
travel times 

Distribution: 
consumption 

Final goods: 
distribution 
sites–
warehouse sites 

Locations of final 
demand–product 
markets 

Trucks, freight Economic costs 
associated with 
shipment 
delivery 

Access to key 
customer 
markets within 
reasonable 
travel times 

SOURCE: SHRP 2 Capacity Project C11 Prepublicaton Draft, 2014.  
 
 

not have the resources to estimate the required relationships, so the study offers rules of thumb for 
various key parameters. Table B-8 lists the data required to estimate the gravity model and the 
measures of market access. Additional data, such as market wages among other data, are still needed 
to estimate productivity measures and value of time. 

The study offers an example of the benefits of a project that expands capacity with a new or 
upgraded route to enhance access. The results for passenger trips and for commercial trips are shown 
in Table B-9. One can see that for this example, including wider benefits increases the value of 
benefits for the target year. For passenger trips, the wider benefits are 9% of total value and for 
commercial trips it is 16%.  

The credibility of this approach of building a model that links transportation improvements to 
the value to households and businesses of market access, or to the other wider effects, is based on the 
structure of the model that captures the various channels and on the ability to see the explicit features. 
The study cites a broad literature of research that focuses on specific aspects of the linkages. The 
downside of this approach is that some channels may not be included and more importantly that the 
equations used are crude approximations of the real effects and that the data are course proxies for 
the actual values needed. In many cases, such information is not available to MPOs and state DOTs 
so rules of thumb are applied, and the appropriateness and accuracy of these metrics are difficult to 
assess. The study itself addresses four remaining needs (SHRP 2014, pp. 121–122): 
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TABLE B-8 Public Data Sources for Gravity and Daily Measures of Market Access 
Market Access 

Measure Data 
Public Data Activity  
Sources Base Year 

Base–Future–Future 
Forecast Years 

Potential  
access 

Employment–
population 

Census files; county business 
patterns and BEA; American 
FactFinder: population, 
employment 

Base year of analysis and 
forecasts 

Effective 
density 

Employment 
typically (but 
population may 
also be used) 

Employment by place of work- 
LEHD; on-the-map data (LEHD) 
(allows online GIS visualization 
of data) 

Base year of analysis and 
forecasts; forecasts from MPO 
or private sources for years for 
which scenarios are developed 

Daily access: 
labor market 

Employment LEHD: by place of residence and 
place of work by sector and 
worker quality 

Base-year data and forecast 
year data 

Daily access: 
labor market 

Commute 
thresholds 

Census Transportation Planning 
Package–American Community 
Survey 

 

NOTE: LEHD = Longitudinal Household Employment Dynamics; GIS = geographic information system. 
SOURCE: SHRP 2 Capacity Project C11 Prepublicaton Draft, 2014. 

 
 

TABLE B-9  Value for Highway Capacity Expansion by Benefit Element 

Benefit Element 
Value of Benefit for Target Year 

Passenger Trips Commercial Trips 
Value of vehicle-hours saved $148,068 $37,968 
Value of VMT savings $0 $0 
Value of safety: crash reduction $2,957 –$1,311 
Value of benefit for induced trips $0 $0 
Value of traditional benefits  $151,021 $36,657 
Value of reliability improvement $14,281 $5,862 
Value of enhanced labor market access $352 $0 
Value of enhanced delivery market access $0 $456 
Value of enhanced intermodal connectivity $388 $457 
Adjustment for overlap in above $0 $0 
Value of wider benefits $15,021 $6,775 
Total  $166,046 $42,976 
Value of wider benefits as percent of total 9% 16% 

SOURCE: SHRP 2 Capacity Project C11 Prepublicaton Draft, 2014. 
 
 

• Assessing the differences and similarities between the multiple alternative measures 
of transportation impact and assessing which are better than others; 

• Economic valuation of these wider transportation impacts vary extensively depending 
on the type of transportation and industries that are involved or affected, and the tools developed 
in the study are simple approximations, which require further refinement; 

• The channels of impact developed in the study are still incomplete and additional 
channels need to be added for a more complete valuation of these effects; and 
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•  The tools do not include the broader, longer term effects on business location 
patterns and expansion, supply and demand for labor, prices and import–export patterns, all of 
which can affect productivity, competitiveness and economic growth. 

 
To conclude, the different approaches are complementary. Microeconomic benefit cost 

analyses are the best approach for project assessments and should be used both to achieve an 
optimal capacity standard of a new investment and to compare the cost efficiency of different 
investment projects. Macroeconomic assessments should be used for complementary information 
on possible long term network effects which are not covered in BCAs. 
 
 
MACROECONOMIC APPROACH: PRODUCTION FUNCTION ESTIMATION 
 
Indirect effects of network externalities are estimated using econometric techniques, typically 
modeled as production or cost functions and sometimes social welfare functions. Econometric 
techniques used to estimate transport externalities (including its effect on economic activity) are 
less prescribed than measuring the value of direct benefits, accept to follow widely accepted 
econometric estimation techniques when dealing with aggregation, direction of causation, 
spillovers, spatial autocorrelation, and other factors that may confound estimation that attempts 
to identify and isolate the effects of highways from other confounding factors. An exception is 
the United Kingdom. Following the Eddington Report (Box B-3), the Ministry of Transport 
provided modularized guidance on estimating all aspects of the broader impacts of transportation 
and on incorporating these estimates into evaluations.  

The general empirical approach is to estimate a production function in which output is a 
function of private inputs—capital and labor—and publicly provided transport capital stock. 
Most studies use a simple functional form in relating output to inputs. In log form, the estimating 
equation takes for the form: 

 
lnYit = bL lnLit + bK lnKit + bT lnTit 
 
where Y is output; L is labor; K is private capital; and T is transportation capital. The subscript i 
denotes the level of aggregation (establishment, or county, or state) and t denotes the year. The 
bT coefficient estimates the elasticity of output with respect to transportation capital, which is 
interpreted as a percentage change in output brought about by a 1% change in 
transportation capital stock. For example, if the estimate of bT is 0.05, then a one percent increase 
in transportation capital stock is related to a 0.05% increase in output. To calculate the rate 
of return of transportation capital stock, one would multiply the elasticity by (Y/K). Some studies 
expand the specification so that the output elasticity is a function of the level of transportation 
infrastructure and the other two inputs: capital and labor. Other specifications have been used 
that places public capital in the production function as a factor affecting technology. This 
specification is equivalent to the simple Cobb-Douglas specification listed above. Studies have 
also used a more flexible form, such as a translog production function, in order to estimate the 
interactions of highway capital with the private inputs of labor and capital. Cost functions are 
used as an attempt to pin down the exogeneity of inputs by using prices instead of quantities, but 
since highways do not have a per unit price, it is entered in the cost function as a quantity. At  
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BOX B-3  The U.K. “Value of Money” Nomenclature 

 
 
times, the production function has been estimated within a system of equations that also include 
demand equations for the private inputs and public capital.38 Hulten (1993) notes that the 
highway capital stock elasticity (bT) may vary by the use of the stock, as perhaps measured by 
congestion. The elasticity would be close to zero if the stock (or facility) has close to no use and 
a smaller facility (fewer lane miles) could produce the same output equally well. The elasticity 
could be very large if the facility is highly congested in which case adding new capacity (adding 
lane miles) would greatly increase output. Thus, a simple regression model, which does not take 
into account congestion, may not yield a reliable estimate of the elasticity (that is, the value of 
transportation).39 
 
 

A white paper produced by Cambridge Systematics on assessing the economic benefits of 
a mature infrastructure system suggested that “at the current time the United Kingdom 
may be furthest along both in formulating an overall framework and in filling in the 
details of procedures and methods to make economic evaluation a driving factor in 
transportation investment decisions.” (p. 1) This approach, as developed by Sir Rod 
Eddington and referred to as the Eddington Report, attempts to identify and quantify 
wider benefits of transport investment than are typically captured in traditional benefit-
cost analyses. The Eddington Report identifies seven microeconomic mechanisms that 
transport investment can affect: 
 

• Increasing business efficiency through time savings and improved reliability 
for business travelers, freight, and logistic operations; 

• Increasing business investment and innovation by supporting economies of 
scale or new ways of working; 

• Supporting clusters and agglomerations of economic activity; 
• Improving the efficient functioning of labor markets, increasing labor market 

flexibility and the accessibility of jobs; 
• Increasing competition by opening up access to new markets; 
• Increasing domestic and international trade by reducing the costs of trading; 
• Attracting globally mobile activity by providing an attractive business 

environment and good quality of life.  
 

