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Foreword 

The papers in this Record deal with a broad spectrum of topics relating to transportation 
economics, finance, and administration. The papers are divided into five topics: transportation 
finance, economic analysis, socioeconomic effects of transportation, transportation education 
and training, and the conduct of research. 

The papers on finance address issues of electronic toll collection systems, highway revenues 
and expenditures, the use of congestion pricing on new toll roads, local government ap
proaches to financing highway improvements, regional transportation financing, and evalu
ating THRIFT computer software for financial forecasting. 

The papers on economic and socioeconomic analysis in transportation cover a wide spec
trum of subjects. Among the topics discussed are comparative performance of highway sys
tems, calculating the economic benefits of increased pavement life, investment requirements 
for new urban highway capacity, determining truck system costs on interstate highways, 
relationship between highway infrastructure and economic development, economic tech
niques for predicting pavement life, economic development resulting from interstate and 
coastal highways, implementing electronic toll collection and traffic management systems, 
and road conditions and maintenance input for feasibility studies . 

The third section of the Record is focused on the social and economic consequences of 
transportation improvements. Among the topics presented are effects of elevated rail transit 
systems on house prices, modeling spatial impacts of transportation facilities, growth around 
rural highway interchanges, employment effects of highway investment, and methodology 
for estimating the economic effects of highway improvements. 

In a paper on the subject of education and training, transportation engineering and planning 
education in Europe and the likely direction that it will take in the future are discussed. 

In the fifth section, various aspects of managing research programs are discussed. Topics 
presented include managing technical research, collaborative research programs, and mar
keting transportation technology. 

vii 
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Consumer Responses to Advanced 
Automotive Electronics: User Survey on 
Electronic Toll Collection Systems 

YouNGBIN YIM 

To improve toll collection services, toll agencies in California are 
considering an electronic toll collection system for state-owned 
toll bridges and toll roads. Potential benefits of this system seem 
apparent, yet little is known about how consumers respond to 
the new technology. In October and December 1990, several 
surveys were conducted among San Francisco Bay Area motor
ists. The surveys show that Bay Area motorists are highly recep
tive to electronic toll collection technology. The perceived ben
efits of the technology include reduced traffic congestion at toll 
gates and improved air quality. The surveys also suggest that 
demand for the electronic toll collection service among commer
cial users is more elastic with respect to cost than it is among 
motorists . 

To improve toll collection, the California Department of 
Transportation (Caltrans) is considering an electronic toll col
lection (ETC) system for state-owned toll bridges and toll 
roads. The ETC system may offer significant benefits to both 
the users and the operators of toll facilities. Using ETC, mo
torists would be able to (a) pass through the toll plaza without 
stopping at a toll booth, unless traffic conditions prohibit it, 
(b) avoid cash toll payments on each trip or avoid purchasing 
commute ticket books, and (c) obtain records of all tolls paid 
for business purposes. The societal benefits expected from 
ETC include reduced traffic congestion at toll plazas, reduced 
fuel consumption per vehicle usage, reduced air pollution at 
toll gates , and a reduction of labor and overhead in toll op
eration (1). 

Even though the benefits of ETC are potentially significant, 
how consumers respond to the ETC technology is largely 
unknown. In 1990 the Institute of Transportation Studies (ITS) 
of the University of California at Berkeley, in association with 
GLS Research, conducted several surveys of toll bridge users 
in the San Francisco Bay Area. The study was supported by 
Cal trans. 

The objective of the surveys was to determine the level of 
interest among Bay Area motorists for ETC systems. The 
concerns were (a) the level of demand in subscriptions to the 
ETC service, (b) the preferred types of automated vehicle 
identification (A VI) tags, (c) the preferred mounting location 
or placement of AVI tags on the vehicle, (d) the desired 
method of payment for the ETC service, and (e) the perceived 
benefits of ETC. The surveys included a mail survey of the 
toll bridge users among Bay Area motorists, a telephone sur
vey of mail survey respondents, and a telephone survey of 

Institute of Transportation Studies, University of California, 109 
McLaughlin Hall, Berkeley, Calif. 94720. 

commercial users. The mail survey, conducted in October 
1990, determined the overall interest in subscriptions to an 
ETC service among motorists who use the Bay Area toll 
bridges. The follow-up telephone survey, conducted in De
cember 1990, determined the levels of interest in ETC when 
operational information was provided. A separate telephone 
survey of trucking firms conducted in December 1990 assessed 
commercial users' interest in ETC and their sensitivity to its 
operational aspects. 

In the following paragraphs, discussion begins with a review 
of literature on similar studies. Then the methodology used 
in conducting the surveys is presented, followed by the find
ings of the surveys of motorists and commercial users. 

ETC TECHNOLOGY 

To use an ETC system, a subscriber opens an account with 
the toll agency and obtains an AVI tag, or transponder, for 
the vehicle. The tag is flat, about the size of a candy bar, and 
can be placed either inside or outside the vehicle. Every time 
a motorist passes through a toll plaza, sensors read the tag 
and automatically deduct the toll from the balance in the 
motorist's account. 

A number of ETC systems are currently in operation in 
states such as Texas, Louisiana, Florida, and New York. The 
Dallas North Tollway, operated by the Texas Turnpike Au
thority, has an ETC system covering its entire 14 mi, with 
another 3 mi under construction. One major advantage has 
been an increase in the processing capacity of the toll booths. 
Before implementation of the system, toll booths were pro
cessing 350 to 400 vehicles per hour per lane (2 ,3) . After 
implementation, some toll booths were processing 700 to 750 
vehicles, with approximately 40 percent of peak traffic mo
torists using A VI. The Texas Turnpike Authority estimates 
that dedicating a lane strictly to A VI would result in a pro
cessing rate of 1,200 to 1,500 vehicles per hour. 

The Texas system uses Amtech Corporation's TollTag, which 
employs a radio frequency (RF) technology. TollTags are 
actually small transponders that reflect and modify continuous 
radio wave signals. Readers receive the signals from the RF 
module and transmit the data to a computer or some other 
logging device. The system, operating since 1989, includes 62 
toll stations equipped with coin counting and A VI equipment. 
Amtech Corporation was retained to install and operate the 
system, shifting the liability from the public agency to the 
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private sector. Demand for the service has grown; in April 
1990 A VI represented 13 percent of the transactions on the 
tollway on a weekly basis. During peak periods, 20 percent 
of the traffic used the ETC system. 

The San Diego-Coronado Bridge was the first ETC system 
installed in California. It was initiated in October 1988 as a 
pilot project to test the ETC system and was discontinued in 
1990. The Coronado system used A VI technology developed 
by X-CYTE Corporation. This system was based on acoustical 
wave technology tags that could be read by remote RF readers 
(4). Each RF tag was assigned a unique number of identifying 
the vehicle. An electronic tag the size of a credit card was 
attached to the windshield. The Grosse Ile Bridge in south
west Detroit also uses A VI surface acoustical wave (SAW) 
technology by X-CYTE. On a typical day, approximately 3,900 
(65 percent) of the 6,000 daily transactions on this bridge are 
by AVI. 

The Delaware River Port Authority uses an A VI system 
on its four toll bridges in the greater Philadelphia area. The 
system is manufactured by LazerData Corporation and uses 
an optical laser scanner designed for bar-code reading where 
a wide scan angle or long reading range is required. A bar
coded sticker is attached to the driver's side window. A VI 
patronage on these four bridges during April 1990 accounted 
for approximately 30 percent of the total traffic. 

PREVIOUS STUDIES 

During the past few years, surveys have been conducted by 
various agencies in other states to learn about consumer at
titudes toward ETC technology. These surveys have included 
the Dulles Fastoll by the Virginia Department of Transpor
tation (VDOT), state toll facilities by the Illinois State Toll 
Highway Authority (ITHA), the Oklahoma Turnpike by the 
Oklahoma Turnpike Authority (OT A), the Florida Turnpike 
by the Florida Department of Transportation (FDOT), and 
three toll crossings-the Lincoln Tunnel, Goethals Bridge, 
and George Washington Bridge-by AT/Comm together with 
the Port Authority of New York and New Jersey (PNYNJ) 
(5). Between October 1989 and May 1990, AT/Comm also 
surveyed 54 U .S. and two European agencies to determine 
system designs , market potentials, and pricing structures of 
ETC (6). 

In those surveys, toll agencies were concerned with similar 
issues, such as the level of demand for the ETC system, the 
preferred payment method, and the demographic profile of 
potential patrons of the system. Although the sample sizes 
varied and the return rates differed, similar responses were 
received. In general , the previous surveys suggested that toll 
patrons would be highly receptive to ETC technology but 
would be less receptive to electronic funds transfer (EFT) 
technology. The majority of the survey respondents (from 56 
to 82 percent) expressed an interest in using the ETC system. 
For the toll payments, the respondents still preferred cash to 
credit cards or EFT systems. The EFT method was least de
sired among motorists, possibly because it is not perceived as 
advantageous. The surveys also suggested that toll users would 
expect to keep a minimum balance over $20 to open an ETC 
account and would not mind paying $20 to $25 for the A VI 
tag deposit. 
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As expected, the motorists responding to the surveys were 
mostly commuters who used the toll facilities frequently. In 
the FDOT survey, 82. 7 percent of the trips on the Florida 
Turnpike were to or from work . The AT/Comm study showed 
that 83 percent of the respondents traveling on the Lincoln 
Tunnel and the Goethals and George Washington bridges in 
New York were driving to or from work. The VDOT survey 
showed that nearly 75 percent of the respondents were trav
eling to or from work . 

In the previous studies, more men responded to the surveys 
than women. The respondents were generally between 30 and 
50 years of age , had two or more cars in their household, 
and had an annual household income of between $25,000 
and $75,000. 

METHODOLOGY 

As explained previously, the study was divided into three 
parts: (a) a mail survey of toll bridge users among Bay Area 
motorists, (b) a follow-up telephone survey of the mail survey 
respondents, and (c) a telephone survey of commercial users. 

A major concern was whether or not the samples were truly 
representative. Even though the mail survey questionnaires 
were distributed randomly at toll gates, they were probably 
more likely to be returned by those who had a favorable 
response to the ETC technology. There were no techniques 
that could guarantee truly unbiased returns nor were there 
magic numbers that could completely mitigate biased re
sponses. There were ways, however, in which statistical anal
ysis could be made more rigorous to better control response 
biases. 

At the outset of the study, it was recognized that there were 
at least three ways in which nonrandom samples could be 
generated: (a) distribution of questionnaires, (b) scheduling 
of distribution, and (c) nonresponse. Several approaches were 
used to assess and minimize the impact of these biases. 

First, the results of the study were compared with other 
studies of similar situations, such as the PNYNJ and FDOT 
surveys. 

Second, to control for nonresponse biases, the mail survey 
data were weighted according to the actual traffic volume and 
payment methods of individual bridges. In the Bay Area, tolls 
currently can be paid by several methods, including cash, 
commute tickets, and scrip tickets. Most of the respondents 
said they paid tolls either with cash or commute tickets. Only 
a fraction of respondents (0 .5 percent) used methods other 
than cash or commute tickets . The cash users and commute 
ticket users were evenly divided . However, Caltrans records 
show that the ratio between cash users and commute ticket 
users is 3 to 1, suggesting that commute ticket users may have 
been slightly overrepresented in the sample data. 

Third, for the follow-up surveys, the telephone survey method 
was chosen over the mail survey to provide better control 
over nonresponse biases. The Council of American Survey 
Research Organizations (CASRO) established the minimum 
standard for an acceptable response rate on the basis of the 
upper bound calculation formula . CASRO considers a 60 per
cent upper bound response rate to be acceptable for most 
opinion research applications. The response rate of the tele
phone surveys was over 90 percent. 
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Fourth, the sample size was made large enough to meet 
accepted standards for statistical precision. For example, as
suming an unbiased sample of mail survey responses was ob
tained, 5,000 survey responses would have given an acceptable 
error of no more than ± 1.4 percent at the 95 percent level 
of confidence. This level of precision exceeds commonly ac
cepted standards in public opinion research. 

Mail Survey 

There are a total of eight toll bridges serving approximately 
375,000 Bay Area patrons daily, including weekends. In Oc
tober 1990, 30,000 survey forms were distributed at toll plazas 
during peak and off-peak hours according to the traffic volume 
on each bridge. Of the eight bridges, seven (the San Francisco/ 
Oakland, Golden Gate, Richmond/San Rafael, San Mateo/ 
Hayward, Dumbarton, Carquinez, and Benicia/Martinez) were 
surveyed. Antioch Bridge was excluded because of low traffic 
volume. Carpool, vanpool, and commercial users were also 
excluded because of technical difficulties in distributing ques
tionnaires at toll gates. According to the Metropolitan Trans
portation Commission, 23 percent of the person trips on the 
San Francisco/Oakland Bay Bridge last year were generated 
by carpools and vanpools. 

To increase the response rate, the mail survey questionnaire 
was designed to be short and concise, fitting onto one page. 
The self-administered questionnaire consisted of a short in
troduction to ETC and six closed-ended questions. Names 
and telephone numbers of respondents were solicited so that 
the mail survey could be followed by a telephone interview. 
Three issues were addressed in the mail survey: (a) general 
interest in subscriptions to an ETC service, (b) preference in 
A VI tag types and the placing or mounting locations of tags 
on the vehicle, and (c) travel characteristics of motorists, 
including the frequencies of bridge use and the purposes for 
primary trips. 

The sample size of 30,000 for the mail survey was deter
mined according to an expected rate of return of 15 to 20 
percent. Even with a 15 percent return, the sample size would 
have been large enough to obtain statistically precise data for 
each bridge. The number of survey forms distributed was 
proportional to the annual average daily peak- and off-peak
hour traffic volume. Questionnaires were color-coded by bridge. 

Of the 30,000 survey forms distributed, approximately 6,000, 
or 20 percent, were returned over a 2-month period. The 
highest response was obtained from the Dumbarton Bridge 
(almost 30 percent) and the lowest from the Benicia/Martinez 
Bridge (less than 10 percent). The response rate at other 
bridges ranged from 15 to 19 percent. An overwhelmingly 
large number of respondents (85 percent) expressed their will
ingness to participate in a follow-up telephone survey. Forms 
received after the cut-off date-November 2, 1990-were 
not processed. The number of forms processed was 5,095; a 
sample size of 5,000 was considered large enough to provide 
statistically significant results. 

The returned questionnaires were edited and manually coded 
into categorized variables representing the survey questions. 
A special matrix format was prepared using the StatView 
statistical package. A numerical case number was assigned to 
each survey form after checking for errors. The quality of 
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data entry was also checked after completion of the entire 
matrix. 

Telephone Surveys 

In December 1990 two telephone surveys were completed
one for motorists and the other for commercial users. The 
telephone survey of motorists was conducted to follow up on 
the mail survey. A random sample of motorists was selected 
from the pool of mail survey respondents who had expressed 
interest in the ETC service, and 1,000 telephone interviews 
were completed. 

The telephone interviews consisted of 27 dichotomous and 
multiple-choice questions. These questions were designed to 
determine (a) the level of interest in ETC if tags were per
manently affixed, (b) the preferred tag mounting location for 
permanently affixed tags, (c) an acceptable tag deposit cost, 
( d) the desired method of payment, ( e) the perceived benefits 
of ETC, (f) usage of toll bridges, (g) modes of travel, and 
(h) the socioeconomic profiles of interested toll bridge users. 
The median interview time was approximately 10 min. 

For the commercial users survey, 200 telephone interviews 
were completed with the owners or managers of trucking 
firms. The objective was to estimate the level of interest in 
ETC among current commercial patrons. A random sample 
of commercial users was selected from the list of approxi
mately 1,200 firms that have existing accounts with Caltrans. 
In sampling the commercial user population, the firms were 
classified into three categories-small, medium, and large
according to the size of their accounts. More than 75 percent 
of the firms interviewed were classified as small firms and had 
an account size of less than $1,000 a month. Approximately 
20 percent of the firms interviewed were medium-sized firms 
with an account size between $1,000 and $4,999, and 2 percent 
were large firms that had an account size of $5,000 or more. 
Three percent of the firms interviewed did not respond. This 
distribution matched the actual distribution of all commercial 
accounts with Caltrans. The median length of an interview 
was 7 min. 

