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Executive Summary 

2005, freeway delay will increase 436 percent, barring changes in high- 
way capacity and driving behavior (or time of travel and vehicle use). 

Results in Brief Trends in major 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 metropolitanwide problem 
encompassing suburban as well as urban jurisdictions. (See pages 15- 
34.) 

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 unacceptable 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 using 
various combinations of alternative 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 forecast. 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 busi- 
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 from 
other factors that affect the environment, the economy, and human 
stress. (See pages 61-68.) 
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Executive Summary 

quantified by attributing dollar values to the time and fuel wasted in 
traffic delays. Some information is available about the health and envi- 
ronmental effects of motor vehicle emissions, and laboratory tests have 
shown that motor vehicles emit high levels of some pollutants under 
conditions associated with traffic congestion, such as slow speeds and 
idling. Also, some studies have linked traffic congestion with physiologi- 
cal and behavioral changes. 

Recommendation This study documents important efforts by FHWA to provide information 
on traffic congestion through the use and analysis of Highway Perform- 
ance Monitoring System data. Estimates of traffic congestion help 
inform federal and state transportation agencies as well as the Congress 
on the present and potential severity of this problem. GAO'S review of 
FHW4'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. 

GAO recommends that the secretary of Transportation direct the admin- 
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 refinement of these data sources could lead 
to valuable improvemems in the quality of the information available to 
transportation policymakers as they seek effective approaches for 
improving freeway mobility. 

Agency Comments In the Department of Transportation’s response to a draft of this report, 
it generally agreed with GAO'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 GAO'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. GAO made changes in the final 
report where appropriate. based on technical points identified by the 
department. (See pages 72-73.) 
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Chapter 1 
Introduction 

250,000 population.: However, according to FHWA, small 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 
approximately 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, cst,imates 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, FIIWA staff 
believe that in the next 20 years, a much larger increase in freeway con- 
gestion will continue t,o occur in suburban and rural 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 FHUA staff readily 
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 llighway Administratwn, I~rban Traffic Congestion. A I’erspwtive to Yea 2020 (San Fran- 
CISCO, Calif. Srptrmbcr 1987). is 1-7 

“FHWA, The Future Sational llig*ay Program 1991 and Beyond, p. 25. 

‘Frdcral Ihghway Administ ralwn, The Status of the Nation’s Ihghways and Bridges: Conditmns and 
Performance and HIghway Hndgta Hcplxement and Rehabilitation Program 1989 (Washington, DC.: 
1989), p I-6. 

‘FHWA, The Future National Ihghway Program 1991 and Beyond. p. 21. According to FHWA, free- 
way congestion wll increase 300 pcrccnt in urban areas of 01-w 1 milbon population and more than 
1.000 percent m lesser~po]llllat(,(i arcas. 
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Chapter 1 
Introduction 

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.lY 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 mobility 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 and severity? 

l How is traffic congestion measured, and how credible are the estimates 
of urban freeway delay developed by FHWA’? 

l 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 
conjunction 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 mobility. 

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 

“The Highway Trust Fund was rreated by the Highway Revenue Act of 1956, a companion to the 
Federal-Aid Highway Act of l!%li, which launched the construction of the Natmnal Interstate and 
Defense Highway System. Most of the trust fund, which wceives tax rrvenue from users of the high- 
way system, is drdicated to ~onst ructvn 
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Chapter 1 
Introduction 

on transportation policy.” To assist us in our review, we asked four 
transportation experts to examine the model based on our review crite- 
ria. Collectively, the four reviewers had experience in national and local 
transportation planning and operations and in traffic congestion quanti- 
fication techniques and methodologies and knowledge of the data base 
used in the model. The criteria we developed to guide their reviews 
included a standardized list of questions pertaining to theoretical, opera- 
tional, data, and policy issues related to this model. We analyzed their 
responses and incorporated their reviews into our analysis of this 
model. Appendix I names the experts and lists our review criteria. 

Finally, we reviewed the results of public opinion polls pertaining to 
traffic congestion that we found in a computerized search of 26 metro- 
politan newspapers, national polling organizations, and professional 
publications. We found traffic congestion cited as a major problem in a 
number of communities experiencing high growth rates. However, as 
expected, the level of concern about traffic congestion, as identified in a 
limited number of pertinent national, state, and regional polls, decreased 
in importance compared to other broader concerns. For example, while 
traffic congestion is the major concern in some communities, it has not 
been identified as a prominant concern in national polls. 

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 individuals 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 FIIUR’S model or its data. 

“The methodology and relebults of the FIIWA congrstmn study using the model are in three docu- 
ments. FHWA, The Future Nahonal Highway Program 1991 and Beyond; Jeffrey Lindley, A Method- 
ology for Quantifying IJrban Freeway Congestion (Washington, D C : Federal Highway 
Administration, 1987), and “[khan Freeway Congestion: Quantification of the Problem and Effective- 
ness of Potential Solutv,ns,” ITE doumal, 57:l (January I!%?‘), 27-32. 
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Chapter 2 

fiends Shaping the Traffic Congestion Problem 

Trends in a number of interrelated forces have shaped the traffic con- 
gestion problem. From our review of the literature, we identified six 
major forces: (1) suburban development, (2) the economy, (3) the labor 
force, (4) automobile use, (5) truck traffic, and (6) the highway infra- 
structure. As these forces are not mutually 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 automobile usage and truck traffic, in turn 
increasing traffic congestion in many metropolitan areas. 

Suburban The prevailing desire to live away from central cities yet still be close to 

Development Trends 
urban amenities has led to suburban development, an evolutionary pro- 
cess that involved first families, then commercial services, and finally 
jobs. Trends in the population and employment migration to suburban 
locations within large and small metropolitan areas have affected traffic 
congestion by reshaping the commuting patterns of many workers. 

Population Migration The I7.S. population has increasingly migrated to metropolitan areas 
across the country, particularly the suburban locations in these areas. In 
1950, 29 percent of the U.S. population lived in 14 metropolitan areas of 
over a million in population. Ry 1980, almost half the population, 108 
million people, lived in 35 metropolitan areas of over a million in popula- 
tion, and one third lived in areas of over 2.5 million. 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. Ry 1986, 77 percent of the U.S. population lived in urban counties 
that are defined by the Bureau of Census as standard metropolitan sta- 
tistical areas. 

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

’ OfRw of Technology Asscssmtnt, Technology and the American Econom~r Transition. Chowcs for 
the Future, UWTET-283 (Washington. D.C : US Government Printing Office, 1988), p 196 Arcord- 
mg to the Bureau of the Census. nonmetroyx,litan counties are classified by thv tendency of theu 
popnlat~ons to commute to wuntws within standardized metro~Wan %aistlc;rl areits 
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Chapter 2 
Trends Shaping the Traffic 
Congestion Problem 

Table 2.2: Distribution of Workers 
Metropolitan Areas in 1990 

Within 

Percent of Percent of 
workers in metropolitan 

metropolitan Difference workers in Difference 
Area areas from national suburbs from national 

Nattonal 77% 0 61% 0 

Northeast 86 +9 64 +3 

North 
Central 73 -4 62 +1 

South ji - --y- ~~ ~~ ~~ ~~ ~ ~~ 58 -3 

West 85 +0 61 0 

Source Alan Plsarskl, CornmutIng I” America A National Report on Commuting Patterns and Trends 
(W&port, Corm Eno Foundation for Transportation, Inc 1987), p 30 

Suburban population expansion ushered in the traditional suburb-to- 
central-city commuting pattern along radial roads and mass transit lines. 
In turn, the subsequent migration of jobs to suburban locations altered 
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 all commuter trips. 
During this period, intrrcity travel decreased from 46 percent to 30 per- 
cent of all commuter trips, and the suburb-to-central-city work-trip pat- 
tern increased slightly from 16 percent to 19 percent of all 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 million com- 
muters than for areas of fewer commuters. Figure 2.1 displays the 
distribution of growth in commuter traffic between 1960 and 1980. 
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Chapter 2 
Trends Shaping the Traffic 
Congestion Problem 

Shift in Employment Base According to a 1987 FHWA study, while 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.4 Fur- 
ther, experts believe that this sector has been and will continue to be the 
primary area of job expansion, unless there are major technological 
advances in manufacturing industries. For example, the Bureau of 
Labor Statistics projects that more than half the 20 million new jobs 
expected to be created in the US. economy by 2000 will 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 villages” on the outskirts of major cities. They 
are usually comprised of office, retail, housing, and entertainment areas 
such as occur in Southfield outside Detroit and Tysons Corner 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 international growth of complex production and dis- 
tribution networks is reshaping the location of America’s economic 
activities and is also affecting the patterns of commodity movement. 
These changes are tending to concentrate wealth and economic activities 
in certain locations, especially in regions that surround major coastal cit- 
ies.’ According to a 1987 FHWA report, the growth of international trade 
will affect the total demand for freight transportation, and it will shift 
the dominant movement of goods from between domestic areas to across 
international borders.H 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. 

‘Federal Highway Admmistration. The Future Highway f’rogr;un 1991 and Beyond: Changing 
Demographics and Economic HZLS~. working pqxr no. 1 (Washington. D.C.: December 1987), p. 20 
According to this report, the shift to SCI-JKES has been largely relative, not absohlte 

?nngressional Research Scr\~rt% The Cities. vol. 9, no 10 (Washington. DC.. November-December 
1988). p. 7 

“Chnstophcr Lemberger and (‘harles I.ockwmd, “How Husmess Is Reshaping America,” The Atlantic 
Monthly, O< tober 1986. p. 43 

‘UPA, Technology and the Arnc~~rx~ Ernnomlc Transition. p. 190. 

‘FHW.4. The Future Ihghway Program 1991 and Beyond, p. 22. 

Page 19 GAO/PEMDSO-I Traffic Congestion: Trends, Measures, and Effects 



Chapter 2 
Trends Shaping the Traffic 
Congestion Problem 

a greater reliance on private vehicles for the work commute. However, 
improved telecommunication links between the home and the office may 
alter the frequency and timing of the work commute for a portion of the 
labor force. Home-based and satellite-center telecommuting are work 
options that may help reduce commuter traffic by allowing employees to 
work at home and at centers close to where they live. 

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 childless couples, which typically 
have more money and time for travel, has fostered discretionary travel. 
In both cases, these trends tend to increase travel near the home. 

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 (JIA report, time constraints 
on personal travel and family vacations, more than reduced disposable 
income, have altered the travel behavior of many families.” For example, 
in order to fit into increasingly complex personal schedules, many 
households are now looking for short-term recreation in close proximity 
to the home, in lieu of the traditional “2 weeks at the beach.” This situa- 
tion may change somewhat, however, if Americans begin enjoying 
increases in vacation and holiday travel, as some observers predict.1” 

Demographic factors also affect discretionary travel. The decline in fam- 
ily size will mean that fewer young people will be around to support 
recreational markets. However, according to the OTA study, an increase 
in discretionary travel by greater elderly and childless family popula- 
tions are expected to offset the effect of these changes in family compo- 
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 family. In addition, the increase in 
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Figure 2.2: Trends in Population and 
Labor Force Growtha 
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“Data for 1990 were extrapolated from 1988 estimates 
Source The Bureau of the Census and the Bureau of Labor Statlstlcs, WashIngton, DC 1989 

Women Entering the Labor A major explanation for the large leap in the proportion of the working- 

Force age group actually entering the labor force is the extraordinary number 
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 still out- 
number women. According to Pisarski, of the 50 million new entries 
between 1950 and 1985, 30 million were women. Figure 2.3 shows the 
share of men and women workers in the labor force from 1950 to 1990 
(estimated). 
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over other modes of surface transportation have dramatically increased 
the number of vehicles using the transportation system. 