Eddington asserts that a detailed assessment of the impacts of transport projects 
form the bedrock of project appraisal, covering economic, environmental and social 
impacts. A significant portion of economic benefits are already captured by benefit-cost 
analysis, but current methodologies do not reflect other influences of transportation 
infrastructure on the economy. If new evidence of agglomerations and reliability were 
taken into consideration, assessments on a project-by-project basis would increase by as 
much as 50%, according to Eddington. 
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Estimation with Network Externalities 
 
Hulten (1993) also points out that because of the network characteristics of highways, highway 
capital stock is no longer a single variable in the production function, but a matrix of all possible 
connections of the network nodes. Consequently, there is no single elasticity of output but a 
separate elasticity of output for each possible connection. The interdependence of network links 
implies that the marginal product of any link shifts as segments are added or expanded. A 
regression of output on private capital and a single estimate of highway capital, such as the 
national estimate of highway capital stock, will not provide a true estimate of the total effect of 
the highway network, because of the changing response by the private sector throughout the 
network to changes in the network. Therefore, there is no single estimate of the elasticity of 
highway capital stock, and conversely, there is no single measure of public capital that is suitable 
for insertion in an aggregate production function.  

The extent to which this is true is an empirical issue and depends upon the flows of traffic 
throughout the network. For instance, if little traffic flows out of a state along the Interstate 
highway system, then the network effects of multiple elasticities may not be that important. 
Studies that focus on state-level highway capital stock, such as Munnell, assume that only the 
highway capital stock within the state affects the state’s output. From a network perspective, this 
in essence assumes that manufacturers located within a state ship only within the state. State-
level estimates typically find much smaller output elasticities than studies at the national level, 
perhaps since their estimates do not capture broader network effects from other states. The few 
studies that have estimated spillover effects in other states have not found large effects, if any. 
Some have even found negative spillover effects. This may indicate that shipments outside a 
state are low compared to shipments within a state. 

Table B-10 shows the commodity flows between two neighboring states—Ohio and 
Michigan—linked by major Interstates and a common industrial structure. Here we see that for 
each state at most 24% of the goods are produced in the state and shipped within a state. At the 
same time, at most only 10% are shipped between states, from Michigan to Ohio, and only 3% 
are shipped from Ohio to Michigan. The low Interstate percentages means that for these two 
states the use of the highway network extends far beyond neighboring states. In addition, using 
establishment data matched to Commodity Flow Survey, estimates show that 56% of output is 
shipped within 250 mi of plant, which leaves 44% shipped beyond 250 mi.  

The network aspect of highways makes it important to establish the spatial linkage 
between a business and the highway system it uses. Unfortunately, few studies have been able to 
make this correspondence. Eberts (1997) adjusts highway capital stock by the percentage of 
shipments by truck within a state and adjusts highway capital stock by the percentage of 
shipments by truck from state of origin to state of destination. He finds that including the capital 
stock from other states that firms within a given state ship to changes the estimates of the effect 
of highway capital stock on output. As shown in Table B-10, the estimated output elasticities 
with respect to in-state capital is higher than estimated output elasticities of highway capital that 
does not take into account the network characteristics (unadjusted). However, the output 
elasticity of out-of-state highway capital is quite small.  
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TABLE B-10  Percentage of State’s Manufactured  
Goods Shipped by Truck by Origin and Destination 

From–To (ton-miles) Michigan Ohio 
Michigan 23.97% 9.29% 
Ohio 3.36% 16.46% 

Factors Output Elasticities of 
Unadjusted highways  0.035 
Highways in state 0.065  
Highways out of state 0.006  
Private capital 0.453 0.45 
Labor hours 0.543 0.56 

SOURCE: Commodity Flow Survey, 2002, and author’s estimates of output elasticities. 
 
 
The other empirical issue that may mitigate the problems with estimating the output 

elasticity of highways within a network is the mature nature of the current system. From a 
national perspective, few additional connections are being built between metropolitan areas, or 
nodes of economic activity. Most of the construction is within metropolitan areas, in order to 
alleviate congestion and to connect the expanding boundaries of metro areas. Taking into 
account the network characteristics of highway systems may be a concern for estimating the 
output elasticity within metro areas, but less so at the national level. Nonetheless, even though 
additional connections may not occur within a mature highway network, adding additional lanes 
to existing connections could relieve congestion to the point of changing traffic flows within the 
network, which could affect output elasticities at the various nodes. 
 
Estimation Results 
 
Dozens of studies have estimated production functions with various levels of aggregation of data 
(national, state, local), for different time periods, for various industries, using different measures 
of transport infrastructure and for different countries. Some have used different econometric 
techniques to correct for estimation issues, such as spurious correlation due to nonstationarity in 
the data, omitted variable bias, spatial externalities, and issues with measuring transport capital 
stock. Most posit a single estimate of output elasticity. 

Magnitudes of the estimates vary by the dimensions mentioned above. Melo et al. 
examined the variation in the estimated output elasticity of transport infrastructure from a sample 
of 563 estimates obtained from 33 studies conducted between 1988 and 2012.40 To sort through 
the various aspects of these studies that could lead to different estimates, the authors conduct a 
meta-analysis of the empirical evidence. A meta-analysis is a regression-based approach of 
identifying sources of systematic variation in existing empirical findings through statistical 
testing of the role of the various study features on the size of the empirical estimates (p. 696). 
The following table of results from their analysis is reproduced in order to convey the effects of 
different dimensions on the elasticity estimates.  

The mean and median estimates of the output elasticity for each of the various categories 
are displayed in Table B-11. Focusing first on the median estimate, the results show that the 
overall estimate of the effect of transport infrastructure on output is 0.016, which means that a 
1% increase in transport capital investment relates to a 0.016% increase in output. The mean of 
the elasticity estimates is 0.060 with a rather larger variation around this estimate. For those  
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TABLE B-11  Summary Statistics of the Sample of Studies Used in the Meta-Analysis 
Dimension of  
Study Design  N Share(%) Mean Median SD CV 

Country Europe 177 31.44 0.039 0.013 0.219 5.618
Other countries 34 6.04 0.083 0.082 0.079 0.950
United States 352 62.52 0.069 0.014 0.328 4.775

Measure of transport 
infrastructure 

Monetary 431 76.55 0.046 0.010 0.319 7.006
Physical 132 23.45 0.108 0.038 0.134 1.241

Publication status Published 544 96.63 0.060 0.015 0.292 4.896
Unpublished 19 3.37 0.074 0.051 0.079 1.072

Industry Whole economy 411 73 0.065 0.016 0.179 2.754
Primary 38 6.75 0.071 0.051 0.761 10.718
Manufacturing 65 11.55 0.082 0.057 0.423 5.183
Construction 23 4.09 –0.012 0.001 0.061 –5.154
Energy 3 0.53 –0.002 –0.002 0.001 –0.500
Services 23 4.09 –0.016 0.002 0.049 –3.110

Mode of transport All 196 34.81 0.028 0.005 0.108 3.893
Airport 26 4.62 0.027 0.006 0.094 3.481
Port–ferry 27 4.80 0.068 0.016 0.170 2.495
Railway 32 5.68 0.037 0.011 0.097 2.607
Roads 282 50.09 0.088 0.045 0.389 4.435

Time frame Short run 187 33.21 0.038 0.012 0.080 2.083
Intermediate run 74 13.14 0.079 0.030 0.678 8.583
Long run 302 53.64 0.069 0.015 0.197 2.845

Total 563 100 0.060 0.016 0.288 4.780
NOTE: N = number of observations; SD = standard deviation; CV = coefficient of variation. 
SOURCE: Melo et. al. (2013). 
 
 
studies that focus on highways (roads) the median elasticity estimate is 0.045 and the mean is 
0.088, which is well above railways (0.011) and airports (0.006). Once again the variability is 
relatively high. By sector, manufacturing has a higher median value than the overall economy, 
0.057 compared with 0.016. The United States and Europe, two regions with mature economies, 
exhibit much lower median elasticities (0.014 and 0.013) than other countries (0.083), some of 
which are developing countries.  

Not shown in this table, the authors also found that studies that accounted for 
urbanization had lower estimates of elasticities but those that controlled for spatial spillovers 
found no statistically significant effect, although the coefficient was positive. The authors also 
reported that studies that used state or local data found lower estimated elasticities than those that 
used national level data.  
 
Identifying Specific Channels of External Effects 
 
While the meta-analysis was able to quantify various aspects of network externalities, such as 
urbanization and spillovers, the individual production studies cast a wide net to capture the broad 
externalities that may arise from infrastructure investment and are seldom able to identify the 
specific channels through which infrastructure affects those outcomes. Consequently, the results 



Appendix: White Paper on Valuing Transportation Infrastructure 83 
 
 

 

from these production function studies are a black box. However, the problem with estimating 
specific effects, such as agglomeration, is that the estimation may miss other externalities. On the 
other hand, if estimates of several externalities are combined, the additive effects may overstate 
the total effects, because of positive correlation among the various effects.  
 