Data Analysis 

To estimate the overall receptivity of all bridge users to ETC 
technology, the sample responses were weighted by the actual 
traffic flows at each bridge. The percentage of traffic volume 
on each bridge was computed on the basis of Caltrans 1990 
traffic transaction data. The weighted frequency distribution 
for the overall results on each question in the mail survey 
questionnaire, on the basis of average daily traffic volume, 
was obtained by the following: 

W1a = (~)/(~~) 
rla W1a(n1a) 

7 

Ri. ~ ru 
i=l 
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for each answer to Question 1, and so on. In the expressions 
above, 

w 1a = weighting factor for Question 1 at Bridge a, 
va = annual average daily traffic volume on Bridge a, 
V = total annual average daily traffic volume on all bridges, 

N 1 = total number of sample respondents to Question 1 
at all bridges, 

n1a = number of sample respondents to Question 1 at Bridge 
a, 

Ria = total weighted number of responses to Question 1 
at all bridges, 

r1a = weighted number of responses to Question 1 at Bridge 
a, and 

i = number of bridges surveyed. 

After the sample responses were weighted according to the 
traffic volume on each bridge, the weighted results were 
weighted again according to the actual distribution of com
mute ticket users and cash users . This approach was used to 
control possible nonresponse biases, because commute ticket 
users were considered more likely to respond favorably to 
ETC technology than were cash users. The commute ticket 
information used in the analysis was prepared by Caltrans and 
the Golden Gate Bridge, Highway, and Transportation Dis
trict in 1990. Telephone survey data were not weighted be
cause they represented a unique subset of motorists who ex
pressed an interest in ETC, and comparable population-based 
data were not available. 

FINDINGS OF MOTORIST SURVEYS 

The findings of the motorist surveys are presented in three 
parts: (a) travel characteristics of the toll bridge users among 
Bay Area motorists, (b) interest in using an ETC system, and 
(c) a demographic profile of the bridge users. These findings 
come from the mail and telephone surveys. 

Travel Characteristics 

The mail survey showed that frequent users or commuters 
were overrepresented in the sample data. After weighting the 
survey data according to Caltrans records of toll payments, 
it was found that there were fewer commuters than shown in 
the sample data. The weighted results of the mail survey 
suggested that 46.5 percent of the patrons used toll bridges 
on a daily basis (five or more times a week), 16.9 percent 
used them 3 to 4 times a week, and 36.6 percent used them 
less than twice a week. 

The mail survey also suggested that over half the weekday 
traffic on the Bay Area bridges was generated by trips to or 
from work. The weighted results suggested that work trips 
accounted for 67 .1 percent of the total daily traffic transac
tions. Of the total bridge crossings, 10.3 percent were for 
personal business, 6.5 percent for social and recreational trips, 
3 percent for medical or dental reasons, 2.4 percent for school, 
and 1 percent for shopping trips. Crossings in the "other trip" 
category accounted for 9. 7 percent of the total traffic trans
actions. This travel pattern was fairly consistent on all bridges 
surveyed. 
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Commute tickets were used more frequently by the daily 
bridge patrons than by those who crossed the bridges once 
or twice a week. In the Bay Area, commute tickets could be 
purchased at a discount rate at toll agencies. Discount amounts 
were about 15 percent of the toll charge, although they varied 
from bridge to bridge . For example, the Golden Gate Bridge 
discount rate was 16. 7 percent. The method of payment varied 
slightly among the bridges. On the San Francisco/Oakland 
Bridge, a higher percentage of motorists used cash than on 
the other bridges. On the Golden Gate Bridge, the pattern 
was reversed, with far more motorists using commute tickets 
than on other bridges. 

Ten percent of the telephone respondents used carpool or 
vanpool service on a regular or semiregular basis (more than 
three times a week). Approximately 11 percent used it less 
than twice a week. These respondents were not on the high
occupancy vehicle (HOV) lanes when they received the mail 
survey questionnaires. 

Interest in ETC 

The surveys suggested that Bay Area motorists would be highly 
receptive to ETC technology . According to the mail survey, 
as many as 82.4 percent of the current Bay Area toll bridge 
users would be interested in subscribing to an ETC service. 
However, the follow-up telephone survey suggested that the 
ETC market would be sensitive to the tag types and tag 
mounting locations. If tags were to be permanently affixed, 
ETC interest would drop about 12 percent from the initial 
interest of 82.4 percent shown in the mail survey. 

The interest in ETC varied somewhat from bridge to bridge. 
Respondents traveling on the Golden Gate Bridge showed a 
slightly greater interest in ETC than those traveling on the 
other bridges. The reason could be that there were more 
commute ticket users on this bridge than on other bridges. 
As expected, frequent users were more receptive to ETC than 
were infrequent users. Similarly, commute ticket users were 
more receptive to ETC than were those using cash . Obviously, 
frequent users were more likely to use commute tickets than 
were infrequent users and, consequently, commute ticket users 
or frequent users would be more receptive to ETC than would 
infrequent users . 

An overwhelmingly high proportion (85 percent) of the mail 
survey respondents favored transferable tags over perma
nently affixed tags. The preferred tag type and tag location 
results were fairly consistent on all bridges. For the transfer
able tags , the only option given in the survey was inside the 
windshield. The majority of respondents (82 percent) from 
all bridges preferred a transferable tag placed inside the wind
shield. For permanently affixed tags, three placement loca
tions were considered: (a) outside the windshield, (b) on the 
license plate, and (c) on the underside of the vehicle. If tags 
were to be permanently affixed, 57.4 percent of telephone 
survey respondents said they would prefer to have the tags 
mounted on the underside of their cars. Among the reasons 
were aesthetics and the possibility of vandalism when tags 
were placed in a visible location. 

The telephone survey also suggested that there was a strong 
willingness to support the operational requirements of the 
ETC service. To use an A VI tag, subscribers would pay the 
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toll agency a one-time refundable deposit. The survey showed 
that imposing a tag deposit would not be a major deterrent. 
Nearly 9 out of 10 respondents (88.5 percent) said they would 
be interested in ETC even if a $30 deposit were required. If 
the deposit were reduced to $15, there would be an increase 
of 5.3 percent in interest to 93.8 percent. If it were dropped 
from $15 to $5, an additional 1.7 percent of the respondents 
would be interested in ETC-an increase to 95.5 percent. 

To use ETC, it would be necessary to open an account with 
the toll agency. The minimum amount necessary to open an 
account could be as much as $40. This amount was acceptable 
to 90 percent of the telephone survey respondents. Reducing 
the minimum amount to $20 would increase interest in ETC 
to 95 percent. However, if earnings from the float were an 
important ETC cost recovery consideration, the revenue lost 
by changing the minimum amount from $40 to $20 would 
outweigh the revenue gained from an increase in the use of 
ETC by a ratio of nearly 2 to 1. 

Nearly two-thirds of the telephone survey respondents ( 63. 9 
percent) said cash was their first choice as a method of pay
ment. The second choice was credit card, and the least desired 
method was an electronic transfer of funds from bank ac
counts. 

Seventy-two percent of the telephone survey respondents 
said they would be interested in receiving a monthly log of 
their bridge crossings because the log would be helpful for 
accounting purposes. However, if a $1 monthly fee were charged 
for the service, there would be a 26 percent drop in interest 
to 46 percent. 

Perceived benefits of ETC among the motorists included 
relief of traffic congestion, improved environmental quality, 
and increased safety. Nearly 90 percent of the telephone sur
vey respondents believed that there would be less traffic 
congestion at toll plazas if ETC were implemented (see Figure 
1). Of the telephone survey respondents, 77.5 percent said 
that vandalism would be a problem if the electronic tags could 
be seen (see Figure 2). Conversely, only 7 percent showed a 
strong concern that electronic tags would permit the police 
to track or trace their vehicle (see Figure 3). The general 
perception of the telephone survey respondents (71 percent) 
was that ETC would improve air quality because there would 
be less carbon monoxide produced by vehicles decelerating 
and idling at toll gates. Telephone survey respondents disa
greed (75.2 percent) with the notion that ETC might en-
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courage people to use their cars more often because it would 
be easier to cross the bridges. 

Caltrans is considering discontinuation of commuter dis
counts . If the commuter discounts on toll charges were dis
continued, only half (48.9 percent) of the telephone survey 
respondents said they would still be interested in ETC. Re
spondents might have inferred that commuter discounts would 
still be offered to those not subscribing to ETC. In fact, if the 
commuter discount were discontinued, all motorists would be 
affected. Respondents traveling on the San Francisco/ 
Oakland Bridge were more receptive to ETC without the 
commuter discounts than were respondents on the Golden 
Gate, Carquinez, and Benicia bridges. One reason for this 
response could be that the commuter discounts for those three 
bridges were more than those for other bridges. The Golden 
Gate Bridge discount is $0.33 for a $2 toll charge, and the 
discount on the Carquinez and Benicia bridges is $0.25 for a 
$1 toll . The discounts on other state-owned bridges are $0.15 
for $1 tolls. There was a higher proportion of commute ticket 
users on the Golden Gate (78.1 percent), Dumbarton (59.8 
percent), and Carquinez (52.3 percent) bridges than on other 
bridges. 

The Golden Gate Bridge and the seven other Bay Area 
toll bridges are run by two separate agencies. Therefore, pa
trons would need to open two separate ETC accounts if they 
were to use ETC on all Bay Area toll bridges. Of the 205 
respondents using all eight bridges, 68.3 percent said they 
would not be interested in opening two ETC accounts. Patrons 
of the Golden Gate Bridge appeared to use other bridges 
more frequently than other bridge patrons used the Golden 
Gate Bridge. Although nearly half of the Golden Gate Bridge 
respondents (45.6 percent) said they used other toll bridges 
at least once a month, only 15.1 percent of other bridge re
spondents said they used the Golden Gate Bridge that often. 
No matter how infrequently they traveled on other bridges, 
patrons did not seem receptive to having two separate ac
counts for toll payments. 

Demographic Protile of Users Interested in ETC 

The telephone survey respondents using Bay Area toll bridges 
were in the upper middle or high income group, had a house
hold income of over $30,000 a year, and had two or more 

There will be less traffic congestion at the toll plazas once the ETC system is implemented. 

not sure 5.3% 

strongly disagree 2.5% 

somewhat disagree 4'.11 

somewhat agree 22.4% 

FIGURE 1 Perception about traffic congestion. 
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If the electronic tag is affixed to your car where anyone can see it, people will try to steal it. 

strongly agree 46.6% 

not sure 4.5% 

strongly disagree 6.2% 

FIGURE 2 Perception about vandalism. 

The electronic tag will allow the police to always know where your car is, and that is not good. 

somewhat disagree 25.2% 

strongly disagree 52% 

FIGURE 3 Perception about privacy. 

cars and drivers in the family. On all bridges, a high propor
tion of respondents were in the income group between $40,000 
and $60,000. The median household income of the sample 
population was between $40,000 and $50,000. However, the 
household incomes of respondents appeared to be associated 
with the individual bridge. Respondents from the Golden 
Gate Bridge had generally higher household incomes than 
those from other bridges. Over 30 percent of the sample pop
ulation traveling on the Golden Gate Bridge had incomes 
over $100,000 last year. Overall, respondents traveling on the 
Dumbarton Bridge had higher family incomes than other bridge 
respondents. 

According to the telephone survey, it was estimated that 
the primary users of the Bay Area bridges interested in ETC 
would be between 30 and 50 years of age. The median age 
group was between 30 and 39. The second largest group was 
between 40 and 49. The San Francisco/Oakland, Richmond/ 
San .Rafael, Dumbarton, and Carquinez bridges had their 
highest proportion of respondents in the age group between 
30 and 49. Of the telephone survey respondents, 78.2 percent 
were employed full time, and 3.6 percent were part-time em
ployees. Only 10.9 percent were self-employed. 

Tables 1-9 present the results of this survey compared with 
the results of surveys conducted in other states. (In the tables, 
CDOT refers to Caltrans.) 

somewhat agree 6.6% 

strongly agree 7.2% 

not sure 9% 

TABLE 1 Sample Size 

CDOT VDOT FDOT ITHA OTA 
Distribution 30000 10050 10400 30000 
Return rate 20% 25% 20% 10% 
Sample size 5095 1119 2688 
Year surveyed 1990 1989• 1990 1989• 1989• 
• estimated year where surveys were conducted. 

TABLE 2 Gender of Respondents 

COOT FOOT PNYNJ 
Men 69.4% 56.7% 77.0% 
Women 30.6 42.4 23.0 

TABLE 3 Interest in ETC 

COOT VDOT 
Pos11Jve 82.4% 65.0% 
Negative 17.6 10.0 
Not sure 25.0 
• combined both negative and not sure. 

TABLE 4 Method of Payment 

FOOT 
67.4% 
32.4% 
0.2 

ITHA 
69.0% 
30.o• 

PNYNJ 
12000 
16% 
900 
1990 

OTA 
56.0% 

All of the surveys indicate that demand for ETC is a func
tion of the frequency of toll facility use. The ETC technology 
was most favorably received by those who used the toll fa
cilities frequently. Therefore, it is suggested that ETC be 
targeted at people who commute to work and at commercial 
users who frequently use toll facilities. The Caltrans surveys 

COOT VDOT FOOT PNYNJ 
Cash or check 63.9% 
Credit card 19.7 
Electronic transfer 14.2 
Not sure 1.6 

60.0% 59.6% 
33.4 
7.0 
0.0 

53.0% 
23.0 
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TABLE 5 Minimum Balance for 
ETC Account 

CDOT• PNYNJ 

0 1.7 
$10 1.3 34.1% 
$20 2.7 42.0 
$30 1.3 13.7 
$40 90.0 
$50 103 

*Percentage of respondents desiring 
minimum balance between 0-$9, 
$11-$19, $21-$29, and $30-$39 are 
not indicated above. 

TABLE 6 Tag Price 

CDOT ITHA PNYNJ 

$50-65 4.0% 

$35-50 28.0 47.0%($30-50 with discount toll) 

$20-35 ($30)92% 50.0 

0 48.0 (agency pays for the tag) 

TABLE 7 Trip Purpose 

CDOT FDOT VDOT AT/Comm 
To or from work 67.1% 82.7% 75.0% 83.0% 

Business 10.3 10.1 

School 2.4 1.2 

Medical/ dental 3.0 0.7 
Social/recreation 6.5 3.9 

Shopping 1.0 0.7 
Other 9.7 0.7 

TABLE 8 Trip Frequency 

COOT FOOT PNYNJ 
>5 times/week 46.5% 79.9% 74% 
3-4 times/week 16.9 9.6 
1-2 times/week 18.0 5.6 
<once/week 18.6 4.9 

TABLE 9 Number of Drivers per 
Household 

CDOT FDOT 
0 0.2% 

14.1 19.5% 
2 53.9 57.5 
3 or more 31.7 23.0 

also suggest that demand for ETC among motorists is elastic 
with respect to the types of tags offered. 

FINDINGS OF COMMERCIAL USER SURVEY 

The frequency distribution of the number of tractors or haul
ing units operated by the commercial respondents was fairly 
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well spread out between 1 and 3,500. However, the median 
number of all tractors or hauling units was 10. The frequency 
distribution of the number of all units (including those with 
a vehicle identification number) operated by the firms inter
viewed was spread out between 1 and 7 ,500, but the median 
number of all units was 30. Over 40 percent of the firms made 
bridge crossings between two and five times a day. One quarter 
of the respondents did not know how many crossings they 
made per day. 

Among commercial users, 76.5 percent of the firms inter
viewed expressed an interest in using the ETC system. Unlike 
motorists , the commercial users did not seem to be influenced 
by the types of AVI tags. Rather, their willingness to use the 
system seemed to be closely associated with its cost. When 
asked about permanently affixed tags, interest remained the 
same. However, when asked about the deposit requirement, 
interest dropped. If a deposit were required to obtain a tag, 
only 41 percent of the respondents said they would be inter
ested in ETC and 32 percent said it would depend on the cost 
of the deposit. 

The survey also showed that the commercial users' interest 
in ETC was highly price sensitive. If the cost of the tag deposit 
were $30, only 54.5 percent said they would be interested 
in ETC. If the deposit were decreased to $15, interest 
would increase to 65 percent . If it were reduced to $5, 
interest would increase to 72 percent. To attract commercial 
users, it would be highly desirable to keep the cost of the tag 
as low as possible. 

