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The Honorable Frank R. Lautenberg 
Chairman, Subcommittee on Transportation and Related Agencies 
Committee on Appropriations 
United States Senate 

Dear Mr. Chairman: 

In response to your letter of May 11,1989, we are submitting this report entitled Traffic 
Congestion: Trends, Measures, and Effects. This study focuses on the forces that affect the 
problem, the severity of the problem, and the effects of traffic congestion on the economy, 
envirorunent, and human stress. The present report is intended as a companion to our study 
entitled Traffic Congestion: Federal Efforts to Improve Mobility (GAO/PEMD-90-2). We hope 
that our work provides the subcommittee with useful infonnation as it considers policies for 
improving freeway and roadway mobility. 

As agreed with your office, unless you publicly announce the contents of this report earlier, 
we plan no further distribution of it until 30 days from the date of the report. We will then 
send copies to interested congressional comnuttees and the Department of Transportation, 
£u:id we will make copies available to others upon request. 

If you have any questions or would like additional information, please call me at (202) 275-
1854 or Dr. Michael J. Wargo, Director of Program Evaluation in Physical Systems Areas, at 
(202) 275-3092. Other mjuor contributors to this report are listed in appendix III. 

Sincerely yours, 

Carl E. Wisler 
Director of Planning and Reporting 
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Executive Summ~ 

Purpose Many transportation experts believe that the efficient movement of peo- 
ple and commerce is being threatened by escalating traffic delays from 
congested conditions. Moreover, some believe that traffic congestion 
could become the number one problem within surface transportation by 
the 1990’s and into the 2 1 st century. One important issue facing the 
Congress is the extent to which traffic congestion in large and small 
metropolitan areas warrants specific federal attention. 

To understand more about the nature of traffic congestion, its measure- 
ment, and its effects, (;A0 initiated a study under the sponsorship of the 
Subcommittee on Transportation and Related Agencies of the Senate 
Committee on Appropriations. GAO set out to determine the evidence 
pertaining to the following questions: 

. What forces affect the traffic congestion problem and how have they 
shaped its nature and severity’? 

. How is traffic congestion measured and how credible are the estimates 
of urban freeway delay developed by the Federal Highway Administra- 
tion (FHW4)‘? 

* What effects of traffic congestion have been measured? 

By answering these questions, GAO provides the Congress with an over- 
view of the traffic congestion problem. This resource document is a com- 
panion to a GAO report that profiles federal efforts to improve freeway 
mobility. (See GAO!PEMD-HO-~.) 

Background The traffic congestion problem, including its commonly associated 
effects, such as wasted time and fuel, slowed economic productivity, 
diminished air quality, and higher stress levels, appears to be endemic to 
most metropolitan areas. There is little doubt that traffic delays occur 
repeatedly at certain times and locations and also occur randomly from 
accidents, road construction, and weather conditions. And because the 
level of congestion is relative to where people drive, increasing traffic 
delays have been perceived as a major problem by not only urban 
residents but suburban and some rural residents as well. 

Although it is recognized that the traffic congestion problem is escalat- 
ing, transportation officials differ over how it should be measured and 
its magnitude. The results of one national study, receiving much profes- 
sional and public attention, were based on a computer model for fore- 
casting urban freeway delay using the Highway Performance Monitoring 
System data base. In this study, FIIWA estimated that between 1985 and 
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Results in Brief 

2005, freeway delay will increase 436 percent, barring changes in hi^ 
way capacity and driving behavior (or time of travel and velhide xxse)J 

Trends in mauor societal forces have shaped the nature and severity of 
traffic congestion. Shifts in the employment base, the availability and 
use of private vehicles, and expansion of the labor force, for example,' 
have expanded the location and occurrence of congested road condi
tions. Traffic congestion has thus become a metropoUtanwide probleift-
encompassing suburban as well as urban jurisdictions. (See pages 15-
34.) 

I 
I: 
i : 

While traffic congestion is measured in many ways, no standard 
approach is universally accepted. Transportation agencies use a variety 
of interrelated measures to characterize congested traffic flow, such as 
higher traffic density and slower speeds, and these measures can differ 
on what constitutes an imacceptable level of traffic flow for the capac
ity of a given road. For all measures, however, the level of traffic con
gestion increases as the volume of traffic reaches the capacity of the 
road to carry vehicles efficiently and safely. (See pages 35-49.) 

A recent FHWA staff study on congestion represents a significant advance 
toward quantifying urban freeway delay nationwide. However, by usmg 
various combinations of altemative assumptions regarding the thresh' 
old of congestion and capacity improvements, the forecast of freeway 
delay for 2005 in this study could be reduced by about 32 percent below 
the agency's forecjist. Even so, congestion levels would still increase 
nearly 300 percent over 1985 levels, barring changes in drivers' behav
ior or the introduction of advanced technology to reduce congestion. 
(See pages 50-60.) 

GAO found limited empirical investigation of the effects of traffic conges
tion, although some relationships between congestion and higher l)usi-
ness costs, poorer air quality, and behavioral change are generally 
thought to hold. Some studies have been conducted for each potential 
area, but it is difficult to separate the effect of traffic congestion fix>m 
other factors that affect the environment, the economy, and human 
stress. (See pages 61-68.) 
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GAO's Analysis 

Executive Summary 

Trends From a review of the literature, GAG identified six forces that shape traf
fic congestion. Trends in suburban development, the economy, the labor 
force, automobile use, truck traffic, and the highway infrastructure 
have tended to spread traffic congestion out across metropolitan areas 
and have increased both predictable and random delays. Congested traf
fic conditions are no longer confined to central cities but increasingly 
occur in suburban and even outlying rural areas. In addition, random 
interruptions in traffic flow may be a greater source of delay than 
recurring congestion during peak periods of traffic flow. 

Measurement Approaches Through an extensive literature review and interviews with transporta
tion officials in various metropolitan areas, GAG found that federal, 
state, and local transportation agencies use various traffic flow meas
ures to estimate the service level of a given facility such as a freeway. 
GAG identified six interrelated measures that characterize the traffic 
flow conditions: traffic density, average travel speed, maximum service 
flow rate, the ratio of traffic volume to facility capacity, average daily 
traffic volume, and daily vehicle nules of travel. 

National Congestion Study 
Review 

FHWA'S urban freeway delay model has been used to estimate present 
and future levels of congestion nationally and to rank 37 of the largest 
metropolitan areas by the severity of their congestion problems, GAG'S 
review uncovered five areas in which the assiunptions made could 
threaten the accuracy and thus the credibility of the forecasts that were 
based on this model, GAG noted that the model's omission of capacity 
improvements, limitations in the Highway Performance Monitoring Sys
tem data base, and other factors raise questions about the forecasts and 
comparisons between cities. For example, supplemental analyses, using 
alternative eissumptions specified by GAG, showed that the model was 
quite sensitive to changes in freeway capacity. 

\ 
1 

Potential Effect Areas The information available on potential environmental, econonuc, and 
human stress effects is limited but does provide a framework for under
standing their nature. Beyond the FHWA urban freeway congestion study, 
GAG was unable to identify studies that measured the effects of traffic 
congestion nationwide. In the FHWA staff study, economic effects were 
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quantified by attributing dollar values to the time and fuel wasted in 
traffic delays. Some information is available about the health and en\^ 
ronmental effects of motor vehicle emissions, and laboratory tests ha '^ 
shown that motor vehicles emit high levels of some pollutants under 
conditions associated with traffic congestion, such as slow speeds aad= 
idling. Also, some studies have linked traffic congestion with physiol(^-
cal and behavioral changes. 

Recommendation 

I 

Agency Comments 

This study documents important efforts by FHWA to provide infonnation 
on traffic congestion through the use and analysis of Highway Perform
ance Monitoring System data. Estimates of traffic congestion help J 
inform federal and state transportation agencies as well as the Congr^ 
on the present and potential severity of this problem, GAO'S review oiT | 
FHWA'S model for estimating urban freeway delay suggests that while the 
agency is taking aggressive steps to assess the present and future mag
nitude of traffic congestion, additional attention to this area is 
warranted. 

GAG recommends that the secretary of Transportation direct the admiii-
istrator of FHWA to review and, where appropriate, modify the collection, 
use, and analysis of traffic congestion data to ensure that accurate sta
tistics on congestion are available for policy decisions regarding freeway 
mobility. Careful review and refmement of these data souixes could lead 
to valuable improvements in the quality of the information available to 
transportation policymakers as they seek effective approaches for 
improving freeway mobility. 

In the Department of Transportation's response to a draft of this rep(»t, 
it generally agreed with GAG'S recommendation but cautioned that stud
ies by its staff may not be representative of, or have potential effect on, 
department or FHWA policy. The studies cited in GAG'S report are, how
ever, considered by the department to be important resource documents 
that both quantify congestion and assess the relative effectiveness of 
various ways to reduce the problem, GAG made changes in the final 
report where appropriate, based on technical points identified by the 
department. (See pages 72-73.) 
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Many transportation experts beUeve that the efficient movement"(^|)eo-
ple and commerce is threatened by the physical deterioration of the -
highway system and escalating traffic delays caused by congested con
ditions. For example, the National Coimcil on PubUc Works Improve
ment recently found that the quaUty of the U.S. infrastructure, 
particularly its highways and mass transit systems, is barely adequale 
to fulfill current requirements and insufficient to meet the demands of 
future econonuc growth and development.' In addition, some watchfiil 
observers beUeve that traffic congestion could become the number one 
transportation problem of the 1990's and remain so into the 21st ceaar 
tury unless effective action is taken.^ 

FHWA officials, industry representatives, and the news media have 
emphasized the growing severity of the traffic congestion problem. For 
example, FHWA stated in a 1987 report that current "trends have gener
ated travel demands that are exceeding not only the supply that is avail
able at a reasonable level of service, but the very capacity of the 
transportation system itself. "̂  There is Uttle doubt that traffic delajns 
occur in specific locations at recurring intervals in most cities andttot 
delays can occur throughout the day across some metropoUtan areas. 
And because the level of congestion is relative to where people drive, 
increasing traffic delays have been perceived as a mjyor problem by 
urban, suburban, and some rural residents. 

Traffic congestion, and its effects on economic productivity, air quality, 
and stress, appears to be endemic to many metropoUtan areas in the 
United States and in other countries.* FHWA estimates that metropoUtan 
traffic congestion is severe in areas greater than 2 milUon population 
and starts becoming a serious problem in metropoUtan areas of over 

'National Council on Public Works Improvement, Fragile Foundations: A Report on America's Public 
Works (Washington, D.C: 1988), pp, 1 and 6. 

-Robert Cervero, Suburban Gridlock (Brunswick, N.J.: Rutgers University Press, 1986). 

•'Federal Highway Administration, The Future National Highway Program 1991 and Bgwond: Iftban 
and Suburban Highway Congestion, working paper 10 (Washington, D.C: December 1987), p. 77. This 
paper is part of a series of 19 papers prepared by senior FHW\ managers to provide input to federal 
policies regarding the future federal highway program. 

^ A metropolitan area is basically defmed by the U.S. Bureau of the Census as a standard metit^Mlitan 
statistical area (SMSA). The Bureau also discusses such areas in terms of consoUdated raetropcditan 
statistical areas and their subsets, metropolitan statistical areas. These terms refer to statistical 
aggregations of counties around msuor cities that embrace most commuter traffic. The urbanised area 
within the SMSA is not a political boundary but is deflned as the area within which the average 
population density exceeds 1,000 persons per square mile. 
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Chapter 1 
Introduction 

250,000 population.^ However, according to FHWA, smaU urban areas as 
well as suburban and rural areas have been experiencing higher rates of 
congestion growth than large central cities. For example, FHWA estimates 
that between 1983 and 1985, freeway delay from congestion grew by 
a' 'proximately 39.5 percent in central cities, compared to 66.4 percent in 
outlying areas and 90.9 percent in rural areas.** 

Controversial 
Projections 

While transportation experts generally agree that traffic congestion is 
an escalating problem, estimates of its magnitude are controversial. In 
support of its growing severity, an FHWA study showed an increasing 
trend in the proportion of urban freeways that are congested during 
peak travel hours, from 54 percent of the roads in 1983 to 65 percent in 
1987." Another staff study estimated that if no improvements are made 
to highway capacity by 2005, vehicle delay will increase about 436 per
cent over the 1985 level, or 8.8 percent a year." In addition, FHWA staff 
believe that in the next 20 years, a much larger increase in freeway con
gestion will continue to occur in suburban and mral areas than in cen
tral city areas. 

Others believe, however, that the 2005 forecast of future urban freeway 
congestion may misrepresent the severity of the problem for a number 
of reasons, including the omission of any new highway construction in 
the congestion model that was used. And in any case, some transporta
tion experts claim that drivers will generally tolerate some level of 
delay, adapting when and where possible. Although FHWA staff readUy 
accept these criticisms, their congestion forecasts are the ones most 
often cited in the transportation literature and news media. 

Defining Congestion The term "congestion" has been defined by transportation professionals 
as a condition in which the number of vehicles attempting to use a road
way at any given time exceeds the ability of the roadway to carry the 

'Federal Highway Administration, Urban Traffic Congestion: A Perspective to Year 2020 (San Fran-
cisco. Calif.: September 1987), p. 1-7. 

"FHWA, The Future National Highway Program 1991 and Beyond, p. 25. ' 

' Federal Highway Administration, The Status of the Nation's Highways and Bridges: Conditions and 
Performance and Highway Bridge Replacement and Rehabilitation Program 1989 (Washington, D.C: 
1989), p 1-6. 

•̂ FHWA, The Future National Highway Prograni 1991 and Beyond, p. 21. According to FHWA, free
way congestion will increase 300 percent in urban areas of over 1 miUion population and more than 
1,000 percent in lesser-populated areas. 

I? 

;̂  
!KaJulft.2.i» 

Page 9 GAO/PEMnSO-l Traffic Congestion: Trends, Measures, and Effects 



mPiPPipini 

Chapter 1 
Introduction 
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load at generally accepted service levels." A faciUty's service level is 
described in terms of the operating conditions within a traffic streson, 
such as the average travel speed, and the perceptions of motorists 
regarding maneuverability and comfort. Congestion has also been 
defined as the additional daily travel time arising from reduced speed 
caused by traffic surges. Federal, state, and local transportation agen
cies use a variety of measures to describe the flow of traffic. A key c»n-
sideration in all the measures is the specification of what constitutes an 
acceptable level of service or traffic flow. 

Traffic delays are described by whether they are recurring or nonrecur
ring. Recurring traffic congestion means predictable times when traffic 
volumes exceed the design capacities of the roadways and when the geo
metric design of the roadway does not allow a normal traffic flow. Peak 
periods of traffic flow commonly occur during the morning and evening 
msh hours; however, experiences in some metropoUtan areas, such as 
Houston, Los Angeles, and New York, show that traffic delays can occur 
throughout the day. The problem of recurring traffic congestion is exac
erbated by random events, such as accidents, construction activity, and 
weather conditions, that produce nonrecurring traffic delays. 

1 

Even though recurring traffic congestion gamers much attention, non
recurring congestion may actually be a more serious problem. For exam
ple, a traffic study of metropolitan Los Angeles noted that 57 percent of 
the delays were from nonrecurring congestion. It has been estimated 
that every minute during which an incident that disrupts traffic flow is 
not responded to causes 5 minutes of delay for motorists.'" 

Objective, Scope, and 
Methodology 

Although state and local governments are primarily responsible for miti
gating the causes of traffic congestion, federal funds, programs, and 
requirements influence most aspects of surface transportation manage
ment." The system of interstate, primary, secondary, and urban roads 
that receive federal aid handles 80 percent of all travel in the nation. 

:• 

•'Morris Rothenberg, "Urban Congestion in the United States: What Does the Future Hold?" Strategies 
to Alleviate Traffic Congestion, proceedings of ITE's 1987 national conference (Washington, D.C; 
1988), p. 374. 

' "Allen Cook, T. H. Maze, and Rong-Shyang Ju, "Techniques for Managing Freeway Traffic Conges
tion," Transportation Quarterly, 41:4 (1987), 520. 

' ' Federal programs to assist local govemments in alleviating traffic congestion are discussed in a 
forthcoming companion GAO report (Traffic Congestion: Federal Efforts to Improve Mobility (GAO/ 
PEMD-90-2). 
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With the expected completion of the interstate freeway system in the 
next few years, reauthorizing a Highway Trust Fund after 1991 is being 
evaluated, as is the federal role in surface transportation.'^ As a result, a 
number of transportation organizations are developing policy positions 
to influence federal actions in this regard, including options to address 
the traffic congestion problem. 

Objective This study is one of a series of reports on freeway mobiUty requested by 
Senator Frank Lautenberg, Chairman of the Subcommittee on Transpor
tation and Related Agencies of the Senate Committee on Appropriations. 
The objective of this report was to examine the evidence that exists 
regarding the nature and severity of traffic congestion. More specifi
cally, we intended to answer the following evaluation questions: 

What forces affect the traffic congestion problem, and how have they 
shaped its nature zmd severity? 
How is traffic congestion measured, and how credible are the estimates 
of urban freeway delay developed by FHWA? 
What effects of traffic congestion have been measured? 

By answering these questions, we hope to have provided the Congress 
with a framework for discussing traffic congestion and its effects. In 
coryunction with our companion report profiling federal efforts to 
address this problem, this resource document should help form a foun
dation for assessing federal efforts to improve freeway mobiUty. 

Scope and Methodology This report relies primarily on a synthesis of testimonial and documen
tary information pertaining to traffic congestion and its potential 
effects. We collected and reviewed more than 200 documents between 
August 1988 and January 1989. The data collection approach included 
computer literature searches, phone interviews, and site visits to 
selected metropolitan areas. The computer literature search involved 
our accessing various data retrieval systems, identifying relevant arti
cles on traffic congestion, and collecting this information for further 

i t i . . . . ; , - ; •..«;:!te..-. i JMi I rmi aalMfai 

' -The Highway Trust Fimd was created by the Highway Revenue Act of 1956, a companion to the 
Federal-Aid Highway Act of 1956, which launched the construction of the National Interstate and 
Defense Highway System. Most of the trust fund, which receives tax revenue from users of the high
way system, is dedicated to construction. 
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anjilysis.'^ We searched these systems for metropoUtan newspaper cov
erage of local traffic congestion problems and empirical studies of thfe! 
potential environmental, economic, and social effects of congestion. ; 

We developed data collection instruments to coUect infonnation about 
the nature and severity of traffic congestion, how it is measured, and Its 
potential effects from representatives of transportation-related organi
zations located in 12 congested metropoUtan areas.'" We refined the 
instruments before conducting phone interviews with 40 representallyes 
from federail, state, £md local agencies, as weU as experts in academia 
and private industry. In addition, we conducted personal interviews 
with more than 35 cognizant officials in 4 of the metropoUtan areas that 
we visited.''* The areas we selected for phone and personal interviewing 
varied geographically and by the severity of their traffic congestion ' 
problems. 