Vehicle Availability A trend in automobile use is reflected in an increase in vehicles available 
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 available 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 of the 
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 

25 

20 

0 1 

Vehicles Per Househdd 

Source Alan Plsarskl. Commuting I” America A Natlonal Report on Commuting Patterns and Trends 
(Westport, Con” Eno Foundatton for Transportation, Inc 1987), p 33 
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Regulatory reform and new markets were forces behind a dramatic 
growth in the number of trucking firms entering the industry. Regula- 
tory change in the rules governing 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, flexibility, and cost- 
effectiveness to enhance its already dominant share of the freight mar- 
ket.‘” In 1986, the trucking industry received approximately 77 percent 
of all freight transportation revenues in this country.“’ Between 1980 
and 1986, the number of federally regulated trucking companies, which 
does not include private companies, increased 66 percent alone.” 
Although the number of trucking companies has increased significantly 
since 1980, the actual number of commercial and private truck-tractor 
registrations declined from 1.4 million in 1980 to 1.1 million in 1986, 
with only a slight increase in the registration of private and commercial 
trailers.lH 

Another reason behind the proliferation of trucking firms was railroad 
deregulation. According to an OTA report, the Railroad Revitalization and 
Recovery Act of 1976 and the Staggers Rail Act of 1980 liberalized 
merger policies and made it easier for railroads to demonstrate unprofit- 
ability in a line.“’ The railroads, faced with shifting markets and 
increased competition from trucks, began abandoning some lines and 
consolidating others, thereby allowing trucks to fill in the service gap. 

Although the number of trucking firms has increased, growth in the 
number of miles traveled by trucks and in their size are the most signifi- 
cant factors behind the effect of trucks on metropolitan traffic conges- 
tion. Based on an increase of 100 percent in the number of freight miles 
traveled per ton and a 60-percent increase in the movement of freight by 
ton between 1950 and 1983, it has been estimated that the average haul 

“UTA, Technology and thr American Economic Transition, p. 233. According to UTA, the number of 
trucking firms increased from 18,000 to 30,000 between 1980 and 1983. However, because average 
profits for the Industry hale fallen below traditional levels from an increase in competition, the 
number of firms has grown smaller m recent years. 

“‘IQ86 Amerxan Trucking Assocmtrm data as used in Office of Technology Assessment, Gearing IJp 
for Safety Motor Carrier Safety in a Competitive Environment, OTA-SET-382 (Washington, DC: IJ S 
Government Printing Off&, lRSR), p. 3 

“Transportation 2020 Program. Htayond Gridlock: The Future of Mobility as the Public Sres It (Wash- 
mgton, I1.C.: .Innr lQ88), p 20 

“UTA, Gearmg Irp for Safety. p 31 

“‘WA. Technology and the Ana~ncan Economic Transltmn, p. 233 

Page 27 GAO,/PEMD-99-l Traffic Congestion: Trends, Measures, and Effects 



Chapter 2 
Trends Shaping the Traffic 
Congestion Problem 

Figure 2.5: Truck Accidents by Truck 
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Source Offlce of Technology Assessment, Gearing Up for Safety Motor Gamer Safely !n a Competltlve 
Enwonment, OTA SET~382 (Washington, D C U S Government Pnntlng Office, September 1988) 
Based on NatlanaI Accident Sampling System data 
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of construction, heightened environmental concern, and public resis- 
tance to building more highways. For example, revenues from gasoline 
taxes, which support highway maintenance and construction, have 
declined relative to the increase in the number of cars because of an 
absolute decline in fuel consumption, caused in turn by higher prices 
and more fuel-efficient motor vehicles. Increases in the price of petro- 
leum-based products have also increased construction costs, in terms of 
operating and materials costs, such as for asphalt.‘” 

According to the National Council on Public Works Improvement, “we 
have worn through the cushion of excess capacity built into earlier 
investments without making commensurate investments of our own.“” 
It has been estimated that $162 billion in capital improvements will be 
required over a 20.year period to keep up with increasing demand.YX 
Even though the amount of funding available for highway maintenance 
and new construction began increasing in the mid-1980’s, the supply of 
highways is still expected to lag behind demand. One reason for this lag 
has been the cost of improving urban freeways. According to FHWA, some 
states have indicated that their larger metropolitan areas cannot rely 
exclusively on traditional highway construction as a solution to the traf- 
fic congestion problem because of the excessive cost of obtaining rights- 
of-way.‘!’ 

Figure 2.7 compares vehicle miles traveled with capital investments in 
highways and bridges between 1951 and 1987. While growth in vehicle 
miles traveled increased at a fairly steady rate during this period, capi- 
tal highway investment, as adjusted for inflation, fluctuated. Until 
about 1966, it appears that capital investment paralleled the growth of 
vehicle miles traveled. However, during the 1970’s, these investments 
declined precipitously and continued declining until around 1984, when 
they began increasing once again. Between 1984 and 1987, capital 
investment increased 3 1 .F, percent. 

“‘Daniel Nagin and Kant Kao, “Addressing the Highway Funding Cnsis: A Review of Alternatwe 
Petroleum-Related Taxes.” m Strategies to Alleviate Traffic Congestion. proceedings of IT% 1987 
NaLmnal Conference (Washington, DC.. Institute of Transportation Enginrers, 1988), pp. 644-45. 

“NaLmnal Counal on Publir Works lmprnvement. Etagile Foundations, p 1. 

‘“Morris .I. Kathenberg, Yrban Congestion in the IJmted States: What Does the Future Hold’?” p. 387, 
in Strateglcs to Alleviate Traffw Congestmn. proceedings of IT% 1987 National Conference (Wash- 
ington, 1) C : Institute of Transportation Engineers, 1988). 

“‘Federal Highway Admimstration. The Status of the Nation’s Highways and Bridges: Conditions and 
l’wformance and Highway Lh-ldge Replacement and Rehabilitation Program 1989 (Washington, D.C. 
1989), p I-8 
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congestion are difficult to quantify, we believe that they have changed 
its nature and severity. In effect, they have made traffic congestion a 
metropolitanwide problem by expanding the traditional locations and 
occurrences of congestion. 

Suburban Development The migration of population to suburban areas, followed by employment 
opportunities, has placed a new set of demands on streets and highways 
that often exceed their intended capacity. For example, the beltways 
around many cities are clogged with commuters moving between subur- 
ban areas, and delays are increasing on some rural roads leading to sub- 
urban office parks. Lack of highway capacity to serve these new 
demands, along with limited alternatives to private vehicle use in subur- 
ban and exurban areas, has resulted in increasing traffic delays around 
many metropolitan areas. 

Economic Development The decentralization of office locations to urban villages has necessi- 
tated the greater use of private vehicles and the movement of lighter 
freight loads by truck. In addition, changes in production methods and 
communication and more discretionary travel have tended to increase 
the number of vehicle trips made each day. However, the severity of 
local traffic congestion also depends somewhat on the robustness of a 
local economy. Metropolitan areas along the coasts, with economies 
thriving from increased international trade, tend to have more traffic- 
related problems than cities in economic recession. 

Labor Force The expansion of the labor force, as a result of a larger working-age 
population and greater participation of women in the work force, has 
affected the number of commuters and their travel patterns. More com- 
muters have strained the transportation infrastructure, resulting in 
longer periods of recurring traffic congestion. More women in the labor 
force and the growth of part-time employment have tended to fragment 
travel patterns and increase the level of traffic throughout the day. 
Studies reveal that the trip patterns of women differ from those of men 
in that women tend to make more “chained” trips, involving travel, for 
example, to child care centers or shopping areas before and after work? 
The frequency of trips is also increased by the growth of part-time 
employment,, particularly for women. Although these latter changes in 

‘“‘WA Technology and Ihr Amcncan Economic lbwtvm. p. 118, and Dtakin, “Trmsportation in 
Callf”;“ia.‘~ p. 9). 
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Measures of Traffic Congestion 

In order to obtain a better understanding of the severity of the traffic 
congestion problem in metropolitan areas across the country, we 
reviewed the various ways it is measured. We found that the point or 
threshold at which traffic flow on a given facility starts to become con- 
gested can be defined by a number of interrelated measures. Although 
there is no universally accepted way to measure traffic congestion, dif- 
ferent measures are used to explain various dimensions of the problem. 

According to the 1985 Highway Capacity Manual, two concepts are 
involved in the analysis of traffic flow: capacity and level of service.’ 
The capacity of a facility is defined as the maximum hourly rate at 
which vehicles can reasonably be expected to traverse a point or uni- 
form section of a lane or roadway during a given period of time under 
prevailing road, traffic, and control conditions. It is usually expressed as 
vehicles per hour.? The preferred time period for capacity analysis is a 
15-minute interval, which is considered the shortest period of consistent 
traffic flo~.~ 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 sec- 
tion under ideal conditions-that is, flat terrain, 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 service, has been developed in order to 
describe the different traffic flow conditions that may exist on a given 
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 oper- 
ating conditions of the traffic stream in terms such as speed and travel 

‘Transportation Research Road, Highway Capacity Manual, special repart 209 (Washington, D.C.: 
National Research Council, 1985). p 13. Transportation professionals consider this manual a stand- 
ard for conducting capacity and other transportation analyses. 

‘According to the Highway Capacity Manual, road conditions refer to the geometric characteristics of 
the road, such as number of lanes; traffic conditions refer to the distribution of vehicle types and 
directional flow; and control conditions refer to the types and specific design of control devices and 
traffic regulations present I,II a gwtn facibty. A swtion is typically a mile of lane or road 

‘Prior to 1985 revisions to thr Highway Capacity Manual, the preferred time mterval for capacity 
analysis was 1 hour. Howrver. because traffic volumes can vary significantly within an hour, a 
shorter interval is now suggwted for this analysis in order to isolate these variations. 
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time, freedom to maneuver, traffic interruptions, comfort and conven- 
ience, and safety. Figure 3.1 show the proximity between vehicles that 
can be expected on a freeway segment at the six levels of service. 

Prior to 1985 revisions to the 1965 Highway Capacity Manual, the desig- 
nated service level for a lane or road section was primarily measured by 
the average travel speed of vehicles crossing the section and the sec- 
tion’s volume-to-capacity (V/C) ratio. Since 1985, a wider range of meas- 
ures of traffic flow has been used to define levels of service. The 
operational state of a given traffic stream is now defined by its traffic 
density, average travel speed, and service flow rate. Traffic density has 
been emphasized because it more directly relates to the maneuverability 
of vehicles in the traffic stream, which by definition is an important 
consideration in determining the service level of a particular facility. 
Although current standards emphasize density as the primary measure 
for determining a facility’s service level, many state and local transpor- 
tation officials still USC the more traditional V/C measure. 

The 1985 manual defines density, speed, and flow rate in the following 
ways. Traffic density is defined as the number of vehicles occupying a 
lane or road section averaged over time and usually expressed as pas- 
senger cars per mile per lane (pc/mi/ln).j Because the direct measure- 
ment of density is difficult, it is generally computed by dividing the rate 
of traffic flow on a section by the average travel speed of vehicles cross- 
ing the section, which is more easily measured. 

Speed is generally defined as how fast a vehicle is going in miles per 
hour (mph). Since vehicles tend to operate at various speeds in the traf- 
fic stream, an average travel speed is typically computed by dividing the 
length of a lane or road section by the average time it takes a vehicle to 
traverse the section. 

A flow rate is a volume measure that enumerates the vehicles passing 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 vehicles 
observed in a period of less than an hour by the time (in hours) over 
which they are observed. 