Two payment methods were considered for commercial ac
counts: prepaid and billed accounts . These accounts could be 
paid in one of three ways: (a) automatic monthly electronic 
funds transfer from a company's bank account, (b) automatic 
monthly charge to a Visa or MasterCard account, or (c) check, 
cash, or money order. If tolls were paid by check, cash, or 
money order , there would be a monthly service charge of $7. 
If they were paid by electronic funds transfer or by credit 
card, there would be no service charge. Between the two types 
of accounts, billed accounts (65 percent) were preferred to 
prepaid accounts (24 percent). Ten percent of the respondents 
were uncommitted. For either prepaid or billed accounts, cash 
payments were preferred. The second choice was an electronic 
transfer of funds from bank accounts. This finding suggests 
that commercial users are not as reluctant as motorists to use 
the automated banking system. 

Every unit in a company's fleet that has its own vehicle 
identification number could have its own A VI tag . For in
stance, a typical tractor-trailer rig is made up of two units : 
the tractor or hauling unit and the trailer. If both units had 
tags, sensors at the toll plaza could read both tags and au
tomatically calculate the total toll charge. Because the toll 
collector would not have to enter the total axles manually, 
drivers would get through the toll plaza faster . However, some 
companies frequently haul trailers that arrive from outside 
the Bay Area . These trailers probably would not have AVI 
tags. If a firm decided to use the ETC system, all of its hauling 
or tractor units would need an A VI tag. Tags for its own 
trailer units would be optional, and many units hauled from . 
outside the Bay Area would not have tags. When asked the 
percentage of all trips that would be made by rigs that were 
not completely tagged (i.e., the tractor or hauling unit would 
have a tag but the trailer unit, or any other unit being hauled, 
would not), 10 percent of the firms interviewed said trailers 
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would not be tagged most of the time. Only 45 percent of the 
firms interviewed said the trailers would be tagged at all times. 
If nearly 55 percent of the trailers were untagged, there could 
be operational problems for toll agencies. 

CONCLUSIONS 

According to the surveys, over 82 percent of the toll bridge 
users in the Bay Area would be interested in using the ETC 
system. If AVI tags were permanently affixed, interest in ETC 
would drop to 70 percent. Most of the motorists interested 
in ETC preferred transferable tags to permanently affixed 
tags, and the preferred tag mounting location was inside the 
windshield. If tags were to be permanently affixed because 
of technological reasons, the most favored location of tag 
placement was the underside of the car. Mounting the tag on 
the outside of the windshield was the least desired location, 
mainly because of vandalism and aesthetics concerns. 

The tag deposit of $30 would be a relatively minor issue, 
and a minimum amount of $40 to open an ETC account would 
also be acceptable to the vast majority of current toll bridge 
patrons. 

Substantial benefits were perceived as being gained from 
ETC in at least two areas: (a) reduced traffic congestion at 
toll gates, and (b) improved air quality. The survey respon
dents were not concerned with tagged vehicles being more 
easily located by the police and did not believe that ETC 
might encourage an increased use of toll bridges. 

Demand among commercial users would also be substan
tial. However, commercial users were more price sensitive to 
ETC operational issues than were motorists. Commercial users' 
interests in ETC was highly elastic with respect to the cost of 
the tag deposit and the method of payment. 
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Highway Finance: Revenues and 
Expenditures 

STEPHEN C. LOCKWOOD, HARRY B. CALDWELL, 

AND GERMAINE G. WILLIAMS 

An overview of the current financing structure for highways is 
provided. Beginning with public-sector financing, the various 
highway-based revenue sources, and revenues from these sources 
that are used for highways, are identified. An analysis of trends 
for some of these sources is given, focusing on highway user 
charges. Expenditures for highways are addressed and disaggre
gated into noncapital and capital outlays. For capital outlays, 
trends are identified and the source of funds by level of govern
ment is shown. A discussion of capital outlay on the federal-aid 
system by level of government and type of improvement follows. 
Finally, a brief discussion of private-sector financing is provided. 
In 1989 the public sector spent $67. 7 billion for maintenance and 
capital improvement of highways. Noncapital highway expendi
tures, including maintenance and operations of highways, admin
istration, highway law enforcement, safety, and debt service on 
highway bonds and notes, were $38 billion in 1989-53 percent 
of all highway expenditures. Capital outlay expenditures by the 
public sector totaled over $33 billion in 1989. The federal gov
ernment funded 43 percent of the total highway capital outlay of 
$33 billion in 1989. Of this total, $25 billion was spent on the 
federal-aid systems. Private-sector financing includes projects 
funded and developed by the private sector; it has been estimated 
that $9.6 billion of highway improvements was financed by the 
private sector in 1989. 

Public-sector financing includes all funding for highways that 
is managed by the public sector, including projects built with 
revenue from exactions, development fees, special district 
assessments, and so on. In 1989 all levels of government to
gether provided $73.6 billion for highway programs. The fed
eral government funded $16.5 billion, the states $36.9 billion, 
and counties, cities, and other local entities the remaining 
$20.2 billion. Federal funds, primarily supplied by the High
way Trust Fund, accounted for 22.5 percent of the total fund
ing for highways in 1989, down from 24.8 percent in 1980. 
The states accounted for half of all funding for highways; a 
ratio unchanged during the past decade. Since 1980 local gov
ernments have almost doubled their funding for highways, 
raising their share of total funding from 25.7 to 27.4 percent. 

Of the total $73.6 billion allocated for highways in 1989, 
$2.4 billion was placed in reserve and $3.5 billion was used 
for debt retirement, leaving a balance of $67.7 billion to be 
spent on highway programs. 

In current dollars, highway spending by all governments 
totaled $10.2 billion in 1960. For 1989 the amount was $67.7 
billion. In constant dollars, highway spending increased from 
$27.5 billion in 1960 to $36.7 billion in 1989. However, as 

FHWA, U.S. Department of Transportation, 400 Seventh Street, 
S.W., Washington, D.C. 20590. 

shown in Figure 1, real annual spending actually declined 
below the 1960 level several times during the 1970s. Since 
1980 constant dollar spending has been increasing almost 
annually. 

In constant dollars, per unit of travel, expenditures have 
dropped by more than half since 1960. Constant dollar expen
ditures per unit of travel increased slowly from 1980 through 
1985 but since then have again begun to decline. 

REVENUE SOURCES FOR PUBLIC-SECTOR 
FINANCING OF HIGHWAYS 

Funding for the $73.6 billion appropriated for highway pro
grams in 1989 came from a number of sources, including user 
charges, general funds and other non-highway-based revenue 
instruments, benefit charges, investments and miscellaneous 
fees, and bond issues. An overview of these revenue sources 
is presented in Table 1. 

User Charges 

User charges are the largest single source of revenue for public
sector financing of highways. User charges are imposts levied 
on owners and operators of motor vehicles because of their 
use of the public highways. These imposts consist chiefly of 
motor fuel taxes, registration fees, driver license fees, weight
distance taxes, titling taxes, other fees closely connected to 
the ownership and operation of motor vehicles, and tolls. For 
this discussion, user charges are grouped into three categories: 
motor fuel taxes, motor vehicle taxes and fees, and tolls. 
Although $54.2 billion was raised from these revenue sources 
in 1989, only $44.3 billion was used for highways. 

Motor Fuel Taxes 

Motor fuel taxes are imposed on highway usage of gasoline, 
diesel, gasohol, and other special fuels, with the largest share 
of revenue coming from gasoline and diesel fuel taxes. This 
revenue source is used by all three levels of government. The 
excise taxes imposed on each type of fuel differ depending 
on the governmental level and jurisdiction. 

Total gasoline excise taxes paid at retail include the federal 
tax (which was 9.1 cents in 1989 and increased to 14.1 cents 
on December 1, 1990), state gas taxes, and any local gas tax. 
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FIGURE 1 Total highway expenditures, 1960-1989. 

The average state gas tax weighted by state fuel consumption 
was 14.19 cents/gal in 1989; it had increased to 15 .76 cents/ 
gal by January 1991. Current state gasoline excise taxes range 
from 7.5 to 23 cents/gal. Some states permit local option gas 
taxes, and local governments have elected to use this option 
in 13 states. 

The federal diesel tax was 15.1 cents/gal in 1989; it increased 
to 20.1 cents/gal on December 1, 1990. The weighted national 
average state special fuel (diesel) tax is 14.76 cents/gal , slightly 
more than the state gasoline tax . 

Total motor fuel tax revenue used for highways was $29.5 
billion in 1989-40 percent of revenues. Federal levies were 
$11.9 billion, states $17.0 billion, and local governments $0.5 
billion . 

Motor Vehicle Taxes and Fees 

This category includes an assortment of taxes and fees on 
motor vehicles and users. Following is a list of most of these 
revenue-raising instruments: 

• Registration fees, 
• Driver license fees , 
• Weight-distance taxes , 
• Motor carrier taxes, 
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•Dealer licenses, 
• Certificates of title, 
• Plate fees or wheel taxes , 
• Sales taxes that apply specifically to motor vehicles , and 
•Personal property taxes levied only on motor vehicles. 

Revenue from these sources used for highways totaled $11.8 
billion in 1989-16 percent of the total. Federal revenue from 
motor vehicles was $2.2 billion , state revenue $9.3 billion, 
and local revenue $0.3 billion. 

Tolls 

States and local governments operate toll systems of all sizes , 
from minor crossings to statewide and regional toll transpor
tation systems. At present, 29 states operate 37 toll roads and 
44 toll bridges. In addition, 20 county and 27 municipal toll 
facilities, mainly bridges, exist nationwide. Toll facilities pro
vided $3.01 billion for highway financing in 1989. State toll 
facilities generated $2.50 billion, and local toll facilities pro
vided $0.51 billion. 

Total Revenues from User Charges 

Total revenues used for highways from user charges in 1989 
were $44.3 billion, or 60 percent of all revenues used to fi
nance highways. This amount is the same share of highway 
investments financed from user charges in 1987. Reliance on 
user charges as a source of revenues reached a peak of 73 
percent in 1964. 

Non-Highway-Based Financing 

Non-highway-based financing includes revenue instruments 
that have little or no direct connection with the highway user 
tax base. In some cases, these imposts provide dedicated rev
enues for highways. However , most of these revenues are 
placed in the general fund and are subsequently apportioned 
for highways. The most frequently used revenue instruments 
in this category include general taxes on property and sales 

TABLE 1 Revenue Sources for Public-Sector Financing of Highways, 1989 

Revenue source 
User Charges: 

Motor Fuel Taxes 
Motor Vehicle Taxes 
Tolls 

Subtotal 
General Funds and Other Non- Highway 

Based Revenue Instruments 
Benefit Charges: 

Property Taxes and Assessments 
Other Taxes and Fees 

Subtotal 
Investment Income and Miscellaneous Receipt~ 
Bond Issue Proceeds 
Total 

Note: Revenue values are in billions of dollars. 
Source: Highway Statistics, 1989, Table HF - 10. 

1-eaera1 State 

11.92 17.03 
2.20 9.32 

- 2.50 

14.12 28.85 

0.99 1.52 

- -
0.07 1.37 

0.07 1.37 
1.36 2.09 

- 3.06 
16.54 36.89 

LOC81 1otal Percent 

0.54 29.49 40% 
0.32 11.84 16% 
0.51 3.01 4% 

1.37 44.34 60% 

8.95 11.46 16% 

4.54 4.54 6% 
1.01 2.45 3% 

5.55 6.99 9% 
2.33 5.78 8% 
2.00 5.06 7% 

20.20 73.63 100% 
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and the income tax. Local governments rely most heavily on 
non-highway-based revenue sources to finance their highway 
programs. 

Although most of these revenue sources have no specific 
connection with the highway tax base, some, including general 
sales taxes that apply to motor fuel and vehicles and personal 
property taxes that apply to a range of personal property 
including motor vehicles, are sometimes considered highway
based revenues. In Table 1, any revenues that cannot be 
attributed to the other revenue categories are assumed to 
come from this source. 

Benefit Charges Including Private Cost Sharing 

Benefit charges include charges on activities, usually related 
to land use, that derive a benefit from highways. Following 
is a partial list of revenue-raising instruments considered to 
be benefit charges: 

• Real property taxes imposed by single function highway 
districts, 

• Assessments levied for construction and maintenance of 
roads and streets or for local debt service, 

• Impact fees, and 
• Severance fees imposed to compensate for the impact of 

the extraction activity on highways. 

The term "benefit charge" implies a requirement to pay. 
Although not specifically a benefit charge, voluntary contri
butions from private property owners of land for right-of-way 
or cash against the cost of a new public facility are also con
sidered benefit charge revenue. Contributions from private 
property owners are variously referred to as donations, ne
gotiated contributions, developer agreements, and exactions. 

The first three revenue-raising instruments listed are a form 
of institutionalized cost sharing. Local governments (often 
with required state support) raise funds for specific transpor
tation improvements through systematic and simultaneous cost 
sharing with multiple private parties whose properties are 
directly served by a transportation improvement. 

In contrast to the ad hoc and usually extremely localized 
contributions or exactions, these methods require the estab
lishment of a systematic and equitable assessment process 
within a specific area (district). The specific group of property 
owners who will benefit directly through transportation 
improvement-induced changes in economic activity (includ
ing property values) is assessed. 

Three models are typically used in the United States: 

•Benefit Assessment Districts. Periodic earmarked fees for 
transportation that apply to new development in the highway 
environment. 

• Tax Increment Financing. Property value increases that 
apply to all property owners in a transportation-affected area. 

• Trafficlmpact Fees. Fees required of property developers 
on the basis of specific development attributes and applied as 
a condition of development. 

Funds from direct beneficiaries are thus generated to help 
pay for public projects that would otherwise place a burden 
on a local jurisdiction's general tax base. 
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Funding for projects built by the private sector and turned 
over to a governmental jurisdiction after completion, with no 
impact on either the jurisdiction's revenues or expenditures 
for highways, is not included . Funding for these types of proj
ects is considered private-sector financing and is discussed 
separately. 

These revenue instruments are used primarily at the local 
level and are difficult to quantify. According to highway sta
tistics data collected from the states, at least $4.5 billion was 
raised from property taxes and assessments and $2.5 billion 
from other taxes and fees. 

Investments and Miscellaneous Fees 

By investing highway funds until needed, many highway agen
cies are able to realize interest income or profit on the pur
chase and sale of securities. Other miscellaneous income in
cludes rentals and permit fees. Revenues from this source 
used for highways were $5.78 billion in 1989, or 8 percent of 
total revenues-the same share of total revenue as in 1987. 
This revenue source is used by all levels of government. 

Bond Issues 

Proceeds from bond issues used for highways were $5.0 billion 
in 1989. State agencies raised $3.1 billion and local govern
ments $2.0 billion. Revenue from this source was 7 percent 
of the $73.6 billion allocated to highways in 1989-the same 
as in 1987. 

Highway-Based Revenues Compared with Non
Highway-Based Revenues Used for Highways 

Highway-based revenue sources include most bond issues, 
investments and miscellaneous fees, user charges, and benefit 
charges. Together they provided approximately $62.16 billion 
(84 percent) of the revenues used to finance highways in 1989. 
If revenues from general taxes on property and sales imposed 
on motor vehicles and motor fuel were included, the share of 
revenues used for highways derived from highway-based rev
enue sources would be higher. Non-highway-based revenue 
sources provided approximately $11.47 billion (16 percent). 

REVENUE TRENDS FOR SELECTED HIGHWAY 
USER REVENUE SOURCES 

This section contains an analysis of trends in revenue gen
erated by various user charges from 1960 to 1989. In addition 
to overall trends, trends in revenue per vehicle mile of travel 
(VMT) and per vehicle are considered for motor fuel tax 
revenue and motor vehicle revenue, respectively. 

Federal Motor Fuel Tax Revenue Trends 

In 1989 federal motor fuel taxes generated $13.5 billion in 
revenues for the Highway Trust Fund; $11.9 billion of this 
revenue was spent on highway improvements. Since 1960 rev-



14 

enues from federal motor fuel tax revenues used for highways 
have increased by $9.6 billion in current dollars and $0.3 
billion in constant dollars. Constant dollar revenues from this 
revenue source reached a peak of $6.9 billion in 1966. The 
low point in constant dollars for revenue from this source, 
$2. 7 billion, was reached in 1980. 