We reviewed and synthesized the information we coUected by using var
ious evaluation techniques."^ Our synthesis of published material 
involved (1) identifying major forces that affect traffic congestion and 
determining how these have shaped the problem, (2) identifying how 
traffic congestion is measured, and (3) reviewing what is known about 
the potential effects of traffic congestion. We summarized the responses 
to our phone and personal interviews by metropolitan area and com
pared them by questions. We also generated frequencies to identify 
response pattems in these data. 

In addition, we conducted a methodological review of an FHWA urban 
freeway congestion model, because of its uniqueness and potential effect 

•a 

si 

'•'The primary data retrieval systems we examined included DIALOG, SCORPIO, VU/TEXT, DAX\-
TIME, and LEXIS-NEXIS. For some of the data retrieval systems, we looked at several subdiiectories. 
Our search of these systems generally covered citations over the last 6 years. 

' ̂ The 12 metropolitan areas were Phoenix, Arizona; Los Angeles, California; Denver, Cohnado; Wash
ington, DC; Miami, Florida; Tampa, Florida; Atlanta, Georgia; Detroit, Michigan; Dallas, "fexas; Hous
ton, Texas; New York, New York; and Seattle, Washington. 

' "'Between August and October 1988, we visited Los Angeles, California; Denver, Cotorado; Washing
ton, D.C; and Detroit, Michigan, 

"'Our synthesis relied on techniques discussed in GAO, Designing Evaluations, methodology transfer 
paper 4 (Washington, D.C: 1984), and The Evaluation Syntt^isTlnstitutc foFProgram Evahiatiim 
methods paper 1 (Washington, D.C; 19§^! 

I 
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on transportation policy.'^ To assist us in our review, we asked four 
transportation experts to examine the model based on our review* 
ria. Collectively, the four reviewers had experience in national anct 
transportation planning and operations and in traffic congestictti < 
fication techniques and methodologies and knowledge of the data Li?«̂  
used in the model. The criteria we developed to guide their reviews 
included a standardized list of questions pertaining to theoretical, opfera-
tional, data, and policy issues related to this model. We analjrzed their 
responses and incorporated their reviews into our analysis of this 
model. Appendix I names the experts and lists our review criteria. 

FinaUy, we reviewed the results of pubUc opinion polls pertaining to 
traffic congestion that we foimd in a computerized search of 26 metro
politan newspapers, national poUing orgjinizations, and professional 
publications. We found traffic congestion cited as a mjyor problem in a 
number of communities experiencing high growth rates. However, as 
expected, the level of concem about traffic congestion, as identified in a 
limited number of pertinent national, state, and regional polls, decreased 
in importance compared to other broader concems. For example, whfle 
traffic congestion is the mjyor concem in some communities, it has not 
been identified as a prominant concem in national polls. 

I. 

i'" 

cr 

Strengths and Limitations In conducting our research, we used multiple approaches to collect and 
analyze information on the nature and severity of the traffic congestion 
problem to ensure the adequate coverage of the subject and the repre
sentation of various points of view. For example, our use of several data 
retrieval systems and interviews with a broad spectrum of knowledge
able individueds allowed us to collect an extensive array of documents 
for further analysis. We also had recognized transportation experts 
assist in our review of the FHWA urban freeway delay model. We 
obtained additional estimates of future levels of traffic delay from FHWA, 
based on running the agency's computer program with the same data 
but changing the assumptions regarding the measurement of traffic 
delays and growth in freeway capacity. We did not, however, indepen
dently test the validity of FHWA'S model or its data. 

' ' The methodology and results of the FHWA congestion study using the model are in three docu
ments: FHWA, The Future National Highway Program 1991 and Beyond; Jeffrey Lindley, AMeU>od-
ology for Quantising Urban Freeway Congestion (Washington, D.C: Federal Highway 
Administration, 1987), and "Urban Freeway Congestion: Quantification of the Problem and Effective
ness of Potential Solutions," ITE Journal, 67:1 (January 1987), 27-32, 
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Introduction 

Some constraints, however, limited the scope of our data collection and 
the extent of the review. For example, from necessity, we a>ncentra|ed 
our literature search on studies regarding the direct effects of t raf^ 
congestion rather than the broader effects that transportation nefiv^rks 
have on the environment, the economy, and human str^s. We were also 
limited in our abiUty to independently verify the accuracy of the trend 
data cited for the forces shaping traffic congestion. And since much of 
the trend data come from the 1980 census reports and a few midceieus 
surveys, they indicate the direction of change but not current 
conditions. ., 

Our work was performed in accordance with generaUy accepted govern
ment auditing standards. The Department of Transportation provided 
written comments on a draft of this report. These comments are pre
sented and evaluated in chapter 6 and are included in appendix II. 

1 
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Trends Shaping the Traffic Congestion Frdtmk 

Trends in a number of interrelated forces have shaped the traffic OHV' 
gestion problem. From our review of the Uterature, we identified six 
major forces: (1) suburban development, (2) the economy, (3) the l£dx>r 
force, (4) automobile use, (5) truck traffic, and (6) the highway infra^ 
structure. As these forces are not mutuaUy exclusive, they have tended 
to interact in ways that have changed the nature and severity of traffic 
congestion. For example, trends in suburban and economic development 
have fostered the growth of automobUe usage and truck traffic, in tum 
increasing traffic congestion in many metropoUtan areas. 

sss-;-

te., 
W 

i-
it: 

Suburban 
Development Trends 

Population Migration 

The prevaiUng desire to live away from central cities yet stiU be doSe to 
urban amenities has led to suburban development, an evolutionary pro
cess that involved first fanulies, then commercial services, and finaUy 
jobs. Trends in the population and employment migration to subiu'ban 
locations within large and smaU metropolitan areas have affected traffic 
congestion by reshaping the commuting pattems of many workers. 

The U.S. population has increasingly migrated to metropoUtan areas 
across the country, particularly the suburban locations in these areas. In 
1950, 29 percent of the U.S. population Uved in 14 metropoUtan areas of 
over a million in population. By 1980, almost half the population, 108 
million people, lived in 35 metropolitan areas of over a milUon in popula
tion, and one third lived in areas of over 2.5 miUion. Since 1950,86 per
cent of this growth has been in suburban locations, which grew at an 
annual rate of 1.25 percent from 1980 to 1983, about three times the 
rate of growth of the core areas surrounding the central business dis
tricts. By 1986, 77 percent of the U.S. population Uved in urban counties 
that are defined by the Bureau of Census as standard metropoUtan sta
tistical areas. 

While metropoUtan populations are increasing, so are the populations of 
counties adjacent to metropolitan counties. According to an Office of 
Technology Assessment (OTA) report, in the 1960's all regions ofthe 
United States exhibited more-rapid metropolitan growth than nonmetro-
politan growth, and much of the nonmetropolitan movement came from 
population increases in counties adjacent to metropoUtan areas.' How
ever, during the 1970's, nonmetropolitan counties actually grew more 

' Office of Technologj' Assessment, Technology and the American Economic Tranation: Choices for 
the Future, arA-TET-283 (Washington, D.C; U.S. Govemment Printing Office, 1988), p, 196. Accord-
ing to the Bureau of the Census, nonmetropolitan counties are classified by the tHidency of their 
populations to commute to counties within standardized metropolitan statistical areas. 
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Chapter 2 
Trends Sliaping the Traffic 
Congestion Problem 

rapidly than their metropolitan counterparts in aU regions except the 
South. Table 2.1 depicts population growth percentages by metropbltan 
and nonmetropoUtan counties for 1960-70 and 1970-80. 

Table 2.1: Population Growth by Region' 

County population change Northeast 
North 

Central South 

^ ^ ^ ^ ^ 

West 

^^^^^^ 

Total 
1960-70 

Metropolitan 10.0% 13.1% 22.2% 28.4% 17.1% 
Nonmetropolitan 

Adjacent to metro area 
Not adjacent to metro area 
Total 

Total 

10,0 
3.5 
8.4% 
9.8% 

4.4 
-0,9 

2.0% 
9.6% 

4.3 
0.8 
2.6% 

14.3% 

13.3 
5.0 
9.0% 

24.2% 

6.2 
1.0 
3.9% 

13.4% 
1970-80 

Metropolitan -1.8% 2,6% 21.5% 22.1% 10.0% 
Nonmetropolitan 

Adjacent to metro area 
Not adjacent to metro area 
Total 

Total 

13.1 
11.8 
12.8% 

0.2% 

8.6 
6.0 
7.4% 

4.0% 

19.6 
14.7 
17.3% 

20.0% 

34.4 
28.8 
31.6% 

23.9% 

16.7 
13.8 
15.4% 

11.4% 

^Metropolitan and nonmetropolitan populations are based on 1980 boundaries. 
Source: Larry Long and Diana DeAre, "The Economic Population Growth in Nonmetropolitan Settings," 
in Office of Technology Assessment, Technology and the American Economic Transition: Choices for the 
Future, OTA-TET-283 (Washington, D C : 1988)7p 198. 

I 

I 
Employment Migration Nationwide, there has been a dramatic increase in the number of jobs in 

suburban locations in virtually every metropolitan area. For a number 
of reasons, including lower land costs, more amenities, and closer prox
imity to workers, employment opportunities have expanded into subur
ban areas. In 1960, about 14 milhon jobs were in suburban areas, or 
about 35 percent of all metropolitan jobs. By 1980, the numtier of jobs in 
the suburbs had more than doubled to about 33 miUion, representing 
nearly half of all metropolitan jobs. According to Alan PisarsM in a 1987 
report on American commuting pattems, suburban areas now have 
about 60 percent of all metropolitan workers and are experiencing about 
67 percent of the total job growth.- Table 2.2 shows the national and 
regional distribution of workers within metropoUtan areas in 1980. 

-Alan Pisarski, Commuting in America: A National Report on Commuting Patterns and Trends 
(Westport, Conn.: Eno Foundation for Transportation, Inc., 1987), p, 4, 
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Chapter 2 
Trends Shaping the Traffic 
Congestion Problem 

Table 2.2: Distribution of Workers Within 
Metropolitan Areas in 1980 

^^^^^^^^^ 

Area 
National 
Northeast 
North 
Central 
South 
West 

Percent of 
workers in 

Tietropolitan 
areas 

77% 
86 

73 
70 
85 

Difference 
from nationai 

0 
+9 

- 4 
- 7 
-̂ 8 

Percent of 
metropolitan 

workers in 
suburbs 

61% 
84 

62 
58 
61 

^^^^^^gj^^-

Diffta^nce 
fromMnonal 

0 
-t-3 

+1 
- 3 

0 

Source Alan Pisarski, Commuting in America: A National Report on Commuting Pattems and Trends 
(Westport, Conn : Eno Foundation for Transportation, Inc., 1987). p, 30. ~ 

SI 

Suburban population expansion ushered in the traditional suburl)-to-
central-city commuting pattem along radial roads and mass transit lines. 
In turn, the subsequent migration of jobs to suburban locations altraned 
commuting patterns and made them more suburban. Between 1960 and 
1980, intersuburban traffic movement became the dominant commuter 
pattern, increasing from 28 percent to 38 percent of aU commuter trips. 
During this period, intercity travel decreased from 46 percent to 30 per
cent of all commuter trips, and the suburb-to-central-city work-trip pat
tem increased slightly from 16 percent to 19 percent of aU commuter 
traffic. Trends in the distribution of commuter traffic, however, varied 
among metropolitan areas. For example, a more significant shift in com
muting patterns occurred in metropolitan areas of over 1 miUion com
muters than for areas of fewer commuters. Figure 2.1 displays the 
distribution of growth in commuter traffic between 1960 and 1980. 

i. 
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Congestion Problem 

I 

Figure 2.1: Distribution of Growth in 
Commuter Traffic 1960-80 8.5% 

Central City to Sul)urt>8 

8.5% 
Central City to Certral Ctty 

Suburb to Suburb 

Suburb to Central City 
Source: Alan Pisarski, Commuting in America: A National Report on (Commuting Pattems and Trends 
(Westport, Conn.: Eno Foundation for Transportation, Inc , 1987). p. 43. 

Little is known about travel between metropoUtan and noiunetropc^tan 
counties. Pisarski noted that from 5 percent to 15 percent of the wwiters 
commuted to metropolitan areas in more than 700 of 2,400 ncmmetro-
politan counties in 1980.̂  While these trips added to the metropolitan 
traffic flows at different stages in the commute, it is difficult to quan
tify their effect on metropoUtan traffic congestion. By traversing sulRir-
ban areas, they added to the suburb-to-suburb commuting pattem and, 
depending on the eventual destination of these trips, they added to traf
fic's moving downtown, between cities, and from the center dty to other 
suburban locations. 

1 

Economic Trends Economic trends, including changes in employment base, economic 
growth and distribution, methods of production and conm\unication, and 
the amoimt of discretionaiy travel have changed the distribution of 
goods, services, and travel patterns. These trends have affected the 
location and occurrence of metropoUtan traffic congestion. 

'Pisiuski. Conunuting in America, p. 47. 
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Chapters 
Trends Shaping the TValBc 
Congestion Problem 

Shift in Employment Base According to a 1987 FHW\ study, whUe the magnitude of the national 
shift from a manufacturing to service- and knowledge-based economies 
may be disputed, the shift is clearly occurring in many localities.^ Fur
ther, experts believe that this sector has been and will continue to be the 
primary area of job expansion, unless there are maijor technological 
advances in manufacturing industries. For example, the Bureau of 
Labor Statistics projects that more than half the 20 milUon new jobs 
expected to be created in the U.S. economy by 2000 wiU be in service 
industries, particularly health care and business services.* 

Jobs in service industries have tended to concentrate in exurban loca
tions within large metropolitan areas. Exurban areas have been defined 
as independent "urban viUages" on the outskirts of m£uor cities. They 
are usually comprised of office, retail, housing, and entertainment areas 
such as occur in Southfield outside Detroit and Tysons Comer outside 
Washington, D.C.'' Traffic congestion has increased in these areas 
because of the concentration of activities and the general lack of trans
portation infrastructure. 

% 
Economic Growth and 
Distribution 

The domestic and intemational growth of complex production and dis
tribution networks is reshaping the location of America's economic 
activities and is also affecting the pattems of commodity movement. 
These changes are tending to concentrate wealth and economic activities 
in certain locations, especiaUy in regions that surround major coastal cit
ies." According to a 1987 FHWA report, the growth of intemational trade 
wUl affect the total demand for freight transportation, and it will sloft 
the dominant movement of goods from between domestic areas to across 
intemational borders.* Table 2.3 shows that the predominant areas of 
growth are in cities on or near the east and west coasts and in the 
Southwest. 

fe ,\«i 
•Mil l 

^Federal Highway Administration, The Future Highway lYt^ram 1991 MHI Beyond: < __ _ 
Demographics .-md Economic Base, woridng paper no. 1 (Washington, D.C: December I98f), p. 80. 
.Accorrling to this report, the shift to ser\'ices has been largely relative, not absohite. 

'CongressiomU Research Service, Tlie Oties. vol. 9. no, 10 (Washington. D.C; Noverober-Deoendier 
1988), p. 7. 

"Christopher Leinberger imd Chiu-les U)ck>Mjod. "How Business Is Resliaping America," The Atiantic 
Monthly. O. tober 1986. p. 43. 

'OT.\. Technology' and the American Economic Transition, p. 190. 

'̂ FHWA. The F\itua' Highway- Program 1991 and Be>-ond, p. 22. 

Page 19 GAO/PBMD40-1 Traffic OMigestion: Trends, Measures, M i Bffkicta 

^ •^^i:i LW jUkj , 
mmmmmmmttiliiLum, 



mm^^^s^mw | i * « M W . . V P W . ^ 

Chapter! 
TVends Shaping the Traffic 
Congestion Problem 

.,.'.,:, •'.g 
Largest population gains 1970-86 

Los Angeles-Anaheim-Riverside, 
California 

Houston-Galveston-Brazoria, Texas" 

Dallas-Fort \Atorth. Texas 

San Francisco-Oakland-San Jose, 
California 

Miami-Fort Lauderdale, Florida 

Phoenix, Arizona 

Atlanta. Georgia 

San Diego, California 

Tampa-St, Petersburg-Cleanwater, 
Florida 

Denver-Boulder, Colorado" 

Washington, D,C.-Md.-Va, 

Seattle-Tacoma, Washington 

Orlando, Florida" 

Sacramento, California 

West Palm Beach-Boca Raton-Delray 
Beach, Florida 

Statistical 
area 
CMSA» 

CMSA 

CMSA 

CMSA 

CIWISA 

MSA"̂  

MSA 
MSA 
MSA 

CMSA 

MSA 
CMSA 

MSA 
MSA 
MSA 

Populaiionlhi 

3.094 

1.466 

1.303 

1.125 

1.024 

0.929 

0.877 

0.843 

O.aOR 

0.609 

0.523 

0,448 

0.445 

0443 

0.407 

^5 
170% 

328 
279 
134 

275 
428 
266 
306 
3.49 

2.53 

1.00 

1.37 

4.37 

2.66 

495 

m 

«:,:i^ 

I?; 

I' 

Table 2.3: Major U.S. Metropolitan 
Population Growth 

^Bureau of the Census designated consolidated metropolitan statistical area. 

"Metropolitan areas that would drop off the list of largest population gains if only the groiwth rale for the 
last year were considered. 

'-'Bureau of the Census designated metropolitan statistical area 

Source: Office of Technology Assessment, Technology and ttie American Econonwc Tiansition: Choices 
tor the Future (Vlfashington, D.C: 1988), p. 1 ^ ^ 

' 

Methods of Production and 
Communication 

Changes in production methods and communication have decoitraliied 
operations and increased reUance on trucks and private vehides. In 
manufacturing, it is recognized that the emergence of relatively small 
batch production, "just-in-time" inventory systems, and the growth of 
tightly linked networks supplying goods to retaU outlets have 
encouraged the decentralization of activities. These new methods of pro
duction tend to favor tmcks over slower and less fiexible 
transportation. 

Telecommunication advances and the nature of work have also made 
the location of office buildings less dependent on proximity to climts 
and supporting services. Although this change has made it easier fw 
businesses to branch out and away from central-citj' locations, the dis-
pei-sal of office space has fragmented commuting patten^ necessitating 
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a greater reliance on private vehicles for the work commute. Howevef, 
improved telecommunication links between the home and the office ifiay 
alter the frequency and timing of the work commute for a portion cf^the 
labor force. Home-based and sateUite-center telecommuting are vmtW 
options that may help reduce commuter traffic by allowing onplos^ess to 
work at home and at centers close to where they Uve. 

Discretionary Travel The amount of discretionary travel available to Americans is affected 
by the amount of disposable income and time that they can allocate to 
this form of travel, as well as by demographic factors. In general, the 
decline of both disposable income and available free time for most 
Americans reduces the duration of discretionary travel. However, the 
growing population of elderly and chUdless couples, which typicaUy' 
have more money and time for travel, has fostered discretionary travel. 
In both cases, these trends tend to increase travel near the home. 