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

‘I3ecausr a traffic stream contams trucks, buses, and recreation vehicles, passenger car equivalents 
arc determmed for each type of W~KIP for the traffic and road conditions under study. 
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Basic Freeway Sectionsa Level of service Densityb SpeedC MSFd vp ADT’ DVMTg 
A 12 60 700 035 h h 

6 20 57 1.100 0.54 13.000 11.500 

-.-- C 30 54 1,550 0.77 15,000 13,000 

D 42 46 1,650 0.93 17,000 15,000 

E 67 30 2.000 1 .oo 18,500 17,000 

F 

dFlgures are for a design speed of 70 mph 

“Traffic density in passenger cars per mile per lane 

‘Average travel speed I” miles per hour 

dMaxlmum sewce flow rate I” pasenger cars per hour per lane, all values have been rounded to the 
nearest 50 passenger cas per hour 

‘The ratio of traffic volume IO faclllty capacity 

‘Average daily traffic volume per lane 

“Dally vehicle miles of travel per mk per lane 

“No value?. give” at this level 01 ser”~ce 

‘Highly variable, unstable condlt~ons 

Source Transportation Research Board, HIghway Capacity Manual, spew1 report no 209 (WashIngton, 
D C Nattonal Research Couna 1985). p 3-8, and Timothy Lomax, The Texas A&M Uwerslty System, 
Texas Transportation lnstltute College Station, Texas 

Traffic Congestion 
Thresholds 

From our literature review and interviews, we found 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 small increase in flow at even this service level 
is expected to cause substantial deterioration in service quality. The 
boundary 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 lines 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 country 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 
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rates for freeways range from 700 to 2,000 pc/ph/pl. The American 
Association of State Highway and Transportation Officials recommends 
that urban 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 facility’s maximum service flow rate (formally 
capacity) to derive a ratio of volume to service flow for determining the 
level of congestion on roadways. The volume-service flow ratio 
expresses the relationship between the number of vehicles traversing a 
point or section of roadway over a given period of time and the maxi- 
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 VK 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 .OO 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 for freeways, based on studies that show a break- 
down of traffic flow at this threshold.” Other transportation agencies 
use a v/c ratio closer to 1 .OO 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. Parenthetically, FIIWA'S shift to a vol- 
ume-service flow ratio approach in 1986 may somewhat alter the 1986 
and 1987 points in figure 3.2. 

‘FHWA, The Status of the Nation’s Highways and Bridges: Conditmns and Performance and Highway 
Bridge Replacement and Rehabilitation Program 1989 (Washington, D.C 19R9), p. 111-4. 

“FIIWA, The Future Natxmal Ilighway Program 1991 and Beyond: llrban and Suburban Highway 
Congestmn, working pawr no. 1 iW?‘a?hington, D.C.: December 19873, p 7. 
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became unacceptable 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 
Trenda 70 Percentage ot’freeway Lane Miles Operating at or Above 15,000 Vehicles Per Day 

O- 
1970 1975 1980 1985 

- Congestion Growth Trend 
- - - - Unacceptable Traffic Congestion 

“Unacceptable levels of traffic congestlon begln once 30 percent of the freeway lane miles are operating 
at or above 15,000 veh&!s per day 
Source Timothy Lomax. Duane Bullard, and James Hanks, “The Impact of Decllnlng Mablllty III Major 
Texas and Other U S Cities.” draft research report 431~lF. The Texas A&M Unlverslty System, Texas 
TransportaWn 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 mile per lane. This sys- 
temwide measure is derived by averaging total miles traveled by all 
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 Rullard, and James Hanks, “ The Impact of Declining Mobility m Major Texas 
and Other 1J.S. Cities,” draft research report 431-lF, The Texas A&M IJniversity System, Texas 
Transportatmn Institute, Colleg? Station, Texas, August 1988. 
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Table 3.2: Daily Vehicle Miles of 
Metropolitan Travel Metropolitan area 

Los Angeles, California 

San Francwo-Oakland, Callfornla 

Houston, Texas 

Atlanta, Georgia 

Phoenix, Anzona 

Seattle-Everett, WashIngton 

Dallas, Texas 

San Diego, Callfornla 
Mlaml, FlorIda 
Austin, Texas 

Denver, Colorado 
Mlnneapolls-St Paul, &nesota 

Portland, Oregon 
~~ San Antonio, Texas 

Milwaukee. Wlsconsln 

St LOUIS, MIssour 
Sacramento, Callfornla 

Fort Worth, Texas 

Tampa, Flonda 
~~ Nashville, Tennessee 

El Paso, Texas 

Albuquerque, New Mexico 

Loulsvllle. Kentucky 

Salt Lake City, Utah 

Memphis Tennessee 

lndlanapolis, IndIana 
Oklahoma City, Oklahoma 

DVMTB Rankb 

17,945 1 

16,285 2 

15,970 3 
14,795 4 

14,665 5 
-13,965 6 

13,765 7 

12,935 8 

12,905 9 

12,620 IO 

12,470 11 
12,235 li 

12,045 13 
11,800 14 

11,375 15 

11,320 16 
11,135 ~17 

11,000 18 

10,890 19 

10,625 20 
9,910 21 

9,650 22 

9,475 23 

9,080 24 

8,520 25 

8,405 26 
0.375 27 

Corpus Chrlstt, Texas 8,350 28 
Kansas City, MIssour 7,735 29 

“Dally vehicle miles of travel per mile per lane A study area such as a county or metropolitan area IS 
considered congested when there are 13.000 DVMT on Its freeway system 

“As this study assessed freeway lrafflc flow conditions I” only selected metropolitan areas dominated 
by Texas cltles, it did not present a ranklng of all U S metropolitan areas 

Source Timothy Lomax, Diane Bullard and James Hanks, “The Impact of Decllnlng Moblllty In Major 
Texas and Other U S Cltles draft research report 431~1 F, The Texas A&M Unwerslty System, Texas 
Transportation Instituie, Colley~ St&on. Texas, August 1988 

Traffic Delay 
Measurement 

An important consideration in the measurement of traffic congestion is 
the delay experienced by motorists. Because delay can be considered 
both an effect and a measure of traffic congestion, we have separated its 
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Figure 3.4: 1983-85 Percentage Change 
in Urban and Suburban Freeway Delay= 

Percent Change in Delay 

100 
I-- 

r-7 central SectIon - 
Outlying Sections 

Rural Sections 

dA central section IS the core of an urban area dominated by commercral actrvrtres, resrdentral develop- 
ment, and frrnge businesses Oiltlyrng sectrons combine business drstrrcts and residentral areas that are 
geographrcally separated from the central busrness drstrrct Rural sectIons represent the outermost por- 
trons of the urban area and are COmDrlSed of resrdential and farmrno land uses 
Source Federal Highway Admrnrstratron, The Future Natronal Highway Program 1990 and Beyond 
Urban and Suburban Hrghway Congestron, workrng paper no 10 (Washrngton, DC December 1987). p 
22 

The Application of For general transportation planning purposes, local governments, metro- 

Traffic Flow Measures 
politan planning 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 orgamzations provide local input into federal-aid highway and transit prw 
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) will receive 
federal funds unless it is compatible with the comprehensive transportation plan developed by local 
officials actmg through m&w~nlitan planning organizations in cooperation with the state. 
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this study did not include all metropolitan areas with congestion prob- 
lems; it excluded New York City, for example. 

Another study, conducted by FHWA staff, relied on quantifying total 
urban freeway delay per vehicle miles of travel in order to estimate total 
delay nationwide and to rank 37 large metropolitan areas by the sever- 
ity of their traffic congestion problems. Using the method for calculating 
delay discussed earlier in this chapter, FHWA found that traffic conges- 
tion increased significantly in large and small metropolitan areas across 
the country. In figure 3.4, FHWA showed that between 1983 and 1985, 
traffic delays in 37 metropolitan areas greater than 1 million 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, FIIWA found that over 90 percent of the nation’s congested 
urban freeways were in these metropolitan areas. The results of this 
staff study and other agency-supported studies are being considered by 
FHWA in its formulation of surface transportation policy. Because of the 
potential policy implications of the urban freeway congestion study, we 
review in chapter 4 the model that was used to estimate current and 
future levels of traffic delay. 

Page 49 GAO/PEMD-90-l Traffic Congestion: Trends, Measures, and Effects 



Chapter 4 
Review of FHWA’s Urban Freeway 
Delay Model 

In developing its model, FIIWA made certain assumptions about vehicle 
operating characteristics under both congested and uncongested condi- 
tions. One assumption was that traffic delays occur at speeds of 54 mph 
or less on freeway sections that have corresponding v/c ratios of 0.77 or 
greater. A second assumption was based on the appropriateness of the 
data used to develop a series of traffic profiles to calculate hourly v/c 
ratios. The data to produce these profiles came from 1983 and 1984 
traffic volume counts on interstates 66 and 395 near Washington, DC. 

FHWA created 12 different 24-hour traffic profiles to represent a reason- 
able range of possible daily traffic flows-that is, different peaking 
characteristics-for a given sample section. For example, urban free- 
ways with a low percentage of daily traffic flow during peak hours are 
common in metropolitan areas such as Los Angeles, California, where 
traffic flows are fairly constant. Urban freeways with a high percentage 
of the flow during these periods are typical in metropolitan areas with 
traditional morning and evening rush hours, such as Indianapolis, Indi- 
ana. According to an FIWA official, it was necessary to develop these 
profiles because the HPMS data base contains information on only the 
percentage of the average daily 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. 

Several basic steps are involved in calculating recurring and nonrecur- 
ring freeway delay.? To calculate daily recurring traffic delay per vehi- 
cle per section, the program first generated hourly v;c ratios by 
matching one of the “typical” traffic profiles 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 
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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 
Statisticsa Measure 

Freeway miles 

Vehicle mrles of travel (bllllon) 
Recumng congested vehicle miles of travel (blllron) 

Delay 
Recumng (bllllon vehicle hours) 

NonrecurrIng (bIllIon vehicle hours) 

Total delay (billion vehicle hours) 

Excess fuel consumptron (blllkon gallons) 

User cost fbrllion) 

1984 2005 

15,335 15,335 

276 645 410 987 

31 486 98.280 

0.485 2 049 

0 767 4 a58 

1.252 6.906 

I ,378 7317 

$9 $51 

dNumbers for recumng, nonrecumng. and total delay, excess fuel consumption, and ilser cost have 
been rounded off 
Source Jeffrey Llndley, ‘Urban Freeway CongestIon Quantlf!catlon of the Problem and Effecflveness of 
Potential Solutions,” ITE Journal 57 1 iJanuary 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 7.3 17 billion 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 FIIWA 
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 estllnatr of a 45%pcrwnt increase in traffic delay was based on data that were not as current ZIS 
the data used to derive FIlMA’s l!Wi estimate of a 436.fwcent increase in delay by the year 2006 
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From the results of the model, FHWA staff concluded that urban conges- 
tion is a serious and rapidly growing problem.” Both large and small 
metropolitan areas (under 1 million in population) are expected to 
experience increased congestion, but the rate of increase will be greater 
in the smaller ones. They also noted that the growth of congestion in the 
outlying areas appears to be a barometer of the overall growth of con- 
gestion between 1985 and 2005. 

In addition to the analysis of freeway and nonfreeway delay, FIIWA staff 
used the model to assess five strategies for reducing traffic congestion: 
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 
mobility. FHWA officials noted in their study that no single measure can 
effectively relieve all aspects of congestion and that the levels of reduc- 
tion are affected by both unknown and uncontrollable 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 
will be support for developing technologies to alleviate 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, FIIWA did not consider the effect of new construction 
and major reconstruction because this is virtually impossible to accom- 
plish using HPMS data. 