Generalized Cost Approach 
 
Prudhomme (1999) suggests that transport improvement has a qualitative as well as quantitative 
dimension. It does not mean merely more (greater quantity) transport infrastructure; it means 
more speed, more comfort, more safety, more reliability, and less cost. It means more value for 
money. Prudhomme proposes a “generalized cost” approach. It includes the economic cost of 
moving say a ton of goods 1 mi (ton/mile), plus the time cost, plus an unreliability cost, plus a 
discomfort cost. “A transport improvement can therefore be seen as a change that decreases this 
generalized cost” (p. 86). The problem according to Prudhomme can be restated as “…by what 
mechanisms does a decrease in the generalized cost of transportation contribute to economic 
development?” He also makes the point that production function analysis can at best assess the 
benefits associated with only one type of transport improvement: better infrastructure. It cannot 
separate out the benefits coming from improved vehicles, from organizational changes in the 
transport sector and from modal shifts. The United Kingdom uses average generalized cost when 
estimating elements of benefit–cost analyses.  
 
Direct Benefits to Producers—Inventory Costs 
 
Shirley and Winston use the effect of highway spending on inventories to show that highway 
spending raises productivity by improving the cost, speed, and reliability.41 They depart from the 
public–macro research programs by focusing on this mechanism to understand why returns have 
declined over time. Using their approach, they estimate an annual return that reaches 17.6% 
during the 1970s but then falls to 4.9% during the 1980s and to 1% by the 1990s. The authors 
point to several trends that may account for the decline. First, the network has matured but 
spending on the capital stock has accelerated in the 1980s and 1990s. Second, inefficient 
highway pricing and investment policies may have undermined the benefits of government 
spending. Policies include wasteful pork barrel spending, poor responses to demographic 
changes, and suboptimal maintenance of the road system. Shirley and Winston conclude that 
“…it appears that large investments in a mature highway system during the 1980s and 1990s 
may have had only a small positive impact on firms’ logistic costs and generated low returns 
because they were in part undermined by suboptimal policies”. 
 
State-Level Aggregation 
 
Another approach in opening up the black box of externalities is to devise measures of the 
various externalities and include them in the estimation. This approach may be particularly 
useful when trying to estimate externalities at the subnational level, such as for states and 
metropolitan areas. Some researchers have argued that confining the estimation of production or 
cost functions to observations based on small geographical areas, such as counties or 
metropolitan areas, may reduce the ability of these estimation methods to capture the indirect 
benefits of transportation investment. Munnell (1990), for one, has argued that the fact that state-
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level estimates of the effect of highways on productivity are smaller than national-level estimates 
is evidence that the state-level estimates are not capturing the externalities of networks and 
spillover effects of highways. Munnell’s position is debatable. Furthermore, it may be possible to 
capture indirect effects by using measures of highways and other transportation systems that 
more directly measure the network effects.  
 
Network Metrics 
 
One possibility is to find alternative measures of highway capital stocks that measure more 
directly network effects. A measure explored by Eberts (1999) is to compare the number of miles 
between origin and destination that goods are actually transported with the shortest possible 
distance between the two points (i.e., as the crow flies). According to this metric, a highway 
network would be considered more efficient as the gap between the actual distance and the 
shortest possible distance narrows. For several two-digit industries, the impedance ratio was 
negatively related to plant-level productivity, suggesting that plants with access to highway 
systems that offer the most direct routes to  
 
Spatial Correspondence 
 
Another level of criticism against current research practices is the lack of spatial correspondence 
between the location of transportation infrastructure and the establishments using the 
infrastructure. The benefits from transportation infrastructure—roads, highways, and rail—are 
location specific. Businesses benefit from their proximity to highways, which provide access to 
local suppliers and customers and to the wider national network of highways. National-level and 
state-level estimates do not provide precise geographical linkages between infrastructure 
facilities and business activities. For national-level estimates, it is typically assumed that the 
entire highway system affects national productivity. This assumption may be defensible at this 
broad level of aggregation in which all economic activity in the country is related to all the stock 
of public capital. One can also argue that the national-level measure of highways captures the 
system or network effect of the highway system. However, even if estimates based on national-
level studies were credible, they are not very informative from a policy perspective.42 Highway 
investment takes place on a project-by-project basis. State decision makers want to know how 
their investment will affect the economic health of their states.  

The lack of spatial correspondence between highways and businesses within national-
level studies becomes more problematic when individual industries are considered. The problem 
is that some industries are concentrated in specific parts of the country, such as of primary metal 
production or transportation equipment in the Great Lakes states. Therefore, national-level 
studies implicitly assume that highways in large states such as California and New York are as 
important to establishments located in Indiana or Rhode Island as they are to establishments 
located in those two states. Fernald (1999) suggests that estimation bias due to differences in the 
location manufacturing firms vis-a-vis highways could be substantial.  
 
Measures of Highway Utilization 
 
Another issue that has not been satisfactorily treated in the literature is the utilization of 
highways. Since capital stock is fixed, at least in the short run, businesses do not have the 
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capability of adjusting the quantity of capital in response to short-run changes in demand for 
highway services. Therefore, while the quantity of highway capital may remain unchanged, 
businesses may use their fixed stock with different levels of intensity. To account for the 
variation in private capital utilization over time and across plants, researchers typically include a 
variable in the production function that proxies the utilization rate. Yet, researchers have not 
typically included a variable that accounts for the difference in utilization of highways. Fernald 
(1999) measures congestion as the ratio of miles driven by trucks, automobiles, and other motor 
vehicles to road stock (constructed using the perpetual inventory method). He shows that 
congestion measured in this way reduces productivity after 1973. Potentially better measures of 
congestion and service flow of highways are available from the HPMS data. Dalenberg and 
Eberts (1997) proposed a hybrid method of constructing highway capital stock which integrates 
highway characteristics into the perpetual inventory method.  

Hulten (1994) notes that the partial public good nature of highways makes it even more 
important to include a highway utilization measure in the production function estimation. 
Fundamentally, the public good aspect of highways drives a wedge between the size of the 
highway capital stock and the size of the transportation service flows generated by the stock. 
Using highway stock as a proxy for highway services, assumes that they are proportional—a 
10% increase in highway capital brings about a 10% increase in services. However, it is likely 
that the same stock of capital could generate two different levels of services if congestion differs 
significantly between the two sites.  

Highway utilization takes two forms. The first is similar to the utilization of private 
capital. As product demand fluctuates in the short run, the firm’s use of highway capital may 
fluctuate along with its use of private capital. In this case, the same variable used to adjust 
private capital stock for differences in use could be used to adjust highway capital stock. The 
second form of highway utilization is different, and is not captured by the variable measuring 
fluctuations in product demand. Businesses in different industries and in different parts of the 
country use highways with different intensities. For example, in Illinois, businesses in the food 
and kindred products industry ship 64% of their output by trucks, whereas establishments in the 
chemical industry ship 83% of their products by truck. Similar differences in the use of trucks 
are found regionally. For example, 60% of the commodities originating within Illinois are 
shipped by trucks, while 77% of the commodities originating within Michigan are shipped by 
trucks. Therefore, since businesses within industries and states use highways with different levels 
of intensity, treating highway capital stock the same across industries and states would 
misrepresent its contribution to economic activity.  
 
Comparison of Estimated Output Elasticities  
 
A study by Eberts (1999) explored various measures of highway capital stock in order to take into 
the issues discussed in the previous sections. He also examined factors that affect the magnitude of 
the output elasticities. Using a production function specification and capital stock constructed at 
the state level over time, he was able to estimate elasticities of output with respect to the various 
measures. Much more detail is available about the construction of the different measures of 
highway capital and the estimation methodologies and only a description of the results are offered 
here, primarily to show that there is considerable more work that can be done to better understand 
the contribution of highways, and other transport capital, to economic activity.  