:H. 

m 

Disposable income has declined for most Americans, but the amount of 
available free time appears to have the greater effect on the characteris
tics of discretionary travel. According to an OEA report, time constraints 
on personal travel and fanuly vacations, more than reduced di^[)08i^Ie 
income, have altered the travel behavior of many famiUes.̂  For example, 
in order to fit into increasingly complex personal schedules, many 
households are now looking for short-term recreation in dose proximity 
to the home, in Ueu of the traditional "2 weeks at the beach." This actua
tion may change somewhat, however, if Americans begin ei\joying 
increases in vacation and hoUday travel, as some observers predict,•« 

Demographic factors also affect discretionary travel. The decline in fam
ily size wUl mean that fewer young people wiU be around to support 
recreational markets. However, according to the OIA study, an increase 
in discretionary travel by greater elderly and chUdless family popula
tions are expected to offset the effect of these changes in family ccMRpo-
sition. For example, as people reach retirement age, their transportation 
needs change—they no longer commute to work, but they have more 
time to travel, go shopping, and visit faimly. In addition, tJie increase in 

i 

"OTA, Technology and the American Economic Transition, p, 75. According to OTA, average Imuse-
hold income declined between 1977 and 1984 for all but the top 10 percent of American families. 

'"Elizabeth Deakin, "Transportation in Califonua: Problems and Policy Options Through tt«e Year 
2000," l^niversity of Califomia at Berkeley, Department of City and Regional Planning, and the Insti
tute of Transportation Studies, Berkeley, California, 1987, p. 10, 
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the number of shorter and more-intensive weekend and hoUday vaca
tions has magnified travel on roads linking metropoUtan areas wifli 
nearby resort locations. 

The factors previously mentioned and others have increased family, 
business, social, and recreational travel as a percentage of all personal 
travel. Changes in the nature of discretionary travel tend to increase 
metropolitan traffic flow throughout the day and the demands on faciU
ties connecting major population centers with resort areas. 

Labor Force Trends Increases in the number of jobs and of workers in the labor force also 
affect traffic congestion. Labor force expansion has increased the 
number of workers and the number of work-trip commuters in both fast-
and slow-growing metropolitan areas. Two demographic trends that 
have had major effects on the rapid growth of the labor force are the 
growth in the working-age population and an unprecedented niunber of 
women entering the labor force. 

Labor Force Participation The traditional relationship between total population growth and the 
growth of the working-age group (16 years of age and older) has 
changed in the last decade, as has the relationship between growth in 
the working-age population and the growth of the labor force. Between 
1940 and 1960, total population growth exceeded growth in the work
ing-age population and the labor force. However, because of the 
entrance of the post-World War II "baby boomers" mto the working-age 
group, the growth of this population and the total labor force exceeded 
total population growth between 1960 and 1988. More than twice as 
many people entered the working-age group between 1970 and 1980 as 
entered between 1950 and 1960. 

Figure 2.2 illustrates growth trends in these three populations from 
1950 to 1990 (estimated). Although the lines appear similar, the per
centage change between decades for the working-age population and the 
labor force is much greater than the fairly consistent growth rate of tiie 
total population. For example, while working-age population increased 
36 percent and the labor force grew 43 percent between 1960 and 1988, 
total population increased only 27 percent. 

n 

"1 
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Figure 2.2: Trends in Population and 
Labor Force Growth* 

• > ^ ^ Total Population 
_ _ B _ Working-Age Population 16 and Older 
• • • • Labor Force Population 16 and Older 

•^Data for 1990 were extrapolated from 1988 estimates 

Source: The Bureau of the Census and the Bureau of Labor Statistics, Washington, D C , 1989, 

Women Entering the Labor 
Force 

A major explanation for the large leap in the proportion of the working-
age group actually entering the labor force is the extraordinary niunber 
of women taking jobs outside the home. In 1950, about one third of 
working-age women were employed, representing about 30 percent of 
the labor force. By 1988, almost two thirds were employed, constituting 
more than 45 percent of the labor force. Since 1950, the growth rate of 
women in the labor force exceeded that of men, although men stiU out
number women. According to Pisarski, of the 50 milUon new entries 
between 1950 and 1985, 30 million were women. Figure 2.3 shows the 
share of men and women workere in the labor force from 1950 to 1990 
(estimated). 
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Figure 2.3: Trends in Shares of the Labor 
Force by Gender* 
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^Data for 1990 were extrapolated from 1988 estimates. 
Source Bureau of Labor Statistics, Washington, DC , 1989 i 

There is some prospect of a smaller labor force, as the "baby boom" 
generation ages, even though the rate of women participating in the 
force is expected to climb. According to a Congressional Research Ser
vice report, America's prospect of imminent long-term labor scarcity 
means that opportunities in all sectors for "marginal" workers wUl be 
greatly improved, especially for those who can be trained for work in a 
"high-tech" economy." The Congressional Research Service concluded 
that if labor scarcity requires employers to seek out underused labor 
resources, the "reverse commute" of inner-city residents to jobs in the 
suburbs and surrounding areas may become even more common than 
today. 

Automobile Use 
Trends 

Our review of the transportation literature identified two automobile 
trends that have affected the level of traffic congestion. Both the 
growth in vehicle availability and an increased use of private vehicles 

' 'Congressional Research Sei-vice, The Cities, p. 25. 
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over other modes of surface transportation have dramaticaUy increased 
the number of vehicles using the transportation system. 

Vehicle Availability A trend in automobile use is reflected in an increase in vehicles avaUable 
per worker and per household. Between 1960 and 1980, the average 
number of vehicles per worker grew at almost triple the rate of growth 
of the labor force. By 1980, the number of vehicles avaUable per worker 
in the labor force averaged 1.34. In addition, according to Pisarski, vehi
cle ownership, as a characteristic of American households, grew 60 per
cent from 1960 to 1980. The number of vehicles per household increased 
from 1.03 in 1960 to 1.61 in 1980. In 1980, more than 50 percent ofthe 
households had 2 or more vehicles and only 13 percent did not have a 
vehicle, down from about 22 percent in 1960. Figure 2.4 depicts the dra
matic growth in vehicle availability between 1960 and 1980. 

Figure 2.4: Change in Vehicle Availability 
by Household 

35 Millions of Households 

30 

E 

:̂. 

0 1 

Vehicles Par Household 

3 or more 

1960 

1980 

Source Alan Pisarski, Commuting in America A National Report on Commuting Patterns and Trends 
(Westport. Conn Eno Foundation for Transportation, Inc. 1987), p 33 
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The Use of Private 
Vehicles 

r-̂^ 

Between 1960 and 1980, the use of private vehides for the work com
mute nearly doubled, from 43 milUon users to 83 milUon users. Pisarsid 
notes that since the labor force grew by 50 percent during that 20-yiear 
period, only half the growth of private vehide usage can be attribute^ 
to growth in the number of commuters—the other half was firom adIAft 
of commuters from other modes of transportation to private vehides.'* 
It has been estimated that between 1970 and 1980, the use of public 
transit for the work commute feU from 8.9 percent to 6.4 percent anfto^ 
all commuters, whUe personal vehicle use increased from 80.2 peroa:^ to 
85.7 percent of all commuting modes.'* 

i 
m 

Some transportation experts contend that our preference for private 
vehicles is an expression of American individualism and a practical 
means for achieving physical and social mobiUty. Americans are confM-
tioned to demand freedom of mobiUty, a freedom that is enhanced by 
the psychological aspect of driving one's own car. The "personalizaticm" 
of transportation services has increased to a point at which two thirds 
of all trips (and 86 percent of all commuting trips) are made alone." 

Truck Traffic Trends Our research uncovered several trends that contribute to the involve
ment of trucks in metropolitan traffic congestion. The greater use of 
trucks, their increased size and weight, and the growth of heavy-trudc 
accidents are aU factors adding to increased traffic delays in many n ^ -
ropolitan areas. 

Level of Truck Traffic Changes in inventory poUcies and a phenomenal growth in imports of 
manufacturer and consumer goods have increased the use of trucks to 
carry freight. The "just-in-time" inventory polides of many manufactttr-
ers have accelerated the demand for speedy, direct truck service. As a 
result, some transportation officials claim that many urban interstate 
highways have become local arterials and manufacturing lines. 
Container traffic, originating at coastal ports, has also grown dramati
cally because of an increase in the need to import goods to points across 
the country. 

' -Pisarski, Cbnunuting in America, p. 7. 

'•'OTA, Technology and the American Economic Transition, p. 120. 

'••OTA, Technology and the American Ekx>nomic Transition, p. 115. 
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Regulatory reform and new markets were forces behind a dnynadc 
growth in the number of trucking firms entering the industry. R^Eddr 
tory change in the rules goveming entry, pricing, and services in the 
trucking industry, as provided for in the Motor Carrier Act of 1980^ 
allowed this industry to capitalize on its speed, flexibiUty, and cost-
effectiveness to enhance its already dominant share of the fira^t mar
ket. "̂  In 1986, the trucking industry received approxim^ely 77 perosnt 
of all freight transportation revenues in this country.'* Between 1^9 
and 1986, the number of federaUy regulated trucking companies, ^ii^ch 
does not include private companies, increased 66 percent alone.*^ 
Although the number of truckmg companies has increased si^oificsuitly 
since 1980, the actual number of commercial and private truck-tradx>r 
registrations declined from 1.4 milUon in 1980 to 1.1 milUon in 1986, 
with only a slight increase in the registration of private and commarcial 
trailers."* 

Another reason behind the proUferation of trucking firms was railroad 
deregulation. According to an OEA report, the Railroad Revitalization and 
Recovery Act of 1976 and the Staggers Rail Act of 1980 Uberalized 
merger policies and made it easier for railroads to demonstrate unproflt-
ability in a line. '̂  The railroads, faced with shifting markets and 
increased competition from trucks, began abandoning some lines and 
consolidating others, thereby aUowing trucks to fiU in the service gs^. 

Although the number of trucking firms has increased, growth in the 
number of mUes traveled by trucks and in their size are the mt^t sii^ufi-
cant factors behind the effect of trucks on metropoUtan traffic conges
tion. Based on an increase of 100 percent in the mmtiber of freight a^les 
traveled per ton and a 60-percent increase in the movement of f r d ^ t by 
ton between 1950 and 1983, it has been estunated that the avera^ haul 

' •''OTA, Technology and the American Bkx)nomic Tradition, p. 233. According to OTA, M»e nvoidi^ of 
trucking firms increased from 18,000 to 30,000 between 1980 and 1983. Howevar, because aveiage 
profits for the industry have fallen below traditional levels from an increase in competition, the 
number of firms has grown smaller in recent years. 

' ''1986 American Trucking Association data as used in Office of Technokigy Assessment, GeytegUp 
for Safety: Motor Carrier Safety in a Competitive Environment, OTA-SET-382 (Washington, D.C: u A 
Govemment Printing Office, 1988), p. 3. 

'"Transportation 2020 Program, Beyond Gridlock: The Future of Mobility as ti>e Pul>lic Sees it (Wash-

ington, D.C: June 1988), p, 29, 

'••̂ OTA, Gearing Up for Safety, p, 31, 

'"OTA, Technology and the American Ekx)nomic Transition, p. 233. 
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length per ton increased 30 percent.^ Most heavy commoxaaitruciGar* 
travel dose to 100,000 miles per year and dominate comioarcial ixtaSP̂  
state traffic. According to one study, these combination trudcs {sresetttly 
account for 10 to 12 i>ercent of total urban fireeway traffic." 

The Size and Weight of 
ii: Trucks 

According to an OIA report, trucks have become sigruficantiy bî gar a|td 
heavier since deregulation, primarily in response to federal leglidatiBii 
requiring the states to aUow longer, wider trailers and heavier ̂ rofis 
weights.- The report concludes that because many of the roads have not 
been upgraded in design and capadty, the wider trailers and heavKF-
gross-weight trucks are more difficult to handle than smaller trudcs. 
Handling today's trucks safely through turns, in passing lanes, ami on 
ramps has become difficult for even skiUed and experienced drivers, 
particularly during urban peak-period traffic congestion. 

Heavy-Truck Accident 
Rate 

The difficulty of maneuvering heavy trucks (over 26,000 poimds in 
gross vehicle weigl.t) through urban traffic has tended to increase lite 
likeUhood of acddents. According to OEA, although the niunber of ac«a-
dents involvmg passenger cars has declined, the number invcriving 
heavy trucks increased a total of 15 percent between 1981 and 1986, 
reaching an estimated total of 278,322 acddents nationwide.^ 

The rate of accidents of heavy trucks is also increasing faster than the 
grovtrth in total truck nules traveled. Stodies have shown that the rate of 
heavy-truck accidents increased roughly 40-percent faster than the 
increase in total truck miles traveled and that most of these acdttents 
occur between 6 a.m. and 6 p.m. on the urban roads.̂ * Poor lighting con
ditions, driver fatigue, and deficient truck maintenance are some of the 
reasons given for a greater number of fatal acddents at night. Figures 
2.5 and 2.6 (on pages 29 and 30) portray these data. 

I -"OTA, Technology and the American Ecmnomic Transition, p. 231. 

-' Federal Highway Administration, Urt>an Traffic Congestion: A l̂ ar̂ êctive to Year 2020 (Sm Fhrn-
cisco, Calif.: September 1987), p. 1-8. 

--OTA, Gearing Up for Safety, p. 3. 

'•'OTA, Gearing Up for Safety, pp. 5 and 85. Accmding to OEA. existing heavy-truck data and inftar-
mation resources have deficierMacs that limit titer reliabilitjr. In addition, OTA noted thtt coi^Kntive 
federal and state efforts, under the Motor Carrier Saliet;; Assistance Pragram, may have played a role 
in the slight drop in tlte number of heavy-tiudc accidents that occunred in 1986. 

-̂ OTA, Technology and the American Economic Transition, p. 406, and GearimUpforSaliely, p. 103. 
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Figure 2.5: Truck Accidents by Truck 
Weight 500 Thousands of accidents 

400 

300 

200 

100 

^mm^ 10,000 to 25,999 pounds 
a - a • 26,000 pounds and over 

Source: Office of Technology Assessment, Gearing Up for Safety Motor Gamer Safety in a Competitive 
Environment, OTA-SET-382 (Washington, DC: U ̂  Government Pnnting Office. Septeml)er 1988). 
Based on Nationai Accident Sampling System data. 
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Figure 2.6: Combination-Truck Accidents 
by Time of Day* 

30 Percent of Dally Truck Accidents 

25 

12-3am 

Time of Oay 

• i H o i a i 

3-6 

Total Accidents 
Fatal Accidents 

6-9 9-12 12 '^m 3.6 6-9 9-12 

^The figure shows the percentage of all accidents and all fatal accidents that occur at each time inter
val As a percentage of the total for each category, more fatal accidents occur in the morning and late at 
night than would be expected from the number ot accidents, including nonfatal accidents. 
Source: Office of Technology Assessment, Gearing Up for Safety: Motor Carrier Safety in a Competitive 
Environment, OTA-SET-382 (Washington, D C : U S Government Printing Office, September 1988). 

Highway 
Infrastructure Trends 

Demand for new highways, accompanying the population and employ
ment migration to the suburbs and beyond, has not been met by an 
increase in new construction. While the overall number of vehicle miles 
traveled between 1960 and 1987 increased at around 3.7 percent per 
year, or about 168 percent, the number of new highway nules increased 
by only about 9 percent.̂ ^ In addition, demand for intersuburban traffic 
movement and a greater number of highway access points have changed 
the intended use of interstates through many metropolitan areas. Since 
highway capacity has not met growing demands, the duration and loca
tion of traffic congestion have increased, as well as the number of 
accidents. 

Reasons for the decline in new highway construction during the last 20 
years include reduced funding for construction projects, the rising costs 

-'National Council on Public Works Improvement, Fragile Foundations: A Report on America's Public 
Works (Washington, D,C,: 1988), p, 133. 
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of construction, heightened environmental concem, and pabHe C^sil^ 
tance to building more highways. For example, revenues finmiga^fl^e 
taxes, which support highway maintenance and constructitHi, have 
decUned relative to the mcrease in the number of cars because oi sm 
absolute decline in fuel consumption, caused in tum by higher iNraoe$̂  
and more fuel-efficient motor vehides. Increases in the price of petnl-
leum-based products have also increased construction costs, in tertmlof 
operating and materials costs, such as for asphalt.* 

&' 

According to the National CouncU on PubUc Works Improvent^at, "iwe 
have worn through the cushion of excess capadty built into eaii i^ 
investments without making commensurate investments of our omL*'" 
It has been estunated that $162 bUUon in capital improvements wiUBe 
required over a 20-year period to keep up with Increasing demand.* 
Even though the amount of funding avaUable for highway maintena|ice 
and new construction began increasing in the mid-1980's, the suiq(^ of 
highways is stiU expected to lag behind demand. One reason f<»r t l ^ l a g 
has been the cost of improving urban fireeways. According to FHWSL, some 
states have indicated that their larger metropoUtan areas cannot rdy 
exclusively on traditional highway construction as a solution to the traf
fic congestion problem because of the excessive cost of obtaining i^ i t s -
of-way.^ 

Figure 2.7 compares vehicle rmles travded with capital investments in 
highways and bridges between 1951 and 1987. WhUe growth in vdiide 
miles traveled increased at a fairly steady rate during this period, d ^ -
tal highway investment, as adjusted for inflation, fluctoated. Until 
about 1966, it appears that capital investment paraUded the gruwtk of 
vehicle miles traveled. However, during the 1970*s, these investn(£9Kts 
declined precipitously and continued dedining until around 1984, Vthen 
they began increasing once again. Between 1984 and 1987, capital 
investment increased 31.5 percent. 

-''Daniel Nagin and Kant Rao, "Addressing the Highway Fimding Crisis: A Review of Ahwrnattve 
Petroleum-Related Taxes," in Stral^^ to Alleviate Traffic Congestiwi, proceedingsof ITEts 1987 
National Conference (Washington, DTC: Institute of Transpmtaticn Bi^ineers, I988X pp. 644-^ 

-' National Council on Public Works Improvement, Fragile Foundations, p. 1. 

-'̂ Morris J. Rothenberg, "Urban Congestion in the Uitited States: What Does the FVituie HQldf*'p. 387, 
in Strategies to Alleviate Traffic Congestion, proceedings of rPE's 1987 National GMtferenceCMsh-
ington, D.C: Institute of Transportation En^eers, 1988). 