State Motor Fuel Tax Revenue Trends 

In 1960 state motor fuel taxes raised $3.3 billion for highway 
use . By 1989 the yield was $17.0 billion , or 5.2 times greater. 
The gain in revenue resulted from the compounding effects 
of a doubling in motor fuel consumption (2 .3 times) and state 
tax rates (2.4 times) . However, inflation in highway construc
tion has dramatically reduced the productivity of the state 
motor fuel tax dollar, resulting in a constant dollar yield in 
1989 of $9.2 billion-only $0.4 billion more than the 1960 
yield. 

Current revenue from state motor fuel taxes used for high
ways has increased almost annually since 1960. The rate of 
increase, however, slowed from 1973 to 1980. When expressed 
in constant dollars, revenues from this source actually de
clined during this period. Since 1980 real revenue has again 
increased almost annually , as it did from 1960 to 1973, because 
of lower inflation and the increase in state motor fuel tax 
rates. 

Federal Motor Vehicle Tax Revenue Trends 

Total motor vehicles registered in the nation reached 192 
million in 1989. Revenues from vehicle registration used for 
highways were $2.2 billion in 1989, compared with $0.6 billion 
in 1960. Current dollar revenues reached a peak of$2.4 billion 
in 1979, with a per-vehicle revenue of $15 .27. Per-vehicle 
revenue in 1989 was $11.48 . 

In constant dollars, revenues from this source have declined 
since 1960, with a low of $0.9 billion being reached in 1983 
and 1984. The constant dollar revenue peak of $3.1 billion 
occurred in 1969. 

State Motor Vehicle Tax Revenue Trends 

Taxes on motor vehicles produced $15.5 billion in total rev
enue for the states in 1989; of this , $9.3 billion was used for 
highways. Current dollar revenue raised for highways in 1989 
was more than six times that of 1960, resulting from the com
bination of an increased number of vehicles (73 versus 192 
million) and an increased average fee per vehicle. Together 
these two factors overcame the effect of inflation in highway 
construction, resulting in a real increase in revenue from this 
source of approximately '$1 billion from 1960 to 1989. How
ever, constant dollar revenues actually declined below the 
$4.0 billion level reached in 1960 for several years during the 
1970s and early 1980s, with a low of $3.2 billion in 1980. 

Toll Revenue Trends 

In 1989 state and local revenue used for highways from road 
and crossing tolls was $3.0 billion in current dollars and $1.6 
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billion in constant dollars . Since 1960 toll revenues have in
creased 22 percent in constant dollars; however , this increase 
has not been steady. From 1960 to 1972, constant dollar toll 
revenues generally increased, reaching a high of $1.8 billion 
in 1972. From 1975 to 1980, revenues declined. Since 1980 
constant dollar revenues from tolls have increased 61 percent, 
from $1.0 billion to $1.6 billion, but remain Jess than constant 
dollar revenues in 1972. Toll revenue as a share of total rev
enue for financing highways was 4 percent in 1989-the same 
as in 1960. 

User Charge Revenue Trends 

Total revenues from user charges in current dollars have in
creased from $8.4 billion in 1960 to $54.2 billion in 1989 and 
in constant dollars from $22.8 billion in 1960 to $29.4 billion 
in 1989. Constant dollar revenues from this source reached a 
peak of $29.4 billion in 1969 (see Figure 2). A gradual decline 
in revenues accelerated in the early 1970s-between 1973 and 
1974, real revenue dropped approximately 25 percent. The 
low point in constant dollar revenues, $15.8 billion, was reached 
in 1980. 

Annual constant dollar revenues per vehicle from user charges 
were $306 in 1960 and $154 in 1989. Annual per vehicle user 
charge revenues peaked at $308 in 1964 and reached a low of 
$103 in 1981. 

However, not all revenues raised from highway user charges 
are used for highways . In current dollars, user charge revenues 
used for highways were $8 .1 billion in 1960 and $44.3 billion 
in 1989. Comparable revenues in constant dollars were $22.0 
billion in 1960 and $24.7 billion in 1989 (see Figure 3) . 

Annual constant dollar revenues per vehicle used for high
ways from user chargers were $295 in 1960, the high for the 
period , and $125 in 1989. Annual per vehicle user charge 
revenues used for highways reached a low of $85 in 1980. 

In 1960, 3.5 percent of constant dollar revenues from user 
charges was not spent on highways. By 1989 the percent of 
revenues being diverted from use for highways had increased 
to 16 percent. 

HIGHWAY NONCAPITAL EXPENDITURES AND 
TRENDS 

This section presents a brief overview of noncapital highway 
expenditures from 1960 to 1989. Noncapital highway expendi-
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FIGURE 3 Total revenues used for highways from user 
charges, 1960-1989. 

1989 

tures include maintenance and operations of highways, 
administration, highway law enforcement, safety, and debt 
service on highway bonds and notes. The noncapital highway 
bill for the public sector was $38 billion in 1989, or 53 percent 
of all highway expenditures (see Table 2). 

Maintenance and Traffic Services 

The most expensive noncapital highway activity is roadway 
maintenance and operations. Maintenance costs include rou
tine and regular expenditures required to keep highways in 
usable condition (such as patching repairs, bridge painting, 
and other maintenance-of-condition costs) and traffic service 
costs (such as snow and ice removal, pavement marking, signs, 
signals, litter cleaning, and toll collection expenses). Expendi
tures for maintenance and traffic services are not eligible for 
federal aid. 

A total of $19. 7 billion was spent by state, county, and 
municipal governments in 1989 to keep roads and streets in 
serviceable condition. The 1989 maintenance and operation 
spending was 7.5 times that of 1960 and continues to account 
for about one-fourth of all highway costs. 
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Administration and Safety 

Both highway administration and highway safety expenditures 
have experienced substantial growth over the past three dec
ades. Spending for administration, including highway plan
ning and research, in 1989 was more than 11 times that of 
1960, and its share of all disbursements was up from 4.6 to 
7.5 percent. Highway safety expenditures have grown the 
most, with a 20-fold increase since 1960. Highway safety now 
commands 9 percent of all spending, compared with 3 percent 
in 1960. 

Debt Service 

Highway debt service cost is the only noncapital highway cost 
showing a reduced share of total outlays. The sum of interest 
on debt and the annual redemption of bonds accounted for 
9.5 percent of all costs in 1960, but debt service required 8.9 
percent of all disbursements in 1989. 

HIGHWAY CAPITAL EXPENDITURES 

Highway capital expenditures are those outlays associated 
with highway improvements, including land acquisition and 
other right-of-way costs; preliminary and construction engi
neering; new construction, reconstruction, resurfacing, re
habilitation, and restoration costs of roadways and structures; 
and installation of traffic service facilities such as guardrails, 
fencing, signs, and signals. All of these expenditures are el
igible for federal aid. 

Governments spent a total of over $33 billion on capital 
outlay in 1989 (see Table 2). In 1960 capital expenditures 
accounted for 58 percent of all highway spending; for 1989 
the share was 47 percent. For every 1,000VMTin1989, $15.80 
was spent on highway capital improvements. 

Capital Expenditures for Capacity and Preservation 

Capital spending on highways can be differentiated on the 
basis of whether it adds additional capacity or preserves ex-

TABLE 2 Disbursements for Highways by Functions for Selected Years, All Units of Government 

Highway 
Maintenance Adminis- Patrol Interest Subtotal 

Capital and tration, and on Current Debt 
Year Ou1Jav Ooerations etc. Safetv Debt Disbursements Retirement Total 

1960 6 ,ciu 2,040 41:!3 327 420 10,ltiU DUI lU,761 
1964 8252 3.060 684 474 515 12,965 752 13,737 
1968 i:D,346 4,003 1,017 940 606 16,912 1 071 17963 
1972 12,275 5443 1,600 1 671 950 21939 1 270 23209 
1974 13102 6,573 1,857 2,061 1,079 24,672 1,445 26,117 
1976 13,927 7,735 2,209 2633 1,234 27,738 1,567 29305 
1978 14 938 9785 2590 3160 1 368 31 841 1 593 33,434 
1980 20337 11,445 3022 3824 1456 40084 1 711 41,795 
1981 19 734 12165 3439 3884 1 202 40424 2464 42888 
1982 19052 13319 3152 4068 1,690 41,281 2,046 43327 
1983 20,224 14240 3347 4,309 1,872 43992 2172 46164 
1984 23123 15,008 3 604 4937 1 641 48,313 2411 50,724 
1985 26,647 16,589 4174 5241 2,148 54 799 2137: 57,536 
1966 29179 17,643 4,677 5,549 2,505 59,553 2793 62346 
1987 30674 18152 4 973 5962 2,788 62549 2,685 65,234 
1966 32,883 19,110 4,961 6,108 2,773 65,635 2,755 68,590 
1989 33274 19679 5,380 6453 2871 67657 3478 71135 

Note: Values are in millions of cfollars. 
Source: Hioh"""" Statist ics, HF - 12, various years, and HF - 10, October 1990. 
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isting physical conditions. Capacity improvements include re
construction with added lanes and wider lanes, and major 
widening as well as new construction on new right-of-way. 
Preservation improvements include pavement reconstruction, 
resurfacing with shoulder or alignment improvements, and 
resurfacing. As shown in Table 3, capacity improvements ac
count for 53 percent of spending on nonlocal roads; preser
vation improvements account for 47 percent. 

Highway Capital Expenditure Trends 

Highway capital outlay by all units of government has grown 
from $6.3 billion in 1960 to $33.3 billion in 1989 (see Figure 
4). In constant dollars, today's spending is comparable to that 
of the 1960s. The constant dollar low point in capital spending 
for highways during this period was the $12.5 billion spent in 
1980. After 1980 capital outlay increased in constant dollars 
until 1987, reaching a plateau in the past few years. 

Total highway capital outlay per mile of travel has almost 
doubled since 1960 in current dollars but is down over 60 
percent in constant dollars. Inflation increased highway costs 
nearly five-fold from 1960 to 1989, and real highway spending 
dropped from over $23 per 1,000 VMT in 1960 to $8.58 per 
1,000 VMT in 1989. Since 1980 relative price stability, along 
with a 64 percent increase in current highway capital spending, 
resulted in a modest growth in real spending per unit of travel. 
Still, today's real spending per mile of travel is less than half 
the 1960 level. 

Capital Financing by Level of Government 

By law, federal-aid program funds have been legislatively 
restricted, or earmarked, for capital improvements only. Al
though the amount spent by state and local governments for 
capital improvements is known, the source of these funds 
cannot be accurately determined because they are not nec
essarily earmarked. The analysis in this section is based on 
the assumptions that (a) all federal funds are spent on capital 
outlay and (b) the rest of the funding for capital improvements 
comes from state and local own-source revenues. No attempt 
is made to differentiate between state and local revenue sources 
for capital improvements. 

TABLE 3 Spending by Major Improvement Categories on 
Nonlocal Roads 

P.llalo(fmnrovement cateaorv Percent 

Svstem Performanc~ 

Pavement and safety improvements on arterials and collectors 24% 

Bridge replacement/rehabilitation on arterials and collectors 16% 

Operational improvements to arterials and collectors 6% 

Capacity Improvements 

Capacity additions to arterials and collectors 25% 

New hiahwavlhridne construction to arterials and collectors 29% 

Total 100% 
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FIGURE 4 Highway capital outlay for all units of 
government, 1960-1989. 

Federal Government 

The federal government provided funds for 43 percent of the 
total highway capital outlay of $33 billion in 1989 (see Figure 
5). With the exception of approximately $1 billion provided 
by other federal agencies, all of these funds came from FHW A. 
The federal share of highway capital outlay in 1989 was down 
from a high of 56 percent in 1980. After the 5 cent/gal increase 
in the federal gas tax took effect, the federal share was 55 
percent in 1985; since then it has been going down. The cur
rent federal share of 43 percent replicates its 1970 level. 

State and Local Governments 

State and local governments supplied over half of all funds 
for highway capital improvements in 1989, as they did during 
the period from 1960 to 1975. The combined state and local 
share of capital outlay gradually declined during the late 1970s 
before leveling off at approximately 45 percent during the 
early 1980s. Since 1985 the state and local share of capital 
outlay has been increasing annually. 

60% ••• 60" • • - .. .. . ............ .... . ........ . ... . .. .. .. .... .... . . ,. •• 

40% 

1960 1965 1970 1975 

Year 
1960 

~ Federal ~ State & Local 

1965 1990 

FIGURE 5 Highway capital outlay by level of government. 
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HIGHWAY CAPITAL OUTLAY ON FEDERAL-AID 
SYSTEMS 

The federal-aid system consists of those roadways that are 
eligible for federal aid. The federal-aid highway system is 
divided into four administrative classifications: Interstate, pri
mary, secondary, and urban . Although all roads that are func
tionally classified as arterials or collectors are eligible, a road 
becomes part of the federal-aid highway system only when it 
is designated by a state. Total capital outlay on federal-aid 
highway systems is estimated to account for $25 billion of the 
$33 billion expended for capital outlay in 1989 (see Table 4) . 
On the basis of state expenditure data only, capacity im
provements account for 54 percent of these expenditures. This 
amount is comparable to the 53 percent spent on capacity 
improvements on all nonlocal roads . Highway capital outlay 
for each federal-aid system is discussed in the following 
paragraphs. 

Interstate System 

The federal-aid Interstate system (F AI) capital outlay amounted 
to $8.2 billion for 1989. As shown in Table 4, expenditures 
on the rural Interstate were $2.5 billion, or $13.08 per 1,000 
VMT. Expenditures on the urban Interstate were $5 . 7 billion, 
or $21.06 per 1,000 VMT. 

The funding of the Interstate highway system is largely a 
federal-state activity , with federal funds dominating. In 1989, 
79 percent of the funding for capital expenditures on the 
Interstate system came from the federal government. The 
remaining 21 percent came from the states. Of this, roughly 
half was spent to match federal funding on projects in the 
federal-aid participating program. The other half of state 
funding was spent on projects with no federal involvement. 

Interstate improvements are mainly for system preserva
tion. Less than 30 percent of capital outlay on the Interstate 
system is spent for new construction. 

Federal-Aid Primary System 

The next system of national significance is the federal-aid 
primary (FAP) system. Outlays from all sources on the FAP 
system were $10.6 billion in 1989. On the rural FAP system, 
1989 expenditures were $17.62 per 1,000 VMT; on the urban 
system, expenditures were $18.76 per 1,000 VMT (see 
Table 4). 

The FAP system is almost totally located on highways under 
the jurisdiction of the states, making the program essentially 
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a federal-state activity . In 1989 the federal share of spending 
was 44 percent on the rural F AP system and 54 percent on 
the urban FAP system. All of the remaining funding for the 
FAP system came from state and local revenues . 

New construction accounts for almost 30 percent of all cap
ital expenditures on the overall FAP system. 

Federal Urban and Secondary Systems 

The next tier of federal involvement addresses major areawide 
traffic generators under the federal-aid urban and secondary 
(rural) systems. 

The federal-aid urban system (FAUS) functionally consists 
of the non-FAP urban principal arterials, most minor arte
rials, and more than 70 percent of collectors in urban areas. 
Total capital outlays on the FAUS in 1989 were $3.6 billion. 
Expenditures per 1,000 VMT were $7.70 in 1989. 

State and local governments are the primary funding sources 
for FAUS improvements. Federal funds account for 33 per
cent and state and local funds cover 67 percent of all capital 
costs . 

On the basis of state expenditure data only, new construc
tion accounts for approximately 20 percent of capital expendi
tures on the FAUS. This finding assumes that local spending 
patterns by improvement type are the same as state expendi
ture patterns. Because of high land values in urban areas, 
right-of-way (ROW) and engineering costs account for almost 
one-fourth of all FAUS costs. 

The federal-aid secondary (FAS) system serves basically a 
rural collector or farm-to-market function. An estimated $2. 7 
billion was expended on the FAS system by all levels of gov
ernment in 1989. The federal government provided 29 percent 
of these funds. Spending per 1,000 VMT was $15.06 in 1989. 

Most improvements on the FAS system involve the pres
ervation of roads and bridges. Only one dollar in five goes 
toward new highways. 