86 TR Circular E-C192: Workshop on Data and Statistics for Valuing Transportation Infrastructure 
 
 

 

To examine factors that influence the magnitude of the contribution of highway capital 
stock to output, a small set of possible factors were considered: (a) the ratio of highway capital to 
private manufacturing capital; (b) the ratio of highway capital to manufacturing employment; (c) 
population (and population squared); (d) the ratio of highway capital stock to miles traveled; and 
(e) truck mileage as a percent of total miles traveled. The output elasticities with respect to 
highway capital (measured using PIM) were regressed against these factors. Essentially all of the 
factors that were used to explain variations in output elasticity with respect to highways can be 
considered measures of highway capacity or utilization. Overall, the results suggest that an 
increase in highway capacity (measured by highway per mile traveled and highways per 
employment) increases the contribution of highways to output. The effects of highway per miles 
traveled and highway per employment were both positive and statistically significant for 
estimates based on cross-state variation. Only highways per mile were statistically significant 
when the variation over time was considered. An increase in highway utilization (measured by 
population and percent trucks to total miles traveled) also increases the contribution of highways 
to output when the variation is across states. These two variables are statistically significant. 
However, when the variation is over time, these effects turn negative and remain statistically 
significant. The contrast between these two results may suggest that agglomeration economies, 
particularly as captured by the population variable, are related to the effect of highways output.  

The same study also examined differences in output elasticities when highway capital 
stock estimates were adjusted for different measures of highway utilization based on statistics of 
truck usage obtained from the Commodity Flow Survey. In order to reflect the use of highways 
within a state, highway capital stock was adjusted by the percentage of goods produced in the 
state that were shipped by truck. The number of ton-miles was also used to make this adjustment. 
In order to account for the use of highways in other states, highway capital stock was adjusted by 
adding a weighted share of highways from other states to the state’s highway system in which 
the production facility was located. The weights were based on tons shipped and ton-miles.  

In both cases, the adjusted capital stock measures yielded different estimates of the output 
elasticity of highways. The utilization measure reduced the effective amount of highway capital 
used by firms resulting in higher estimates of the output elasticity of highways than found using 
the unadjusted highway measure. The spillover or network adjustment increased the effective 
highway capital stock for most states compared with the unadjusted highway stock. However, 
estimates of output elasticity with respect to highways varied widely using this adjustment 
depending upon whether it was based on tons shipped or ton-miles. The highway measure using 
ton-miles yielded an elasticity estimate that was lower than the one found using the unadjusted 
highway measure, while the adjusted highway measure based on tons yielded an elasticity 
estimate that was higher than the estimate using the unadjusted highway measure. The elasticity 
estimate using tons as the adjustment factor was much higher than any of the other estimates. 

The study also compared output elasticities estimated using highway capital stock 
constructed using PIM with highway capital stock measured as lane miles. The output elasticities 
were estimated with a production function specification using cross-section time series data at 
the state level. The two measures of state highway capital stock were highly correlated with a 
cross-section correlation of 0.716. With the high correlation between the two measures, one 
would expect the output elasticity estimates to also be similar. On the contrary, the estimates 
were quite different. For the model specifications in which the PIM-measured highway capital 
was positive and statistically significant the output elasticity estimates using lane miles were 
negative and not statistically significant, except for one specification. Including highway factors 
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in the regression along with the highway capital stock measure yielded output elasticity estimates 
that were positive and statistically significant for both measures of highway capital stock. One 
possible reason for the difference in estimates between the two types of highway measures is the 
different relationships between the two highway measures and the private capital measure. The 
private capital measure is computed using the same PIM that was used to estimate the PIM-
measured highway capital stock. Estimates of the output elasticity with respect to private capital 
are different under the various highway measures. When the PIM-measured highway capital 
stock is used, the estimate of private capital stock is 0.275, and when lane-miles are used, the 
estimate is considerably higher: 0.404. This difference holds across the other specifications. It 
appears that the private capital stock measure is more highly correlated with the PIM-measured 
highway capital stock (correlation coefficient of 0.87) than with lane-miles (correlation 
coefficient of 0.49). These results are similar to those found by Jones et al.43 Using cross-section, 
time-series data at the state level, they estimated a production function with gross state product 
as output and found that lane-miles were negatively related to output and under some 
specifications the coefficient was large, negative, and statistically significant.  

 
General Equilibrium Approach  
 
The general equilibrium approach is described in some detail because it attempts to estimate the 
broad effects of highways on both producers and consumers. This approach is similar to the 
production function approach in that it estimates the relationship between highway capital stock 
and an aggregate economic activity. It differs in that instead of using a production function 
model in which inputs and related to output it consider the household’s willingness to pay for 
highway infrastructure. As a general equilibrium model, it brings into consideration the 
production of the goods consumed by the household, the distortionary effects of financing 
highway construction through taxes, and brings in other markets such as housing, other 
consumption and the use of motor vehicles. Therefore, this approach attempts to estimate much 
of what is included in the various elements that could be included in the benefit cost analysis. It 
also expands the effects beyond the production function by including households. This type of 
general equilibrium specification of the household willingness to pay function should not be 
confused with a computable general equilibrium approach which depends on a calibrated 
dynamic model based on estimates for various behavioral points in the model. They are 
considered an extension of input–output models in which prices are introduced to allow the 
model to be more flexible and dynamic than adhering to the rigid assumptions of fixed input–
output ratios the factor demand is sensitive to changes in prices.  

The paper by Mamuneas (2008) written for FHWA is one of the recent studies of the 
effects of highway infrastructure using the general equilibrium approach and will be described in 
some detail to illustrate this approach. This paper is also useful because it uses the recent version 
of the Fraumeni highway capital stock estimates. And even though this approach looks at the 
effect of an additional unit of highway capital stock, it is still interesting to compare Mamuneas’ 
estimate of the marginal rate of return with Fraumeni’s estimates of average rate of return. This 
comparison may not be that disjointed, since one would expect the two to converge as the 
highway system matures.  
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Methodology 
 
Mamuneas’s approach posits that consumers are the final beneficiaries of highway investment. 
An increase in highway infrastructure may increase transportation services such as shorter 
commuting times, more reliable arrival times, safer trips, and less wear and tear on privately 
owned vehicles. Increases in these benefits may be reflected in the consumption decisions of 
consumers, such as more leisure time, housing decisions (location and size of houses), purchase 
of motor vehicles, and transportation-related services primarily servicing privately owned 
vehicles. Producers of private goods may also be affected by highway investment. Highways are 
considered an unpaid input in the production function, reducing the cost of production. 
Highways can also affect the use of other inputs and can expand scale by accessing greater 
market area. Therefore, highways affect the price of private inputs, which in turn ultimately 
affect the consumption decisions and well-being of consumers.  

The methodology entails minimizing society’s loss function due to extracting funds from 
the private sector to build highway infrastructure. This is a typical approach for evaluating the 
distorting effects of taxes on the economy. However, it may be better to think of the problem as 
one of maximizing the social welfare function subject to production relationships and 
government financing. The optimality conditions are the same, so even though the econometrics 
are more tractable, thinking of the results in this context may help provide a better understanding 
of their implications.  
 
Investment Decisions Rules 
 
The primary result of this approach, and of the paper, is to derive conditions for the optimal 
investment in highway infrastructure. The conditions state that the marginal social value of an 
additional unit of highway investment should equal the marginal social cost of producing a unit 
of highway investment. The marginal social value is the value each consumer places on an 
additional unit of highway investment, summed over all consumers. If the marginal social value 
is greater than the social marginal cost, then the quantity of highway infrastructure is less than 
desired (under built) and additional investment is warranted, according to the decision rules 
generated from this methodology. If the social marginal value is less than social marginal cost, 
then highway infrastructure is overbuilt, and no additional investment is warranted.  
 
Estimating the Value and Cost of Highway Infrastructure 
 
Estimating the contribution of highways to these consumption and production decisions is difficult. 
Typical BCA-evaluating tangible outcomes, such as whether it is economically viable to produce a 
marketed good or service, uses market-determined prices as the basis to value benefits and costs. 
However, the value of highways is less tangible and is not priced by the market. Therefore, the 
value has to be imputed by estimating how highway investment changes consumption and 
production decisions, either through changes in relative prices or through changes in consumer 
income. This approach estimates shadow prices for highway investment, which estimate a 
consumer’s willingness to pay for an additional unit of highways.  

In addition, the fact that highways are financed through a tax on motor fuel can distort 
economic decisions, leading to additional social costs. The distortionary effects must also be 
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factored into the social marginal cost of providing an additional unit of highway, which 
Mamuneas includes in the analysis.44  

In order to estimate social marginal value (consumers’ willingness to pay) of highway 
capital stock, Mamuneas estimates an expenditure function with housing, motor vehicles, 
transportation services, residual consumption, and leisure as elements of a representative 
consumer’s well-being. This results in estimates of the marginal benefit of highways to consumers.  

Mamuneas also estimates a profit function in order to estimate the effect of highway 
infrastructure on the cost and thus the price of each of these consumption items. Highway-induced 
changes in price also affect consumer consumption decisions and their well-being.  