-"Federal Highway Administration, The Status of the Nation's Higiiyays and 
Performance and Highway Bridge Replacement and Reitabilitatitm Prt̂ ram I S ^ 
1989), p, 1-8, 
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Figure 2.7: V<ehlcle Miles Traveled by Capital Investment in Highways* 
280 Index 1960s 100 

1951 1954 1957 1960 1963 1966 1969 1972 19I7S 19m 1961 198« 

Vehide Mles of Travel 
Total Capital Spending 

'Capital investment in highways was adjusted for mfla^on using appropnate structural and gross 
national product deflators 

Source National Council on Public Wtorlcs Improvement Fragile Foortdations A Report ott Amenca's 
Public Works (Washingion. D C 1988), p 13S Updated data vvere obtained from Apogee Reseaich, 
Bethesda Maryland 

Implications for 
Traffic Congestion 

Traffic congestion does not occur uniformly across metropoUtan area^ 
it is a metropolitan and regional phenomenon that can occur in many 
locations and on vaiious t>T)es of roads. Traffic congestion, both recur
ring ai\d nonrecurring, is conmion in the central business district and on 
links between suburban locations and the core area, snd i£ is increasing 
on roads between suburban locations and between nonmetropoUtan and 
metropolitan counties. Both sources of congestion add to traffic delay; 
however, noni^ecurring congestion may be a more serious probl«no. 
Because metropoUtan traffic congestion can exist on urban highways, 
access roads, county roads, and local arterials around suburban business 
centei"s, it has become an interjurisdictiomil problem. 

The six forces shaping traffic congest iim have tended to spread traffic 
i>ut acrass metropolitan areas and to increaso both predictable a i^ ran
dom delays. .Although the mettsurable effects of these forces on traffic 
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congestion are difficult to quantify, we believe that t l ^ hacve 
its natiue and severity. In effect, they have made traffic 
metropoUtanwide problem by expanding the traditional 
occurrences of congestion. 

Suburban Development The migration of population to suburban areas, followed hy < 
opportonities, has placed a new set of demands on streets and 1 ^ ^ 
that often exceed their intended capadty. For exanqde, the bdt<(ilQ|s 
around many cities are dogged with commuters moving between S^bur-g 
ban areas, and delays are increasing on some rural roatte leading te^sub-;? 
urban office parks. Lack of highway capadty to serve these new ' 
demands, along with limited altematives to private vehide ise in subur
ban and exurban areas, has resulted in increasing traffic ddays apdund 
many metropoUtan areas. 

Economic Development The decentralization of office locations to urban viUages has necessi
tated the greater use of private vehides and the movement of Uglier 
freight loads by truck. In addition, changes in production methtxls and 
communication and more discretionary travd have tended to increase 
the number of vehide trips made each day. However, the sevorily of 
local traffic congestion also depends somewhat on the robustness tf a 
local economy. MetropoUtan areas along the coasts, with eoorHWnies 
thriving from increased intemational trade, tend to have more tr^Slc-
related problems than dties in economic recession. 

Labor Force The expansion of the labor force, as a residt of a larger working-agB 
population and greater partidpation of women in the work f<ffc^ hias 
affected the number of commuters and their travel patterns. Vbate torn-
muters have strained the transportation infrastructure, residt&igM 
longer periods of recurring traffic congestion. More women in titt^feibrar 
force and the growth of part-time employment have tended te fitaginent 
travel pattems znd increase the level of traffic througlumt the Q8y< 
Studies reveal that the trip pattems of women differ tram those of man 
in that women tend to make more "chained" trips, involving trav^ fw 
example, to child care centers or shopping areas before and afli»- WtMrtc.** 
The frequency of trips is also increased by the growth of part-time 
employment, particularly for women. Although these latt^ changes in 

'"OTA, Technology and the American Economk Transition, p. 118, and Deakin, 'TransiMMrtatlon in 
Califomia. p. 9. 
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the labor force may lessen recurring traffic oongestitm, they tend to 
increase traffic flows throughout the roetrqptditan area-" 

lAutomobile Use When changes in workers'access to private vdiides are taken into 
accotmt, along with America's increasing pasacm fw "personafintf* 
transportation, the dramatic increase in the use of private veliidesfiar 
work commuting is not surprising. A greater availability and use atpA-
vate vehides and a decline in the use of altemative modes off < 
simply mean higher traffic volumes. And without ctminierisurate 
increases in highway ca^dty, increasing traffic vcrfuines will omtinae 
to exacerbate traffic congestion in all metn^politan areas, irrespective <if, 
their rates of poptilation growth. 

Truck Traffic The increasing number and size of trucks in our metropolitan areas have 
added to recurring congestion probtems by occupying more road space 
and taking longer to accelerate in slow-moving traffic In addition, tiie 
concentration of heavy-track acddents during peak periods of traJEfic 
congestion has aggravated nonrecurring congestion in terms of growth 
and severity. However, it is stiU tmdear how much trudc-rdated delay 
contributes to the overaU traffic congestion probkan. 

Highway Infrastructure 

i: 
15.. 

1;; 

Until the late 1970's, the nation's highway systen contaimd o i o u ^ 
excess capadty to accommodate moderate increases in use. J^wever, 
since then the substantial growth in traffic vcrfume, combined wiUt littie 
new highway construction, has used up the excess capadty. The inabil' 
ity of the highway rnfrastracture to handle current donand has 
increased both recurring and nonrecurring traffic omgestion, partku-
larly in suburban areas. As more vdiides occupy rdatively staUe road 
capadties, recurring traffic congestion becomes more severe and the fire-
quency of inddents increases. When this is translated into dday, 
increases in traffic congestion are significant 

i 

5 

iiUwwMiiai 

''' American Association of State Highway and Transportation OfRcials, "Growing I'rtiin.rTutiMiIWi 
Congestion," draft disctisskjn paper. Washir^^on, D.C, 1988, p-11. 
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teasures of Traffic Congestion 

In order to obtain a better imderstanding of the severity of tiie tra0|c 
congestion problem in metropoUtan areas across the country, we ^ i 
reviewed the various ways it is measured. We found that the point or 
threshold at which traffic flow on a given faciUty starts to become con
gested can be defined by a number of interrelated measures. Althtn:^ 
there is no universaUy accepted way to measure traffic congestion, dif
ferent measures are used to explain various dimensions of the problem. 

i ; • 

i 
I-. 

According to the 1985 Highway Capacity Manual, two concepts ajae-' 
involved in the analysis of traffic flow: capacity and level of service.' 
The capacity of a facUity is defined as the maximum hourly rate at.: 
which vehicles can reasonably be expected to traverse a point or tn^-
form section of a lane or roadway during a given period of time under 
prevaiUng road, traffic, and control conditions. It is usuaUy express!^ as 
vehicles per hour.^ The preferred time period for capadty analysis is a 
15-minute interval, which is considered the shortest period of consistent 
traffic flow.3 The 1985 manual recommends that a value of 2,000 vehi
cles per hour per lane be used as the average capacity of a freeway^ec-
tion under ideal conditions—that is, flat terram, no lateral obstructions 
or trucks, clear weather, and so on. 

Knowing facility capacity alone provides limited information, because 
any freeway or street begins to operate poorly at or near the roadway's 
capacity to carry traffic efficiently and safely. Therefore, a range of 
operating conditions, or levels of servioe, has been devdoped in order to 
describe the dtfferent traffic flow conditions that may exist on a ^ven 
facility. The 1985 manual defines six levels of service using an ordinal 
scale A to F, with level-of-service A representing the best operating con
ditions of free-flowing traffic and level-of-service F the worst condition, 
or a breakdown in traffic flow. Each level of service describes the ogper-
ating conditions of the traffic stream in terms such as speed and tri^el 

.*. 
' Transportation Research Board, Highwiy Capacity Manual, special report 209 (Washingtrm, D.C: 
National Research Council, 1985), p. 1-3, Transportation professionals consider this manual astand-
ard for conducting capacity and other transportation analyses. 

-According to the Higĥ vyay Capacity Manual, road conditions refer to the geometiic characterisltks of 
the road, such as number of lanes; traffic conditions refer to the distribution of v^side types aiid 
directional flow; and control conditions refer to the types and spedfic design of control devices and 
traffic regulations present on a given facility. A section is typi(»lly a mile of lane w road, 

•'Prior to 1985 revisions to the Highway Capacity Manual, the preferred time interval for capadty 
analysis was 1 hour. However, because traffic volumes can vary significantly within an hour, a 
shorter interval is now suggested for this analysis in order to isolate these variations. 
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Chapter 3 
Measures of Traffic Congestion 

Figure 3.1: Leveis of Service for a Basic Freeway Segment 

Level-of-service C. Level-of-service F. 

Source Transportation Research Board. Highway Caoacity Manual (Washington, D C National 
ResearchCouncil. 1985), p 3 9 
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time, freedom to maneuver, traffic interruptions, comfort a a $ , 
ience, and safety. Figure 3.1 show the proximity between v^r"** 
can be expected on a freeway segment at the six levels of servS(i6^^ 

Prior to 1985 revisions to the 1965 Highway Capadty Manual, i 
nated service level for a lane or road section was primarily aie 
the average travel speed of vehides crossmg the section and i 
tion's volume-to-capacity (v/c) ratio. Since 1985, a wider range ofl^eas-
ures of traffic flow has been used to define levels of service, ̂ e : 
operational state of a given traffic stream is now defined by its t ^ f i c 
density, average travel speed, and service flow rate. Traffic draiip^ has 
been emphasized because it more directly relates to the maneuvi^^iUty 
of vehicles in the traffic stream, which by definition is an imporjl^i^ 
consideration in determining the service levd of a particular fadU^. 
Although current standards emphasize density as the primary m<easure 
for determining a facility's service level, many state and local trafl^wr-
tation officials stUl use the more traditional v/c measure. 

The 1985 manual defines density, speed, and flow rate in the foUowing 
ways. Traffic density is defined as the number of vehides occupyl^ a 
lane or road section averaged over time and usuaUy expressed as pas
senger cars per mile per lane (pc/mi/ln).'» Because the direct measure
ment of density is difficult, it is generaUy computed by dividing the rate 
of traffic flow on a section by the average travel speed of vehides cross
ing the section, which is more easUy measured. 

Speed is generaUy defined as how fast a vehide is going in nules p«-
hour (mph). Since vehicles tend to operate at various speeds in the traf
fic stream, an average travel speed is typicaUy computed by d i v i ^ ^ the 
length of a lane or road section by the average time it takes a veMdje to 
traverse the section. 

# 1 

A flow rate is a volume measure that enumerates the vehides p a s s ^ a 
point on a lane or road during a designated time interval (usually 15 
minutes). A rate of flow is found by dividing the number of vehide 
observed in a period of less than an hour by the time (in hours) over 
which they are observed. 

The range of potentially congested faciUties in metropoUtan areas is 
wide, including interstates and noninterstate freeways, arterials, 

1 

•'Because a traffic stream contains trucks, buses, and recreation vehicles, passoiger car equivalents 
are determined for each type of vehicle for the traffic and road conditioie imder study. 

titiU 
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collectors, local streets, and signalized intersections. For this discussion, 
we concentrate on uninterrupted flow facUities, such as freeways, with 
a design speed of 70 mph. In addition, we focus on peak-hour traffic 
volumes because they have the highest capacity requirements. For 
example, a road section that experiences level-of-service E for only 15 
minutes in an hour is rated at level-of-service E. Peak-hour traffic 
volumes, however, may change from day to day, or from season to sea
son. While urban routes generally show Uttle variation in the peak hours 
of traffic—the majority of users are daily commuters—rural and recre
ational routes show wide variations in peak-hour volumes, depending oii 
the weekend and season. 

Methods of 
Measurement 

Each level of service for a given faciUty has boundaries based on meas
ures of traffic flow. The measure of traffic flow for a basic freeway 
section is primarily based on traffic density. At each level of service, the 
1985 Highway Capacity Manual specifies values for traffic densities, 
average travel speeds, maximum service flow rates, and v/c ratios that 
can be expected under ideal conditions for freeways constructed for dif
ferent design speeds. In addition to these measures of traffic flow, we 
identified two others: average daily traffic volume (ADT) per lane and 
daily vehicles miles of travel (DVMT) per mile per lane. Table 3.1 lists 
operating conditions or measures that are associated with the six levels 
of service. In the table, the values represent boundaries between service 
levels. 

I 

i 

i 

j 

figiijiimiii^^giiiiiiimiit. 
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Table 3.1: Measures of Traffic Flow for 
Basic Freeway Sections* Level of service 

A 

B 

C 

D 

E 

Densityo 

12 

20 

30 

42 

67 

Speed<= 

60 

57 

54 

46 

30 

MSF" 

700 

1,100 

1,550 

1,850 

2,000 

v/c« 
0.35 

0.54 

0.77 

0.93 

1.00 

AOT* 
h 

13,000 

15.000 

17.000 

18.500 

DVMT" 
h 

11.500 

13,000 

15,000 

17,000 
F , , . , . . 

^Figures are for a design speed of 70 mph. 

''Traffic density in passenger cars per mile per lane. 

"̂ Average travel speed in miles per hour. 

"̂ Maximum service flow rate in passenger cars per hour per lane; all values have been rounded to the 
nearest 50 passenger cars per hour. 

*The ratio of traffic volume to facility capacity. 

'Average daily traffic volume per lane. ;>.. .̂  

SDaily vehicle miles of travel per mile per lane 'ff 

"No values given at this level of sen/ice. "'''" 

'Highly variable, unstable conditions. 

Source: Transportation Research Board, Highway Capacity Manual, special report no. 209 (Washington, 
DC: National Research Council, 1985), p. 3-8, and Timothy Lomax, The Texas A&M University System, 
Texas Transportation Institute, College Station, Texas. 
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Traffic Congestion 
Thresholds 

From our literature review and interviews, we foimd that freeways 
operating at the boundary of levels-of-service C and D through level-of-
service F are considered nearing a congested state or are congested. 
According to the 1985 manual, a basic freeway section that is rated at 
level-of-service C is considered to be operating at stable traffic flows of 
over 54 mph. However, a smaU increase in flow at even tlus service level 
is expected to cause substantial deterioration in service quality. The 
boimdary values for levels of service D and E describe unstable traffic 
flows approaching the operating capacity of a lane or road section. At 
these service levels, average travel speeds can drop to 46 mph and 30 
mph, respectively. Finally, level-of-service F describes the breakdown of 
traffic flow. This condition exists when Unes form behind the break
down point, causing significant traffic delay, A significant proportion of 
the total freeway delay occurs at level-of-service F. 

Transportation agencies across the coimtry use a variety of methods to 
measure traffic congestion. As these measures are interrelated, the mag
nitude of the problem primarily depends on the level of service that an 

.J.*iii iSai>a6i.Aia^:fe«...jW.:,2SWi;;..Tiiai-. 
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agency uses as its threshold of traffic congestion. The foUowing discus
sion Ulustrates how these measures have been used to describe con
gested traffic conditions. 

Traffic Density Values ranging from 12 to 67 passenger cars per mUe per lane are used 
to represent maximum aUowable densities for corresponding service 
levels. Traffic density is computed by dividing the rate of traffic flow by 
the average travel speed exhibited on a given lane or road section. For 
example, as density increases from zero, the rate of traffic flow also 
increases, because more vehicles are on the roadway, but vehicle speeds 
wiU begin to decline because of the interaction of vehicles in the traffic 
stream. As density continues to increase toward the capacity ofthe 
facility, the abiUty to maneuver in traffic is reduced, because the gaps 
between vehicles are shortened. Near capacity, average travel speeds 
decline precipitously, and the formation of upstream lines and break
downs in flow becomes almost unavoidable. According to the 1985 man
ual, the level-of-service E density boundary of 67 pc/mi/ln has been 
generally found to be the "critical density" at which congestion most 
often occurs. 

Average Travel Speed The speed at which a vehicle operates in the traffic stream is typicaUy 
determined by calculating either average travel speed or average run
ning speed. For most purposes, average travel speed is used; it is based 
on the travel time observed over a known length of freeway. For unin
terrupted facilities, average speed and running speed are equal, except 
for faciUties operating at level-of-service F. Peak-hour running speeds of 
35 mph to 54 mph have been used as traffic congestion thresholds on 
freeways. For example, on the freeways in Los Angeles, the dty uses an 
average travel speed of 35 mph or less as an indicator of significant 
traffic congestion, FHWA has used an average travel speed of 54 mph as 
an indication that a freeway section, regardless of its location, is 
approaching a congested state. 

' Maximum Service Flow The maximum service flow rate is the highest 15-minute rate of traffic 
flow that can be accommodated on a freeway under ideal conditions, 
while maintaining operating characteristics such as speed for a given 
level of service. Maximum service flow rates are expressed as passeng^ 
cars per hour per lane (pc/ph/pl). Because service flow rates are maxi
mums for each level of service, except level-of-service F, they also 
define flow boundaries between service levels. Maximum service flow 
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rates for freeways range from 700 to 2,000 pc/ph/pl. The Americ^ 
Association of State Highway and Transportation Offidals recomntendsl^ 
that urbsm freeways not operate with volumes higher than 1,500 to 
1,700 pc/ph/pl and rural freeways no higher than 1,000 to 1,200. 

FHWA presently uses a faciUty's maximum service flow rate (formaily 
capacity) to derive a ratio of volume to service flow for determiniiig the-^ 
level of congestion on roadways. The volume-service flow r ^ o 
expresses the relationship between the number of vehides traversmg a 
point or section of roadway over a given period of time and the mabd-
mum hourly rate at which vehicles can reasonably be expected to trav
erse a uniform section of roadway during this time period. These ratios 
essentially correspond to the v/c ratios in table 3.1. FHWA presently uses 
a volume-service flow ratio of 0.80 as a threshold of traffic congestion.^ 

Volume-to-Capacity Ratio The v/c ratio is probably the most frequently used measure of traffic 
congestion. The v/c ratio is calculated by dividing the volume of traffic 
on a road by the capacity of the road to carry traffic. Ratios ranging 
from 0.70 to 1.00 have been used as indicators of congested traffic flow ;;; 
conditions. For example, an FHWA staff study used a v/c ratio of 0.77 as a | 
congestion indicator fbr freeways, based on stodies that show a b«eak- | 
down of traffic flow at this threshold.^ Other transportation agendes 
use a v/c ratio closer to 1.00 as their congestion threshold. Figure 3.2 
illustrates the use of the v/c ratio to compare levels of congestion by 
road type between 1980 and 1987. ParentheticaUy, FHWA'S shift to a vol
ume-service flow ratio approach in 1986 may somewhat alter the 1986 
and 1987 points in figure 3.2. 

i^ 

l;ivyjii.i!.v 

-i 

>| 

''FHWA, The Status of the Nation's Highways and Bridges: Conditions and Performance and Highway 
Bridge Replacement and RehabiUtation Program 1989 (Washington, D.C: 1989), p. ni-4. 