Methodological 
Review 

From our review, we det.ermined that the urban freeway delay forecast 
for 2005 may be an overstatement for a number of reasons, including 
the way congested travel was defined and the assumptions the study 
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) 
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community. However, this official supported the use of the Washington, 
DC., profiles because, he claimed, they are similar in shape to the 
profiles developed with traffic volume data from interstates near other 
metropolitan traffic. In regard to the K-factors, this official told us that 
although some states may not update their section K-factors as regularly 
as they should, he did not believe that this would significantly change 
the estimates of delay. 

Highway Capacity The model’s assumption of no change in road conditions over a 2 l-year 
period (1984 to 2005), and its resultant failure to incorporate probable 
additions to capacity, suggests that the estimates of future traffic delays 
may be overstated. Failure to consider future additions to capacity has 
the effect of squeezing projected traffic volumes onto existing freeways, 
creating the appearance that congestion will be much worse than antici- 
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. 

Officials at F’HU’A acknowledge that the omission of capacity improve- 
ments produces a worse-case scenario that overstates the problem. They 
t,old us that up to a ‘LO-percent increase in highway capacity 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 building 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 t,o consider drivers’ responses to congested traffic 
conditions may also overstate the problem. The model assumes that as 
congestion levels increase, drivers will still continue to “pile on” and 
that conditions will steadily worsen. According to one reviewer, as free- 
way conditions rhwnge. 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 alternative routes and modes of transportation. 
Although we can assume that there might be some changes in drivers’ 
behavior, determining the effect of behavioral changes on freeway and 
nonfreeway dcla) is problemat,ic. 
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Chapter 4 
Review of FHWA’s Urban Frreway 
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: FHWA’s Model Results Using GAO Alternative Assumptions 

V/C ratio Congested mph Capacity Delay’ Percent change from 
Case boundary boundary assumption Recurring Nonrecurring base condition 

0 077 55 100% 2230 5430 0 
1~ ~~ 077 55 120 1 543 4036 -27 2% 

2. 077 55 125 i ,383 3698 -337 

3~ 0.77 55 140 1 034 2.889 -488 

4 0 85 50 100 2.055 5486 -1 6 

5 0.85 50 120 1413 4.080 -283 

6 0.85 50 125 1 262 3740 -347 

7 0 99 35 100 1435 5702 -68 

8 0 99 35 120 0 978 4240 -31 9 

9 0 99 35 125 0 869 3.887 -379 

‘In billions of vehicle hours 01 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 wth a system we 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. 

FIWA 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, FHCVA 

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 .OO---that is, when traffic flow is unstable at speeds of 
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The Effects of Traffic Congestion 

Through various sources in the literature and in discussions with trans- 
portation officials, we identified three areas potentially affected by traf- 
fic congestion: the economy, the environment, and human stress. Our 
review uncovered limited empirical investigation of the measurable 
effects of traffic congestion on these areas. Although we found some 
evidence that congestion increases business costs, diminishes air quality, 
and raises stress levels, we did not critique the studies supporting these 
claims. Moreover, the lack of broad empirical evidence pertaining to 
these effects may be attributable to the problem of separating traffic 
congestion effects from other factors that may have stronger influences. 

Besides the FInv4 staff study of urban freeway congestion that quanti- 
fied the monetary effect of congestion in terms of user costs and wasted 
fuel, we were not able to identify other studies that attempted to aggre- 
gate these effects or others to the national level.’ The information avail- 
able does, however, provide a framework for understanding the nature 
of these effects and their pot,ential consequences. 

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 values 
on the time and fuel wasted while vehicles are moving slowly or idling 
in congested traffic. While individuals are affected in terms of their own 
wasted time and thrs added costs of operating their vehicles, societal 
costs are associated with the hampering of mobility and the resultant 
losses in economic productivity. For example, delays in traffic can have 
a direct effect on many industries that transport raw commodities and 
finished goods throrrgh congested metropolitan areas or that distribute 
goods within these ar(‘as. 

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 fuel and 
motor oil consumption. For example, the California 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 maintenance costs.’ The 
Texas Transportation Institute, however, estimated the 1986 per capita 
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The Effects of Traffic Congestion 

world marketplace lies in our ability to provide safe, efficient, and low- 
cost transportation for goods and services. New manufacturing and pro- 
duction techniques that depend on the mobility of freight services are 
affected by traffic congestion. According to an OTA report, delays in traf- 
fic reduce mobility and can limit the growth of dynamic production net- 
works based on the “just in time” integration of large and small 
producers in different parts of the country or different parts of a metro- 
politan area.; For example, the Commission on California State Govern- 
ment Organization and Economy has stated that urban areas in 
California are facing such serious traffic congestion that the state’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 suboptimal 
vehicle use. Indirect costs of traffic congestion include increases in acci- 
dents and insurance premiums; the degradation or loss of employee pro- 
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 traffic condi- 
tions affected their businesses in terms of reduced productivity and 
poor employee punctuality and morale, as well as increased employee 
stress8 In addition, about one third of those responding to this survey 
indicated that traffic conditions had an influence on plans to develop 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 trucks 
being delayed on freeways is between $4.2 and $7.6 billion, based on 
estimated vehicle operating costs combined with driver time charges of 
between $30 and $55 hour.” According to these officials, although no 
IJS. study has been conducted on the overall cost of trucking time losses 
within metropolitan areas. translating the results of foreign studies to 
these data would suggest that losses on urban streets, docking areas, 

‘Office of Technology Assessment, Technology and the American Economic Transition: Choices for 
lhe Future. OI’A-TET-283 (Washmgton. DC.: 11,s. Government Printing Office, May 1988), p. 229. 

‘Lomax, Rullard, and Hanks. “The Impacts of Declinmg Mobibty in Major Texas and Other US. Cit- 
LB.” p. 53 This survey was conductted of business leaders primarily from large service, manufactur- 
mg. and constmctmn industrws Approxmmtely 933 of 3,554 leaders responded to the survey 

“Frank Cechini and Bruce Cannon. “” I raffic Congestion,” paper given at the California League of 
Cities meetmg, Federal Highway Admmlstration, Sacramento, California, October 16, 1988, pp, 2.3. 
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Experts indicate that motor vehicles are and will continue to be the 
major source of many atmospheric pollutants, barring any new techno- 
logical breakthroughs or significant shifts in transportation modes. 
Today’s catalytic converters, which significantly reduce emission levels, 
have furthered a trend in reduced emissions for all major air pollut- 
ants.‘> However, in a June 16, 1988, Federal Register, the Environmental 
Protection Agency identified 59 metropolitan areas in the United States 
that did not meet the carbon monoxide standard and 68 that violated 
the ozone standard.ll 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 generally low effect of 
transportation control measures, the downward trends in pollutant 
levels are expected to reverse by the mid-1990’s.‘” 

Adverse Environmental 
Effects 

Motor vehicle emissions, accentuated 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.ll’ 
Some experts claim that a warming trend in the earth’s atmosphere, 
caused by the accumulation of these gases, will eventually affect the 
decisions that American farmers make about what crops to grow. Vehi- 
cle exhaust also emits ozone-producing compounds that are believed 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. Finally, stud- 
ies have shown that highly acidic precipitation, formed when nitrogen 
oxides and unburned hydrocarbons from motor vehicle exhaust react 

’ ‘Today’s c&alytic converters typically reduce hydrocarbon r~mlssions by 87 Jrrrent, carbon monox- 
id? emissions by 85 percent. and mtrogen oxide emissions by 62 percent. 

’ ‘As admmlstrator of the Clean AN Act of 1970, the ;~gency has promulgated iur qwirbty standards 
for the air pollutants that endanger public health. Carbon monoxide and ozone are tw of six critena 
pollutants for which air quabty control regions must attain specifkd standards. 

“David Gushee and Sandra Sic+-Koss, The Hole of Transportation Controls in Urban Air Quality. 88. 
101-S (Washington. D.C.: CongrrssionaJ Research Swvirr. .January 28, 1988). and Gary Hawthorn, 
The Kolc for Transportation Control Meawrcs m thr Post ‘87 Era (Washmgton, D.C. Environmental 
Protrction Agency. 1988). 

“‘About half the greenhonw effect is t hwght to he from the accumulation of carbon dioxide, which is 
genrrated by the burning of fossil fwls such as gasolme m cars 
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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 flexibility 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 cellular 
phones and dictaphoncs to conduct business, and some upgrade their car 
stereo equipment to make the commute more enjoyable. 

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 WA, 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 linked to 
exposure to congested traffic conditions. Although the causes of stress 
and aggression have been studied, most studies have neglected to ana- 
lyze potentially important transportation-related outcomes, such as the 
cumulative emotional, behavioral, and health consequences of travel 
conditions upon the indi\G~ual. 

Aggressive Behavior Recent articles on topics related to traffic congestion in the news media 
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 patterns 
during the week or during the time of day; shooting was also clearly not 
done by rush-hour commuters stuck in traffic jams, for it is precisely the 
anonymity and escape potential of freeways that allows this behavior to 

‘“WA, Technology and the Amerwsn bvnornic Transition: Choices for the Future, @tKTET-283 
(Wa..hington. IX: ITS Govrmm~~~r Printing Office. May 1088). p, 118. CYtY4 noted that m 1.980, only 
10 Jxrcent of all workrrs crnnmr~trd m,,w than 44 mmntrs. 

“Haynw.id ~ovaco. Autonwhitr I)r~vmg and Aggrtwive Behavior F,ffwts of Yuttiplc Dlsinhihltory --- Inilurnres (Irvine, Cahf. I~mwrs~t) of California, J’rogram m Social Ecology, April 1988). 
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Chapter 6 

Conclusions and Recommendation 

The purpose of this review has been to provide the Congress with an 
overview of the traffic congestion problem. The report provides an 
assessment of (1) the major trends that have shaped traffic congestion, 
(2) the various ways traffic congestion is measured and the credibility 
of the estimates of present and future urban freeway delay developed 
by FNWA staff, and (3) some of the potential effects of traffic congestion. 
This assessment is supported by an extensive literature review, inter- 
views with more than 40 transportation officials in 12 congested metro- 
politan areas, and the consultation of 4 transportation experts. Through 
this review, we provide the Congress with a resource document that can 
be used when considering traffic-related issues. 

Conclusions We identified six forces that have shaped the nature and severity of the 
traffic congestion problem. Trends in suburban development, the econ- 
omy, the labor force, automobile use, truck traffic, and the highway 
infrastructure have had significant effects on the magnitude of this 
problem. We found that these forces are not mutually exclusive 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 sub- 
urban activity centers, at major interchanges, and between nonmetro- 
politan and metropolitan counties. We conclude that these forces have 
combined to make traffic congestion a metropolitanwide phenomenon 
and an interjurisdictional problem. 

We identified six interrelated measures that characterize the traffic flow 
for six levels of service on an ordinal scale ranging from A to F. Level- 
of-service A represents the best operating conditions of free-flowing 
traffic, level-of-service F the worst condition of a breakdown in traffic 
flow. The six measures were (1) traffic density, (2) average travel 
speed, (3) maximum service flow rate, (4) V/C ratio, (5) average daily 
traffic volume, and (6) daily vehicle miles of travel. Because traffic den- 
sity values best represent the maneuverability of vehicles in a traffic 
stream, the Transportation Research Board’s 1985 Highway Capacity 
Manual recommends that it be used to establish the level-of-service rat- ~I_ 
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 universally accepted. 
We found that the level of service at which traffic flows are considered 
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caution in using the FHWA model and HPMS data either to quantify the 
extent of the urban freeway and nonfreeway traffic congestion problem 
in given metropolitan areas or to compare metropolitan areas by the 
severity of their freeway delay problems. 