The crux of Mamuneas’s methodology is to derive the optimality condition for highway 
capital investment for the whole national economy. The optimality condition states that the social 
marginal benefit of capital (for both consumers and producers) equals the social marginal cost. The 
marginal benefit for consumers is the amount the consumer would be willing to pay (in the form of 
reduced consumption) to receive an additional unit (dollar) of highways capital stock. Conversely, 
it is the amount the consumer would need to be compensated for one less unit of highway capital 
stock. For the producer, the marginal benefit is the increase in profits (or reduction in costs, 
holding output constant) resulting from a unit increase in highway capital stock.  

The marginal benefit equations are derived from an expenditure function for consumers 
and a profit function for producers. Taking the derivative of each function with respect to 
highway capital stock yields the marginal benefit equation. What drives the model is the 
variation over time in highway capital, prices of outputs and inputs, and a quadratic time trend. 
Both the expenditure function and profit function are nonlinear in the key variables, and so are 
the marginal benefit functions. Therefore, the relationships are quite complex. The estimates of 
the parameters are also constrained by conditions that must hold in order for the functional forms 
to make economic sense in reflecting expenditure functions and profit functions.  
 
Econometric Issues 
 
Estimating the social marginal value and social marginal costs is difficult. It is difficult to 
assemble the appropriate variables to provide a sufficiently complete coverage of consumer and 
producer decisions while providing the detail necessary to show the effects of highways on these 
decisions, which can be quite subtle. There are also econometric concerns when using time series 
data to estimate expenditure functions and profit functions. These problems have been well 
documented in the literature, particularly the literature on estimating the effect of highways on 
production relationships. Since the critical result of the paper is to determine if two imputed 
numbers—social marginal value and social marginal cost—are close to being equal, the 
precision of these estimates is critical. Issues regarding the stationarity of time series data, 
particularly GDP-related variables, have been well documented and have been shown to lead to 
spurious correlation and inflated estimates of precision. In addition, the endogeneity of input 
prices and the strong correlation among these prices can lead to inconsistent estimates that distort 
the estimates of social marginal value and marginal costs. Mamuneas addresses these issues in 
the estimation using several econometric approaches.45  
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RESULTS 
 
Mamuneas finds that from 1949 through 2005, the net rate of return of highways averages 
28.7%. However, for both consumers and producers the gross rate of return is much smaller in 
recent years as the highway system matures. As shown in Figure B-5, except for the first 20 
years of the estimates, the gross rate of return of highways to producers generally declines, and 
the gross rate of return of highways for consumers declines throughout the entire period, except 
for an uptick in the early 1990s followed by a decline in the 2000s. He compares this rate with 
the return on private capital (as reflected in interest rate on the 10-year U.S. Treasury security) 
averaged over the same time period. Finding that the net rate of return on highways (28.7%) is 
higher than the average long-term interest rate (6.2%), he concludes that highways make a 
contribution to the economy and the country has been underinvested in highway capital stock 
until recently when the net rate of return fell below the interest rate, as shown in Figure B-6.  
 
Contribution of Highways to GDP through National Accounts 
 
Through the national income accounts and the creation of productive highway capital stock, the 
value of existing highway capital stock can be estimated. Fraumeni (2007) describes the 
methodology to do this as well as to address two related questions. The three contributions are 
described in sequence beginning with the economic activity generated in constructing highway 
capital stock and ending with the contribution of highway capital stock to national output. 
Fraumeni (2007) estimates these contributions using her updated highway capital stock 
estimates. The results are shown in Table B-12. It should be noted that while the national income 
accounts can be used to relate highway capital stock to output, the national accounts do not 
consider network externalities as described by Hulten nor do they incorporate economies of 
scale, agglomeration or spillovers. Therefore, these estimates include only those indirect effects 
that are internalized by the market. 
 

1. The contribution of highway investment (capital outlays) to growth in GDP. This 
contribution measures the economic activity of constructing the highway capital stock each year.  
 
 

 
FIGURE B-5  Gross rate of return of highways to consumers and producers. 
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FIGURE B-6  Net rate of return of highways and interest rates.  

(Source: Author’s calculations of Mamuneas’s data.) 
 
 

TABLE B-12  Contributions of Highways to National Output 

Year Contribution 1 
Contribution 2 Contribution 3 

Assumed Rate of Return Assumed Rate of Return 
  A B C A B C 
1930–1939 .09 .09 .09 .17 
1940–1949 –.01 .01 .01 .02 
1950–1959 .11    .03 .03 .05 
1960–1969 .02 .04 .06 .06 .05 .10 .11 
1970–1979 –.02 .02 .03 .04 .03 .06 .07 
1980–1989 .01 .01 .01 .01 .01 .02 .02 
1990–1999 .02 .01 .02 .02 .02 .03 .03 
2000–2005 –.01 .01 .02 .03 .02 .04 .04 
        

1930–2005 .029   .034   .047   .066 
1950–2005 .024   .028   .046   .055 

NOTE: A = government rate only; B = government and private rate; C = private rate only. 
SOURCE: Fraumeni, 2007. 

 
 
It includes major durable additions or changes to the existing highway stock and new 
construction or reconstruction and other than new construction or reconstruction (Fraumeni, p. 
35). As displayed in column 2 of the table, the production of highways takes little of the U.S. 
GDP to produce highways, or conversely, the contribution of highways to economic growth is 
very small, accounting for only one one-hundreth (0.01) of GDP growth from 1930 through 
2005. The largest impact was during the Great Depression of the 1930s in which highway 
construction was used as an economic stimulus and welfare program and during the beginning of 
construction of the Interstate highway system in the 1950s.  

2. The contribution of highway gross output to adjusted U.S. gross output. In this second 
case, government can be thought of as an industry that produces highway services for use by 
other sectors and for its own use. The analogy here is for highways to be considered as one of 
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several inputs in the production of highway services the same way a machine is used along with 
labor and other inputs to produce another product. Estimates of the second relationship suggest 
that constructed highway capital accounts for half of gross output of the highway services, by far 
the largest share of inputs into the production of highway services. Fraumeni points out that the 
nominal share of capital input in value-added GDP is typically 40% and the nominal share of 
labor is 60%. Clearly, highway capital, compared with the other inputs of labor and capital other 
than highways, is by far the largest input in the production of highway transportation services 
(Fraumeni 2007, p. 51).  

3. The contribution of highway gross output to growth in adjusted U.S. gross output. 
This relationship considers the contribution of the services derived from the highway capital 
stock to the economy. Production from business, nonprofit, and government sectors is considered 
in this estimation. Since this approach focuses on the use of highways by producers, the 
household sector is not included, except in the form of owner-occupied housing. Also, 
externalities such as expansion of economies of scale or increased agglomeration economies are 
not included in these estimates, since they are not included in national income accounts. The 
third relationship estimates the average net return to highway capital stock. Fraumeni’s approach 
to estimating the average net rate of return is to look at the growth in highway capital input and 
GDP over time, based on assumptions about the rate of return of government assets. As 
displayed in Table B-12, she estimates the contribution to GDP growth of the services from 
highway capital stock at 4.7% for the period 1930–2005, using mid-range assumption regarding 
the net return to government assets (Fraumeni 2007, p. 48). Fraumeni chose a net return to 
private assets of 11% and a net return to government assets of 4.4%, which is consistent with 
BEA estimates. The government and private rate is the average of the two (p. 45).  

 
Figure B-7 depicts capital measures in a system of accounts, such as the national income 

accounts. Three flows are important with respect to highways. One is the contribution to 
production of highway assets, another is the decline in the value of the highway asset, and the 
third is the income generated by the highway asset. Obviously the middle term corresponds to  

 
 

 
FIGURE B-7  Capital measures in a system of accounts. 
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consumption of fixed capital as normally understood in the system of national accounts. The 
contribution of capital to production is what is called gross operating surplus and so the third 
flow, income, corresponds fittingly to net operating surplus. However, these flows can also be 
described by alternative terminology. The contribution of highways to production, is also known 
as the value of highway capital services. The income element is the return to capital. The rate of 
return on capital is the ratio of income to the value of capital (United Nations, System of 
National Accounts, 2008, p. 417). 

Comparing the net return of highways of both consumers and producers with the interest 
rates, it would appear that only in the past few years has the highway system matured and the 
optimal level has been reached. Using the user-cost version of the rule would suggest instead that 
the highway system matured in the 1980s and that it has remained at the optimal level until 
recently when it appears that the system may be overbuilt.  