PRIVATE-SECTOR FINANCING OF HIGHWAYS 

Private-sector financing includes projects funded and devel
oped by the private sector, for example, local roads that are 
part of a development project or intersection improvements 
required by a development agreement. Private-sector financ
ing of roads that are part of a development project has been 
a common practice for a number of years. Projects of this 
type are often referred to as on-site development . Recently , 
private-sector financing has expanded to include off-site de
velopment, that is, projects outside the boundaries of a spe-

TABLE 4 Total Highway Capital Outlay Per 1,000 VMT, 1989 

"Capital Outlay 1 ravel (VM I) t:.Xpendltures 
Svstem IJ.bllllonsl lh'lillonsl oer 1 OOOVMT 

nrerstate - Rural 2.5 191.1 13.08 
Interstate - Urban 5.7 270.7 21 .06 
FA PrJrnarv - Aural 5.6 317.8 17.62 
FA Primarv - Urban 5.0 266.5 18.76 
FA Urban 3.6 463.3 1.n 
FA Secondarv 2.7 179.3 15.06 
Total Federal-Aid Svstem1 25.1 1,688.7 14.86 
Non Federal- Ald Svstems 8.2 418.3 19.60 
1An!':""tems 33. ~ 7 107 .u 15.H[ 
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cific development project. Projects of this type include im
provements to an intersection, widening of an adjacent roadway 
that is affected by a new development, or a toll road developed 
by private investors. 

Although there is a growing body of anecdotal evidence 
concerning private-sector financing, there is little hard data. 
It has been estimated that, in 1989, $6.4 billion was invested 
by the private sector for on-site highway improvements and 
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$3.2 ( ± $2.1) billion off-site . However, these are extremely 
rough estimates and should be viewed as preliminary. Further 
effort is needed to gather reliable data on this important and 
growing area of highway financing. 

Publication of this paper sponsored by Committee on Taxation, Fi
nance and Pricing. 
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Introducing Congestion Pricing on a 
New Toll Road 

ROBERT w. POOLE, JR. 

A demonstration project to test the effectiveness of congestion 
pricing in an urban area is proposed. The general theoretical case 
for such pricing is reviewed, and recent international interest in 
congestion pricing is summarized. The need for demonstration 
projects is outlined, both to add to current knowledge about the 
effectiveness of congestion pricing and to address political and 
other public-acceptance barriers to implementation of the con
cept. A new toll road being planned for Orange County, Cali
fornia, is proposed as a test site for congestion pricing. It is 
suggested that , instead of charging flat-rate tolls, the transpor
tation agency could charge peak and off-peak tolls, increasing 
the level of the peak charge each year over a period of up to 10 
years, until toll revenues decline below the levels forecast under 
the flat-rate toll alternative. Measurements of traffic flow and 
ridesharing behavior would be made, as well as calculations of 
emission-reduction effects. Finally, a brief discussion of market
ing and political considerations involved in conducting such a 
demonstration is provided. 

For more than three decades, economists have urged that 
direct pricing of road use be implemented to bring demand 
and supply into balance. To date, pricing for congestion con
trol (as opposed to tolling to pay for road construction and 
operation) has seen only limited use, and only overseas. Sin
gapore and several Norwegian cities have implemented area 
pricing to limit vehicular traffic entering the central business 
district (CBD). 

But implementation of congestion pricing, or even serious 
consideration of that practice, has been held back in the United 
States both by rechnical and political problems. 

The technical problem has been the difficulty of pricing 
with conventional methods-either toll booths or access-control 
stickers . Stickers , used in Singapore, permit only a single price 
to be charged for access to a certain region or facility. And 
toll booths, in addition to being unpopular with users and 
causing additional congestion, do not lend themselves to var
iable pricing (being set up with fixed-price exact-change lanes, 
for example) . The advent of automatic vehicle identification 
(A VI) systems makes it feasible to implement sophisticated 
pricing schemes in user-friendly ways (1). 

The political problem is at least equally intractable. During 
the 1970s PTA (formerly the Urban Mass Transportation 
Administration) offered grants to cities willing to serve as test 
sites for some forms of road pricing. However, the idea was 
considered too controversial. Likewise , when California's 
special task force on transportation proposed the idea in 1976, 
it was viewed as an anti-automobile measure and dropped as 
politically infeasible. 

Reason Foundation, 3415 S. Sepulveda Boulevard, Suite 400, Los 
Angeles, Calif. 90034. 

Increased concern over vehicle emissions and congestion 
levels has made both ridesharing and mass transit popular 
causes in the past decade. The idea that drivers should pay 
the full costs of their automobile use has gained increasing 
respectability, especially in the context of achieving overall 
air quality goals. 

These changes are beginning to affect transportation policy 
overseas. Norway has begun to use congestion pricing, with 
Trondheim the first city to implement such a system using 
electronic toll collection. Bergen and Oslo are converting the 
existing toll-rings around their CBDs to electronic toll col
lection (but have not yet instituted peak-hour differentials). 
The Dutch government has announced plans for electronic 
congestion pricing in Amsterdam, Rotterdam, Utrecht, and 
The Hague as part of its national environmental policy plan 
to reduce urban air pollution. Singapore plans to convert its 
sticker-based CBD pricing system to a full-fledged congestion 
pricing system using electronic toll collection. Cambridge and 
Edinburgh plan to be the first cities in the United Kingdom 
to implement congestion pricing on city streets (2 ,p.1). 

NEED FOR DEMONSTRATION PROJECTS 

The idea of charging for freeway use is still unfamiliar to most 
Californians and their public officials. More foreign, even 
within the toll-road community, is the idea of using prices as 
a means of managing traffic demand (as opposed to simply a 
means of financing the road). The theoretical work carried 
out to date suggests that regionwide congestion pricing in 
southern California would have significant impacts on vehicle 
miles traveled and vehicular emissions (3). However, even if 
the theoretical benefits were overwhelmingly persuasive, it is 
unlikely that state or local officials could be persuaded to 
implement such a far-reaching measure on every congested 
freeway in the region. 

Demonstration projects are therefore an attractive next step. 
There is much that economists and transportation planners 
still do not know about possible behavioral response to the 
choices posed by congestion-priced facilities. Also unknown 
are the political dynamics of congestion-priced projects: which 
groups will support or oppose such projects and why. 

In selecting sites for demonstration projects , the least de
sirable place to start would be existing freeways, no matter 
how congested. Putting a price on something that has tradi
tionally been offered free at the point of use risks major public 
and political resistance, akin to that encountered when an 
existing freeway lane is taken away to create a high-occupancy 
vehicle (HOV) lane (e.g., the infamous Diamond Lane epi-
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sode on the Santa Monica Freeway). The two best types of 
facilities for introducing the concept are 

•Existing toll facilities, where off-peak discounts and peak
hour surcharges can be introduced as fine-tuning the existing 
pricing to benefit users through reduced congestion and 
rideshare incentives, and 

• Completely new facilities that give users a choice com
pared with existing, unpriced facilities. New toll roads offer 
an ideal setting. 

Designing and carrying out demonstration projects is im
portant because there is a great deal that the transportation 
community does not know about user response to congestion 
pricing. A controversy has developed between traditional toll
road planners and economists over the appropriate modeling 
techniques to use for congestion pricing ( 4). Thus far, the 
financial community is cautious about revenue projections 
based on anything other than traditional analysis using flat
rate tolls; they have no empirical data on which to make 
judgments about revenue projections for congestion pricing. 

Specifically unknown is the response of drivers in automobile
oriented California to peak-hour pricing incentives. What 
fraction of users will shift their travel to off-peak times? To 
what extent will time-sensitive drivers be attracted to a less 
congested highway? What fraction of people will opt for ride 
sharing or transit, and how will this choice vary by income 
level and other socioeconomic factors? To what extent will 
there be displacement of traffic onto nonpriced or conven
tionally priced facilities? Also, despite the potential environ
mental benefits (such as reduced emissions and reduced 
automobile use), to what extent will environmental and pro
transit organizations support congestion pricing? 

These significant unknowns can best be assessed by means 
of carefully designed demonstration projects. Because the 
potential gains from congestion pricing are enormous , it is 
important that such experiments be designed and imple
mented in the near future . If congestion pricing on the entire 
freeway network would be a more cost-effective way of 
achieving important transportation goals (e.g., increased ve
hicle occupancy, reduced vehicle miles traveled, and in
creased demand for transit), then it is vital to quantify those 
effects so that this information is available for use in trans
portation and air-quality planning. 

DEFINING THE EXPERIMENT 

As noted previously, a new toll road provides one possible 
venue for demonstrating congestion pricing. The proposed 
site for such a demonstration is the San Joaquin Hills Trans
portation Corridor (SJHTC). This 17-mi (14.5-mi tollable) 
route is an extension of the Corona Del Mar (73) Freeway in 
Orange County, from Newport Beach and John Wayne Air
port southeast to San Juan Capistrano (5). 

The current design for this tollway is referred to as a 3-2-
3 configuration: three lanes southbound, three lanes north
bound, and (at a later date) either two reversible HOV lanes 
or two concurrent-flow HOV lanes in the median. In addition, 
the median has room for further HOV lanes or a bus or rail 
transit corridor. The configuration is referred to as the de-
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mand management concept, intended to limit the overall width 
of the tollway to three primary lanes in each direction, plus 
the median. 

The SJHTC corridor has several advantages as a site for 
the demonstration project. First, the area is affluent, which 
means objections to pricing based on ability to pay or on 
equity (rich versus poor) grounds will be fewer for this cor
ridor than for many possible alternatives. (On the other hand, 
price may be less effective in deterring peak-hour use than it 
would be in a less affluent area.) 

Second, there is some degree of support for the concept on 
the staff and board of the San Joaquin Hills Transportation 
Corridor Agency (TCA). On February 14, 1991, the TCA 
board adopted a resolution supporting its decision to postpone 
construction of HOV lan~s in the median until 2010 by stating, 
"Tollways provide an inherent financial incentive to encour
age HOV usage," and noting, "If additional incentives are 
necessary [to achieve targeted vehicle occupancy rates], the 
Board of Directors of the Agency shall adopt appropriate 
financial toll discounts for high occupancy vehicles in order 
to achieve equivalent occupancy rates as would occur with 
construction of the planned HOV lanes" (6). The board cited 
an assessment by Wilbur Smith Associates (WSA) showing 
that it is possible to decrease tolls for HOV vehicles (in lieu 
of HOV lanes), and increase them for general use, without 
a major loss of revenue (7). 

The proposed controlled experiment on the SJHTC would 
have three principal purposes: 

• To determine the levels of peak-hour price differentials 
that will produce a given level of net traffic reduction, per
mitting traffic to flow more smoothly on the SJHTC (Service 
Level C or better) compared with traffic service levels on the 
competing parallel routes (Highway 1 and the 1-5/405 corri
dor); 

• To compare ridesharing behavior on the SJHTC and the 
parallel free routes; and 

• To quantify the degree of emission reductions brought 
about by congestion pricing. 

Traffic forecasts prepared by the TCA staff (the Corridor 
Design Management Group) indicate that the SJ HTC will 
experience serious congestion during its initial 15 years. The 
planned toll rate of $0.138 per tollable mile, though consid
ered high compared with rates charged on most existing toll 
roads in the United States, appears to be lower than what the 
traffic would bear. 

The planned flat-rate toll is based on demand studies carried 
out by WSA. WSA used trip tables and link-node traffic net
works from the Orange County Environmental Management 
Agency, revising them to account for the addition of the SJHTC 
and other new expressways through 2010. WSA then used a 
capacity-restrained assignment model, with a dual-path choice 
feature to assign trips to tolled and nontolled segments. For 
each assignment condition, three separate capacity-restrained 
assignments were made: a.m. peak, p .m. peak, and off-peak. 
Separate values of time were used for peak and off-peak 
conditions and for three types of trip: to and from work, 
company business, and recreation/other. 

The WSA demand studies produced a toll sensitivity curve 
(toll revenues versus toll rate) with a continued positive slope 
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at the maximum toll rate shown-$0.207/mi. A visual ex
trapolation of that curve suggests a revenue-maximizing toll 
of around $0.224/mi (see Figure 1). The shape of the curve 
suggests that significantly higher tolls than the planned 13.8 
cents/mi could be charged without reducing total revenue and 
that even higher tolls might be feasible for congestion control 
with only a slight reduction in total revenue. How high might 
that price level be, and how would the optimum level be 
established? To take maximum advantage of this experimen
tal setting, a number of different price levels must be tested. 
Each should be left in place sufficiently long to permit be
havior patterns to stabilize-between 6 and 12 months. Be
cause price levels for other goods and services can be expected 
to continue rising at perhaps 5 percent per year, the experi
mental design will call for the peak-period toll to be increased 
by at least 10 percent each period (so that what is being tested 
are higher charges in real terms). 

Perspective on the proposed pricing levels can be gained 
from the 1975 simulations of congestion pricing in the San 
Francisco Bay Area by Keeler and Small (8). Their estimated 
optimal (long-run marginal cost) peak-hour charges for urban 
freeways ranged from $0.145 to $0.343/mi and , on urban
suburban freeways, from $0.033 to $0.091/mi, in 1972 dollars . 
Converted to 1990 dollars, that would be $0.429 to $1.02/mi 
forurban routes and $0.0976 to $0.269/mi for suburban routes . 
Southern Orange County is best described as suburban, so 
the $0.10 to $0.27/mi should be taken as representative 1990 
figures. The proposed peak-hour prices are in line with these 
numbers derived from simulation modeling. 

One possible scheme for the pricing strategy is presented 
in Table l. The basic idea is to keep the off-peak toll constant 
at $0.10/mi while increasing the peak-period toll by 10 percent 
each period , starting at $0.13/mi (slightly less than the cur
rently planned flat-rate toll) . Thus, the differential between 
peak and off-peak charges would begin at 33 percent and 
would increase to nearly 100 percent by the 5th period of the 
experiment. If the experiment continued for another five pe-
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riods, the differential would exceed 200 percent by the 10th 
period. A period would be anywhere from 6 to 12 months. 
If 6-month periods were used, the increase in nominal tolls 
would be 20 percent per year, large enough to be significant 
if consumer price inflation continues at moderate levels . 

The financial community has been cautious about the un
tested idea of congestion pricing. It must be emphasized that, 
for urban tollways facing competition, a pricing strategy that 
offers low rates during nonpeak hours and high rates at peak 
hours is likely to produce more revenue than the conventional 
flat-rate toll . User sensitivity to price will be quite high at off
peak hours when the parallel free routes are relatively un
congested; by the same token, time-sensitive users will be 
relatively insensitive to price at peak hours, so it makes sense 
for the tollway to charge a significantly higher rate then. 

To persuade the financial community to consent to this 
experiment, provisions would still have to be made for de
ferring or eliminating the next planned increase in any period 
in which total annual toll revenue was projected to fall below 
the sum expected from the flat-rate toll. This procedure would 
ensure that debt-service payments would continue to be made 
at planned levels. 

How realistic are the peak-hour charges proposed in Table 
1? The WSA studies for the TCA use average commuter 
value-of-time numbers of $10.68/hr in 1995, $12.54/hr in 2000, 
and $15.48/hr in 2005 (7) . The principal alternatives to the 
SJHTC are the Pacific Coast Highway (Route 1) and the San 
Diego Freeway (1-405/I-5) . Assume that peak-hour speed on 
these alternative routes averages 20 mph in 2005 and conges
tion pricing keeps average peak-hour speed on the SJHTC at 
45 mph. For the 14.S-mi tollable length of the SJHTC, the 
toll road would offer a saving of 24 min during rush hour . On 
the basis of the WSA figure for 2005 , that time saving would 
be worth $6.23 to the average commuter-well above the 
highest peak-hour charge of $4.43 in Table l. 

The use of A VI will facilitate this experiment. Toll au
thorities using coin machines generally price in multiples of 
$0.25 to maximize the use of exact-change lanes (which have 
much greater throughput than change-made lanes). AVI will 
permit fractional prices (such as those shown in Table 1) to 
be charged, because the charging will take place electronically 
rather than by means of coin machines. As a further incentive 
for users to sign up for AVI, the tollway could round each 
fractional toll to the nearest multiple of $0.25 for cash (toll
booth) customers, thereby giving a small price break to AVI 
patrons. 

The A VI system also greatly facilitates price changes, which 
is useful when changing from one peak-hour rate to another 
for each new period of the experiment. It will also be useful 
on a daily basis in making transitions from off-peak to peak 
prices. When users know that access conditions will be easier 
after a certain point in time, they tend to form queues to wait 
for the transition to easier access. (This phenomenon occurs 
on Route 66 outside Washington, D.C., when the highway 
switches from HOV-only to regular access.) 