Finally, we found limited empirical investigation of the effects of traffic 
congestion, although some relationships between congestion and higher 
business costs, health and environmental effects, and behavioral 
changes are generally thought to hold. A few studies 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 pollutants 
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 difficult to separate from other 
contributing factors and, therefore, may never be fully quantifiable. We 
conclude, however, that t hc information available 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 of the High- 
way Performance Monitoring System data. Estimates of traffic 
congestion help inform federal and state transportation agencies 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 while the agency is taking aggressive steps to 
assess the present and fui ure 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- .----__ 
fit congestion data to cnsurc that accurate statistics on congestion are 
available for policy decisions regarding freeway mobility. 

In a forthcoming report on federal efforts to improve freeway mobility, 
we have noted the ncccl for information on the effectiveness of federal 
strategies to alleviat.c> t raff’ic congestion. The HPMS data base and related 
analyses are import an ( data sources that can be used to understand and 
assess the effect of frdcral as well state and local actions on the traffic 
congestion problem ( ‘( Insequcntly. careful review and refinement of 
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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 data-gathering efforts 
were completed prior to the issuance of this report and its earlier 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 line 
with what we found through other sources. For example, the report 
highlighted 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 facility and urban popu- 
lation. In addition, we note that this report used daily vehicle miles of 
travel per lane per mile and a V/C ratio (0.85) to measure traffic 
congestion. 
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Expert Review Questionnaire 

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-hour traffic volume 
profiles. In your opinion, how appropriate is this assumption, 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 011 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: 

- vehicle miles traveled, 
- recurring congestion per vehicle miles traveled, 
. recurring delay per million vehicle hours, 
. excess fuel consumption from recurring delay, 
l nonrecurring delay from incidents per million 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? 
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Comments From the Department 
of Transportation 

MS. Eleanor Chelimsky 
Assistant 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 Department of Transportation's 
comments 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, 

Enclosures 
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of Transportation 

Deleted 

-2- 

The GAO review of methodology for assessing urban congestion was 
limited to the methodology advanced by Jeffrey Lindley in A 
Methodolow 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 require 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 
(MT), vehicle miles traveled (VMT), average overall travel 
speed, user costs, and many other factors both now and in the 
future. In contrast to Mr. 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 example of the broad based 
effort to quantify and analyze traffic congestion, we have 
attached a copy of a recent Hiahwav Plannina 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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Major Contributors to This Report 

Program Evaluation 
and Methodology 
Division 

Richard T. Barnes, Assistant Director 
Thomas A. Horan, Adviser 
Penny S. Pickett, Reports Analyst 

Denver Regional 
Office 

Thomas J. Laetz, Project Manager 
Karen R. Ichiba, Deputy Project Manager 
Charles R. Hodge, Evaluator 
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CkxnmentsFromtheDepartment 
nf'kansportation 

- 3 - 

In addition, land use is a factor impacting on congestion that is 
not mentioned. The FIiWA's efforts to develop and improve tfans- 
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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Gxnments From the Department 
of Transportation 

Enclosure 

DeDar'tment of Transportation 

Replv to GAO Report of Auaust 18. 1989, on Traffic Conaestion: 
Drivina Forces, Measures, and ImDacts 

Summarv of GAO Findinas 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 (FRWA) model for estimating 
national trends for traffic congestion, the GAO concluded the 
model represents a positive step toward quantifying the extent of 
urban freeway delay nationwide. However, in its analysis, the GAO 
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. 

SUUnarV Of DeDartment Of TransDortation Position 

We are in general agreement with the recommendations; but we think 
the overall findings tend to place too much emphasis on "staff 
studies" as representative of, or having "potential impactM 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 FHWA 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. 
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Expert Review Questionnaire 

.-- 

12. We are interested in your opinion regarding the policy relevance of 
FHWA'S congestion severity index. For example, is this index an appropri- 
ate measure of traffic congestion and are the relative metropolitan rank- 
ings for 1984 and 2005 consistent with your expectations‘? 
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Our methodological review of the FHWA urban freeway congestion model 
relied on responses to structured review questions that we received 
from four transportation experts and our own research. The four 
experts were selected with the assistance of the Institute of Transporta- 
tion Engineers, an international 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, College 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. 

Theoretical Issues 1. In your opinion, what key theories (statistical, modeling, 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: 

l 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; 

l traffic data: annual average daily traffic (AADT), percentage trucks, K- 
factor, directional factor, capacity, and future AADT. 
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Conclusions and Recommendation 

these data sources could lead to valuable improvements in the quality of 
information available to transportation policymakers as they seek effec- 
tive approaches for improving freeway mobility. 

Agency Comments In the Department of Transportation’s response to a draft of this report, 
it generally agreed with our recommendation but cautioned that studies 
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; t,he confidence it has in the HFJMS 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 patterns have on congestion. In addition, the 
department specifically mentioned an omitted FHWA report that quanti- 
fied conditions of highway supply and use, including measures of 
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 thai have shaped the traffic congestion problem, as 
discussed in chapter 2. 
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to be congested varied among transportation agencies as did their 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 traffic. 
Two major national studies as well as studies conducted by metropolitan 
planning organizations using various measures have concluded that the 
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 policy implications of its 
results. From our review, we believe that the FIIWA 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. 

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 profiles; (3) the assumption of no 
change in highway capacity; (4) the assumption of no change in drivers’ 
behavior; and (5) limitations in the HPMS data used to estimate present 
and future freeway and nonfreeway delays across metropolitan areas. 

By using 1987 data and various combinations of alternative 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 magnitude 
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 assess possible changes in drivers’ behavior, the 
application of advanced technologies to improve metropolitan traffic 
flow, or alternative traffic vohime projections, these factors may also 
alter t,he 2005 urban frc>eway delay forecast. In addition, we suggest 
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The Effects of Traffic Congestion 

occur. Although being delayed in traffic is stressful for some people, 
Novaco believes that, it is this stress alone or with other factors such as 
preexisting habits, alcohol consumption, and the availability of weapons 
that can provoke incidents at other times. 

Physiological Reactions Some studies of automobile drivers have shown a significant relation- 
ship between exposure to traffic congestion and a variety of adverse 
physiological reactions. For example, researchers have reported a signif- 
icant and positive correlation between high traffic volumes and 
increased heart rates, blood pressure, and electrocardiogram irregulari- 
ties.” Studies have also shown that chronic exposure to traffic conges- 
tion, especially 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 cumulat ivcl behavioral and health consequences of chronic 
exposure to traffic conditions.2J 

“LIamel Stokols and Kaymond Novwo, “Transportation and Well-Remg: An Ecological Perspective,” 
p. 89. in Irwin Altman et al.. Transportation and Behavior (New York: Plenum Press. 1981). 

2’Kovaci~. Automobile Dnvmg and Aggressive Behavior, pp. 8 and 9. 
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with sulfur dioxide from industrial plants, is destroying freshwater 
aquatic life and forests throughout central Europe and North America.17 

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 automobile 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 heavily 
traveled urban highways, during periods of peak traffic density, and in 
places where traffic moves s10wly.l~ Carbon monoxide is harmful 
because in restricting the flow of oxygen to the brain, it can impair driv- 
ing performance, 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 potentially 
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 pollutants and health 
effects; however, laboratory experimentation is of little 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. 

‘This ISSIX has recently been revIewed by the National Academy of Sciences, the Environmental 
I’rotectlon Agency. and environmental groups such as the Envmxunental Defense Fund and World 
Watch. 

‘sBecause concentratvms of carbon monoxide drop by a factor of 10 only a few meters from major 
highways, studies show that variations over short distances within a city can be as great as those 
between cities. 

%ster Law and Eugene Seshn. Air Pollution and Human Health, A Resources for the Future Book 
(Haltlmore. Md.: -Johns Hopkins [Jniversity Press, 19771, 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 BeneRts of Air Pollution Control: The Case of Infant 
Health,” .Journal of IJrban Economics, 25 (1989), 32-61. -- 
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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 costs 
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 pollution, motor vehicles 
account for a large share of nearly all the major pollutants found in 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 percent of 
ambient carbon monoxide is generated by automobile exhaust.” Ozone is 
produced in the atmosphere from complex reactions of volatile organic 
compounds, such as reactive hydrocarbons, and nitrogen oxides in the 
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 periodically increases the number of vehicles 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 typical 
speeds on metropolitan streets and congested freeways. They are also 
higher when the vehicle is accelerating or decelerating or idling. In 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 pattern of shor&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.” 

“‘Ximena de ia Rarra Maclknvald. “Health Costs of Traffic Congestion,” draft paper submitted to 
Metropolitan Transportation -2uthority Planmng Department. New’ York, New York, September 30, 
1987, p. 7. 

“Statement of an offlcral at I he IQwovnmental Protection Agency Motor Vehicle Emissions Labora- 
tory, Ann Arbor, Michigan. Svptemlxr 30, 1988. 

“Even generally reliable em~wonh data generated by EPA’s Motor Vehicle Emissions Laboratory 
have been critxized as not rctlecting actual urban driving conditions, such as cold engine starts, low 
speeds, rqud act’eleratlons. Idling, and heavy loads. 
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cost of congestion (user cost and additional fuel cost) at $330, without 
the added cost of higher insurance premiums associated with more con- 
gestion-related accidents, and $400 per capita including the insurance 
adjustments? Indirect costs, stemming from higher accident rates associ- 
ated with driving in congested traffic, added vehicle wear and tear, deg- 
radation in the quality of travel, and higher insurance premiums, are 
more difficult to quantify. In addition, both direct and indirect costs are 
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 orga- 
nizations in Southern California have estimated that traffic delays 
amount to 300,000 to 485,000 hours per day for motorists in the greater 
Los Angeles area. According to a transportation official for Los Angeles 
County, the cost of these hours of delay is valued at over $507 million 
per year.’ The Southern California Association of Governments esti- 
mated the daily cost of recurring congestion in the Los Angeles region at 
over $7 million, using 1984 data and 1987 prices.” Further, FHWA esti- 
mated that traffic delays burn up about 1.4 billion gallons of fuel annu- 
ally and cause over $9 billion in user costs in terms of wasted time and 
fuel. These figures are predicted to grow to 7.3 billion gallons of wasted 
fuel and over $50 billion in user costs by 2005.11 

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. 

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 

~‘Tmwthy Lomax, Diane f3ulliud, and .lames Hanks, “The Impact of Decbning Mobility in Major Texas 
and Other 1T.S Citws,” draft wwarrh rrport 431.If, The Texas A&M LJniversity System, Texas 
Transportatm Institute. Cc,llt.gr St atmn, Texas, August 1988, p. 56. 

‘Rich Richmond. cxecutwe duwtor. Los Angeles County Transportation Commission, National Coun- 
CII on Public Works Ileamg. Los Angeles. *July 29, 1987, as described in Institute of Transportation 
I%gineers. Traffic Cong~%rlorr P’s hi Q‘s (Washington, DC August 16, 1988), p. 8. 