"FHWA, The Future National Highway Program 1991 and Beyond: Urban and Suburban Midway 
Congestion, working paper no. 1 (Washington, D.C: December 1987), p. 7. 
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Figure 3.2: Congestion on U.S. Urban 
Roads* 

50 Pereanlagaof Roads WHh Greatar Than 0.7 Volumê Capaelly Ratio, by Road Type 
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•"Since FHWA shifted away from using volume-to-capacity ratios to volume-service ratios in 1986. some 
of the values for 1986 and 1987 may differ slightly from those shown here. 
Source: Highway statistics reports for 1980-87 prepared by the Federal Highway Administration. Wash
ington. DC, 1988 

Average Daily Traffic 
Volume 

Average daily traffic volume requires an enumeration of the vehides 
that pass over a given lane or road section in a given time period. These 
data are easily obtained and most transportation organizations have 
established methods for coUecting them. For an example of its use in 
determining the extent of freeway congestion, the Texas Transportation 
Institute chose an average daUy traffic volume threshold of 15,000 vehi
cles per lane. We were told by an institote staff person that FHWA uses 
13,000 ADT per lane as a planning tool in determining when a fadUty is 
close enough to being congested that mitigation approaches should be 
initiated. The 15,000 ADT is interpreted to represent the boundary 
between levels-of-service C and D. 

i 
Figure 3.3 illustrates how this method is used to quantify the growth of j 
traffic congestion in metropolitan Houston, Texas. According to one 
study, the traffic flow in this metropolitan area between 1976 and 1977 
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became imacceptable in terms of operating efficiency and safety.^ At 
this time, it was estimated that 30 percent of Houston's freeway lane-
mile sections were operating near the 15,000 ADT threshold. The authors 
of the study conclude that the 30-percent figure and the 15,000 ADT 
threshold can be used as surrogate measures for unacceptable conges
tion on the entire freeway system. 

Figure 3.3: Houston's Congestion Growth 
Trend* 70 Percentage ofFrM'/ray Lane Miles Operating at or Above 15,000 Vehicles Per Day 

• • • • K Congestion Growth Trend 
• > • • • Unacceptable Traffic Congestion 

^Unacceptable levels of traffic congestion begin once 30 percent of the freeway lane miles are operating 
at or above 15,000 vehicles per day. 

Source: Timothy Lomax, Diane Bullard, and James Hanks, 'The Impact of Declining Mobility in Major 
Texas and Other US. Cities," draft research report 431-1F, The Texas A&M University System, Texas 
Transportation Institute, College Station, Texas, August 1988, p 9 

Daily Vehicle Miles of 
Travel 

Another way to characterize systemwide traffic congestion is by meas
uring the daily vehicle miles of travel per mUe per lane. This sys
temwide measure is derived by averaging total miles traveled by aU 
vehicles during a day across all road sections. Values for DVMT are lower 
than values for ADT volume because they are averages based on all road 

' Timothy Lomax, Diane Bullard, and James Hanks, "The Impact of Declining Mobility in Major Texas 
and Other U.S. Cities," draft research report 431-IF, The Texas A&M University System, Texas 
Transportation Institute, College Station, Texas, August 1988, 
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sections in a study area, which includes both congested and imcongested 
road sections. Table 3.2 shows how this measure is used to quantify rd-
ative levels of traffic congestion in 7 Texas cities and 22 other cities of 
simUar character, excluding cities such as New York and Boston, which 
have higher population densities and transit ridership rates.^ In this 
table, freeway systems in metropolitan areas that have more than 
13,000 DVMT per mUe per lane are considered nearing a congested state. 
This threshold of congestion also represents the boundary between 
levels-of-service C and D. 

I-

''other ways in which daily vehicle miles of travel are used to compare the level of congestion acrass 
metropolitan areas are by per capita, per 1,000 persons, and per square miles of urt>an area, lite 
Texas Transportation Institute found that changing measures altered the relative ranking of metro
politan areas according to the severity of their traffic congestion problems. 
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Table 3.2: Daily Vehicle Miles of 
Metropolitan Travel Metropolitan area 

Los Angeles, California 
San Francisco-Oakland, California 
Houston, Texas 
Atlanta, Georgia 
Phoenix, Arizona 
Seattle-Everett, Washington 
Dallas, Texas 
San Diego, California 
Miami, Florida 
Austin, Texas 
Denver, Colorado 
Minneapolis-St. Paul, Minnesota 
Portland, Oregon 
San Antonio, Texas 
Milwaukee, Wisconsin 
St. Louis, Missouri 
Sacramento, California 
Fort Worth, Texas 
Tampa, Florida 
Nashville, Tennessee 
El Paso, Texas 
Albuquerque, New Mexico 
Louisville, Kentucky 
Salt Lake City, Utah 
Memphis, Tennessee 
Indianapolis, Indiana 
Oklahoma City, Oklahoma 
Corpus Christi, Texas 
Kansas City, Missouri 

DVUffP 
17.945 
16.285 
15.970 
14.795 
14.665 
13.965 
13.765 
12.935 
12.905 
12.620 
12.470 
12.235 
12.045 
11.800 
11,375 
11.320 
11.135 
11.000 
10.890 
10.625 
9.910 
9.650 
9.475 
9.080 
8.520 
8.405 
8.375 
8.350 
7.735 

••i , . . a - j t i a 

flfenkb 

' i 1 
?̂ 2 

3 
4 
5 
6 
7 

a 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 

^Daily vehicle miles of travel per mile per lane. A study area such as a county or metropoKtan den is 
considered congested when there are 13,000 DVMT on its freeway syslem. 

"As this study assessed freeway traffic flow conditions In only selected metropolitan areas dominated 
by Texas cities, it did not present a ranking of all U.S. metropolitan areas. 

Source: Timothy Lomax, Diane Bullard. and James Hanks, "The Impact of Declining MotMty in Major 
Texas and Other U.S. Cities," draft research report 431-IF, Tlte Texas A&M Urtiversity System. Itoas 
Transportation Institute, College Station, Texas, August 1988. 

•H 

Traffic Delay 
Measurement 

An important consideration in the measurement of traffic congestion is 
the delay experienced by motorists. Because delay can be omsidered 
both an effect and a measure of traffic congestion, we have separated its 
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discussion from the other measures." The 1985 Highway C8g)acilyi|j|B 
ual defines delay as the additional time experienced by a driver I 
what would reasonably be desired for a given trip. An FHWV staff f 
for example, calculated annual vehide dday nationwide by cos 
the average travd speed exhibited per sample fireewsQr section to an ^ 
ideal travel speed when free traffic flow is assumed (at 55 mph or 
faster). The difference between avera^ travd speed and firee flow 
speed on a given freeway section yidds average dday per vdiide. BfiiA(i-
plying this figure by traffic volume for aU sections yields a number for 
total vehicle delay per day. Armual dday is then computed by multq̂ |SP~ 
ing this figure by 260 days.'"* 

w 

P 

FHWA notes, however, that because the threshold used to indicate the 
beginning of traffic congestion varies among transportation agendes, 
the total hours of vehicle delay may not equal the number of congested 
traffic hours in some metropoUtan areas. For example, the Califomia 
Department of Transportation does not consider traffic to be seriously 
congested unless it is moving slower than 35 mph for 15 minutes or 
longer—that is, 19 mph slower than the average travd speed used in 
one FHWA staff stody. Figure 3.4 shows the estimates that FHWV made of 
the percentage change in delay between 1983 and 1985 for urban and 
suburban freeways. 

•'in chapter 5, we discuss some of the potential consequences of traffic dday in terms of its ertviron-
mental, economic, and social effects. 

'"Although FHWA uses 260 days in its computation, others have used fewo*days, taking intooon^-
eration holidays that fall during the woric week. 

jLaEi>.^.,j.;..J.. 
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Figure 3.4:1983-85 Percentage Change 
in Urban and Suburban Freeway Delay' 

Percent Change in Delay 
100 

3 

Is 

Central Section 

Outlying Sections 

Rural Sections 

Â central section is the core ot an urban area, dominated by commercial activities, residential develop
ment, and fringe businesses. Outlying sections combine business districts and residential areas that are 
geographically separated from the central business distnct. Rural sections represent the outermost por
tions of the urban area and are comprised of residential and farming land uses. 
Source: Federal Highway Administration, The Future National Highway Program 1990 and Beyond: 
Urban and Suburban Highway Congestion, working paper no 10 (Washington, DC: Decemtier 1987), p. 
22: 

The Application of 
Traffic Flow Measures 

For general transportation planning purposes, local govemments, metro
politan pljmning organizations, state departments of transportation, and 
FHWA assess road conditions, including the flow of traffic, in order to set 
priorities for improvements and to justify special projects." For exam
ple, most of the jurisdictions we contacted through phone interviews 
tracked the conditions of their roads, including relative levels of traffic 
congestion for project planning purposes, and most used a variety of 

' ' Metropolitan planning organizations provide local input into federal-aid higĥ way and transit pro
grams They are federally funded to collect data and analyze policies, projects, and programs. Federal 
statutes require that no transportation project in an urban area (over 50,000 population) vrill receive 
federal funds imless it is compatible with the comprehensive transportation plan developed by local 
officials acting through metropolitan planning organizations in cooperation with the state. 
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methods to measure traffic flow. FHW\ also measures traffic C(»^esttei|F 
for project planning purposes; however, the majority of its measure 
ments are taken for program and poUcy purposes. 

The oiUy standardized data source to measure traffic conditions a n d t r 
estimate future levels of congestion across metropoUtan areas is FHm^ 
Highway Performance Monitoring System (Hms) data base. The ]B£MS 
data base consists of detailed data on road geometry and traffic flow 
and other types of information provided by state highway agoides fcara 
national sample of road sections.'^ Although Ftpn̂ . requests that each 
state provide certain types of data, the states are given some latitude tn 
their sampling approach. 

FHWA calculates national highway needr stimates from the HPUS data 
base. A model is used to analyze these data to determine the present 
condition of the nation's highways and to estimate future highws^ ca|H-
tal investment needs. Within this effort, FHW\ uses these data to esti
mate congestion levels on federal-aid roads. In figure 3.2, FHW\ showed 
that over a 7-year period, the percentage of aU urban interstate miles 
that were considered to be congested increased from 31.5 to 46.7. Con
gestion on other urban arterials and coUectors during this period, how
ever, appears to have remained fairly stable since 1981. 

Wi 

We identified two stodies that also used HPMS dato to assess con^stion 
problems across metropolitan areas. One stody, conducted by Texas 
Transportation Institute researchers and already discussed in this d t a ^ 
ter, relied on a systemwide measure of daUy vehide mUes of travd prar 
mile per lane to compare traffic congestion levels across sdected metro^ 
politan areas. '̂  As shown in toble 3.2, of the 29 metropoUtan areas tiiat 
were compared in 1986,7 had unacceptable levels of congestion, bi addi
tion, these researchers found that between 1982 and 1986, all but two 
metropolitan areas showed increases in traffic congesti(m, based on 
their congestion index values, ranging from 1 percent to 29 percont and 
averaging 12 percent across all areas. As previously noted, however, 

' -In a 1987 GAO report, Higttyay Needs: An Evaluation of DOTs Process Car Assessing the NuioH'S 
Highvwiy Needs, GAO/RCEiD«7-136 (Washington, D.C: 1987X tite HnmSsanqilii^plm and dtta~ 
collection procedures, along with federal and state editing and control procedtires, were fiound to be 
reasonable approaches for developing nationwide iitfonmation. 

' 'This study, conducted between 1982 and 1986, assessed freeway and nuyw operating conditians in 
7 Texas cities and 22 other urban areas. Data on vehicle miles of travel aitd lane miles of roadway 
were coUected from a variety of sources to estimate congestion levels. The values fbr eadt road sys
tem were combined into a congestion index used to rank these urban areas on a rtittive scale. 
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this Study did not include aU metropoUtan areas with congiestion prob
lems; it excluded New York City, for example. 

4 

Another study, conducted by FHWA staff, reUed on quantifying total 
urban freeway delay per vehicle mUes of travel in order to estirriato total 
delay nationwide and to rank 37 large metropoUtan areas by the sever
ity of their traffic congestion problems. Using the method for calctiiating 
delay discussed earUer in this chapter, FHWA found that traffic coriges-
tion increased significantly in large and smaU metropoUtan areas across 
the country. In figure 3.4, FHWA showed that between 1983 and I98fe, 
traffic delays in 37 metropolitan areas greater than 1 milUon in popula
tion increased more than 90 percent in rural sections, about 50 percent 
in outlying sections, and approximately 20 percent in central sections. In 
addition, FHWA found that over 90 percent of the nation's congested 
urban freeways were in these metropoUtan areas. The results of this 
staff study and other agency-supported stodies are being considered by 
rawA in its formulation of surface transportation policy. ^«:cause of the 
potential poUcy implications of the urban freeway corrgestion stody, we 
review in chapter 4 the model that was used to estimate current and 
future levels of traffic delay. 

»7 
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v̂iew of FH\^5\'s Uii3an F ^ 

We undertook a methodological review of the FHWA model because it is'* 
uniquely designed to estimate national trends for traffic coiigestion on'̂ ' 
urban freeways and because of the potential poUcy impUcations of its 
results. With the assistance of four transportation experts, we focused ;̂ 
our review on the theory and computational procedures of the modd as 
weU as the data used to estimate trends. For example, we looked at the 
model's assumptions, the use of HPMS data to quantify traffic congesti^, 
and methods for forecasting freeway delay. In addition, we asked FHViî  
to run its computer program with updated data and different assump
tions so that we could test the sensitivity of the model. 

The Computer Model In order to study the national problem of urban freeway congestion for 
both existing and futore traffic levels, FHWA developed a computer 
model to quantify traffic delay, determine its monetary consequences m 
terms of excess fuel consumption and wasted time, or user costs, and 
assess the effects of various mitigation options. The approach FHWA took 
involved developing a program to analyze key data input items for free
way and nonfreeway sections from several subsets of the overaU HPIMS 
data base.' For freeways, 1983,1984, and 1985 data were used; for non-
freeways, only 1985 data were used. The freeway dato were used for 
approximately 8,000 sections representing about 15,300 mUes of urban 
freeways, and the nonfreeway data for 33,700 sections represented 
about 137,000 road miles.̂  

These data were used to represent the total urban freeway sjrstem of a 
state and its metropolitan areas through the use of appropriate "expan
sion factors" supplied by each state. According to an FHWA offidal, 
because the section sampling rate for freeways in the HPMS dato base is 
approximately 50 percent, the expansion factor given by many states is 
generally close to 2. However, he told us that because the sampling rate 
for nonfreeway sections is only about 15 percent, the agency has less 
confidence in the estimates of nonfreeway delay. 

•*5> 

' Data items used in this study included information on freeway section lettgths, mmiber of lanes, 
annual average daily traffic, K-factor (percentage of daily traffic flow occtirring diuing peak hoiks), 
peak-hour directional factors, shoulder widths, lane widths, and the percentage of trucks in the traf
fic flow, 

-According to FHWA, the HPMS data allow for separating analysis of sample sections in both urban 
(population greater than 60,000 persons) and small urban (fewer than 60,000 persons) areas. Bbrthis 
study, a further breakdown was made by urban areas with over 1 million persons, as defined by 
standard metropolitan statistical areas. . 
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Chapter 4 
Review of FHVIA's Urlian Freeway 
Delay Model 

In developing its model, FHWA made certain assumptions about vehide 
operating characteristics under both congested and imcongested condi
tions. One assumption was that traffic delays occur at speeds of 54 jnph 
or less on freeway sections that have corresponding v/c ratios of 0.i|7 or' 
greater. A second assumption was based on the appropriateness of ^he 1 
data used to develop a series of traffic profUes to calculate hourly Â c 
ratios. The data to produce these profiles came from 1983 and 1984' 
traffic volume counts on interstotes 66 and 395 near Washington, D.C. 

FHWA created 12 different 24-hour traffic profUes to represent a reason
able range of possible daily traffic flows—that is, dtfferent peaking 
characteristics—for a given sample section. For example, urban free
ways with a low percentage of daUy traffic flow during peak hours are 
common in metropoUtan areas such as Los Angeles, Califomia, where 
traffic flows are fairly constant. Urban freeways with a high percentage 
of the flow during these periods are typical in metropoUtan areas with 
traditional moming and evening rush hours, such as IndianapoUs, Indi
ana. According to an FHWA official, it was necessary to develop these 
profiles because the HPMS data base contains uiformation on only the 
percentage of the average daUy traffic that occurs during peak hours 
(K-factor), the percentage of traffic flowing in each direction during 
these hours (peak-hour directional factor), and average daily traffic 
volume. 

j 
1 

»,: 

•:i?'\ 

• 

Several basic steps are involved in calculating recurring and nonrecur
ring freeway delay.^ To calculate daUy recurring traffic delay per vehi
cle per section, the program first generated hourly v/c ratios by 
matching one of the "typical" traffic profUes to each section, based on 
its K-factor and directional factor. For each hour, the actual average 
travel speeds were then subtracted from the maximum speed of 55 mph 
to obtain total delay per vehicle per section. Total daily traffic delay per 
section for all vehicles was derived by multiplying vehicle delay by the 
percentage of daily traffic experiencing congested conditions and by the 
annual average daily traffic. Annual delay was then calculated by multi
plying this figure by the number of weekdays during the year—that is, 
260. 

Determining delay from nonrecurring traffic congestion, stemming from 
incidents, was more complicated. Nonrecurring delay was based on a set 
of average incident frequencies for various types of incidents that could 

•/.'I 

'Only the steps involved in calculating freeway congestion parameters are discussed in this section; 
separate steps are also required for calculating nonfreeway congestion. 
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X 

occur based on vehicle mUes of travel. The more vehicle nules of travel, 
the more likely it is that incidents will occur. The actual amount of delay 
caused by an incident on a given road section depends on a number of 
factors, including the number of freeway lanes and the widths of the 
shoulders. For example, delay from an accident on a multUane freeway 
may be less than on a two-lane freeway because the former provides 
more room to maneuver around the accident than the latter. To obtain a 
figure for annual delay from nonrecurring congestion, the model 
expands data on the delay from single incidents to a fuU year of occur
rences. To avoid counting recurring and nonrecurring delay twice, non
recurring delay was reduced by the amount of recurring delay that 
would have occurred in the absence of an incident. 

To obtain an estimate for total delay in 2005, FHWA used traffic volume 
projections suppUed by the state. For each sample section, FHWA devel
oped hourly v/c ratios using higher traffic volume counts but the same 
capacity. In effect, v/c ratios increased, thereby increasing the (Uffer-
ence between the ideal speed and the actual speeds associated with 
these higher v/c ratios. The end result represented a significant increase 
in total freeway delay. 

Finally, to quantify the monetary consequences of urban freeway delay, 
values for fuel and user costs were determined and then used m estimat
ing doUar effects nationaUy. A value of $ 1.00 per gallon of gasoline was 
assumed for the cost of fuel, and an average value of travel time was 
calculated at $6.25 per vehicle hour. This latter figure was inflated from 
a 1977 base value of $2.40 per traveler hour for work trips, given an 
average vehicle occupancy of 1.25 persons.'' The outputs ofthe model 
are discussed in the following section. 