To alleviate this problem, the AVI system can be pro
grammed to make a smooth or stepwise transition between 
the off-peak and peak rates. If, for example, the peak period 
is defined as ending at 8:00 p.m. , the transition to the off
peak rate of $0.15/mi could be carried out in $0.01 intervals 
from 8:00 to 10:00 p.m. This transition period would be widely 
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TABLE I Proposed Pricing Schedule for SJHTC Congestion Pricing Demonstration 

Period Peak-Hour Toll Max. 1-Way Charge Off-Peak Toll Peak/Off-

1 $ .13/mi. $1. 88 
2 .143 2.07 
3 .157 2 . 28 
4 .173 2 . 50 
5 .190 2.76 
6 .209 3.03 
7 .230 3.33 
8 .253 3.67 
9 .278 4.04 

10 .306 4.43 

publicized so that users would know there was little benefit 
in waiting by the on-ramps until 9:00 p.m., for example, be
cause their savings would only be, say, $0.01/mi for every 3 
min they waited. The toll system could also display the current 
toll rate electronically on roadside or overhead displays at 
intervals along the route. If the experiment runs for 5 years 
and the SJHTC opens for traffic in 1995, then by 2000 ex
tensive data will have been collected and analyzed on the 
effectiveness of congestion pricing. This information will then 
be available for transportation planning on other southern 
California facilities and may help in decisions about possible 
regionwide use of congestion pricing. 

This information will also be available well in advance of 
the planned removal of tolls from the SJHTC in 2010. Level
of-service estimates by the Corridor Design Management Group 
predict toll-free traffic volumes in 2010 that will result in 
Service Level F peak-hour conditions along nearly 50 percent 
of the northbound route and one-third of the southbound 
route (under the conservative HOV assumption) (5). If these 
projections are correct, service levels by 2015 or 2020 would 
be even worse, assuming continued traffic growth. 

However, if the demonstration of congestion pricing works 
as well as theoretical models imply, and traffic flows can be 
maintained at Service Levels C or D during peak hours, then 
the TCA will have sufficient information to present an ar
gument for the continuing, permanent use of pricing as a basic 
tool of congestion management from 2010 onward. 

MEASURING TRAFFIC FLOW EFFECTS 

The proposed demonstration project will compare traffic pat
terns on the congestion-priced SJHTC with traffic on the un
priced alternative north-south routes: I-405/1-5 and Route 1. 
Hence, measurements will be needed on all three of these 
routes at various times during each period of the demonstra
tion project. 

Peak and off-peak traffic counts will be needed for all three 
routes. A simple comparison would contrast forecasted an
nual traffic levels on these routes (by Caltrans, the TCA Cor
ridor Design Management Group, or other transportation 
agencies) with the measured levels on each route . On the 
SJHTC, peak-period traffic volumes should be lower than 
those forecast and off-peak volumes should be higher than 
those forecast. Peak-hour traffic volumes on I-405/I-5 and 
Route 1 may be somewhat higher than those forecast, if there 
is diversion of some traffic from the toll road because of the 
higher peak-hour rates. These comparisons may not be highly 

Peak Ratio 
$ .10/mi. 1. 33 
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.10 2.78 
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reliable; many factors (such as changes in local land uses) can 
affect traffic levels on individual facilities. Nevertheless, to 
the extent that all three routes serve as substitutes for one 
another and are affected similarly by corridor-area growth, 
unemployment levels, and so on, these comparisons will have 
some validity. 

Better estimates of diversion could be obtained from two 
additional forms of measurement. One would be surveys of 
random samples of I-405/I-5 and Route 1 users for every 
period, on the basis of license-plate readings and mail or 
telephone questionnaires . A second form of measurement 
could be carried out using AVI technology. If A VI monitoring 
equipment were installed on I-405/I-5 and Route 1 lanes, that 
equipment would record the passage of AVI-equipped ve
hicles on those routes . Presumably, vehicles carrying A VI tags 
purchased for use on the SJHTC that were operating instead 
on the alternative routes during peak hours would be vehicles 
diverted from the SJHTC. 

MEASURING RIDESHARING EFFECTS 

Increased peak-hour prices will lead to some degree of mode 
shifting, as some fraction of users who cannot shift to off
peak times or to alternative routes decide to give up the 
advantages of driving alone. One goal of the demonstration 
project will be to measure the degree of ridesharing on the 
SJHTC and the alternate routes as various prices are tested 
on the former. This goal will be achieved by means of each
period surveys based on license-plate readings and mail or 
telephone questionnaires . 

Southern Orange County poses a difficult challenge to ride
sharing. Orange County is one of the most affluent areas in 
the state, and the service area of the SJHTC is the most 
affluent portion of Orange County. Affluence is highly cor
related with automobile ownership and use , with low-density 
suburbs poorly suited to bus and rail transit, and with profes
sional and managerial jobs. Surveys of commuters show that 
individuals with above-average incomes greatly value the door
to-door speed, flexibility, absence of waiting time, privacy, 
and safety of private automobiles. Conventional transit is un
able to compete with the private automobile as the mode of 
choice for most of these commuters . 

Added to this demographic factor is the decentralized pat
tern of land use in Orange County. The county is renowned 
for having no downtown, yet it is one of the state's major 
centers of employment. Census data from 1982 identified nine 
CBDs in Orange County (defined only in terms of retail cen-
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ters), compared with just two in 1977. The 1990 census will 
probably identify many more. 

Giuliano and Small (9) shed further light on the decen
tralized nature of Orange County. They identify 32 employ
ment centers in the five-county Los Angeles region. Six of 
these-Orange County Airport, Santa Ana, Fullerton
Anaheim, Santa Ana South, Orange-Garden Grove, and 
Garden Grove-Stanton-are in Orange County. However, 
of the 875,900 jobs (1980 census data) in the county, only 
136,000 of them (15.5 percent) are in those centers. The rest 
are widely dispersed throughout the county. 

The low density of employment makes both mass transit 
and informal ridesharing unusually difficult. In addition, the 
more affluent the area, the greater the value people put on 
their convenience, as well as on their time. 

A significant incentive would have to be offered to change 
the behavior of these affluent drivers. This experiment will 
enable a test of the hypothesis that unusually high prices, 
especially for nonwork peak-hour trips, may be sufficient to 
motivate increased ridesharing behavior. 

EMISSION-REDUCTION EFFECTS 

Air quality is another important consideration. Congestion 
pricing can be expected to improve air quality in two ways. 
The first impact comes from the reduced level of congestion 
on the facility, compared with (a) the level of congestion on 
the parallel unpriced roads, and (b) the level of congestion 
forecast by the Corridor Design Management Group for the 
SJHTC under flat-rate pricing. The California Air Resources 
Board (ARB) points out that congestion (stop-and-go traffic) 
significantly increases emissions. As an example, one ARB 
report (JO) estimates that a 10-mi trip, using an average 1987 
automobile, results in running exhaust hydrocarbon (HC) 
emissions of 2 g at a speed of 55 mph but that HC emissions 
would be 7 g at an average speed of 20 mph, typically of stop
and-go conditions. 

The second impact on emissions comes from the reduced 
number of vehicles on the SJHTC. To the extent that higher 
prices succeed in reducing vehicle miles traveled (rather than 
simply displacing traffic to the competing routes), there will 
be fewer vehicles on the road. It is impossible to predict how 
much of the reduced vehicle miles traveled on the SJHTC 
will be displacement to other facilities and how much will be 
true reduction in overall demand. True demand reduction will 
be less than would be expected in an areawide implementation 
of congestion pricing, but this is one of the limitations of such 
a demonstration project. 

Between reduced congestion and reduced demand, there 
would be significant emission reductions from operating the 
SJHTC with congestion pricing. This reduction cannot be 
measured directly but will have to be calculated from data 
on traffic diversion, congestion reduction, and ridesharing 
increases. 

In December 1991 the Southern California Association of 
Governments issued a finding of conformity with the federal 
Clean Air Act and the Regional Mobility Plan for the SJHTC. 
The finding was based on a Memorandum of Understanding 
with the TCA that the toll-pricing policy will produce HOV 
equivalency for average vehicle ridership (11,p.4). 
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The current planned removal of tolls from the SJHTC in 
2010 would result in significantly increased congestion and 
the accompanying worsening of emissions-an important ad
ditional reason for using the results of this experiment to 
propose a permanent congestion-pricing regime for the SJHTC 
for implementation in 2010. 

EQUITY CONSIDERATIONS 

The equity issue will be less serious for this project than for 
many other possible demonstration sites, given the demo
graphics of the SJHTC service area. Nevertheless, this issue 
must be taken seriously in designing the experiment and in 
explaining it to the public. 

Transportation planners should point out that the reduction 
of congestion levels and increased trip speed on an entire 
facility will benefit users of transit. It is known that, on av
erage, lower-income individuals are the principal users of pub
lic transit in southern California. 

Transportation planners and public officials must also ex
plain to the public that congestion pricing represents a step 
toward a more equitable method of paying for transportation 
systems. Existing county transportation improvement pro
grams are paid for by a half-cent sales tax-a regressive form 
of taxation. The gasoline tax, though bearing some relation
ship to vehicle use, is also regressive in its incidence on income 
groups. Congestion pricing requires individuals choosing single
occupant vehicles to pay significantly more than those choos
ing any other form of transportation, and those users tend to 
be more affluent. 

It is critically important that alternatives be provided (and 
publicized) for individuals who are priced off the SJHTC. As 
previously noted, the two existing north-south routes-I-405/ 
I-5 and Route 1-are direct substitutes for the SJHTC for 
many users. Carpools and existing transit will provide alter
natives for other residents. But, given the poor suitability of 
southern Orange County to conventional fixed-route transit, 
transportation planners should make a concerted effort to 
bring about traditional transit alternatives for this corridor. 

Demand-responsive door-to-door (dial-a-ride) service is 
available from the Orange County Transportation District 
only to senior citizens and the handicapped. More generalized 
minibus and parataxi service could provide both scheduled 
and demand-responsive door-to-door service, similar to the 
airport-only service pioneered by SuperShuttle and now of
fered by numerous firms. Scheduled door-to-door service would 
overcome the unpredictable waiting times typical of mass tran
sit, and sometimes of carpools and vanpools. Demand
responsive service would provide for the availability of a ve
hicle whenever the need for an unscheduled trip arose (e.g., 
for commuters during the day). 

A high-demand corridor traversing an affluent area offers 
a prime location to test door-to-door commercial transpor
tation service, as an adjunct to the tollway. If such commercial 
services (other than airport shuttles) existed, they would nat
urally tend to use the toll road during peak hours. In such a 
business, time is money, and a charge of $5.85 to go the full 
length of the SJHTC (at $0.39/mi) would be spread over four 
to eight passengers, adding only a small amount to each per
son's fare. A reduced toll rate could be given for such vehicles, 
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if further economic incentives were considered necessary . It 
might be useful to charge a reduced rate until several com
panies were established and had built up a market in the 
corridor. But, if the service ultimately proved as popular as 
airport shuttles, there would be no need for permanent in
centives of this sort. 

FTA has funded research and demonstration projects on 
various forms of paratransit and might be interested in aiding 
such services in Orange County. The TCA could take the lead 
in encouraging the development of an effective door-to-door 
paratransit industry in the San Joaquin Hills corridor. Such 
services would be a natural complement to congestion pric
ing-offering an additional alternative mode for those tolled 
off the facility by the higher prices. 

MARKETING AND POLITICAL 
CONSIDERATIONS 

How realistic is this proposed experiment? The basic issue of 
charging tolls is not in question because the SJHTC is already 
defined as a toll road . The controversial issues will be the 
environmental acceptability of congestion of pricing instead 
of earlier implementation of HOV lanes and the fairness of 
allowing some to pay higher rates for (presumably) better 
service. 

In contrast to a conventional freeway or even a flat-rate
priced toll road, a congestion-priced SJHTC should permit 
traffic to flow smoothly even at peak hours, thereby producing 
up to 70 percent less emissions per vehicle trip (10) and some
what fewer trips, as well. These potential environmental ben
efits, it can be argued , may be greater than those provided 
by a conventional toll road (or possibly even a conventional 
toll road plus HOV lanes) . The demonstration project is needed 
to quantify these potential benefits. If the experiment pro
duces evidence to validate the results of the Environmental 
Defense Fund's recent computer modeling of regionwide 
congestion pricing (3), there will then be a case for considering 
wider implementation of this pricing policy. 

The experiment will also offer an opportunity to introduce 
a new form of commercial transit service to Orange County. 
Door-to-door van service, offering attributes superior to that 
of conventional mass transit and informal ridesharing, may 
be the breakthrough that finally gets middle-class commuters 
out of their single-occupant automobiles. But it will take an 
uncongested , premium-service thoroughfare to make this form 
of transportation competitively attractive. This, too, is an 
important reason to test congestion pricing on the SJHTC
and it may be a factor that gains support from environmental 
and protransit groups. 

On the fairness issue, it can also be pointed out that Amer
icans are accustomed to selecting among combinations of price 
and service in using air travel (which, since deregulation, has 
become a truly mass-market phenomenon). Paying more to 
go first class is an ordinary occurrence, whether it is restau
rants, hotels, grocery stores, department stores, or airline 
service. The government-operated postal service now offers 
Express Mail, a premium-priced alternative to first-class letter 
mail, to meet the competition of private express services such 
as Federal Express. Last December the Immigration and Nat
uralization Service announced that it would test express pay 
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lanes for travelers at selected border crossings with Canada 
and Mexico (12). Those who wish speedier service will be 
able to pay to get it. 

There will certainly be opponents of congestion-pricing ex
periments. Environmental and protransit organizations have 
generally opposed the building of the SJHTC. Others have 
ideological objections to charging tolls, believing that the na
tion's highways should remain freeways. It is not intended 
here to make the case for building the SJHTC or for making 
it a tollway rather than a freeway . The existence of the SJHTC 
has been assumed, and reasons why this toll road , if built , 
would be a good place to conduct a demonstration project 
with congestion pricing have been suggested. 

Assuming that the road will be built, and built as a toll 
road, there is at least a plausible case for diverse interests to 
support this experiment. Environmentalists should be inter
ested in learning whether peak-hour pricing can significantly 
reduce vehicle miles traveled and the resulting total amount 
of vehicle emissions. Transit advocates should be interested 
in learning whether high prices on roads stimulate demand 
for new and old forms of transit. 

Political support for this experiment may come from several 
parts of the political spectrum. Political conservatives inter
ested in reducing the need for tax increases may be interested 
in the potential of highways becoming more self-financing. 
Liberals seeking a more balanced transportation system, with 
greater transit alternatives, may also find merit in a system 
that they would see as creating a more level playing field 
between automobile use and transit. 

In short, the traditional fear that congestion pricing may 
be a political impossibility may well be overblown . Well
designed demonstration projects, carefully explained and jus
tified, may find diverse support in the search for ways to deal 
with the serious problem of congestion. 
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Emerging Agency Roles in Financing 
Highway Improvements in Broward 
County, Florida 

BRUCE B. WILSON 

A massive highway construction program has taken place in Bro
ward County, Florida, in the 11 fiscal years spanning the 1980s. 
Changing agency responsibility for this program is described. Ex
cluding expenditures for preliminary engineering and right-of
way, about $1 billion was spent to construct nearly 1,000 lane
mi of major highway improvements in the urbanized area of the 
county. This improvement program was the product of many 
factors, including the accumulated travel demand of an enormous 
population boom that started after World War II. The hypothesis 
of a national reversal of federal and state-local roles in financing 
transportation system improvements during the 1980s is tested in 
the unique setting of Broward County. A new set of highway 
players emerged in Broward during the 1980s, including municipal 
government, the Florida's Turnpike, the Broward County Ex
pressway Authority, and the Port Everglades Authority. These 
groups joined the Florida Department of Transportation, Bro
ward County, and developers active throughout the 1980s to un
dertake the construction program described. Revenues from local 
option gas taxes and tolls helped fund the emerging agency proj
ects. Although Broward County remains a co-leader in lane-mile 
production with the Interstate program, factors exist that tend to 
counteract a projected role reversal with the federal government. 
These factors include the new Florida growth management re
quirements , which demand more county attention to capacity 
deficiencies in local road systems, leaving fewer resources for 
addressing problems on higher level systems. Also there is es
calating demand on local transportation revenue to support transit 
operating costs because of the phaseout of federal transit aids. 
A ray of hope is the recent emergence of shared-responsibility 
(jointly funded) projects between the old and new sets of players 
in Broward highway construction. This activity might be viewed 
as support for more of a team approach to urban highway im
provements compared with the expected federal downshifting of 
responsibility. 