~‘Southem California Assor~at~on of Governments, Congestion m the Los Angeles Region: Costs Under 
l+ltrre Moblbty Strategic. Kwnomic Planning and Development Program (Los Angeles, Calif : 1988), 
II 3 

“.lrffrcy Lindley. “l~rbur t‘ve(wvay Congestmn: Quantification of the Problem and Effectiveness of 
I’otcntKd Slllutlons.” ITI Iorlrnal. 57.1 (.lanlxuy 1987), 29 
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less than 20 mph. Second, as calculating 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 conges- 
tion, a reduction in recurring delay is offset by an increase in 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 of 0.77 
(case 0), but recurring delay is less in the former than in the latter. 

Case 8 represents a combination of assumptions that, when used in the 
model, provide a reasonable alternative 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 436percent 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 metropolitan 
traffic flow. Similarly, it does not consider increases in delay from 
higher-than-anticipated traffic volumes in 2005. 
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HPMS Data Base 
Limitations 

Alternative Analyses 

According to an FHWA official, although the HPMS data base is considered 
to be a statistically sound representative sample of the nation’s free- 
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 validity of the state-supplied esti- 
mates of future traffic volume counts is questionable. According to this 
official, the estimates of future traffic volumes provided by the states 
for 200,5 and 2010 are the most uncertain input item in the model. In 
regard to the other concerns, this official said that efforts were made to 
check the accuracy of the section capacity data and that any problems 
with the two other concerns would not significantly affect the results. 

In addition, because the states have some latitude in the way they sam 
ple their urban freeway sections, actual freeway mileage for a particular 
metropolitan area may be inaccurate. According to one expert reviewer, 
some states are permitted to base the collection 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. 

An t’HW4 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, F’HWA stated that the 
sampling approach California selected may have resulted in an over- 
statement of mileage in the San Francisco area and an understatement 
of milcagc in the Los Angeles area. However, this official told us that 
state data, based on a high rate of sampling, were reliable for developing 
national estimates of urban freeway delay. This official could not make 
this statement for the IIPMS 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 alternative analyses of urban 
freeway congestion using 1987 data and various combinations of alter- 
native assumptions regarding the threshold of congestion and highway 
capacity. The analyses included a range of V/C ratios from 0.77 to 0.99, 
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- 
limitations in the IIPMS data used to estimate present and future urban 
freeway and nonfreeway delays across metropolitan areas. 

Volume-to-Capacity Ratio Although this FHWA model uses a 0.77 v/c ratio and a 54 mph average 
travel speed as interrelated threshold indicators of traffic congestion, 
the ratio is lower than that used by some metropolitan planning organi- 
zations and local governments, particularly the California Department 
of Transportation. These organizations consider a road to be congested 
when its v/c ratio is closer to 1 .OO, with an expected average travel 
speed near 35 mph. According to one of our expert reviewers, a V/C ratio 
of close to 1 .OO is perfectly acceptable and represents a reasonable use 
of the freeway system during peak hours. Also, another reviewer noted 
that it is unrealistic to take a V/C ratio of 0.77 as the point at which 
congestion begins, based on the public’s perception of the problem. On 
congested freeways around Los Angeles, for example, freeways with 
traffic flowing at or above 30 mph are generally not considered con- 
gested (30 mph corresponds approximately to a v/c ratio of 1 .OO j. 

FHWA officials support their selection of V/C ratio and average travel 
speed based on studies it has conducted on interstates across the coun- 
try. In addition, one official told us that the model quantifies congestion 
in terms of the amount of delay drivers experience relative to an ideal 
travel speed of 55 mph. However, he noted that because congestion is a 
qualitative term, others may quantify it differently. For example, some 
transportation agencies from heavily congested metropolitan areas such 
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 mph 
on a given stretch of tuban freeway, the freeway is not considered 
congested. 

Traffic Volume Profiles We believe that the traffic volume profiles used in the model, based on 
Washington, DC., freeway conditions, may not be “typical” profiles that 
could be developed with daPd from other metropolitan areas. As we 
mentioned earlier, FIWA used traffic counts from sections of interstates 
66 and 395 in the metropolitan Washington, DC., 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 FHW4 official acknowledged that the way FH~A developed hourly v/c 
ratios for each section has caused some concern in the transportation 
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Urban area 
Houston, Texas 
New Orleans, LouIslana 
New York, New York 

Index Rank 
1984 2005 1984 2005 

11,112 54,810 1 2 
10,576 27,641 2 7 
8,168 12,282 3 14 

-- Detroit, Michigan 7,757 42,394 4 3 
San Francisco, Callfornla 7,634 18,734 5 10 
Seattle, Washington 7,406 27,523 6 8 
Los Angeles, California 6,376 12,139 7 15 
Boston, Massachusetts 5,538 21,237 a 9 
Charlotte, North Carolina 5,263 76,393 9 1 
Atlanta, Georgia 5,034 11,205 10 18 
Mlnneapolls, Minnesota 4,704 9,529 11 21 
Dallas, Texas 4,630 36,938 12 5 
&folk, Vlrglnla 

~~ 
4,505 9,258 13 23 

Chicago, llllnols 4,501 10,700 14 19 
Denver, Colorado 4,454 8,828 15 20 
WashIngton. D C 4,188 15,160 16 11 

- Hartford, Connecticut 4,111 7,043 17 26 
San Antonlo, Texas 3,938 37,831 18 4 ~~ ~-- 
Pittsburgh. PennsylvanIa 3,216 7,243. 19 25 
San Dlego, California 2,823 5,958 20 28 
Clnclnnati, Ohlo .2,590 6,223 21 27 
Baltimore, Maryland 2,441 15,037 22 12 
Phlladelphla, Pennsylvania 2,421 11,376 23 17 
Kansas City, Kansas 2,347 4,302 24 34 

-- Salt Lake City, Utah 2,132 5,811 25 29 
Columbus, Ohlo --2,099 4,652 26 33 -___ 
Cleveland, Ohlo 2,061 4,099 27 35 

- Sacramento, Callfoma 1,803 8,037 28 24 -___ 
Milwaukee, Wtsconsln 1,724 5,653 29 30 

-‘- Portland, Oregon 1,696 9,372 30 22 ---~~ 
St Louis. Missouri 1,612 4,938 31 32 
Phoenix, Arizona 987 12,717 32 13 
%ovidence, Rhode Island 660 2,617 33 37 
Mlaml, Florida 609 28,549 34 6 
Buffalo, New York 577- 3,983 35 36 
Tampa, Florlda 575 11,870 36 16 
Indlanapolls, lndtana 89 5,148 37 31 

“CongestIon severity index equal? total delay duded by mIllion vehicle miles of travel 
Source Jeffrey Llndley, Urban Freeway CongestIon Quantlflcatlon of the Problem and Effectlvenass of 
Potential Solutions.“ ITE Journal 57 1 (January 1987), 30 Whk these data are based on an FHWA 
freeway delay model, FHWA has waver offlclally publlshed these results 
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occur based on vehicle miles of travel. The more vehicle miles 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 multilane 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 full 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 supplied 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 differ- 
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 in estimat- 
ing dollar effects nationally. A value of $1 .OO 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 of the 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 metropolitan areas greater than 
50,000 population, for small urban areas, and specifically for metropoli- 
tan areas over 1 million in population. National estimates are listed in 
table 4.1 for 1984 and 2005. Estimates for 2005 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 ccnnes from a 1977 American Association of Highway and Trans- 
pwtation Officials’ Red Book for trip delays of between 5 and 15 minutes. This 1977 value was 
inflated using values from thr October 1985 consumer price index 
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We undertook a methodological review of the FHWA model because it is 
uniquely designed to estimate national trends for traffic congestion on 
urban freeways and because of the potential policy implications of its 
results. With the assistance of four transportation experts, we focused 
our review on the theory and computational procedures of the model as 
well as the data used to estimate trends. For example, we looked at the 
model’s assumptions, the use of IIPMS data to quantify traffic congestion, 
and methods for forecasting freeway delay. In addition, we asked FHWA 

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 future traffic levels, FIIWA developed a computer 
model to quantify traffic delay, determine its monetary consequences in 
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 overall HPMS 

data base.’ For freeways, 1983, 1984, and 1985 data were used; for non- 
freeways, only 1985 data were used. The freeway data were used for 
approximately 8,000 sections representing about 15,300 miles 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 system of a 
state and its metropolitan areas through the use of appropriate “expan- 
sion factors” supplied by each state. According to an FHWA official, 
because the section sampling rate for freeways in the HPMS data 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 16 percent, the agency has less 
confidence in the estimates of nonfreeway delay. 

‘Data items used m this study mclndcd mformation on freeway sectIon lengths. number of lanes, 
annual average dally traffic. K-factor (percentage of daily traffic flow occurring dunng peak hours), 
peak-hour directional factory. shouldrr widths. lane widths, and the percentage of trucks in the traf- 
fic flow. 

‘Accordmg 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 50,000 persons) areas. For this 
study. a further breakdown wa made by urban areas with owr 1 million persons, as defined by 
standard metropolitan statist ~(,al ;mx~ 
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methods to measure traffic flow. FHWA also measures traffic congestion 
for project planning purposes; however, the majority of its measure- 
ments are taken for program and policy purposes. 

The only standardized data source to measure traffic conditions and to 
estimate future levels of congestion across metropolitan areas is FHWA’S 

Highway Performance Monitoring System (HPMS) data base. The HPMS 

data base consists of detailed data on road geometry and traffic flow 
and other types of information provided by state highway agencies for a 
national sample of road sectionsI2 Although FHWA requests that each 
state provide certain types of data, the states are given some latitude in 
their sampling approach. 

FH~A calculates national highway needs estimates from the HPMS data 
base. A model is used to analyze these data to determine the present 
condition of the nation’s highways and to estimate future highway capi- 
tal investment needs. Within this effort, FHWA uses these data to esti- 
mate congestion levels on federal-aid roads. In figure 3.2, FHWA showed 
that over a 7-year period, the percentage of all urban interstate miles 
that were considered to be congested increased from 31.5 to 46.7. Con- 
gestion on other urban arterials and collectors during this period, how- 
ever, appears to have remained fairly stable since 1981. 

We identified two studies that also used HPMS data to assess congestion 
problems across metropolitan areas. One study, conducted by Texas 
Transportation Institute researchers and already discussed in this chap- 
ter, relied on a systemwide measure of daily vehicle miles of travel per 
mile per lane to compare traffic congestion levels across selected metro- 
politan areas.” As shown in table 3.2, of the 29 metropolitan areas that 
were compared in 1986, 7 had unacceptable levels of congestion. In addi- 
tion, these researchers found that between 1982 and 1986, all but two 
metropolitan areas showed increases in traffic congestion, based on 
their congestion index values, ranging from 1 percent to 29 percent and 
averaging 12 percent across all areas. As previously noted, however, 

’ “In a 1987 GAO report, Highway Needs: An Evaluation of DOT’s Process for Assessing the Nation’s 
lbghway Needs, GAO:RCED-87-136 (Washington, D.C.: 1987), the HPMS sampling plan and data 
vollcction procedures. along with federal and state editing and control procedures, were found to be 
r~vsonable appnvacbes for developing nationwide Information. 