Study Results 
The FHWA model was used in staff studies to develop estimates of free
way and nonfreeway traffic delay for metropoUtan areas greater than 
50,000 population, for smaU urban areas, and specifically for metropoli
tan areas over 1 million in population. National estimates are Usted in 
table 4.1 for 1984 and 2005. Estimates for 2006 do not consider the 
effect of improvements to existing highway facilities or changes in the 
peaking characteristics of traffic. In addition, delay forecasts are based 

•"The $2.40 per traveler hour figure comes from a 1977 American Association of Highway and Trans
portation Officials' Red Book for trip delays of between 5 and 15 minutes. This 1977 value was 
inflated using values from the October 1985 consumer price index. 

-M 
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on state-supplied estimates of future traffic volumes that may or may 
not be tied to expected growth of road capacity. 

Table 4.1: Urban Freeway Congestion 
Statistics* Measure 

Freeway miles 
Vehicle miles of travel (billion) 
Recurring congested vehicle miles of travel (billion) 

1984 
15,335 

276.645 
31.486 

2005 
15,335 

410.987 
98.280 

Delay 
Recurring (billion vehicle hours) 
Nonrecurring (billion vehicle hours) 
Total delay (billion vehicle hours) 

Excess fuel consumption (billion gallons) 
User cost (billion) 

0.485 
0.767 
1.252 
1.378 

$9 

2.049 
4.858 
6.906 
7.317 

$51 

'Numbers for recurring, nonrecurring, and total delay, excess fuel consumption, and user cost have 
bieen rounded off. 
Source: Jeffrey Lindley, "Urban Freeway Congestion: Quantification of the Problem and Effectiveness of 
Potential Solutions," ITE Journal, 57:1 (January 1987), 29. 

As noted in this table, significant increases can be expected in both 
recurring and nonrecurring urban freeway delay between 1984 and 
2005. Total delay increased from 1.252 billion vehicle hours in 1984 to 
6.906 billion vehicle hours in 2005, about a 452-percent increase.'̂  The 
consequences of delay in terms of excess fuel consumption and user 
costs is also significant. Total excess fuel consumption increased from 
1.378 billion gallons in 1984 to 7.317 bUHon gallons in 2005. In addition, 
total user costs, based on $6.25 per vehicle hour of delay, increased 
from $9.2 billion in 1984 to $50.5 billion dollars in 2005. 

In table 4.2, the model was used to compare urban freeway congestion in 
37 metropolitan areas with populations greater than 1 million persons. 
This table shows the ranking of these metropolitan areas in 1984 and 
2005 based on a traffic congestion severity index developed by FHWA 
staff. Based on this study, it was estimated that approximately 91 per
cent of all urban freeway delay occurs in these areas and that all areas 
are expected to experience significant increases in freeway and non
freeway delays by 2005. 

''The estimate of a 452-percent increase in traffic delay was based on data that were not as current as 
the data used to derive FHWA's 1987 estimate of a 436-percent increase in delay by the year 2005. 
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11,112 54,810 
New Orleans, Louisiana 
New York, New York 
Detroit, Michigan 
San Francisco, California 
Seattle, Washington 
Los Angeles, California 
Boston, Massachusetts 
Charlotte, North Carolina 
Atlanta, Georgia 
Minneapolis, Minnesota 
Dallas, Texas 
Norfolk, Virginia 
Chicago, Illinois 
Denver, Colorado 
Washington, DC. 
Hartford, Connecticut 
San Antonio, Texas 
Pittsburgh, Pennsylvania 
San Diego, California 
Cincinnati, Ohio 
Baltimore, Maryland 
Philadelphia, Pennsylvania 
Kansas City, Kansas 
Salt Lake City, Utah 
Columbus, Ohio 
Cleveland, Ohio 
Sacramento, California 
Milwaukee, Wisconsin 
Portland, Oregon 
St. Louis, Missouri 
Phoenix, Arizona 
Providence, Rhode Island 
Miami, Florida 
Buffalo, New York 
Tampa, Florida 
Indianapolis, Indiana 

10,576 
8,168 
7,757 
7,634 
7,406 
6,376 
5,538 
5,263 
5.034 
4,704 
4,630 
4,505 
4,501 
4,454 
4,188 
4,111 
3,938 
3,216 
2,823 
2,590 
2,441 
2,421 
2,347 
2,132 
2,099 
2,061 
1,803 
1,724 
1,696 
1,612 

987 
660 
609 
577 
575 
89 

27,641 
12.282 
42.394 
18,734 
27,523 
12,139 
21,237 
76,393 
11,205 
9,529 

36.938 
9.258 

10,700 
8,828 

15.160 
7,043 

37,831 
7,243 
5.958 
6,223 

15,037 
11,376 
4.302 
5.811 
4,652 
4,099 
8.037 
5,653 
9,372 
4938 

12,717 
2.617 

28,549 
3,983 

11,870 
5,148 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

- ^ 
*. 

1 16 
8 

1$ 
d 
1 

18 
^ 
5 

23 
19 
23 

151 
26 
4 

25 
28 
27 
12 
17 
34 
29 
33 
35 
24 
30 
22 
32 
13 
37 
6 

36 
16 
31 

'Congestion severity index equals total delay divided by million vehicle miles of travel. 
Source: Jeffrey Lindley, "Urban Freeway Congestion: Quantification of the Problem and Effectiveness of 
Potential Solutions," ITE Journal, 57:1 (January 1987), 30, While these data are tjased on an FHWA 
freeway delay model, FHWA has never officially published these results. 
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Chapter 4 
Review of FIfllA's Urban Freeway 
Delay Model 

From the results of the model, FHWA staff concluded that urban cong^ 
tion is a serious and rapidly growing problem.* Both large and smaU i 
metropolitan areas (under 1 miUion in population) are expected to 4 
experience increased congestion, but the rate of increase wiU be grea£^ 
in the smaller ones. They also noted that the growth of congestion i n ^ e 
outlying areas appears to be a barometer of the overaU growth of conr 
gestion between 1985 and 2005. 

In addition to the anjilysis of freeway and nonfreeway delay, FHWA s t^f 
used the model to assess five strategies for reducing traffic congestioii 
highway reconstruction to improve traffic flow; increasing highway 
capacity with new construction; supply management using transporta
tion systems management techniques; techniques to reduce demand, 
such as ridesharing; and advanced technologies to improve highway 
mobiUty. FHWA officials noted in their stody that no single measure can 
effectively reUeve all aspects of congestion and that the levels of reduc
tion are affected by both unknown and uncontroUable world and 
national events. For example, the stronger the U.S. economy, the greater 
the expected increase in congestion, but the more likely it is that there 
wUl be support for developing technologies to aUeviate the problem. 
They conclude that strategies to increase supply, such as lane widening, 
might reduce future congestion by 20 percent and that measures to 
reduce vehicle miles traveled might have a somewhat greater effect. 
Parenthetically, the likely effect of advanced technology was not consid
ered, because its full potential is not expected to be realized until after 
2020. In addition, FHWA (Ud not consider the effect of new construction 
and major reconstruction because this is virtoaUy impossible to accom
plish using HPMS data. V-

.1 
•J 

Methodological 
Review 

From our review, we determined that the urban freeway delay forecast 
for 2005 may be an overstatement for a number of reasons, induding 
the way congested travel was defined and the assumptions the stody 
used regarding future highway improvements and changes in drivers' 
behavior. Our methodological review identified five potential threats to 
the accuracy of the agency's forecast: (1) the use of a low v/c ratio and a 
correspondingly high average travel speed as a threshold for congestion, 
(2) the use of Washington, D.C, freeway data to develop representative 
traffic volume profiles, (3) the assumption of no change in highway 
capacity, (4) the assumption of no change in drivers' behavior, and (5) 

ls>«{il^l(..t'u(,w*d;iifiji.itiiiiii'i:iu.*f':;v 

"Federal Highway Adnunistration, The Future National Highway Program 1991 and Beyond: Urban 
and Suburban Ck)ngestion, working paper no, 10 (Washington, D.C: December 1S37X p. 26. 
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limitations in the HPMS data used to estimate present and future urban 
freeway and nonfreeway delays across metropoUtan areas. 

Although this FHWA model uses a 0.77 v/c ratio and a 54 mph averpgi 
travel speed as interrelated threshold mdicators of traffic congesHpi" 
the ratio is lower than that used by some metropoUtan planning oirgi 
zations and local govemments, particularly the CaUfomia Dep^rtmi 
of Transportation. These organizations consider a road to be conge 
when its v/c ratio is closer to 1.00, with an expected average travel" 
speed near 35 mph. According to one of our expert reviewers, a v/cri^o 
of close to 1.00 is perfectly acceptable and represents a reasonable^i^ 
of the freeway system during peak hours. Also, another reviewer n o t ^ 
that it is unrealistic to take a v/c ratio of 0.77 as the point at which 
congestion begins, based on the pubUc's perception ofthe problem. On 
congested freeways around Los Angeles, for example, freeways with 
traffic flowing at or above 30 mph are generaUy not considered con
gested (30 mph corresponds approximately to a v/c ratio of 1.00). 

If: ' 

Volume-to-Capacity Ratio 

! • 

FHWA officials support their selection of v/c ratio and average travel 
speed based on stutUes it has conducted on interstates across the cotm^ 
try. In addition, one official told us that the model quantifies congestion 
in terms of the amount of delay drivers experience relative to an idecd 
travel speed of 55 mph. However, he noted that because congestion is a 
qualitative term, others may quantify it differentiy. For example, soifte 
transportation agencies from heavily congested metropoUtan areas siich 
as Los Angeles quantify congestion based on traffic flowing at speeds 
much lower than 55 mph. In other words, if traffic is flowing at 40 mgh 
on a given stretch of urban freeway, the freeway is not considered 
congested. 

Traffic Volume Profiles We believe that the traffic volume profiles used in the model, based on 
Washington, D.C, freeway conditions, may not be "t3T)ical" proflles that 
could be developed with (lata from other metropolitan areas. As we 
mentioned earlier, FHWA used traffic counts from sections of interstotes 
66 and 395 in the metropolitan Washington, D.C, area to develop traffic 
volume profiles. As these two interstates are known to be heavily con
gested, their use in developing representative traffic volume profiles is 
questionable. 

An FHWA official acknowledged that the way FHWA devdoped hourly v/c 
ratios for each section has caused some concem in the transportotion 
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community. However, this official supported the use of the Washington, 
D.C, profUes because, he claimed, they are simUar in shape to the 
profUes developed with traffic volume data from interstates near otiher 
metropolitan traffic. In regard to the K-factors, this offidal told us%at 
although some states may not update their section K-factors as regtdarlyS 
as they should, he did not believe that this would significantiy chfoige 
the estimates of delay. 

i 

Highway Capacity The model's assumption of no change in road conditions over a 21-year 
period (1984 to 2005), and its resultant faUure to incorporate prob^le 
additions to capacity, suggests that the estimates of future traffic delays 
may be overstated. Failure to consider futore additions to capadty has 
the effect of squeezing projected traffic volumes onto existing freeways, 
creating the appearance that congestion wiU be much worse than aiiild-
pated. If capacity is increased through new construction and improve
ments, the level of congestion associated with growing amounts of 
traffic may be partially offset. 

^ 

1 

Officials at FHWA acknowledge that the omission of capacity improve
ments produces a worse-case scenario that overstotes the problem. They 
told us that up to a 20-percent increase m highway capadty might be 
expected over the next 18 years. However, they also said that additional 
improvements are unlikely unless existing political and funding con-
straints on buUding new urban freeways, along with constraints on 
rights-of-way and the widening of existing urban freeways, are some
how eased. 

Drivers' Behavior The model's failure to consider drivers' responses to congested traffic 
conditions may also overstate the problem. The model assumes that as 
congestion levels increase, drivers wiU still continue to "pUe on" and 
that conditions will steadily worsen. According to one reviewer, as firee
way conditions change, drivers respond by adjusting their driving 
behavior, thereby altering traffic flow conditions. For example, as traf
fic congestion starts to move beyond a driver's personal tolerance, the 
driver may begin to seek altemative routes and modes of transportotion. 
Although we can assume that there might be some changes in drivers' 
behavior, determining the effect of behavioral changes on freeway and 
nonfreeway delay is problematic. 

.i 
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HPMS Data Base 
Limitations 

According to an FHWA official, although the HPMS data base is consider 
to be a statistically sound representetive sample of the nation's f r ^ ^ 
ways, some of the state-supplied data on K-factors, peak-hour direc-" 
tional factors, and section capacities may be miscoded or inaccurate.^ In 
addition, we were informed that the vaUdity of the stete-suppUed esti-; 
mates of future traffic volume counts is questionable. According to thi^ 
official, the estimates of future traffic volumes provided by the states^ 
for 2005 and 2010 are the most uncertain input item in the model. In •; 
regard to the other concems, this official said that efforts were made tb 
check the accuracy of the section capacity data and that any problems 
with the two other concems would not significantly affect the results. 

In addition, because the states have some latitode in the way they samj-
ple their urban freeway sections, actoal freeway imleage for a particular 
metropolitan area may be inaccurate. According to one expert reviewer, 
some states are permitted to base the coUection of their sample data on 
criteria developed for sampling road conditions in the entire state, not 
particular urban areas. While these criteria may be appropriate for 
developing state data on road conditions, they may not be appropriate 
for estimating traffic congestion levels in certain urban areas. 

Alternative Analyses 

'.! 

An FHWA official acknowledged that the way some states sample their 
urban freeways may pose a problem in comparing congestion between 
certain urban areas. For example, in its report, FHWA stated that the 
sampling approach Califomia selected may have resulted in an over
statement of mileage in the San Francisco area and an understatement 
of mileage in the Los Angeles area. However, this official told us that 
state data, based on a high rate of sampling, were reUable for developing 
national estimates of urban freeway delay. This official could not make 
this statement for the HPMS data on nonfreeways, which is based on a 
small sample of these roads. 

Because of the results of our methodological review of the FHWA model, 
we requested that the agency conduct altemative analyses of urban 
freeway congestion using 1987 data and various combinations of alter
native assumptions regar<Ung the threshold of congestion and highway 
capacity. The analyses included a range of v/c ratios from 0.77 to 0.99, 

1 

"Confidence in the validity of the nonfreeway delay estimates is much lower than for freeways, 
because the sampling rate for nonfreeways is low and because detailed data on intersection configu
rations, cycle lengths of signalization, and flow rates are lacking in the HPMS data base. 
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It Delay Model 

along with their expected average travel speeds, and increasing high
way capacity from the status quo by 20 percent, 25 percent, and 40 per
cent. Table 4.3 contains the results of these analyses and the 
commensurate reductions in the original estimate of delay these changes 
produced. 

Table 4.3: 

Case 
0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

FHWA's Model Results Using GAO Alternative Assumptions 

v/c ratio 
boundary 

0.77 
0.77 
0,77 
0.77 
0.85 
0.85 
0.85 
0.99 
0.99 
0.99 

Congested mph 
boundary 

55 
55 
55 
55 
50 
50 
50 
35 
35 
35 

Capacity _ 
assumption 

100% 
120 
125 
140 
100 
120 
125 
100 
120 
125 

Delay" 
Recurring Nonrecurring 

2.230 
1.543 
1 383 
1.034 
2.055 
1.413 
1.262 
1.435 
0.978 
0.869 

5.430 
4.036 
3.698 
2.889 
5.486 
4.080 
3.740 
5.702 
4.240 
3.887 

Percent change from 
base condition 

0 
-27.2% 
-33.7 
-48.8 
-1.6 

-28.3 
-34.7 
-6.8 

-31.9 
-37.9 

•"In billions of vehicle hours of delay 
Source: Prepared by FHWA with alternative V/C and capacity assumptions provided by GAO. Figures 
are based on 1987 HPMS data for urban interstates with a system size of 9,890 miles and total vehicle 
miles of travel of 345.932 billion for each case. 

A review of this table illustrates the model's relative insensitivity to 
changes in the v/c ratio compared to changes in capacity. Without 
changing facility capacity, increasing the v/c ratio to 0.85 and 0.99 
reduces overall delay by about 1.6 percent and 6.8 percent, respectively. 
However, changing the assumptions regarding capacity changes in 2005 
has a more predictable and dramatic effect on reducing traffic delay. 
Increasing capacity by 20 percent, 25 percent, and 40 percent, without 
changing the v/c ratio variable (cases 1 to 3), reduces the expected level 
of traffic delay in 2005 by approximately 27 percent, 34 percent, and 49 
percent, respectively. 

FHWA acknowledges that significant reductions in urban freeway delay 
could be achieved by reasonable increases in capacity and changes in 
drivers' behavior. In regard to the relative insensitivity of changes in 
the v/c ratio values used to define the threshold of congestion, FHWA 
offered two rationales. First, a large proportion of recurring delay and 
all the nonrecurring delay (by definition) occur when the v/c ratio is 
greater than 1.00—that is, when traffic flow is unstable at speeds of 
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less than 20 mph. Second, as ceilculating nonrecurring delay is reduced" 
by an amount equal to any recurring delay that would have occurred in 
the absence of the incident, in some cases during peak periods of cong®-
tion, a reduction in recurring delay is offset by an mcrease ui nonrecur
ring delay. For example, given no increase in capacity, nonrecurring 
delay is greater at a v/c ratio of 0.99 (case 7) than at a v/c ratio bf 0.77/ 
(case 0), but recurring delay is less in the former than in the latter. .̂  

ii Case 8 represents a combination of assumptions that, when used in the 
model, provide a reasonable altemative forecast of traffic delay. In this 
case, a v/c ratio of 0.99, along with an expected average travel speed of 
35 mph and a 20-percent increase in capacity, yielded about a 32-per
cent reduction in the original 2005 forecast of urban freeway delay, 
using the same traffic volume projections. A reduction of 32 percent 
would lower the forecast of a 436-percent increase in urban freeway 
delay to a still substantial 297 percent. However, this new estimate of 
urban freeway delay does not consider additional reductions that could 
be attributable to changes in drivers' behavior, the introduction of 
advanced technologies, and other strategies to improve metropoUtan 
traffic flow. SimUarly, it does not consider increases in delay from 
higher-than-anticipated traffic volumes in 2005. 
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Through various sources in the Uterature and in discussions with 1 ^ 
portation officials, we identified three areas potentiaUy affected i ^ 
fic congestion: the economy, the environment, and human stress. Chn^ 
review uncovered limited empirical investigation ofthe measiurable' i" 
effects of traffic congestion on these areas. Although we found spBOfê  
evidence that congestion increases busmess costs, diminishes air< 
and raises stress levels, we did not critique the stodies supportuigt 
claims. Moreover, the lack of broad empirical evidence pertaining ta "' 
these effects may be attributable to the problem of separating trafSe: 
congestion effects from other factors that may have stronger iitfluen^les. i 

Besides the FHWA staff study of urban freeway congestion that quantar 
fied the monetary effect of congestion in terms of user costs and washed 
fuel, we were not able to identify other studies that attempted to aggre
gate these effects or others to the national level.' The information avaU
able does, however, provide a framework for understanding the nature 
of these effects and their potential consequences. 