Fraumeni (2007) distinguishes between the two questions by stating “An average net rate 
of return should be applied to the total capital stock; a marginal net rate of return should be 
applied to the last dollar of capital outlay, which is the marginal increment to the capital stock” 
(p. 46). Mamuneas (2008) and his previous work use a marginal approach. She adds that 
“recognizing the essential difference between the two net rates of return explains in part why the 
Nadiri and Mamuneus estimated net rates of return are so high when the Interstate System was 
being built” (p. 46). The average net return represents a highway system as a steady and 
dependable input in the production process. Her approach to estimating the average net rate of 
return is to look at the growth in highway capital input and GDP over time and including 
assumptions about the rate of return of government assets.  

As shown in Figure B-8, the average rates estimated by Fraumeni and the net rate of 
returns estimated with Mamuneas’s marginal approach follow similar patterns until the last two 
time periods when the average returns start to increase. In addition, the levels are quite different, 
as stated previously.  

 
 

 
FIGURE B-8  Average net return versus net rate of return.  

(Source: Fraumeni 2007 and Mamuneas 2008.) 
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Estimating the net rate of the return of the last dollar invested in highway capital stock 
raises a host of other issues. Highway investment takes place in specific locations that have 
specific characteristics, such as congestion, growth, proximity to firms and consumers, 
connectivity to highway networks, all of which can affect the rate of return of that particular 
investment. That additional dollar may be invested one year in a location at which the conditions 
are more favorable for positive impacts than it is in another year. For instance, as the Interstate 
was developed, the benefits of relieving bottlenecks in the northeast corridor may have produced 
greater economic benefits than connecting Denver with Omaha. Furthermore, as the Interstate 
system became more connected, the benefits also multiplied. The location of projects and the 
type of investments change each year. Finding a net rate of return to describe on average the 
economic benefit of the last dollar invested is therefore difficult.  
 
Input–Output Models 
 
A shortcoming of the national income accounts is that the contribution of highway capital cannot 
be estimated for individual industries. Input–output (I-O) models offer the ability to estimate the 
effect of infrastructure expenditures and service output on the output of individual industries. I-O 
models can also estimate the direct effects and multiplier effects of activity within the 
transportation sector on other industries. This methodology is typically used to estimate the 
employment effects of highway construction.  
 
Transportation Satellite Accounts 
 
To more accurately measure transportation services, the Bureau of Transportation Statistics of the 
U.S. DOT and the BEA of the U.S. Department of Commerce, jointly developed the 
Transportation Satellite Accounts (TSAs). The TSAs, as a supplement to the U.S. I-O Accounts, 
measure the contribution of both for-hire and in-house transportation. The TSAs include all seven 
of the for-hire transportation industries reported in the U.S. I-O accounts and five in-house 
transportation modes. Four of the five in-house transportation modes are related to business 
activities and one is related to household activity. Household transportation covers transportation 
provided by households for their own use through the use of an automobile and is a new 
component of the TSAs. 

The TSAs provide a means for measuring the contribution of transportation services to 
the national economy. Specifically, the TSAs show a more complete picture of the 

 
• Contribution of transportation to the gross domestic product; 
• Use of transportation by industry; 
• Cost of transportation services in producing goods; and 
• And the direct and indirect effects of transportation on the economy.  

 
More specifically, the TSAs provide a way to answer questions such as: 

 
• How much do transportation services (both for-hire and in-house) contribute to U.S. 

gross domestic output and GDP? 
• What industries rely heavily on transportation services, and what modes do these 

industries depend more heavily on? 
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• What transportation costs do industries incur during production? 
• What is transportation’s share in the total cost of commodities purchased by 

consumers and other end-users? 
• How much must transportation services increase to meet an increase in the final 

demand of particular goods and services? 
 

The TSAs currently are available for 1992, 1997, and 2002, the years that correspond to 
the release of the 5-year Census which is required to estimate the relationships between the 
various sectors.  

For I-O models, such as the TSAs, capital stock is not directly entered into the calculations. 
I-O tables relate the output from one sector as inputs into another sector, or vice versa. 
Consequently, the output of the various transportation sectors included in the TSAs are related to 
the other sectors as inputs or purchased services. The effects of the assumed service flow from 
highway capital stock can be included in the I-O similar to Fraumeni’s approach of estimating the 
effect of highway stock in the national income accounts. Rates of return are assumed and then used 
to estimate the flow of services from the existing capital stock for each year. 
 
Regional I-O and Econometric Models 
 
The TSA accounts provide additional information than what the national accounts can provide. 
The TSA considers the direct and indirect effect of expenditures on transportation services, 
whereas the national accounts consider only the direct effects. The TSA accounts provide an 
estimation of the direct and indirect effects of transportation expenditures on individual 
industries and other sectors of the economy. The national accounts cannot apportion the 
contribution of transportation services to individual sectors. 

Regional I-O models provide a level of spatial disaggregation by offering tools to 
estimate the direct and indirect effects of transportation-related expenditures at the regional and 
local level, which typically is disaggregated to the county level. Three models are typically used: 
RIMS II (developed and maintained by the U.S. Department of Commerce), IMPLAN (a 
modestly priced privately provided package), and REMI (a much more complex and expensive 
modeling package). Availability of RIMS II through the BEA has been discontinued because of 
sequestration and reduction in FY 2013 funding levels. Unless funding is restored at some future 
date, RIMS II will not be available.  

Both IMPLAN and REMI are computer software packages that provide a host of options 
in specifying models and storing results. In addition, REMI offers a neoclassical econometric 
system that allows for the estimation of additional indirect effects such as agglomeration effects. 
Despite similarities in methodologies and data sources for IMPLAN and REMI’s I-O models, the 
results are different. A study sponsored by U.S. DOT compared the results derived from 
IMPLAN and REMI for an identical project and found that results varied. For a project related to 
transit, output effects under REMI were twice the effects under RIMS II. For another project 
related to rail, the output effects of the RIMS II and REMI were nearly identical.46  

While the estimated impacts may vary across the available models, adoption of any one 
package provides consistency in the methodology and basic data across applications. For 
instance, if states wanted to coordinate their approaches in analyzing the effects (direct and 
indirect) of highway construction or improvements across the highway system, then each state 
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would adopt the same model and coordinate their use so that any parameter assumptions and 
scope of effects would be aligned across the network.  

It should be noted, however, that none of these models accounts for the effects of 
transport capital directly. Rather, they account for expenditures during a specific time period. 
Only when rates of return on transport capital are assumed, such as Fraumeni used when 
estimating the contribution of highway capital to GDP, can the service flows from highway 
capital stock be incorporated into these models based on national income accounts or I-O tables.  
 
 
SUMMARY 
 
This paper has reviewed the issues with valuing transportation infrastructure based on the public 
good and network characteristics of transportation systems and the far-ranging effects these 
systems have on the economy and society. Four methods used to value transport infrastructure 
have been described and compared.  
 

1. Value the highway capital stock and maintain the quantity and quality of the 
infrastructure to the standards established when it was built.  

This requires estimates of highway capital stock, measures of the wear and tear and 
retirement of the stock, and the obsolescence due to outdated standards or technology. 
Investment decisions are based on the maintenance and construction costs necessary to restore 
the highways to their original state. Cost estimates are based on current construction costs 
necessary to maintain engineering standards. Accurate accounting depends upon comprehensive 
measures of the physical state of the infrastructure, well-established engineering standards, and 
the costs associated with maintaining those standards.  

– The advantage of this approach is that much research has been devoted to the 
engineering aspects of highways, standards are well established, and costing out projects 
is a standard procedure.  

– The disadvantage is that this approach says nothing about the value to society of 
the infrastructure itself, except to assume that it had value when the decision was made to 
build that infrastructure and the value remains the same, if not more.  
2. Value highway capital based on growth contributions. This approach estimates the 

value of existing capital stock by relating it to national output derived from national income 
accounts. The analysis yields an average rate of return of existing highway capital stock.  

– The advantage of this approach is that it ties directly with national income 
accounts, which follow prescribed and widely accepted methodologies and are based on 
rigorously collected and scrutinized data.  

– The disadvantage in this approach considers the value of highway capital stock in 
place and not the marginal value of an additional unit of highway capital, which is critical 
for investment decisions. This may be less of an issue for a mature system, but it still 
does not help with investment decisions related to segments of the highway system.  

– Another disadvantage is that the highway capital stock must be estimated 
accurately, which requires detailed information on highway performance, deterioration, 
and obsolescence. Such information is not consistently available across all highway 
segments. Furthermore, national highway capital estimates do not provide the detail to 
capture the network characteristics of the highway system nor its utilization. Accurate 
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estimates of highway capital stock at the state and metropolitan levels would be 
necessary to begin to reflect the network nature of highways.  