“‘This study, corlducted bc?wrc.n 19S2 and 1986, assessed freeway and major operating conditions in 
7 Texas cities and 22 other urban arrxs. Data on vehicle miles of travel and lane miles of roadway 
werr collected from a variety of sources to estimate congestion levels. The values for each road sys- 
tem WP~P combined into a congestmn Index used to rank these urban areas on a relative scale. 
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discussion from the other measures.” The 1985 Highway Capacity Man- 
ual defines delay as the additional time experienced by a driver beyond - 
what would reasonably be desired for a given trip. An F'HWA staff study, 
for example, calculated annual vehicle delay nationwide by comparing 
the average travel speed exhibited per sample freeway section to an 
ideal travel speed when free traffic flow is assumed (at 55 mph or 
faster). The difference between average travel speed and free flow 
speed on a given freeway section yields average delay per vehicle. Multi- 
plying this figure by traffic volume for all sections yields a number for 
total vehicle delay per day. Annual delay is then computed by multiply- 
ing this figure by 260 days.11l 

FHWA notes, however, that because the threshold used to indicate the 
beginning of traffic congestion varies among transportation agencies, 
the total hours of vehicle delay may not equal the number of congested 
traffic hours in some metropolitan areas. For example, the California 
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 travel speed used in 
one FHM'A staff st.udy. Figure 3.4 shows the estimates that FHWA made of 
the percentage change in delay between 1983 and 1985 for urban and 
suburban freeways. 

!‘ln chapter 5, we dwuss some of thr wtential consequences of traffic delay in terms of its environ- 
mental, economic, and sor~al rffects 

“‘Although FHWA uses 260 days in its computation, others have used fewer days, taking into consid- 
eration holidays that fall dnnng the work week 
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sections in a study area, which includes both congested and uncongested 
road sections. Table 3.2 shows how this measure is used to quantify rel- 
ative levels of traffic congestion in 7 Texas cities and 22 other cities of 
similar character, excluding cities such as New York and Boston, which 
have higher population densities and transit ridership rates8 In this 
table, freeway systems in metropolitan areas that have more than 
13,000 DVMT per mile per lane are considered nearing a congested state. 
This threshold of congestion also represents the boundary between 
levels-of-service C and D. 

“Other ways in which daily vehicle miles of travel are used to compare the level of congestion across 
metropolitan areas are by per caplta, per 1,000 persons, and per square nules of urban area. The 
Texas Transportation Institute found that changing measures altered the relative ranking of metro- 
politan areas according to the scwrity of their traffic congestion problems. 
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Figure 3.2: Congestion on U.S. Urban 
Road@ 

50 Percentage of Roads With Greater Than 0.7 Volume/Capacity Ratio, by Road Type 

1980 1991 1982 1983 1984 1935 1986 1997 

- Urban Interstates 
- - - - Other Urban Arterlals 

- Urban Collectors 

%nce FHWA shifted away from using volume-to-capacity ratios to volume-serwce ratios in 1986, some 
of the values for 1986 and 1987 may differ slightly from those shown here 

Source HIghway statlstlcs reports for 1980-87 prepared by the Federal HIghway Admlnlstrahon, Wash- 
mgton DC 1988 

Average 
Volume 

Daily Traffic Average daily traffic volume requires an enumeration of the vehicles 
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 collecting them. For an example of its use in 
determining the extent of freeway congestion, the Texas Transportation 
Institute chose an average daily traffic volume threshold of 15,000 vehi- 
cles per lane. We were told by an institute staff person that FHWA uses 
13,000 ADT per lane as a planning tool in determining when a facility 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. 

Figure 3.3 illustrates how this method is used to quantify the growth of 
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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agency uses as its threshold of traffic congestion. The following discus- 
sion illustrates how these measures have been used to describe con- 
gested traffic conditions. 

Traffic Density Values ranging from 12 to 67 passenger cars per mile per lane are used 
to represent maximum allowable 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 
will begin to decline because of the interaction of vehicles in the traffic 
stream. As density continues to increase toward the capacity of the 
facility, the ability 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 typically 
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 facilities 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 city uses an 
average travel speed of 35 mph or less as an indicator of significant 
traffic congestion. FHU’I~ 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 passenger 
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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collectors, local streets, and signalized intersections. For this discussion, 
we concentrate on uninterrupted flow facilities, 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 little 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 on 
the weekend and season. 

Methods of 
Measurement 

Each level of service for a given facility 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 t,ravel (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. 
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Figure 3.1: Levels of Service for a Basic Freeway Segment 

Level-of-service A. 

Level-of-service B. 

Level-of-service D. 

Level-of-service E. 

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

%~rce Transportation Research aoard, HIghway Capacity Manual (Washington, D C Nat,ona, 
Research Council. 1985). p 3 9 
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the labor force may lessen recurring traffic congestion, they tend to 
increase traffic flows throughout the metropolitan area.‘” 

Automobile Use When changes in workers’ access to private vehicles are taken into 
account, along with America’s increasing passion for “personalized” 
transportation, the dramatic increase in the use of private vehicles for 
work commuting is not surprising. A greater availability and use of pri- 
vate vehicles and a decline in the use of alternative modes of commuting 
simply mean higher traffic volumes. And without commensurate 
increases in highway capacity, increasing traffic volumes will continue 
to exacerbate traffic congestion in all metropolitan areas, irrespective of 
their rates of population growth. 

Truck Traffic The increasing number and size of trucks in our metropolitan areas have 
added to recurring congestion problems by occupying more road space 
and taking longer to accelerate in slow-moving traffic. In addition, the 
concentration of heavy-truck accidents during peak periods of traffic 
congestion has aggravated nonrecurring congestion in terms of growth 
and severity. However, it is still unclear how much truck-related delay 
contributes to the overall traffic congestion problem. 

Highway Infrastructure IJntil the late 1970’s, the nation’s highway system contained enough 
excess capacity to accommodate moderate increases in use. However, 
since then the substantial growth in traffic volume, combined with little 
new highway construction, has used up the excess capacity. The inabil- 
ity of the highway infrastructure to handle current demand has 
increased both recurring and nonrecurring traffic congestion, particu- 
larly in suburban areas. As more vehicles occupy relatively stable road 
capacities, recurring traffic congestion becomes more severe and the fre- 
quency of incidents increases. When this is translated into delay, 
increases in traffic congestion are significant. 

“American Association of State Highway and Transportation Officials, “Growing Urban/Suburban 
Congestion.” draft discussion paper, Washington, D.C.. 198% p. 1 I. 
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Figure 2.7: Vehicle Miles Traveled by Capital Investment in Highways’ 
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“Capital rwestmenl I” hlghways was adjusted for Inflaton using appropriate structural and gross 
national product deflators 
Source National Council on Public Works Improvement, Fragile Faundatlons A Report on America’s 
Public Works (WashIngton, 0 C 1988), p 139 Updated data were obtaned from Apogee Research 
Bethesda, Maryland 

Implications for 
Traffic Congestion 

Traffic congestion does not occur uniformly across metropolitan areas; 
it is a metropolitan and regional phenomenon that can occur in many 
locations and on various types of roads. Traffic congestion, both recur- 
ring and nonrecurring, is common in the central business district and on 
links between suburban locations and the core area, and it is increasing 
on roads between suburban locations and between nonmetropolitan and 
metropolitan counties. Both sources of congestion add to traffic delay; 
however, nonrecurring congestion may be a more serious problem. 
Because metropolitan traffic congestion can exist on urban highways, 
access roads, county roads, and local arterials around suburban business 
centers, it has becomta an interjurisdictional problem. 

The six forces shaping traffic congestion have tended to spread traffic 
out across metropolitan areas and to increase both predictable and ran- 
dom delays. Although the measurable effects of these forces on traffic 
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Figure 2.6: Combination-Truck Accidents 
by Time of Daya 

30 Percent of Daily Truck Accidents 

25 
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Time of Day 
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- Total Accidents 
---- Fatal Accidents 

‘The figure shows the percentage of all accidents and all fatal awldents that occur at each t,me ,ntet 
val As a percentage of the total for each category, more fatal accidents occ”r I” the momng and late at 
night than would be expected from the number of accidents, mcludlng nonfatal accidents 
Source Offlce of Technology Assessment, Geanng Up for Safety Motor Garner Safety in a Competifwe 
Enwronment. OTA~SET~382 (WashIngton. DC U S Government Printing Offw September 1988) 

Highway Demand for new highways, accompanying the population and employ- 

Infrastructure Trends 
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 miles 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 

“Sational Council on Ihhhc Works Improvement, Fragile Foundations: A Kepwt un America’s 14rhllc 
Works (Wastashqton. D.C.. IHXX), p 133 
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length per ton increased 30 percent.“” Most heavy commercial trucks 
travel close to 100,000 miles per year and dominate commercial inter- 
state traffic. According to one study, these combination trucks presently 
account for 10 to 12 percent of total urban freeway traffic.” 

The Size and Weight of 
Trucks 

According to an OI‘A report, trucks have become significantly bigger and 
heavier since deregulation, primarily in response to federal legislation 
requiring the states to allow longer, wider trailers and heavier gross 
weights.” The report concludes that because many of the roads have not 
been upgraded in design and capacity, the wider trailers and heavier- 
gross-weight trucks are more difficult to handle than smaller trucks. 
Handling today’s trucks safely through turns, in passing lanes, and on 
ramps has become difficult for even skilled and experienced drivers, 
particularly during urban peak-period traffic congestion. 

Heavy-Truck Accident 
Rate 

The difficulty of maneuvering heavy trucks (over 26,000 pounds in 
gross vehicle weight) through urban traffic has tended to increase the 
likelihood of accidents. According to CfIA, although the number of acci- 
dents involving passenger cars has declined, the number involving 
heavy trucks increased a total of 15 percent between 1981 and 1986, 
reaching an estimated total of 278,322 accidents nationwide.“’ 

The rate of accidents of heavy trucks is also increasing faster than the 
growth in total truck miles traveled. Studies 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 accidents 
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 accidents at night. Figures 
2.5 and 2.6 (on pages 29 and 30) portray these data. 

%L~, Technology and the American Economic Transition, p, 231. 

“Federal Highway Admuustl-ation, I.rbw Traffr Congestion: A Perspectwe to Year 2020 (San Fran- 
~~ECO. Calif : September 198’7). p. l-8 

‘,‘oTA. Gearmg Ilp for Safety, pp. 5 and 85. Accordmg to OTA, existing heavy-truck data and infor- 
mation resources have dcficienws that limit their reliability. In addition, OTA noted that cM)peratwe 
federal and state effons. ~mder the Motor Carrier Safety Assistance Program, may have played a role 
m the sbght drop m thl’ munlwr of heavy-truck accidents that occurred in 1986. 

- ‘Ul’A. Technology and tlw American Economic Transition, p. 406. and Gearmg lip for Safety. p. 103. 
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The Use of Private 
Vehicles 

Between 1960 and 1980, the use of private vehicles for the work com- 
mute nearly doubled, from 43 million users to 83 million users. Pisarski 
notes that since the labor force grew by 50 percent during that 20-year 
period, only half the growth of private vehicle usage can be attributed 
to growth in the number of commuters-the other half was from a shift 
of commuters from other modes of transportation to private vehicles.” 
It has been estimated that between 1970 and 1980, the use of public 
transit for the work commute fell from 8.9 percent to 6.4 percent among 
all commuters, while personal vehicle use increased from 80.2 percent to 
85.7 percent of all commuting modes.‘:’ 

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 mobility. Americans are condi- 
tioned to demand freedom of mobility, a freedom that is enhanced by 
the psychological aspect of driving one’s own car. The “personalization” 
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-truck 
accidents are all factors adding to increased traffic delays in many met- 
ropolitan areas. 

Level of Truck Traffic Changes in inventory policies 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 policies of many manufactur- 
ers have accelerated the demand for speedy, direct truck service. As a 
result, some t,ransportation 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. 