I 
$ 

k 

Effects on the 
Economy 

Delay in traffic can result in some level of economic cost to both the 
individual and society. Studies have attempted to place monetary vahies 
on the time and fuel wasted whUe vehicles are moving slowly or idiii^ 
in congested traffic. While individuals are affected in terms of their own 
wasted time and the added costs of operating their vehides, sodetal 
costs are associated with the hampering of mobiUty and the resultant 
losses in economic productivity. For example, delays in traffic can have 
a direct effect on many industries that transport raw commodities sold 
finished goods through congested metropoUtan areas or that distribute 
goods within these areas. 

Economic Costs to the 
Individual 

Traffic congestion imposes direct costs upon the individual by increas
ing personal travel time and vehicle operating costs in terms of fud and 
motor oil consumption. For example, the Califomia Chamber of Com
merce estimated that traffic delays and rough roads cost motorists $135 
a year in lost time and another $97 in fuel and mamtenance costs.* The 
Texas Transportation Institute, however, estimated the 1986 per capito 

' In a 1988 study of declining mobility in Texas and 22 other urban areas in the United States, the 
Texas Transportation Institute analyzed the economic cost of time, fuel use, and higher insuiance 
premiums related to traffic congestion, but it did not cover several large metropoUtan areas suoh as 
New York City. 

-Transportation 2020 Program, Beyond Gridlock: The Future of Mobility as the PubUc Sees tt (Wash-
ington, D.C: 1988), p. 65. 
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cost of congestion (user cost and additional fuel cost) at $330, wHt 
the added cost of higher insurance premiums assodated with more** 
gestion-related accidents, and $400 per capito including the insuranoel 
acUustments.̂  Indirect costs, stemming from higher acddent rates asse^n 
ated with driving m congested traffic, added vehicle wear and tear^^^-
radation in the quality of travel, and higher insurance preinimns, 'BJî S 
more difficult to quantify. In addition, both direct and indirect costs ^ e 
sensitive to the value of time and other variables such as insurance 
rates and vehicle repair costs. 

Cumulatively, these costs can be significant. For example, various o r^ -
nizations in Southem Califomia have estimated that traffic delaj^ 
amount to 300,000 to 485,000 hours per day for motorists in the greyer 
Los Angeles area. According to a transportation official for Los Angeles 
County, the cost of these hours of delay is valued at over $507 milUon 
per year.^ The Southem Califomia Association of Goverrunents esti
mated the daily cost of recurring congestion in the Los Angeles region at 
over $7 million, using 1984 data and 1987 prices.^ Further, FHW\ esti
mated that traffic delays bum up about 1.4 bilUon gaUons of fuel annu
ally and cause over $9 biUion in user costs in terms of wasted time and 
fuel. These figures are predicted to grow to 7.3 bilUon gaUons of wasted 
fuel and over $50 bUlion in user costs by 2005.* 

Economic Costs to Society Traffic congestion not only results in economic costs to the individual 
but can also be associated with societal effects. We identified potential 
effects on the national economy, business costs, and the trucking 
industry. 

II." 

I 
Transportation experts have emphasized the important role that trans
portation plays in advancing our national economic welfare. From a 
more global perspective, one of the keys to being competitive in the 

•'Timothy Lomax, Diane BuUard, and James Hanlts, "The Impact of DecUning MobiUty in Mtgor llexas 
and Other U.S. Cities," draft research report 431-lf, The Texas A&M University System, Texas 
Transportation Ir«titute, College Station, Texas, August 1988, p. 56. 

'Rich Richmond, executive director, Los Angeles (>)imty Transportation Commission, National Ootni-
cil on Public Works Hearing, Los Aî geles, July 29,1987, as described in Institute of Transportation 
Engineers. Traffic Congestion: P's & Q's (Washington, DC: August 16,1988), p. 8. 

'Southern Califomia Association of (Jovertunents, Congwtion in the Los Angeles Region: Costs Under 
Future Mobility Strategies, Economic Planning and"Devetopment Program (Los An^es, Calif,: i988X 
p,4, 

''Jeffrey Lindley, "Urban Freeway Congestion: Quaniification of the Problem and EXIiectiveness of 
Potential Solutions," ITE Journal, 57:1 (January 1987), 29. 
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Chapter 5 
The Effects of Traffic Congestion 

J'I 

world marketplace Ues in our abiUty to provide safe, efficient, and low-
cost transportation for goods and services. New manufacturing and pro
duction techniques that depend on the mobiUty of freight services are 
affected by traffic congestion. According to an OTA report, ddays in traf
fic reduce mobiUty and can limit the growth of dynamic productioii net
works based on the "just in time" mtegration of large and smaU 
producers in different parts of the country or different parts of a metro
poUtan area.' For example, the Commission on CaUfomia Stete Govern
ment Organization and Economy has steted that urban areas in 
Califomia are facing such serious traffic congestion that the stote's^eco-
nomic vitality is in jeopardy. 

Traffic congestion can have direct and indirect costs on business activi
ties. The direct costs of congestion that affect production costs include 
additional labor costs associated with longer trips made by employees 
during business hours; higher vehicle operating costs; and suboptiijtiai 
vehicle use. Indirect costs of traffic congestion include increases in acci
dents and insurance premiums; the degradation or loss of employeepro-
ductivity; and increases in delivery costs, employee turnover, and 
recruiting problems. For example, a recent survey of business leaders in 
13 metropolitan areas found that about half indicated that traf fic condi
tions affected their businesses m terms of reduced productivity and 
poor employee punctuality and morale, as well as increased employee 
stress." In ad(Ution, about one third of those responding to this siuvey 
indicated that traffic conditions had an influence on plans to develt^ or 
expand their operations. 

The trucking industry is both a contributor to and a victim of traffic 
congestion. According to FHWA officials, the total annual cost for tmcks 
being delayed on freeways is between $4.2 and $7.6 bilUon, based oh 
estimated vehicle operating costs combined with driver time charges of 
between $30 and $55 hour." According to these officials, although no 
U.S. study has been conducted on the overaU cost of trucking time losses 
within metropolitan areas, translating the results of foreign stodies to 
these data would suggest that losses on urban streets, dockmg areas. 

\ 

'Office of Technology Assessment, Technology and the American Economic Transition: Choices for 
the Future, OTA-TET-283 (Washmgton, DC: U.S. Govemment Printing Office, May 1988), p. 229. 

"Lomax, Bullard, and Hanks, "The Impacts of Declining MobiUty in Msjor Texas and Other U.S. Cit
ies," p, 53. This survey was conducted of business leaders primarily from large service, manufactur
ing, and constmction indiistries. Approximately 933 of 3,554 leaders responded to the survey. 

"Frank Ochini and Bmce Cannon, "Traffic Ck>ngestion." paper given at the CaUfomia League of 
Cities meeting, Federal Highway Administration, Sacramento, (CaUfomia, October 16,1988, pp. 2-3. 
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and SO on would range between $19.4 and $22.9 billion. Further, it was' 
noted that these estimates do not include many indirect and direct costss 
to industry, such as lost sales opportunities in not having products 
available on time. 

Effects on the 
Environment 

Although there are many sources of urban air poUution, motor vehidi^ 
account for a large share of nearly all the major poUutants found ui the 
atmosphere, particularly carbon monoxide and ozone-producing com- " 
pounds. Carbon monoxide is a toxic gas by-product of the incomplete 
combustion of hydrocarbons. It has been estimated that 80 percentbf 
ambient carbon monoxide is generated by automobUe exhaust.'" 0w)h6 is 
produced in the atmosphere from complex reactions of volatile organic 
compounds, such as reactive hydrocarbons, and nitrogen oxides inthe 
presence of sunlight. It has been estimated that mobile sources account 
for 40 to 60 percent of the ozone problem." 

Traffic congestion, which reduces travel speeds, increases the frequency 
of accelerations, and periotUcally increases the number of vehides occu
pying the road, tends to increase the level of mobile source emissions for 
certain air pollutants. Carbon monoxide and hydrocarbon emissions are 
higher at slower speeds, particularly below 40 mph, which are tjrpical 
speeds on metropolitan streets and congested freeways. They are also 
higher when the vehicle is accelerating or decelerating or idling, hi addi
tion, emission levels are higher from engines that are warming up or are 
poorly maintained. Frequent cold engine starts are a common result of 
the pattem of short-distance trips that are made on metropolitan 
streets. Although it is recognized that these factors increase vehicle 
emission rates, various levels of controversy surround the models and 
data used to measure pollution levels, particularly at congested 
intersections.'2 

'' 'Ximena de la Barra MacDonald, "Health Costs of Traffic (Congestion," draft paper submitted to 
Metropolitan Transportation Authority Plaiming Department, New Vork, New York. September 30, 
1987, p, 7. 

' 'Statement of an official at the Enviroiunental Protection Agency Motor Vehicle Emissions Labora
tory, Ann Arbor, Michigan, September 30,1988, 

' -Even generally reUable emissions data generated by EPA's Motor Vehicle Elmissions Laboratory 
have been criticized as not reflecting actual urban driving conditions, such as cold engine starts, low 
speeds, rapid accelerations, idling, and heavy loads. 
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Experts indicate that motor vehicles are and wiU continue to b6 the 
major source of many atmospheric poUutants, barring any new techn^ 
logical breakthroughs or significant shifts in transportation m(xies. 
Today's catalytic converters, which significantly reduce emission levdls, 
have furthered a trend in reduced emissions for aU m^or air poUut- ? 
ants.'3 However, in a June 16,1988, Federal Register, the Environmeiital 
Protection Agency identified 59 metropoUtan areas in the United S t ^ s 
that did not meet the carbon monoxide standard and 68 that violated'' 
the ozone standard."* And, because of an anticipated decline in the turn
over of vehicles to new models, continued growth in the number of vehi
cles, increased traffic congestion, and the generaUy low effect of 
transportation control measures, the downward trends in poUutant 
levels are expected to reverse by the mid-1990's.'^ 

% 

••p" 
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Adverse Environmental 
Effects 

Motor vehicle emissions, accentoated under congested traffic conditions, 
produce gases that contribute to the greenhouse effect, the creation and 
destruction of ozone molecules, and acid rain. Vehicle emissions are add
ing somewhat to the atmospheric buildup of carbon dioxide and several 
other greenhouse gases, such as nitrogen oxides, methane, and ozone.̂ ^ 
Some experts claim that a wanning trend in the earth's atmosphere, 
caused by the accumulation of these gases, wiU eventoally affect the 
decisions that American farmers make about what crops to grow. Vehi
cle exhaust also emits ozone-producing compounds that are beUeved to 
have caused up to a 20-percent reduction of crop yields in some rural 
areas and damage to forests. In addition, the protective ozone layer in 
the upper atmosphere is deteriorating because the breakup of 
chlorofluorocarbon molecules, used as coolants in cars and for other 
purposes, releases chlorine that destroys ozone molecules. FinaUy, stod
ies have shown that highly acidic precipitotion, formed when nitrogen 
oxides and unbumed hydrocarbons from motor vehicle exhaust react 

1:% 

• * 

m 

' ''Today's catalytic converters typicaUy reduce hydrocarbon emissions by 87 percent, carbon monox
ide emissions by 85 percent, and nitrogen oxide enussions by 62 percent, 

' •'As administrator of the Clean Air Act of 1970, the agency has promulgated air quaUty standards 
for the air pollutants that endanger pubUc health. Carbon monoxide and ozone are two of six criteria 
pollutants for which air quality control regions must attain specified standards. 

' ''David Gushee and Sandra Sieg-Ross, The Role of Transportation Controls in Urban Air QuaUty, 88-
101-S (Washington, D.C: Congressional Research Service, January 28,1988), and Gary Hawthorn, 
The Role for Tranportation Control Measures in the Post '87 Era (Washington, D.C: Environmental 
Protection Agency, 1988), 

' "About half the greenhouse effect is thought to be from the accumulation of carbon dioxide, v^iich is 
generated by the burning of fossil fuels such as gasoline in cars. 
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Chapters 
The Effects of 'Traffic Congestion 

with sulfur dioxide from industrial plants, is destroying freshwater 
aquatic life and forests throughout central Europe and North America." 

Adverse Health Effects In general, the adverse health effects of motor vehicle emissions are pro
portional to the concentration, duration, and level of exposure to toxic 
substances, such as carbon monoxide and ozone gases. Carbon monox
ide, emitted from automobUe exhaust along highways, streets, and in 
garages, is inhaled by vehicle occupants and others in close proximity to 
the exhaust. Typically, the highest concentrations occur along heavUy 
traveled urban highways, during periods of peak traffic density, and in 
places where traffic moves slowly.'* Carbon monoxide is harmful 
because in restricting the flow of oxygen to the brain, it can impair driv
ing perfonnance, among other things. 

Ozone is not emitted but is produced in the atmosphere and slowly dis
persed to various parts of a region. Exposure to ozone can cause chest 
tightness, cough, headache, and nausea, although these effects are often 
subtle and difficult to isolate. Exposure to ozone also has potentiaUy 
more disturbing effects—the possibility that substances in these emis
sions are causing pulmonary disease, ischemic heart disease, or cancer. 

Various studies have established links between air poUutants and health 
effects; however, laboratory experimentation is of Uttie help in quanti
fying the general health effects of traffic-related emissions.'^ In general, 
data on the health effects of motor vehicle emissions are flawed by the 
relative or absolute failure of the analysis to take into account the 
effects of confounding variables. For example, it is difficult to differen
tiate the effects of exposure to carbon monoxide and ozone from other 
factors that have more powerful health effects, such as smoking, vari
ous occupations, and genetic health factors. 

I 

•% 

''This issue has recently been reviewed by the National Academy of Sciences, the EMviroiunental 
Protection Agency, and environmental groups such as the Environmental Defense Fund and World 
Watch. 

"*Because concentrations of cartxm monoxide drop by a fax:tor of 10 only a few meters from nuuor 
highways, studies show that variations over short distances within a city can be as great as those 
between cities. 

' "Lester Lave and Eugene SesWn, Air Pollution and Human Health, A Resources for the Future Book 
(Baltimore, Md.: Johns Hopkins University Press, 1977), conducted an extensive review and analysis 
of this subject. Their work was followed by other reviews, including Theodore Joyce, Michael Gross
man, and Fred Goldman, "An Assessment of the Benefits of Air PoUution (^ntrol: The Case of Infant 
Health," Joumal of Urban Economics, 25 (1989), 32-51. 
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Chapters 
The Effects of Traffic Congestion 

Effects on Stress The effect of traffic congestion on motorists who can adapt to traffic 
delays by altering their behavior is probably lower than for individuals 
who do not have this flexibUity or who place higher value on the time 
wasted in terms of money, frustration, and anger. To adapt, many com
muters have changed their work hours to avoid peak conditions, have 
made better use of their time while commuting, and have made their 
commute more relaxing. Some drivers equip their cars with ceUular 
phones and dictaphones to conduct business, and some upgrade their ca. 
stereo equipment to make the commute more eryoyable. 

The lack of longitudinal studies, however, impedes an assessment of the 
actions drivers take to cope with and, in some instances, alter their 
exposure to unpleasant transportation situations. In addition, adding 
vehicle amenities to better cope with traffic congestion does not appear 
to alter tolerance limits for commuting time. According to OTA, commut
ers put a comparatively low value on commuting time for the first 20 
minutes but approach psychological limits after 45 minutes.^" 

Aggressive behavior and physiological reactions have been lUiked to 
exposure to congested traffic conditions. Although the causes of stress 
and aggression have been studied, most studies have neglected to ana
lyze potentiaUy important transportation-related outcomes, such as the 
cumulative emotional, behavioral, and health consequences of travel 
conditions upon the individual. 

f Aggressive Behavior Recent articles on topics related to traffic congestion in the news mecUa 
have made references to freeway shooting incidents as evidence of the 
stress that is caused by exposure to congested traffic conditions. How
ever, Dr. Raymond W. Novaco, a recognized expert on the relationship 
between automobile driving and aggressive behavior, believes that con
necting freeway shootings with traffic-induced stress is a narrow and 
misguided explanation for these incidents.^' Investigations of these inci
dents have revealed that the shootings followed no distinct pattems 
during the week or during the time of day; shooting was also clearly not 
done by msh-hour commuters stuck in traffic jams, for it is precisely the 
anonymity and escape potential of freeways that allows this behavior to 

^"OTA, Technology and the American Economic Transition: Choices for the Future, (7rA-TET-283 
(Washington, D.C: U,S. (Jovernment Printing Office, May 1988), p, 118, OTA noted that in 1980, only 
10 percent of all workers commuted more than 44 minutes. 

•̂ 'Raymond Novaco, Automobile Driving and Aggressive Behavior: Effects of Multiple Dismhibitory 
Influences (Irvine, Calif: University of Califomia, Program in Social Ecology, April 1988). 
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Chapters 
The Effects of Traffic Congestion 

f occur. Although being delayed in traffic is stressful for some people; 
Novaco beUeves that it is this stress alone or with other factors such ĵ 
preexisting habits, alcohol consumption, and the avaUabiUty of weap^ 
that can provoke incidents at other times. 

I Physiological Reactions 

I-

*if'-' 

I, 

Some studies of automobUe drivers have shown a significant relation- ^ 
ship between exposure to traffic congestion and a variety of adverse J 
physiological reactions. For example, researchers have reported a signif
icant and positive correlation between high traffic volumes and 1 
increased heart rates, blood pressure, and electrocardiogram irregulari-' 
ties.̂ 2 Studies have also shown that chronic exposure to traffic congeS' 
tion, especiaUy over long distances, long waits, and frequent trips, 
increases negative mood states, lowers tolerance for frustration, and can 
even lead to more impatient driving habits.̂ ^ Experts in the field point 
out, however, that most physiological research tends to focus on the 
short-term reactions of drivers to acute environmental demands rather 
than on the cumulative behavioral and health consequences of chronic 
exposure to traffic conditions.^'' r̂  

fe 

1 

;•(.:•. 

f-'.' 

It 

•: 
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•̂ -'Daniel Stokols and Raymond Novaco, "Transportation and Well-Being: An Ecological Perspective," 
p. 89, in Irwin Altman et al.. Transportation and Behavior (New York: Plenum Press, 1981). 

-•'Novaco, Automobile Driving and Aggressive Behavior, pp. 8 and 9. 

-•'Acute environmental demands that cause physiological reactions might be excessive temperature^ 
air pollution, and crowding conditions. 
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The purpose of this review has been to provide the Congress with ^l^^ 
overview of the traffic congestion problem. The report provides an; 
assessment of (1) the major trends that have shaped traffic caage 
(2) the various ways traffic congestion is measured and the credibil 
of the estimates of present and future urban freeway delay developegl; 
by FHWA staff, and (3) some of the potential effects of traffic cong)^M 
This assessment is supported by an extensive Uterature review, i n | | ^ 
views with more than 40 transportotion officials in 12 congested mii|ri)-
politan areas, and the consultation of 4 transportation experts. TluiOli| 
this review, we provide the Congress with a resource document i 
be used when considering traffic-related issues. 