– A third disadvantage is this approach does not take into account indirect effects of 
highways resulting from externalities, which could be significant.  
3. Use benefit cost analysis to assess the impact on welfare of new infrastructure 

projects. This approach aims at monetizing all possible outcomes of infrastructure over the life of 
an infrastructure project. It involves both market and non-market evaluations, and non-market 
evaluations are based on shadow prices derived by using various techniques.  

– An advantage of this approach is that it clearly lays out the various direct and 
indirect benefits included in the analysis.  

– A disadvantage is that each benefit (or cost) requires a credible and acceptable 
value. Some benefits are more difficult to estimate than others and may be based on 
studies that are not related to the highway segment under consideration. Some of these 
concerns can be mitigated by providing very detailed guidelines stating a common 
definition of each element, prescribing metrics for the element, indicating when to use it, 
describing how to calculate it, and listing the data necessary to carry out the estimation. 
The United Kingdom has established such a system and it offers common procedures to 
value infrastructure across all projects. A report recently released by TRB (SHRP) also 
provides detailed guidance on including and constructing wider benefits of highways. 

– Another disadvantage is the extensive data requirements, particularly at the 
subnational level. A greater emphasis on coordinating the collection of subnational data 
could help address this requirement. It would be convenient to collect micro-level data 
that could be aggregated in a variety of ways to suit the analysis under consideration.  
4. Value transport infrastructure by using a production function approach to estimate the 

indirect benefits based on the social efficiency of service provision.  
One can also use a general equilibrium approach which widens even further the effects, 

positive and negative, of highway infrastructure. This approach aims to capture all the benefits 
related to highways without delineating which benefits are included or how important they are to 
the total estimated effects.  

– The advantage of this approach is that by assuming it captures all benefits, direct 
and indirect, household and producer, one can estimate the net marginal social benefits 
and costs and use these estimates to calculate the optimal investment rules.  

– A disadvantage is that one does not know from the analysis which benefits are 
actually included in the analysis and their importance to the overall estimates. Because of 
this lack of identifying the elements, it is difficult to scrutinize the analysis and compare 
the various elements across studies and more importantly their use across project 
evaluations.  

– Another disadvantage is the extensive data requirements. Furthermore, the data 
requirements and the model specifications do not lend themselves to estimating these 
structures at the local level, evidenced by the wide difference in estimates by the various 
studies. 
 
No one approach has a clear advantage over the others. Two address different questions 

that are not squarely related to investment decisions. All have extensive data requirements, and 
despite the years of researching this issue and the hundreds of studies estimating these effects, no 
one approach captures all the benefits of highways or all the public good and network 
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characteristics of highway infrastructure. Economic theory, in fact, tells us that there is no single 
estimate of the value of transportation infrastructure, because of its network characteristics and 
public good aspects. Consequently, one cannot expect to find that one ideal estimate of the effect 
of transportation infrastructure. However, the richness of the research to date and our clearer 
understanding of how public infrastructure relates to economic and social outcomes allow us to 
tailor the estimates to various circumstances.  

It appears to be time to take stock in what we do know and follow the lead of the United 
Kingdom and the continued efforts in the United States to prescribe procedures to estimate the 
value of the direct and indirect benefits that are likely to have significant effects. To do this, one 
starts with an accepted framework of what elements should be included in a benefit cost analysis. 
Guidelines would be established on the definitions of these elements, what metrics to use, and 
when and where to include these elements. A detailed methodology would be prescribed for 
estimating the valuation of these elements based on the best research but also taking into account 
the practicality of estimating the values for specific projects with the data available. The guidelines 
would also include the exact data that is necessary to implement the model and where to find it.  

Once the guidelines have been determined, a coordinated effort among all levels of 
government, and even the private sector, is needed to compile data across the highway network 
at a disaggregate level so that the data can be flexible and used for evaluating projects at the state 
or metropolitan level and even various segments of highways.  

This approach of modeling the effects of transport infrastructure and creating guidelines 
on how to construct the estimates is still best applied at the project level or perhaps at the 
subnational level. The macroeconomic approach of estimating production functions or a more 
general equilibrium approach, as conducted by Nadiri and Mamuneas, is still the best approach 
for estimating the value of transport capital to the country as a whole or for major regions. The 
same recommendation holds for the macroeconomic approach as for the microeconomic 
approach: recommendations as to the best models to be used for what purposes and a concerted 
effort should be made to provide the best possible estimates of highway capital stock that takes 
into account the issues of utilization, network characteristics and other characteristics inherent to 
transport capital stock. Much research has been conducted in estimating the effects of highway 
capital stock under various model specifications and levels of aggregation of the data, but few 
have tried to compare these estimates and issues using a consistent set of data, similar to what 
Eberts (1999) attempted. Also, transport capital stock estimates have not received the attention 
needed, particularly at the subnational levels, to provide a credible estimate for of the capital 
stock. More precise and regionally based measures of highway retirement patterns, efficiency 
patterns, price deflators need to be developed.  

These concerns and recommendations echo that of a conference nearly 15 years ago that 
agreed that 

 
• Steps should be taken to ensure that all transportation data would have unquestionable 

validity and objectivity, so that transportation policy debates would not be marred by 
unproductive squabbles over the quality of the information.  

• It was much better to reduce data burdens, not by reducing data, but by more closely 
aligning the intergovernmental transportation goals of the federal, state, and local transportation 
agencies, and integrating the performance measures of those agencies to meet their similar 
management goals. 
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• All the data required should be natural byproducts of the data needed for managing 
their programs effectively, efficiently, and equitably, and being held accountable for program 
results. Only if managers and their constituencies are relying on those same data to help achieve 
desired performance and results can others be assured that the data are accurate.47  

 
The United States is not alone in the need for better and more-coordinated data 

collection. A recent OCED study on the performance of road transport infrastructure finds 
significant problems with data availability, coverage, quality, and comparability across 
countries.48 More specifically, the report claims that there is a complete lack of data on some 
dimensions such as connectivity, partial coverage of data on travel time, for example, or limited 
comparability for investment and maintenance expenditures. It appears from past and present 
deliberations on this topic that the profession knows what to do; it is now a problem simply of 
making the concerted effort to do it. Perhaps the requirements of MAP-21 will be the catalyst. 

 
 

OUTLINE OF RESPONSES TO THE  
QUESTIONS RAISED BY TASK FORCE 
 
The task force posed six questions related to the methodologies and data requirements for the 
proper valuation of transportation infrastructure. This White Paper addresses these questions but 
was not organized explicitly by question. This appendix offers a succinct summary of the 
responses by the White Paper to these questions, although the paper goes into greater detail on 
many of the points listed here.  
 
What are the public and private decisions that would be  
informed by statistics on the value of transportation? 

 
The public decisions informed by statistics on the value of transportation are divided into 
macroeconomic decisions and microeconomic decisions. The macroeconomic decisions cover 
national or state policy and would be most pertinent for the U.S. Congress and state legislatures 
with respect to 
 

• The level of financing of infrastructure projects; 
• Funding or incentivizing specific functions and types of investment; 
• The optimal tax structure to finance infrastructure projects: user fees, general taxes, 

tolls, public–private partnerships; and 
• Environmental and social effects, which are external to users. 

 
Microeconomic decisions include decisions that state DOTs and local MPOs would make 

regarding 
 

• The transport projects to undertake, including intermodal; 
• Asset management decisions; and 
• Performance targeting requirements under MAP-21.  
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Private decisions relate to those made by the users of transport infrastructure as well as 
those who produce the rolling stock (cars, trucks, planes, ships, trains) that use the highways. A list 
of decisions by these groups might include: 

 
• When, where, and how much should direct users use transport capital; 
• Users of transport infrastructure (auto makers, aircraft makers, shipbuilders); 
• Guidance–information technology to improve efficient use infrastructure and reliability 

of travel time; 
• Safety technology to help prevent accidents and save lives when accidents occur; 
• Ensure technology for warning and guidance devices is compatible with transport 

infrastructure features; 
• P3s; 
• Decide when to enter into P3 concessions; 
• Monitor revenue and costs, including the use of transport infrastructure (highways) for 

fee schedule, etc.; and 
• Monitor transport performance and conditions. 

 
What is the state of practice for generating value  
statistics in response to each of the types of decisions? 
 
The state of practice for generating value statistics has not changed much in the past decade, with a 
few exceptions. Probably the biggest change has taken place with including wider benefits in 
benefit–cost methodologies. Typically, BCAs focus on the benefits to direct users with respect to 
travel time and safety. However, guidelines and methodologies have been established recently to 
include benefits related to externalities and spillovers into the analyses. The United Kingdom, with 
the Eddington Report, and the United States, with the SHRP, have spelled out the type of wider 
benefits that may be appropriate to include in the analyses, under what conditions they should be 
included, methods and data required to estimate them, and even estimates of the benefits that can 
be inserted in the analysis. For the macroeconomic models, the general equilibrium approach that 
includes households and producers has broadened the coverage of benefits to include more of the 
economic effects. Researchers are still trying to understand how to include spillovers and 
externalities in econometric specifications, which requires much more detailed data on transport 
capital stock than is typically collected or generated.  