Over the past 11 years, nearly $1 billion from public and 
private sources has been spent in constructing almost 1,000 
lane-mi of major highway improvements in Broward County, 
Florida. This amount excludes related expenditures for pre
liminary engineering and right-of-way acquisition. Because 
this massive highway construction program is reaching its peak 
and is projected to wind down, some observations can be 
made about changing agency roles in the program. A variety 
of agencies have been involved, including the Florida De
partment of Transportation (FDOT), county and municipal 
government, individual developers, the Florida's Turnpike, 
and the Broward County Expressway Authority (BCEA). 

Transportation Planning Division, Broward County Office of Plan
ning, 115 South Andrews Avenue, Room 329, Fort Lauderdale, Fla. 
33301. 

Previous research has suggested the occurrence of a reversal 
of federal and state-local roles in financing transportation 
system improvements during the 1980s; a majority of funding 
now is contributed from state and local sources. It has also 
been predicted that this role reversal will continue into the 
1990s, accompanied by an expected phasing out of major 
construction of a national highway system and a phasing in 
of an era of maintenance and rehabilitation. That hypothesis 
for road improvements in the unique sunbelt setting of Bro
ward County is tested in the following paragraphs. 

FACTORS AFFECTING BROWARD HIGHWAY 
DEVELOPMENT 

Approximately 1.25 million people live in Broward County, 
between Palm Beach and Dade counties (Miami urbanized 
area) on the southeast Florida coast (see Figure 1). The largest 
city and the seat of county government is Fort Lauderdale, 
surrounded by about 400 mi2 of developable area between 
the Everglades and the Atlantic Ocean. Almost 90 percent 
of the population resides within the municipal limits of Bro
ward's 28 cities. Some 5 ,000 mi of urban streets and highways 
serve the urbanized area, including just over 100 mi of urban 
expressway. Broward expressway improvements during the 
1980s have helped integrate the expressway system for the tri
county area. 

Surface transportation from the outside world originated 
in 1896 when Henry M. Flagler extended his Florida East 
Coast Railroad Line south from Palm Beach to Fort Lau
derdale, thus providing the initial impetus for development 
of the Broward County area. World War II resulted in the 
construction of numerous military bases and military airfields, 
which eventually became civilian airports, including the Fort 
Lauderdale/Hollywood International Airport. Commercial air 
travel made Broward County more accessible than ever, and 
many servicemen stationed in Broward County during the war 
chose to return with their families, starting an enormous pop
ulation boom. 

By 1960 the population was one-third of a million, making 
Broward County the fifth most populous county in Florida. 
Rapid county growth continued throughout the 1960s (at the 
rate of about 30,000 persons per year) and increased in the 
1970s (at the rate of about 40,000 per year); by 1980 county 
population exceeded 1 million. Recent population trends in
dicate that Broward County is entering a period of slower 
growth, averaging about 25,000 persons a year. 
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FIGURE 1 Location map of Broward County, Florida. 
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The context of the Broward County highway experience in 
the 1980s includes at least two significant factors, which orig
inated at the state level. 

Transportation Plan identifies the 5-year unfunded statewide 
highway need as more than $7 billion. 

Second, the enactment by the Florida legislature in 1985 of 
landmark growth management legislation culminated in the 
Local Government Comprehensive Planning and Land De
velopment Regulation Act. The cornerstone of the new Flor
ida growth management process is the concurrency princi-

First, a chronic backlog of unfunded improvement needs 
on the state highway system existed throughout the state, 
caused partly by the accumulating travel demand of locally 
approved land developments. The adopted 1991 Florida 
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pie-the requirement that the necessary infrastructure, 
including highway capacity, be in place concurrently with the 
impact of locally approved developments. 

Because of the existing backlog, urban traffic concurrency 
deficiencies under the new growth management law occur 
principally on the state highway system. According to the most 
recent Florida transportation plan, about one-third of all state 
highways are in urban areas and about half of these urban 
state highways (both arterials and expressways) are con
gested. Determining state versus local responsibility for ad
dressing these urban highway deficiencies is a significant issue 
in Florida today. 

FEDERAL-AID CONTRIBUTIONS TO ST ATE 
CAPITAL OUTLAY FOR HIGHWAYS 

The FHWA annual Highway Statistics reports for the 1980s 
provide a basic perspective on the changing importance of 
federal highway aid to the FDOT statewide construction pro
gram. Table 1 shows a cyclical pattern in the total state capital 
outlay for highways during the 1980s, which fluctuates from 
a low of $567 million in 1983 and to a high of $1,406 million 
in 1988. Table 1 also lists a composite total of the major 
FHW A payments to the state of Florida in this period that 
support highway construction: federal-aid primary (FAP), 
federal-aid secondary (FAS), federal-aid urban (FAU), federal
aid interstate (FAI), and bridge replacement (BRT). This 
pattern of federal construction reimbursements is more stable 
than that for state capital outlay but is characterized by less 
than average annual payments after 1988. The ratio of federal 
payments to state outlay shows a rather steady decline from 
0.517 down to 0.306 during the 1980s if the 1983 low and 1988 
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high construction years in Florida are disregarded (see 
Figure 2). 

Comparable financial statistics are not readily available for 
individual counties in Florida to pinpoint the annual federal 
contribution at this level. Therefore, the following analysis 
for Broward County is based primarily on construction cost 
data from highway agencies for completed highway projects. 

BROWARD HIGHWAY IMPROVEMENTS IN THE 
1980s 

Table 2 presents the investment of public and private dollars 
in constructing completed highway improvements in Broward 
County over the most recent 11 fiscal years. Eight responsible 
highway agency types have been identified in the documents 
and records of the Broward County metropolitan planning 
organization (MPO). For this analysis, FDOT is subdivided 
into two categories: 

• FDOT/1-SYS represents the urban Interstate highway 
program in Broward County, including the completion of two 
new Interstate highways . I-75 and 1-595 are the closest ap
proximation to a pure federal-aid system, with a 90/10 match
ing ratio for participating costs. The table does not contain 
data relating to the recently completed (fiscal year 1991) ad
dition of 69.2 lane-mi to existing 1-95, providing significant 
capacity improvements. Reconstruction of the last additional 
8 Jane-mi on 1-95 is expected to begin in fiscal year 1992. 

• FDOT/NON-1 represents all other FDOT completed 
projects with state or federal funding. Federal participation 
in these projects ranges from 0 to 100 percent, and the his
torical records available to the MPO do not readily permit 

TABLE 1 Federal Highway Reimbursements in Thousands of Dollars for State of Florida Capital Outlay (1) 

TOTAL STATE RATIO OF 
CALENDAR EEQ~BBb ~QH§TBUCTJOH Rgl D!!URSED~NTS CAPITAL REil1BURSEl1EHTS 

YEAR FAP FAS FAU FAI BRIDllE TOTAL OUTLAY TO OUTLAY 

1980 • 41.985 4, 394 30.539 323.672 19. 377 $419.957 $811. 813 0. 517 

1981 45.132 2. 1ee 22.107 229.310 26.377 325, 114 703,335 0. 462 

1982 59.351 5, 101 22.995 143. 213 24.550 255.110 608.078 0. 420 

1983 55.100 5.185 19.335 211 . 370 28.345 319.335 567.039 0. 563 

1984 53.004 7,910 29.283 153. 371 22.694 266.252 647.403 0. 411 

1995 72, 671 9,091 31. 990 249, 771 19.102 382.925 999,532 0. 393 

1986 79.515 11 . 792 29.676 217.006 21.726 359.717 1.016.476 0. 353 

1997 66.561 5,350 31.699 220.898 26.159 350,667 1. 194. 292 0. 294 

1998 70.744 3,795 28.692 237.025 29.045 369 . 301 1, 405. 64:5 0. 263 

1989 :56.231 2, 499 36. 116 200.338 28.362 323. 545 1.104,999 0. 293 

1990 ~1!·933 ~ 20.~"~ l:SZ1!!i:5 4219i!i: i:!!21 &~Z 9~6·li!~ Ul2t 

f648.427 62. 066 310.797 2.342. 999 295. 691 .3.659. 970 $10.003.668 0. 366 

Source: Annual "High•a~ Statistic&" Reports. Federal High ••~ Ad• inistration. 1960 through 1990 
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FIGURE 2 Ratio of federal reimbursements to state of Florida 
capital outlay for highways. 

TABLE 2 Estimated Construction Costs of Urban Roadway Projects Completed in Broward County in the 1980s in Thousands of Dollars 

FISCAL YEAR IH WHICH PROJECT WAS COMPLETED 
RESPONSIBLE 11-YEAR 
fl!Z!;;NCY ....12.ruL _!ill_ J.llL -1!.aL -1llL ..1ill._ ....llB.L J..!fil... -1llL ....!2.l!L J.llQ_ ...l.llltL 

FOOT/I-SYS. • 4,999 H/A NIA 211366 30.250 19,490 12.430 NIA 39,045 120.124 199.609 435.292 

FOOT/NON-I e,033 11870 9,099 23.452 N/A 10,276 1.640 2.512 9,379 10.476 33,373 110. 110 

COUNTY 429 14.060 26.850 1.978 47.632 5,309 13,567 7, 132 20.734 41690 17.401 159.782 

MUNICIPAL N/A N/A NIA NIA N/A N/A NIA 900 500 21400 1.992 5, 782 

DEVELOPER NIA 400 2.250 NIA 1. 012 1. 400 81563 3,950 412:56 2.7:59 29.401 53,990 

FTPK NIA N/A NIA NIA NIA N/A N/A 7.868 27.920 71205 16.648 59.641 

XWAY AUTH. N/A H/A H/A NIA NIA H/A NIA 94,791 N/A 61629 NIA 101.420 

PORT AUTH. N/A __jfL.ft __!:!LA _llLA __!:!LA _____t!Lfl. --'ile. --'ile. --'ile. _____t!Lfl. _L.lli. ~ 

• 13.450 16.330 39, 199 46.796 79,994 3:5.465 36.200 117. 153 100.834 154.292 290.164 9271767 

Notes: - These Estiaated Costs do !ll!1 include Right-of-Wa~ or Preliainary Engineering Costs . 
- Roaduay Projects Include Iaprovements to the Expressmay, Arterial. and Collector Road Systeas . 
- The FY 1990 ••ount for FOOT/I-SYS. does not includ• the cost of r•constructing I-95, •hich was under construction 

Source: 

but uas not coapleted at this ti~e . 

- NIA ~•ans Not applicable. 

Transportation Planning Division. 
Bro•ard Count~ Office of Planning 

an accurate estimate of the composite federal/state funding 
split for construction in a given fiscal year. 

The Florida's Turnpike (FTPK) was an independent state 
agency until 1969 when it was consolidated into FDOT. BCEA 
(XW A Y A UTH in the table) is an agency created by state 
statute to build the Sawgrass Toll Expressway and ancillary 
facilities in Broward County. The completed 23-mi express
way has been incorporated into the FTPK system. The Port 
Everglades Authority (PORT AUTH) is a statutory authority 
that owns and operates Port Everglades on the Atlantic Coast 
in east central Broward County . 

The first observation that can be made from Table 2 is that 
one set of responsible agencies has been active throughout 
the 1980s: 

• FDOT/1-SYS, 
• FDOT/NON-1, 

• Broward County, and 
•Developers. 

This set is joined by a new set of players in 1987: 

•Municipal government, 
• FTPK, 
• XWAY AUTH, and 
•PORT AUTH. 

Some noteworthy departures from the predicted national 
role-reversal model are evident from examining Table 2. First, 
the Interstate highway program is still alive and well in Bro
ward County and remains the major financial contributor to 
the highway construction program through fiscal year 1990. 
With the addition of 69.2 lane-mi on 1-95, fiscal year 1991 
will be the peak year for the Interstate program in Broward . 
The Broward County MPO, however, is currently program-
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ming Interstate highway construction and resurfacing projects 
through fiscal year 1996. 

Second, the next largest contributor after the Interstate 
program is the county road program. Although the national 
model would predict an increasingly higher rate of county 
participation, Broward County government was already mak
ing major financial contributions for highway construction at 
the beginning of the decade . In fact, as Table 2 shows, the 
county was the major road builder in the early 1980s. Almost 
$60 million, or about one-third of the county contribution 
over the 11-year period, was spent for constructing completed 
projects on the state highway system, a practice that was 
initiated by county bond issues in the late 1970s. Numerous 
public surveys conducted at that time identified better trans
portation as the county's most critical infrastructure need , in 
response to rapid growth and development. As opposed to 
the apparent national trend, the county is now spending less 
on the higher level state highway system and concentrating 
more on addressing traffic concurrency deficiencies on the 
county highway system in compliance with the state's new 
growth management law. 

Several patterns of data in Table 2 do conform to the role
reversal model, for example, the recent emergence of mu
nicipal government as a contributor to the highway improve
ment program. This occurrence coincides with the sharing of 
the proceeds of the county's 6-cent local option gas tax, which 
is distributed on a 62.5 percent (county) versus 37.5 percent 
(municipal) basis. In Florida the jurisdictional responsibility 
for functionally classified arterials is currently limited to state 
and county government; therefore, the local urban highway 
program has traditionally been the county road program . City 
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expenditures are now being made on both the collector and 
arterial system. 

In addition, although developer participation in completed 
road construction has been evident throughout the 1980s, the 
level of participation is variable. In FY 1990, the $30 million 
developer contribution exceeds all other categories except 
FDOT/I-SYS and FDOT/NON-1. This significant increase can 
be attributed to major road improvements in western Bro
ward, which were required of developers in conjunction with 
governmental approval of associated developments of re
gional impact (DRis). 

Table 2 clearly shows an expanding role for toll financing 
in road construction at both the state and county level. In the 
early 1980s, the turnpike construction program in Broward 
was dormant. Recent state legislation authorized up to $425 
million in state transportation trust funds and the sale of $1.1 
billion in revenue bonds to further expand the FTPK through
out the state. This has been accompanied by an upward ad
justment in tolls. BCEA made a $100 million contribution to 
the overall road program in the late 1980s by building the 
Sawgrass Expressway around west Broward. 

Table 3 also presents the emerging agency roles in Broward 
highway improvement by listing lane-miles of completed proj
ects (excluding local streets) for the various agencies. Table 
3 tends to parallel Table 2 but provides a clearer picture of 
the actual physical improvements completed in Broward 
County. Because higher levels of highway facilities are ex
pected to cost more to construct per lane-mile, Table 3 is one 
way to normalize the described efforts of roadway agencies 
at various levels. The county is the overall leader in this type 
of comparison, followed by the Interstate highway program. 

TABLE3 New Lane-Miles of Urban Roadway Projects Completed in Broward County in the 1980s 

RESPONSIBLE 

AGENCY 

FOOT/I SYS. 

FOOT/HOH-I 

COUNTY 

MUNICIPAL 

DEVELOPER 

FTPK 

XWAY AUTH. 

PORT AUTH. 

NOTES : 

SOURCE ; 

FISCAL YEAR IN WHICH PROJECT WAS COMPLETED 

12llQ li!!.! !m lm 1984 ~ !.ll6. ll§I 1988 1989 1990 

16.4 N/A H/A 28.8 34.4 17.6 14.4 H/A 14.4 38.6 58.2 

13. 8 0.6 16.6 30, 0 Hf A 13.B 2. 0 7.4 2. B 9.3 26. 4 

7.5 27.4 5:1. 4 6. 0 97. 1 13.6 25.9 20 . 0 34.9 22.2 22. 7 

H/A H/A N/A NIA H/A N/A NIA N/A 3. 1 7.6 2. 0 

0.2 2.0 7.0 H/A 3.0 4. 6 23.6 11. B 15.9 6.6 :11. e 

NIA NIA N/A H/A N/A N/A NIA 5.6 14.6 3.2 15. 0 

HIA NIA HIA NIA NIA NIA NIA 119. 2 NIA NIA NIA 

--1ilA --1ilA -11.lA -1!L6. -11Le. --1ilA -1!L6. -1!L6. -11& -11.lA .J.J!. 

37.9 30.0 79.0 64.9 124.5 49.6 65.8 164. 0 85.6 87.5 179. 1 

Roadaay Project& Include Iaprove•ents to th• Expressaay, Arterial and Collector Road Syste•s. 
The reconstruction of I-95 ••s underaay in FY 1990, but the 69.2 additional lane-•iles on I-95 ~ere not co•pleted 
until FY 1991. 
N/A ••ans not applicable. 