’ ‘Pisarskl, Commuting in America, p. 7 

’ ‘OTA. Technology and the Amrrun Ewnomic Transition, p. 120 

’ ‘OYIA, Technology and the Amcnra~ Eronomlc Transition, p 116 
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Figure 2.3: Trends in Shares of the Labor 
Force by GendeP 
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“Data for 1990 were extrapolated from 1988 esitmates 
Source Bureau of Labor Stai~si~cs WashIngton, D C 1989 

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 will 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 affcctcd the level of traffic congestion. Both the 
growth in vehicle availability and an increased use of private vehicles 
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the number of shorter and more-intensive weekend and holiday vaca- 
tions has magnified travel on roads linking metropolitan areas with 
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 facili- 
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 number of 
women entering thca 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, tot,al 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” int,o 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 the 
total population. For example, while working-age population increased 
36 percent and t,ht> labor force grew 43 percent between 1960 and 1988, 
total population inrreasctd only 27 percent. 
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Table 2.3: Major U.S. Metropolitan 
Population Growth 

Largest population gains 1970-96 

Los Angeles-Anaheim-RIversIde, 
Callfornla 

Statistical 
area 

CMSk’ 

Population (in Annual 
millions) percent 

3 094 1 70% 

Houston-Galveston~Brazoria, Texas” ~~__ 
Dallas-Fort Worth, Texas 

San Francisco-Oakland-San Jose. 
California 

Mlaml-Fort Lauderdale, Florida 
Phoenix, Arizona 

Atlanta, Georgia 

San Diego, California 

Tampa-St Petersburg-Clearwater 
Florlda 

Denver-Boulder, Colorado’ 

WashIngton, D.C -Md -Va 
Seattle-Tacoma, Washlnaton 

CMSA 1 465 3 28 

CMSA 1 303 2 79 

CMSA 1 125 1 34 

CMSA 1 024 2 75 

MSA’ 0 929 4 28 

MSA 0 877 2 65 

MSA 0 843 3 06 

MSA 0.808 3 49 

CMSA 0 609 253 

MSA 0 523 1 00 

CMSA 0 448 1.37 

Orlando, FlorIda” MSA 0 445 4 37 

Sacramento, Callfornla MSA 0 443 2 66 

West Palm Beach-Boca Raton~Delray MSA 0.407 4 95 
Beach, FlorIda 

‘Bureau of the Census designated consolidated metropolitan stattstical area 

l’Metropol~tan areas that would drop oft the list of largest population gains If only the growth rate for the 
last year were considered 

Bureau of the Census designated metropolitan statlstlcal area 

Source Offw of Technology Assessment Technology and the American Economic Transltlon Choices 
for the Future (WashIngton D C 19881, p 192 

Methods of Production and Changes in production methods and communication have decentralized 

Communication operations and increased reliance on trucks and private vehicles. In 
manufacturing, it is rcc*ognized that the emergence of relatively small 
batch production, “,just-in-time” inventory systems, and the growth of 
tightly linked networks supplying goods to retail outlets have 
encouraged the decentralization of activities. These new methods of pro- 
duction tend to favor trucks over slower and less flexible 
transportation. 

Telecommunication advances and the nature of work have also made 
the location of office buildings less dependent on proximity to clients 
and supporting services. Although this change has made it easier for 
businesses to branch out and away from central-city locations, the dis- 
persal of office space has fragmented commuting patterns, necessitating 
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Figure 2.1: Distribution of Growth in 
Commuter Traffic 1960-60 

Suburb to Suburb 

Suburb to Central City 
Source Alan Rsarskl, Commuting I” America A NatIonal Report on Commuting Patterns and Trends 
(W&port, Corm Eno Foundation for Transportatnn, Inc 1987). p 43 

Little is known about travel between metropolitan and nonmetropolitan 
counties. Pisarski noted that from 5 percent to 15 percent of the workers 
commuted to metropolitan areas in more than 700 of 2,400 nonmetro- 
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 metropolitan traffic congestion. By traversing subur- 
ban areas, they added to the suburb-to-suburb commuting pattern and, 
depending on the eventual destination of these trips, they added to traf- 
fic’s moving dowmown, between cities, and from the center city to other 
suburban locations 

Economic Trends Economic trends, including changes in employment base, economic 
growth and distribution, methods of production and communication, and 
the amount of discretionary travel have changed the distribution of 
goods, services, and travel patterns. These trends have affected the 
location and occurrence of metropolitan t,raffic congestion. 

‘I’isarski, Commutmg m America. p. 47 
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rapidly than their metropolitan counterparts in all regions except the 
South. Table 2.1 depicts population growth percentages by metropolitan 
and nonmetropolitan counties for 1960-70 and 1970-80. 

Table 2.1: Population Growth by Regiona 

County population change ~~~~ ~~ 
1960-70 

Northeast 
North 

Central South West Total 

Metropolitan ~ ~ 10.0% 13 1% 22.2% 284% 17.1% 

Nonmetropol~tan 

Adjacent to metro area 

Not adlacent to metro area 

Total 

.~~ 
10 0 44 43 13.3 6.2 
35 -09 0.8 50 1.0 

0.4% 2.0% 2.6% 9.0% 3.9% 

Total 9.8% 9.6% 14.3% 24.2% 13.4% 

1970-80 

~- Metropolitan -1 8% 26% 21 5% 22 1% 10.0% 
NonmetropolItan 

Adjacent to metro area 

Not adjacent to metro area ~~ _~ ~~~~~ 
Total 

13.1 86 19.6 34 4 16.7 

11 8 60 147 28.8 13.8 
12.6% 7.4% 17.3% 31.6% 15.4% 

Total 0.2% 4.0% 20.0% 23.9% 11.4% 

aMetropolltan and nonmetropolltan populations are based on 1980 boundaries 
Source Larry Long and Diana &Are, “The Economic Population Growth in Nonmetropolltan Settings. 
I” Offlce of Technology Assessment. Technology and the American Economic Transltlon Choices for the 
Future, OTA~TET-283 (Washington. DC 1988). p 198 

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 million jobs were in suburban areas, or 
about 35 percent of all metropolitan jobs. By 1980, the number of jobs in 
the suburbs had more than doubled to about 33 million, representing 
nearly half of all metropolitan jobs. According to Alan Pisarski in a 1987 
report on American commuting patterns, 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 metropolitan areas in 1980. 

‘Alan Pisarski. Commuting m America: A National Report on Commuting Patterns and Trends 
(Wcstport. Cam.: Eno Fo’ormdatiorr for Transporthun. Inc. 1987). p. 4. 
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Some constraints, however, limited the scope of our data collection and 
the extent of the review. For example, from necessity, we concentrated 
our literature search on studies regarding the direct effects of traffic 
congestion rather than the broader effects that transportation networks 
have on the environment, the economy, and human stress. We were also 
limited in our ability 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 midcensus 
surveys, they indicate the direction of change but not current 
conditions. 

Our work was performed in accordance with generally 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. 
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ana1ysis.l:’ We searched these systems for metropolitan newspaper cov- 
erage of local traffic congestion problems and empirical studies of the 
potential environmental, economic, and social effects of congestion. 

We developed data collection instruments to collect information 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 metropolitan areas.” We refined the 
instruments before conducting phone interviews with 40 representatives 
from federal, state, and local agencies, as well as experts in academia 
and private industry. In addition, we conducted personal interviews 
with more than 35 cognizant officials in 4 of the metropolitan 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 collected 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 patterns in these data. 

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

’ ‘The primary data retneval systems we examined included DIAIGG, SCORPIO, VU/TEXT, DATA- 
TIME, and LEXIS-NEXIS For some of the data retrieval systems, we looked at several subdirectories. 
Our srarch of these systems generally covered citations over the last 5 yews. 

’ ‘The 12 metropolitan are;ti were Phoenix, Arizona; Los Angeles, California; Denver, Colorado; Wah- 
ington. D.C ; Miami, Florida. Tampa, Florida; Atlanta, Georgia; Detroit, Michigan; Dallas, Texas, Hous- 
ton, Texas: h\ew York, 2’rw York, ;u\d SeatlIe, Washington 

“Lletween August and October 1988. WC &ted Los Ang&s, California; Denver, Colorado; Washmg- 
ton, D.C.; and Detroit. Mwhlgan. 

“‘Our synthesis relied on techmques discussed in GAO, Designing Evaluations. methodology transfeel 
paper 4 (Washington, DC 1 RR4), and The Evaluation Synthesis, Institute for Program Evaluation 
methods paprr 1 (Washmgton. D.C. 1983). 
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load at generally accepted service levels.” A facility’s service level is 
described in terms of the operating conditions within a traffic stream, 
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 con- 
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 
rush hours; however, experiences in some metropolitan 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. 

Even though recurring traffic congestion garners 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 Although state and local governments are primarily responsible for miti- 

Methodology 
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 (‘ongeitwn in the IJmted Statw What Dow the Future Hold’!” Strategies 
to Alleviate Traffic Congc~t~~~~r. proceedings of ITE’s 1987 national ronfwmw (Washmgton. D.C.: 
1988), p. 374 

“‘Allen Cook T H Mazr. and Kong-Shyang .Ju, “Techniques for Managmg Freeway Traffic Conges- 
tion,” Trans&rtation Quxtcrly. 41 4 (1987), 620. 

’ ‘Federal programs to as& local governments in allwriting traffic congestion are dwussed in a 
forthcoming companion GAO report (Traffic Congestion Federal Efforts to Improvr Mobility (GAO/ 
PEMD-90-2). 
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Many transportation experts believe that the efficient movement of peo- 
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 Council on Public Works Improve- 
ment recently found that the quality of the U.S. infrastructure, 
particularly its highways and mass transit systems, is barely adequate 
to fulfill current requirements and insufficient to meet the demands of 
future economic growth and development.1 In addition, some watchful 
observers believe that traffic congestion could become the number one 
transportation problem of the 1990’s and remain so into the 21st cen- 
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 little doubt that traffic delays 
occur in specific locations at recurring intervals in most cities and that 
delays can occur throughout the day across some metropolitan areas. 
And because the level of congestion is relative to where people drive, 
increasing traffic delays have been perceived as a major 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 met,ropolitan areas in the 
IJnited States and in other countries.’ FHWA estimates that metropolitan 
traffic congestion is severe in areas greater than 2 million population 
and starts becoming a serious problem in metropolitan areas of over 

‘Niational Council on Public Works Improvement. Fragile Formdatmns. A Report on America’s Public 
Works (Washington. DC I RR8 i, pp 1 and lj, 

‘Robert Cervem, Suburbu Gndlock (Ilnmsnxk, N..l.: Rutgers Ilmversity Press, 1986). 

‘Federal Highway Admimstrallon, The Future hational Highway Program 1991 and Beyond: Urban 
and Suburban Highway Congestion. working paper 10 (wahington, D.C : December 1987), p, 77. This 
paper 1s part of a senes of I9 ~~apers prclpared by senior FII\KA managers to provide input to federal 
pobcies regarding the future federal highway pn>gram 
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Executive Summary 

GAO’s Analysis 

TX -ends From a review of the literature, GAO 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 

National Congestion Study 
Review 

Potential Effect Areas 

Through an extensive literature review and interviews with transporta- 
tion officials in various metropolitan areas, GAO 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. 
GAO 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 miles of travel, 

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. GAO'S 

review uncovered five areas in which the assumptions made could 
threaten the accuracy and thus the credibility of the forecasts that were 
based on this model GAO 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 assumptions specified by GAO, showed that the model was 
quite sensitive to changes in freeway capacity. 

The information available on potential environmental, economic, and 
human stress effects is limited but does provide a framework for under- 
standing their nature Beyond the FHWA urban freeway congestion study. 
GAO was unable to identify studies that measured the effects of traffic 
congestion nationwidr. In the FBWA staff study, economic effects were 

Page 4 GAOIPEMD90-l Traffic Congestion: Trends, Measures, and Effects 



-- 

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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