 
What are the criteria for identifying best practice, and  
how does the state of practice measure up? 
 
The criteria for identifying best practice in valuing transportation infrastructure relates basically to 
three issues: (a) do the methodologies include the full set of economic benefits that correspond to 
the asset (or system) being analyzed; (b) are the estimates based on credible data; and (c) can the 
results be understood by the decision makers? 

The state of the use of BCA can be summarized by the following: 
 
• Well-established approach for assessing single projects but not standardized across 

states with respect to the benefits included and how to calculate them, particularly wider benefits; 
• Difficult-to-use BCA to address value of entire system—too many missing benefits; 
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• Requires a well-defined model that lays out linkages between asset use and types of 
benefits, which at times is not well articulated; 

• Need link to broader econometric models; 
• Recent guidance is helpful by being more prescriptive and methodologies more 

detailed; and 
• Still difficult to compare across projects. 

 
The state of macroeconomic approaches, such as those based on production function 

estimation and general equilibrium approaches is still primarily within the realm of researchers and 
are difficult for decision makers to understand. One problem is that many econometric approaches 
do not lay out the various channels of by which transportation infrastructure can influence 
economic activity, particularly when it comes to describing the wider benefits. Furthermore, many 
studies still rely on national-level data, which are not well suited for estimating specific features of 
the network effects of transportation systems. More specifically, highway capital stock estimates 
need to be refined and updated with more location-specific data by state, better estimates of 
efficiency patterns, and regionally based price deflators. Better measures of physical features of 
capital and cost per feature would be helpful, not only for macroeconomic methodologies but also 
for BCAs.  

 
What decisions are not being answered or are being  
answered poorly by current practice? 
 
To respond to this question, a few issues raised in more detail in the White Paper are listed with 
respect to asset management, project selection, and optimal investment decisions. 

 
• Asset management: 

– Optimal allocation of resources between maintenance and investment could be 
addressed more completely, particularly addressed across modes; 

– Performance measures need to be linked more closely to benefits; and 
– Better coordination of decisions and harmonization of standards and methodologies 

within transportation networks (across states and MPOs). 
• Project selection: 

– Concern that BCA does not capture all relevant benefits; 
– Thus, some worthy projects may not pass the BCA ratio; and 
– Comparisons difficult across projects and across modes, so decisions regarding 

optimal modal configurations are not being answered. 
• Optimal investment: 

– BCA does not capture all benefits from transportation network; 
– Macroeconomic estimation not well understood by policy makers; 
– Typically a “black box” which does not delineate the different channels through 

which infrastructure investment affects economic activity; 
– It is difficult to scrutinize the results and compare the various elements across 

studies; and 
– Consequently, questions regarding the optimal investment of transport capital are 

being addressed poorly. 
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What are current data sources for statistics on value,  
and are those sources being tapped fully? 
 
U.S. Census Sources  
 

• The American Community Survey (ACS) is the primary dataset for social 
characteristics in the United States. The ACS is based on a survey of 1% of the population. The 
ACS uses multiyear averages for counties smaller than 50,000 people.  

• Quarterly Workforce Indicators are based on unemployment insurance records (UI) and 
contain data on employment, job creation, net job gain, average wages by industry. There is a 
roughly 12-month lag on the data and the data contain only UI-covered employment (meaning no 
self-employed). 

• On-the-Map is a combination of UI records and ACS records to determine commuting 
and other characteristics by both place of residence and place of work. This source is the only one 
that allows user to generate block-to-block commuting. 

• The Commodity Flow Survey is a survey of freight shipments for mining, 
manufacturing, and selected services. The survey is every 5 years with 2012 the most recent. 

• County Business Patterns is an annual series that provides subnational economic data 
by industry. This series includes the number of establishments, employment during the week of 
March 12, first quarter payroll, and annual payroll.  

• Census and surveys of various business sectors provides information on industry-level 
output and inputs. 
 
Bureau of Labor Statistics Sources  
 

• BLS Quarterly Census of Employment and Wages is a UI-records based dataset that 
contains employment, wages, establishment by industry. The lag is 7 months and it contains every 
county in the United States.  

• The Current Employment Statistics is a business survey that has a lag of less than 2 
months for states and metropolitan statistical areas. Data contain employment and wages by 
industry.  

• The Occupational Employment Survey contains data on employment and wages by 
occupation for metropolitan statistical areas and states. Data are for come out yearly and are a 3-
year average.  

• Local Area Unemployment Statistics is a personal survey of labor force status of 
individuals by place of residence. Data have a 6-week lag at the county level.  

• America Time Use Survey measures the amount of time people spend doing various 
activities, such as paid work, child care, volunteering, and socializing. 

 
Bureau of Economic Analysis, Department of Commerce 
 

• National income accounts, 
• Satellite accounts, 
• I-O accounts, and 
• Tradestats Express contains data on imports and exports at the national level and 

exports at the state level. Data are annual from 1999 to 2013. 
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What methods for estimating value used outside the United States  
might be applied to the United States with existing data? 
 
The practice in the United Kingdom of identifying and estimating wider benefits is probably the 
newest practice worth considering and it is already being emulated in the United States under the 
SHRP 2 Capacity Project (Box B-4). The U.K. practice, which was introduced with the Eddington 
Report under the nomenclature “Value of Money,” raises awareness of wider benefits not typically 
included in BCAs. The U.K. Department of Transport developed detailed guidelines for estimating 
wider benefits (TAG units), which define the specific effects, describe how to estimate the effects, 
show how to conduct sensitivity test, list the data required, and show how to incorporate the effects 
into the decision tool. The TAG units also provide software tools to help with the analysis. The 
United States has developed something similar to the TAG units under SHRP 2 Capacity Project, 
which even provides software tools and a database of post-project evaluations. 
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BOX B-4  UK TAG units.  

The U.K. Department for Transport has developed detailed guidelines for estimating indirect 
benefits, such as agglomeration effects, labor supply, and movements to more or less productive 
jobs. The guidelines, referred to as Transportation Analysis Guidance Units (TAG Units), define 
the specific effects, describe how to estimate the effects, show how to conduct sensitivity test, list 
the data required, and show how to incorporate the effects into the decision tool. The TAG Units 
also provide software tools to help with the analysis.  

To illustrate the approach taken by the TAG Units, agglomeration effects will be 
considered. TAG Unit 2.1 on Wider Effects (January 2014) defines agglomeration as the 
“concentration of economic activity over an area.” It continues by saying that transport can affect 
agglomeration by altering the accessibility of firms in an area to other firms and workers” (p. 2). 
It goes on to say that “agglomeration impacts arise because firms derive productivity benefits 
from being close to one another and from being close to large labor markets.” If transport brings 
firms closer together and closer to their workforce, this may generate an increase in labor 
productivity above and beyond that which would be expected from direct user benefits alone. 

The TAG Unit describes which schemes an appraisal of agglomeration should consider. 
The guidance states that appraisals should be conducted for transport schemes that are likely to 
increase accessibility in an area in close proximity to an urban center or large employment 
center. The guidance goes on to identify “functional urban regions” where this might happen. 

The guidance describes how to calculate the effects of agglomeration by defining an 
agglomeration metric, known as effective density, which provides a measure of the mass of 
economic activity across the modeled area. It is akin to a gravity model and measures the 
accessibility of firms and workers to each other. This metric is then used to estimate the elasticity 
of productivity with respect to effective density. 

The guidelines specify the data and the agglomeration elasticities by sector as described 
in the following table. 

 

Agglomeration Data 
Data Value 
Local GDP per worker By local authority district 
Sectoral employment forecasts By local authority district 
Total employment forecasts By local authority district 
Agglomeration elasticities by industrial 
sector 

Manufacturing= 0.021 
Construction = 0.034 
Consumer services = 0.024 
Producer services = 0.083 

 

Based on the data and definitions, the guidelines offer detailed procedures to calculate 
the welfare impacts of agglomeration. It entails estimating average generalized cost and the 
effective density, which leads to the calculation of agglomeration effects in monetary terms. This 
estimate can then be entered into a benefit cost analysis.  
Procedures are prescribed in similar detail for labor supply effects and relocation effects.  
 
SOURCE: TAG Unit A2.1, Wider Impacts, U.K. Department for Transport, Transport Analysis 
Guide, January 2014. 
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