-31 

Conclusions We identified six forces that have shaped the nature and severity of ^e 
traffic congestion problem. Trends in suburban development, the ecoli-
omy, the labor force, automobile use, tmck traffic, and the highwjQr | 
infrastructure have had significant effects on the magnitode of tlus \^ 
problem. We found that these forces are not mutoaUy exdusive but | 
interact in various ways to expand the location and occurrence of traffic 
congestion. Recurring and particularly nonrecurring traffic congestion 
have increased in metropolitan areas, especially on roads between still-
urban activity centers, at major interchanges, and between nonmetro^i 
politan and metropoUtan counties. We conclude that these forces havl 
combined to make traffic congestion a metropoUtanwide phenomenon^ 
and an inteijurisdictional problem. '-I 

âa 

We identified six interrelated measures that characterize the traffic flow 
for six levels of service on an ordinal scale ranging from A to F. Levdl 
of-service A represents the best operating conditions of free-fkywing | 
traffic, level-of-service F the worst condition of a breakdown in traf^l 
flow. The six measures were (1) traffic density, (2) average travel J 
speed, (3) maximum service flow rate, (4) v/c ratio, (5) averagedaiiy| 
traffic volume, and (6) daUy vehicle mUes of travel. Because traffic di|n-
sity values best represent the maneuverabiUty of vehicles in a traffic] 
stream, the Transportation Research Board's 1985 Highway Capadty^ 
Manual reconunends that it be used to estabUsh the level-of-service rat
ing given to a lane or road section. However, we found that many practi
tioners still rely on the v/c measure to determine levels of service. 

Transportation agencies use a variety of methods to measure traffic 
congestion, and no standard approach seems to be universaUy accepted. 
We found that the level of service at which traffic flows are considered 

•'i-0. 
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to be congested varied among transportation agencies as did thdr pref-' 
erence for methods of measurement. Urban freeways operating at the > 
boundary of levels-of-service C and D through level-of-service F have \ 
been associated with congested conditions during peak hours of traffix '̂ 
Two m^or national studies as weU as stu(Ues conducted by metropoUtan 
planning organizations using various measures have concluded that thd 
traffic congestion problem is escalating. ' 

We conducted a methodological review of an FHWA model for estimating' 
national trends for a portion of traffic congestion on urban freeways 
because of its uniqueness and the potential poUcy impUcations of its -
results. From our review, we beUeve that the FHWA model represents a 
positive step toward quantifying the extent of urban freeway delay 
nationwide. This model has broken new ground with respect to estimat
ing current and future levels of urban freeway delay, ranking metropoli
tan areas by the severity of their freeway congestion problems, and 
quantifying national economic effects in terms of wasted fuel and time. 

1 

I' 
I 

Our review uncovered several reasons why the estimates of freeway 
delay for 2005 that were made by FHWA staff may represent an upper 
boundary of the magnitude of the congestion problem. Based on our 
review with the assistance of four transportation experts, we identified 
five potential threats to the accuracy of these forecasts: (1) the use of a 
low v/c ratio and correspondingly high average travel speed as a thresh
old for congestion; (2) the use of Washington, D.C, freeway data to 
develop representative traffic volume profUes; (3) the assumption of no 
change in highway capacity; (4) the assumption of no change in driven^' 
behavior; and (5) limitations in the HPMS data used to estimate preserit 
and future freeway and nonfreeway delays across metropolitan areaSv 

By using 1987 data and various combinations of altemative assump
tions regarding the threshold of congestion and freeway capacity, we 
found that the 2005 forecast for urban freeway delay could be reduced 
by about 32 percent. Our analysis showed that this reduction was pri
marily dependent on increasing capacity as opposed to changing the 
threshold of congestion. We conclude that a reduction of this magiutode 
would lower the 2005 forecast of a 436-percent increase in delay to a 
still substantial 297-percent increase over 1985 levels. 

Although we did not asr^iis possible changes in drivers' behavior, the 
appUcation of advanced ccr hnologies to improve metropolitan traffic 
flow, or altemative tra'" u volume projections, these factors may also 
alter the 2005 urban froeway delay forecast. In addition, we suggest 
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Ch^terO 
Conclusions and Reconunendation 

caution in using the FHWA model and HPMS dato either to quantify the;"'; 
extent of the urban freeway and nonfreeway traffic congestion p r o b l ^ 
in given metropolitan areas or to compare metropoUtan areas by the "' 
severity of their freeway delay problems. J 

Finally, we found limited empirical investigation of the effects of traiaic 
congestion, although some relationships between congestion and h i ^ | r 
business costs, health and environmental effects, and behavioral 
changes are generaUy thought to hold. A few stodies were identified 
that quantified the substantial economic costs of traffic delays by 
applying dollar values to wasted time and fuel. We also found that the 
health and environmental effects of motor vehicle emissions have 
received considerable study and that emission levels of some poUutants 
are recognized to be higher from vehicles in congested traffic. It is com
monly accepted that urban living can be stressful, but the effects of traf
fic congestion on human stress levels are (Ufficult to separate from other 
contributing factors and, therefore, may never be fuUy quantifiable. We 
conclude, however, that the information avaUable on potential eco
nomic, environmental, and human stress effects does provide a frame
work for understanding the nature of these effects, if not their 
magnitude. 

Recommendation Our review has documented important efforts by FHWA to provide infor
mation on traffic congestion through the use and analysis ofthe High
way Performance Monitoring System data. Estimates of traffic 
congestion help inform federal and state transportation agendes as well 
as the Congress on the present and potential severity of this problem. 
Our methodological review of FHWA'S model for estimating urban free
way delay suggests that whUe the agency is takmg aggressive steps to 
assess the present and future magnitude of traffic congestion, additional 
attention to this area is warranted. Therefore, we recommend that the 
secretary of Transportation direct the administrator of FHWA to review 
and, where appropriate, modify the collection, use, and analysis of traf
fic congestion data to ensure that accurate statistics on congestion are 
available for policy decisions regarding freew ây mobUity. 

In a forthcoming report on federal efforts to improve freeway mobUity, 
we have noted the need for information on the effectiveness of federal 
strategies to alleviate traffic congestion. The HPMS data base and related 
analyses are important data sources that can be used to understand Sttid 
assess the effect of federal as well state and local actions on the traffic 
congestion problem. Consequently, careful review and refinement of 
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Chapter 6 
Conclusions and Recommendation 

these data sources could lead to valuable improvements in the quaUty of 
information available to transportation policymakers as they seek effec
tive approaches fbr improving freeway mobiUty. : J ;:i 

Agency Comments In the Department of Transportation's response to a draft of this report, 
it generally agreed with our recommendation but cautioned that stocUes 
by its staff may not represent or have a potential effect on department 
or FHWA policy. The studies cited in our report are, however, considered 
by the department to be important resource documents that both quan
tify congestion and assess the relative effectiveness of various ways to 
reduce the problem. We made changes in the final report where appro
priate, based on technical points identified by the department. 

In addition to this general statement, the Department commented on the 
importance of other efforts it has made to quantify congestion, besides 
the model GAO reviewed; the confidence it has in the HPMS data base, as 
representative of freeway and nonfreeway conditions in urbanized areas 
of each state; and finally, GAO'S lack of attention to the critical effect 
that land use development pattems have on congestion. In addition, the 
department specificaUy mentioned an omitted FHWA report that quanti
fied conditions of highway supply and use, including measures of j 
congestion. 

Having conducted a careful review of the department's comments to 
consider the need to revise our report, we remain convinced that our 
focus on the urban congestion study mentioned above is supportable, 
but we recognize that our discussion in chapter 3 of other department 
efforts to quantify road and traffic congestions was limited. In regard to 
the value of the HPMS data base, we did recognize its usefulness in chap
ter 3 and in discussing the agency's congestion model in chapter 4. How
ever, we still question the adequacy of this national data base, as does 
the department, for monitoring and forecasting congestion across urban 
areas. Finally, we concur that a specific discussion of the effect of land-
use planning and development on traffic congestion was omitted from 
our report, but such effects could be considered a result of the suburban 
and economic trends that have shaped the traffic congestion problem, as 
discussed in chapter 2. 
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In response to our failure to review the FHWA report, Highway Planning 
Technical Report: Issue 2 - Supply and Use of the Nation's Urban High
ways (September 1989), we point out that our dato-gathering efforts 
were completed prior to the issuance of this report and its earUer drafts. 
When we did review this report, however, we found that the analyses of 
1982 to 1985 HPMS data suggested congestion trends that were in Une 
with what we found through other sources. For example, the report 
highUghted the gap between the supply and demand for highways, par
ticular congestion problems in the suburbs of the largest metropolitan 
areas, and variances in the congestion levels by faciUty and urban popu
lation. In addition, we note that this report used daUy vehicle mUes of 
travel per lane per mile and a v/c ratio (0.85) to measure traffic 
congestion. 

%-A • 
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Appendix I 

Expert Review Questionnaire 

Our methodological review of the FHWA urban freeway congestion model 
reUed on responses to structured review questions that we received 
from four transportation experts and our own research. The four 
experts w^re selected with the assistance of the Institote of Transporto
tion Engineers, an intemational scientific and educational association of 
more than 9,000 transportation professionals from more than 70 coun
tries. The institute recommended two experts from its technical commit
tee: Richard Beaubien, Director of Transportation, Troy, Michigan, and 
Marshall Elizer, Director of Transportation, Arlington, Texas. We identi
fied the two other experts during the course of our investigation: David 
Hartgen, Director of Information Resource Management, New York 
Department of Transportation, Albany, New York; and Timothy Lomax, 
Texas Transportation Institute, CoUege Station, Texas. 

The experts were asked to respond to review criteria that we developed 
to assess the strengths and limitations of the FHWA urban freeway con
gestion model. We synthesized their written responses, along with addi
tional comments they had. The following review criteria were grouped 
by potential theoretical, data, and operational issues associated with 
this model. 

•I 

Theoretical Issues 1. In your opinion, what key theories (statistical, modeUng, economic, 
and so on) are applied in the FHWA model? 

2. Please comment on the assumptions (stated and unstated) used in fit
ting these theories to the problem. 

Data Issues 3. In your judgment, is the subset of the HPMS data base used in this 
study representative of national road conditions? If not, is there a better 
data source that could be used to quantify national urban traffic 
congestion? 

4. The following list contains some key input data items from HPMS that 
are used in the FHWA model: ? 

physical characteristics data: selection length and expansion factor, 
number of lanes, lane width, shoulder type and width, median type and 
width, widening feasibility, and speed limit; 
traffic data: annual average daily traffic (AADT), percentage tmcks, K-
factor, directional factor, capacity, and future AADT. •:l 
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In your opinion, how reliable are these data and how appropriate are 
the data aggregation procedures used in the model? 

Operational Issues 5. The model operates on the assumption that peaking characteristics of 
traffic can be grouped into 12 representative 24-hoiir traffic volume 
profiles. In your opinion, how appropriate is this sissumption, and how 
might the model outputs be affected, given this assumption? 

6. Please comment on any other significant (stated and unstated) 
assumptions used by the model and the extent that "real world" condi
tions might diverge from these assumptions. 

7. In your judgment, have the key elements and element relationships of 
urban traffic congestion been identified in this model as a forecasting 
tool? If not, what elements and relationships should be added to improve 
its predictive ability? 

8. The model relies on a methodology used by HPMS to expand its sample 
of road sections to represent an entire road system. In your judgment, 
does this approach pose any unique problems for estimating national 
urban traffic congestion? 

9. Please comment on the appropriateness of the methodology used in 
this model for determining road capacity. 

10. In your opinion, how appropriate are the methodologies used to 
derive the following congestion statistics: 

- . : • . . . • . . I i - '; 

vehicle miles traveled, ^̂  5 
recurring congestion per vehicle miles traveled, 
recurring delay per million vehicle hours, 
excess fuel consumption from recurring delay, 
nonrecurring delay from incidents per miUion vehicle hours, and 
excess fuel consumption from incidents. 

11. To the extent that congestion statistics resulting from the use of 
these methodologies diverge from "real world" conditions, how in your 
judgment might the results of the study be affected and, if they do 
diverge, how might these methodologies be improved? 

I 
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Appendix I 
Expert Review Questionnaire 

sd 

'^ 

?« 

12. We are interested in your opinion regarding the poUcy relevance of 
FHWA'S congestion severity index. For example, is this index an apprc^ri-
ate measure of traffic congestion and are the relative metropoUtan ra i l 
ings for 1984 and 2005 consistent with your expectations? ; 

3 
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Appendix II 

Comments From the Department 
of Transportation 

e 
U-S. Deportmant of 
Transportation 

Assistant Secrelary 
tor Administration 

•̂  7 

400 Seventh St, S W 
Washington, OC 20590 

Ms. Eleanor Chelimsky 
Assistani: Comptroller General 
Program Evaluation and 
Methodology Division 

U.S. (General Accounting Office 
Washington, D.C. 20548 

Dear Ms. Chelimsky: 

Enclosed are two copies of the Departunent of Transportation's 
cominents concerning the U.S. General Accounting Office report 
entitled "Traffic Congestion: Driving Forces, Measures, and 
Impacts." 

Thank you for the opportunity to review this report. If you 
have any questions concerning our reply, please call Bill Wood 
on 366-5145. 

sincerely. 

^ : ' ^ : s — Seymour 

Enclosures 

RECLiVliD 

SFP - " 1389 

G A 0 / P 1 : M D 
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Appendix II 
Comments From the Department 
of Transportation 

Enclosure 

Department of Transportation 

Ret)lv to GAO Report of August 18. 1989. on Traffic Congestion: 
Driving Forces. Measures. and Impacts 

Summary of GAO Findings and Recommendations 

The GAO identified six forces that have shaped the nature and 
severity of the traffic congestion problem: (1) trends in 
suburban development, (2) the economy, (3) the labor force, 
(4) automobile usage, (5) truck traffic, and (6) the highway 
infrastructure. These forces were found not to be mutually 
exclusive, but interact in various ways to expand the location 
and occurrence of traffic congestion. Traffic congestion has 
increased, and these forces have combined to impact on its 
severity, and to make traffic congestion a metropolitan-wide 
phenomenon. The GAO found that transportation agencies use a 
variety of methods to measure traffic congestion with no standard 
approach being universally accepted. Upon a methodological review 
of a Federal Highway Administration <PHWA) model for estimating 
national trends for traffic congestion, the GAG concluded the 
model represents a positive step toward quantifying the extent of 
urban freeway delay nationwide. However, in its analysis, the (yio 
also concluded that forecasts for urban freeway delay for the year 
2005 could be reduced by about 32 percent. 

The GAO recommends that the Secretary of Transportation direct 
the Federal Highway Administrator to review and where appropriate, 
modify the collection, use, and analysis of traffic congestion 
data to ensure that accurate congestion statistics are available 
for policy decisions regarding the freeway mobility issue. 

Summary of Department of Transportation Position 

We are in general agreement with the reconunendations; but we think 
the overall findings tend to place too much emphasis on "staff 
studies" as representative of, or having "potential impact" on, 
transportation or FHWA "policy." While the fact-finding portion 
of the effort was very detailed and contained a great deal of 
important background information involving technical Issues, the 
report sometimes used the data in the technical resources out of 
context in order to draw conclusions regarding FHHA policy 
matters. The FHWA staff efforts, which were utilized as important 
resources in the report, were developed because of known gaps in 
congestion data, analysis, and/or evaluation. These studies serve 
FHWA and the transportation community as further indicators of the 
extent of the problem of urban/suburban congestion and provide 
some analysis of potential improvements for mitigation. The 
studies should not be considered as having importance beyond their 
original purpose: to document efforts to quantify congestion and 
to assess the relative effectiveness of various ways to reduce the 
problem. 

Page 78 GAO/PEMD-90-1 Traffic Congestion: Trends, Measures, and Effects 

,....:-,w.......w-<-.j.,^e.;-„i,.ti!Mya> ..... ..,. .-.am 



Appendix II 
Ck>mment8 From the Department 
of Transportation 

- 2 -

Deleted. 

The GAO review of methodology for assessing urban congestion was 
limited to the methodology advanced by Jeffrey Lindley in A 
Methodology for Quantifying Urban Freeway Conaestion. While this 
approach has received much visibility over the past 18 months, it 
is a research tool to help quantify urban freeway congestion. The 
FHWA recognizes it as such and realizes that it includes generali
zations and assumptions that will recfuire further improvements if 
its use is to be extended beyond its current application. The 
FHWA has been assessing congestion for years using the Highway 
Performance Monitoring System (HPMS) analytical process. With the 
output of this tool, FHWA can assess urban freeways in terms of 
the volume-to-capacity ratio (V/C), average annual daily traffic 
(AADT), vehicle miles traveled (VMT), average overall travel 
speed, user costs, and many other factors both now and in the 
future. In contrast to Hr. Lindley's approach, these procedures 
do take future capacity improvements to the existing system into 
consideration and use daily congestion relationships that reflect 
relative AADTs being carried by freeways and the capacity of the 
freeways. These relationships were developed using data reported 
by all States. Congestion information from the Analytical Process 
is being reported in the biennial reports to the Congress. We 
recommend that GAO broaden its effort to recognize all other FHWA 
efforts addressing congestion. As excunple of the broad based 
effort to quantify and analyze traffic congestion, we have 
attached a copy of a recent Highway Planning Technical Report. 
This report quantifies current conditions of highway supply and 
use, including measures of congestion. 

There are several statements in the GAO report concerning the 
quality, accuracy, and limitations of the HPMS data and the way 
it is obtained that are incorrect or poorly stated. For example, 
in contrast to the statements of the FHWA official quoted, we have 
high confidence in the fact that the HPMS data base contains very 
good representative data on the extent, condition, and performance 
of both freeways and non-freeways in urbanized areas of each 
State. With this information, we can determine the level of 
congestion and an estimate of delay on each functional class on 
a Statewide basis. While States have been given the latitude to 
sample either individual urbanized areas or sample all urbanized 
areas as a group, this does not reduce the quality of the data, 
as suggested, but only limits our ability to address individual 
urbanized area congestion in specific States. Even in these 
cases, congestion can be estimated on a less statistically sound 
basis. 

The FHWA recognizes that the existing HPMS data base needs to 
be enhanced to improve our capability to monitor and forecast 
congestion in the Nation's urbanized areas. During the next 
fiscal year, FHWA will be developing recommendations to improve 
our capabilities in this area. 
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Appendix II 
Comments From the Department 
of Transportation 

In addition, land use is a factor impacting on congestion that is 
not mentioned. The FHWA's efforts to develop and improve trans
portation planning procedures include research on methods to 
maximize transportation system performance and its positive Impact 
on economic development. This includes methods to more effec
tively coordinate transportation and land use planning and 
development. 
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