Transportation Planning Division, 
Broaard County Office of Planning 
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Private developers rank third in lane-mile production, and a 
comparison of Tables 2 and 3 suggests they spend the least 
per lane-mile of roadway constructed. 

The dip in lane-mile production for FDOT/NON-I projects 
in the mid to late 1980s is reflective of the previously men
tioned severe funding shortfall at the state level. This change 
also appears to be caused in part by the channeling of available 
state funds to maintain the schedule of the Interstate program, 
including necessary state funding of nonparticipating Inter
state system costs . 

Table 4 presents a closer look at changing agency partici
pation in the construction of new lane-miles of roadway. In
dicated for each agency type are the number of lane-miles , 
the annual average lane-miles , and the percentage of total 
lane-miles added for two time periods: 

• The entire 11-year period of observation (fiscal year 1980 
through fiscal year 1990), and 

• The most recent 5-year period of observation (fiscal year 
1986 through fiscal year 1990) . 

For overall lane-mile production, the most recent 5 years 
were more productive on average (116.40 lane-mi/year) than 
the entire 11-year period (87.98 lane-mi/year). In terms of the 
relative importance of roadway agencies in lane-mile pro
duction, the following can be noted from Table 4: 

• The burden of lane-mile production is spread more evenly 
in the most recent 5-year period, with developers and BCEA 
essentially equaling the effort of the Interstate highway pro
gram and the county . (These four agencies were each re
sponsible for about 20 percent of the new lane-miles.) 
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• As previously discussed, the production of FDOT/ 
NON-I lane-miles is down in the most recent 5 years because 
of the effects of the state shortfall and the need to provide 
necessary support for the massive Interstate program. 

• Other players are emerging to help share the road con
struction responsibility in a modest but collectively significant 
way. Together, municipal government, the FTPK, and the 
Port Authority were responsible for about 10 percent of the 
new lane-miles in the recent 5-year period . 

EMERGING ROLES IN BROWARD HIGHWAY 
IMPROVEMENTS 

Evidence of emerging roles in financing Broward highway 
improvements exists at all levels of government and provides 
additional perspective for reviewing the Broward County data 
set. As with the Intermodal Surface Transportation Efficiency 
Act (ISTEA) of 1991, some of these factors are not fully 
defined . For example, the county is attempting to determine 
the following: 

• Is the Surface Transportation Program of the ISTEA ac
tually a block grant of earmarked funds to MPOs with a 
population of over 200,000, or is it more like the previous 
FAU program in which the MPO sets some priorities and 
everything else is left to the state? 

• Who will administer federally aided urban projects off 
the state highway system, what are the project development 
requirements, and whose design standards apply? 

• What are the actual net increases in federal funding for 
the urbanized areas, and what is the schedule to make funds 
available for programming? 

TABLE 4 Changing Agency Participation in Construction of New Lane-Miles of Urban Roadway in 
Broward County 

RESPONSIBLE 
AGENCY 

FOOT/I Sys. 

FOOT/Non-I 

COUNTY 

MUNICIPAL 

DEVELOPER 

FTPK 

XWAY AUTH. 

PORT AUTH. 

1980 THRU 1990 (11 YEARS) 1986 THRU 1990 (5 YEARS) 
LANE-MILE ANNUAL PERCENTAGE LANE-MILE 

AVERAGE OF TOTAL 

222.8 20.25 23.0 125.6 

122.7 11.15 12.7 47.9 

322.6 29.29 33.3 125.6 

12 . 7 1.15 1.3 12.7 

126.4 11.49 13.1 109.6 

38.4 3.49 4.0 38.4 

119.2 10.84 12.3 119.2 

3.0 0.27 0.1 3.0 

967.8 87.98 99.8 582.0 

Source: Transport~tion Planning Division 
Broward County Off ice of Planning 

ANNUAL PERCENTAGE 
AVERAGE OF TOTAL 

25.12 21.6 

9.58 8.2 

25.12 21.6 

2.54 2.2 

21.92 18.8 

7.68 6.6 

23.84 20.5 

0.60 0.5 

116.40 100.0 
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At the state level, the Florida legislature is reexamining 
highway functional classification with an eye to focusing avail
able state resources on certain higher order state interests 
(which are still in the process of being defined). An issue here 
has been an attempted capping of the size of the state highway 
system. (At present, the total public highway and street sys
tem in Florida consists of approximately 11,800 mi of state 
highways, 67 ,000 mi of county roads, and 28,000 mi of city 
streets.) As Broward County continues its pattern of urban 
growth westward from the Atlantic coastline, the Broward 
County MPO and the County Commission have taken the 
position that the state arterial system should expand accord
ingly or, at a minimum, the state should share the responsi
bility for maintaining and improving the extended arterial 
system. Mediation of a state-county dispute over who should 
have jurisdiction of 17 mi of new arterials in west Broward is 
pending. 

In contrast to stated urban highway needs, major state high
way expenditures in Florida will apparently be targeted in the 
foreseeable future onto a new statewide system of highways
the Intrastate Highway System-established by the 1990 Florida 
legislature. This high-speed, long-distance highway system, 
according to the 1991 Florida Transportation Plan, will be 
completed over the next 20 years, incorporating existing In
terstate highways, the FfPK, new expressways, and selected 
arterial roads with highly controlled access. The projection 
of this policy direction is that FDOT will give lower priority 
to the nonexpressway portion of the county's existing urban 
arterial system (i.e., some 380 centerline miles). 

On a somewhat more optimistic note, the state legislature 
has recently amended the FDOT Local Government Coop
erative Assistance Program from a 20 percent state versus 80 
percent local matching ratio up to a 50/50 ratio for off-system 
improvements. However, the program is currently unfunded. 
The MPO is urging the legislature to provide funds for the 
program, which can help to relieve pressure on the state high
way system while taking advantage of local fund contributions 
to meet mutually agreed upon state and local needs. 

Revenues for the Broward County road construction pro
gram during the 1980s have come from a variety of sources, 
including the following: 

• State shared gas tax (80 percent of the state's 5th- and 
6th-cent gas tax) 

• 1976 county bond issue 
• 1978 county bond issue ($125 million for 35 projects) 
•Four-cent local option gas tax (commencing in fiscal year 

1984) 
• Bonding the local option gas tax 
• State Department of Commerce grant 
• County highway impact fees 
• Increase to 6-cent local option gas tax (commencing in 

fiscal year 1986) 
• Interest income 

Referring back to Tables 2, 3, and 4, these county revenue 
sources have resulted in a construction budget averaging some 
$14.5 million/year over the 11 fiscal years spanning the 1980s, 
adding about 30 lane-mi/year to the public road system in 
Broward County. The cornerstone of the county road con
struction program is the local option gas tax, enacted by the 
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1983 Florida legislature. This tax was the beginning of a clear 
policy direction by the state of Florida to share responsibility 
for alleviating urban roadway congestion with local govern
ment. The Broward Board of County Commissioners voted 
in favor of the 4-cent tax permitted at that time. The tax 
became effective on September 1, 1983, and initially gener
ated a total of about $20 million/year for county and city road 
and mass transit projects. 

Of the local option gas tax proceeds, 37. 5 percent is shared 
by the cities in Broward on the basis of their relative popu
lation size. This money must be used for a transportation 
purpose. By fiscal year 1987, Broward municipalities began 
their voluntary participation in major roadway construction, 
as presented in Table 2. Stated city needs also include recon
struction of streets, intersection improvements, road resur
facing, and drainage improvements. 

By fiscal year 1986 the Florida legislature permitted an 
additional 2 cents, or a total of 6 cents, of local option gas 
tax to be levied. Broward County took immediate advantage 
of the full 6-cent option and continues to share that with the 
cities, using the original formula. 

This local option tax now generates a total of about $35 
million/year for county and city road and mass transit projects. 
However, Broward County must now use about half of its 
share of the local option gas tax proceeds, about $13 million 
annually, to help fund the operating costs of the county bus 
transit system, brought about in part by the federal govern
ment's phased reduction of its transit operating assistance 
program. Thus, actual role reversal in urban transit funding 
has been under way for some time and demands an increasing 
share of available local transportation user fees. 

Another highway financing mechanism being made avail
able to local governments in Florida is the toll-funded BCEA, 
established in 1983 to construct the 23-mi Sawgrass Express
way. A road of this magnitude usually takes from 4 to 7 years 
to complete, but BCEA accomplished the project in 2 years 
10 months because of less cumbersome administrative re
quirements. To facilitate connecting traffic on and off the 
Sawgrass Expressway, several feeder roads were also im
proved by BCEA. BCEA produced 12.3 percent of the new 
lane-miles of major urban roadway in Broward County during 
the 1980s, as shown in Table 4. To make this expressway 
project feasible, the county had to dedicate 80 percent of its 
state shared gas tax revenue (5th and 6th cents) to help meet 
toll revenue bond payments in the early years of the project. 
The Sawgrass Expressway recently became part of the FfPK, 
and BCEA remains in existence with no current project 
activity. 

Yet another state mechanism in Florida to shift the bur
den of road construction to the local level and responsible 
developers is the requirement for them to accommodate 
traffic impacts for developments that exceed specified 
thresholds of land use activity. These DRis must provide a 
detailed assessment of transportation impacts and enforce
able commitments to address those impacts as a condition 
of permit approval. In the Broward County area, this pro
cess is administered by the South Florida Regional Planning 
Council. The process was a major factor in the increasing 
developer participation in the Broward road program, which 
averaged almost 20 lane-mi/year in the most recent 5-year 
period, according to Table 4. Some Broward developers 
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also construct road improvements instead of making county 
highway impact fee payments. 

SHARED PROJECTS 

Table 5 presents some initial evidence of a trend toward the 
shared project approach. This is somewhat noteworthy in 
Florida, where the historical practice has been to centralize 
major road construction responsibilities under the jurisdiction 
and management of FDOT. Typically, FDOT matches avail
able federal aid and manages the project in accordance with 
statutory guidelines. 

The emergence of shared roadway projects in Broward 
County began in the early 1980s with developer participation 
in the western growing areas of the county. The unwritten 
policy of the County Commission is that the development 
community must assume a major responsibility in these areas 
because in-lying road needs far exceed available public fi
nancial resources. By 1987 shared projects became more prev
alent. For example, BCEA was also working with developers 
and the county to complete the necessary approach road im
provements to interchanges on the toll-funded Sawgrass 
Expressway. 

By 1989 the city government became actively involved in 
shared projects, working both with the county and developers. 
Typically these shared projects serve multiple purposes, in
cluding satisfaction of developer requirements, improved city 
traffic circulation, and the filling of gaps in the countywide 
arterial grid. Working individually, the responsible agencies 
could only look forward to delayed, underfunded, or incom
plete projects. 

The pattern illustrated in Table 5 is continuing into the 
1990s with the county and cities leading the way in completing 
and programming joint funded construction projects. The 
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county's newest capital improvement program includes a sep
arate listing of such projects. 

CHANGES IN THE PRIORITY-SETTING PROCESS 

The changing availability of funding from various levels and 
sources has been accompanied by adjustments in the Broward 
MPO's priority-setting process and the nature of projects at 
the top of the priority list. 

For example, the pending completion of the Interstate sys
tem in Broward County has brought into focus the need for 
adequate approach roads and connections to that system. 
Interstate-system funding for these needed improvements has 
been supplemented by non-Interstate-system federal aid and 
state funds to help get this job done. Broward County has 
suggested to its congressional delegation that the Interstate 
system is not complete until it is properly connected to the 
arterial network. 

Transportation system management (TSM) projects have 
received much more attention recently because of the pre
viously discussed state funding shortfall in the mid to late 
1980s and the escalating right-of-way costs in built-up areas. 
Therefore, the MPO has adopted high-ranking projects for 
accelerating the completion of the countywide computerized 
signal system, intersection improvements on congested road
ways, and preliminary engineering for a reliever route to a 
state highway that was not feasible to widen. Even when the 
1990 session of the Florida legislature enacted the additional 
4 cent/gal gas tax to match the 6 cent/gal local option gas tax 
levied by urban counties, the Broward MPO took the position 
that available highway revenues should be increasingly tar
geted to TSM projects. Under growth management laws, the 
highly demanding traffic concurrency problems along built
up highway corridors in Broward particularly support a higher 

TABLE 5 Shared Responsibility for Funding Urban Roadway Projects in Broward County 

FISCAL YEAR NO. OF COMPLETED 
COMPLETED PROJECTS 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

14 

7 

23 

14 

18 

9 

12 

22 

20 

21 

40 

SHARED RESPONSIBILITY MOST INVOLVED 
PROJECTS AGENCIES 

0 

0 

3 County/Private 

1 County/Federal 

0 

0 

1 Developer/County 

6 Developer;xway Auth 

4 County/Developer 

5 County/City 

5 County/State 

NOT£: Roadway Projects include improvements to the expressway, arterial and 
collector road systems. 

Source: Transportation Planning Division 
Broward County Office of Planning 
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priority for the TSM projects. Recently, the FDOT District 
Secretary has encouraged the county to take more of a lead 
role in identifying candidate projects. 

The evolving interagency cooperative efforts to expand the 
highway and transportation network in and around Port Ev
erglades, including contributions by the Port Authority itself, 
have resulted in a cluster of related projects at or near the 
top of recent MPO priority lists, some of which have already 
been funded. This cluster of projects includes Interstate ap
proach road improvements, an Intracoastal Waterway bridge 
and tunnel replacement, surface arterial intersection improve
ments along the port boundary, and a study for a major con
nector road improvement through the port. Funding contrib
utors listed in the Broward MPO's current transportation 
improvement plan (TIP) for port area roadway projects in
clude FDOT, with federal and state funds, local government, 
and private developers. A new County Convention Center 
within the port boundaries has contributed to the urgency of 
these projects. 

PRINCIPAL FINDINGS AND CONCLUSIONS 

The following are some findings and conclusions from the 
Broward experience that may add perspective to the projected 
national downshifting of responsibility for highway and trans
portation improvements from the federal government to re
gional and local agencies (i.e., role reversal). 

During the 1980s, the number of responsible highway agency 
types that completed projects on the collector, arterial, and 
expressway system in Broward County doubled from four to 
eight. The new set of players included municipal governments, 
the FTPK, BCEA, and the Port Everglades Authority. These 
new agency types joined FDOT (Interstate and non-Interstate), 
Broward County, and developers who were active through 
the 1980s to undertake the construction program described 
here. The new players were responsible for about 18 percent 
of the funding and new lane-miles constructed over the 11-
year period. The applied revenues resulted from shared use 
of state and local option gas tax, toll funding, and the en
lightened self-interest of the port. It is generally acknowl
edged by responsible highway officials in south Florida that 
the new players, particularly BCEA, accelerated necessary 
urban highway improvements in Broward County. 

Somewhat deviating from the national role-reversal model, 
the Interstate highway program is still alive and well in Bro
ward County, and the Broward County MPO is currently 
programming Interstate highway construction (8 lane-mi) and 
resurfacing projects through fiscal year 1996. Not examined 
here, but perhaps deserving further study, is the impact on 
the state budget to maintain the schedule of the Interstate 
program, including necessary state funding of nonparticipat
ing Interstate-system costs. 

Also deviating somewhat from the national model of the 
1980s, Broward County began its significant local participa
tion in the urban highway program in the late 1970s with bond 
issues to construct highway improvements on all systems, in
cluding $60 million of improvements to the state highway 
system. A variety of revenue sources have funded a county 
construction budget averaging some $14.5 million/year and 
adding about 30 lane-mi/year during the 1980s. Even through 

TRANSPORTATION RESEARCH RECORD 1359 

the peak of the Interstate program, the county remains a 
coleader in the lane-mile production. 

The above findings might be hastily interpreted as docu
mentation of the capability of local government to absorb a 
national policy to downshift the responsibility for highway 
and transportation improvements. Other factors need to be 
considered, however, before arriving at a conclusion. For 
example, the enactment by the Florida legislature in 1985 of 
landmark growth management legislation is severely testing 
the capability of local government to provide required infra
structure, including highway capacity, in a timely manner. 
Therefore, Broward County is now spending less on the higher 
level state highway system and focusing on capacity deficien
cies on county roads, in compliance with the growth man
agement law. 

In addition, the sustaining revenue source for the county 
road construction program has been the local option gas tax, 
first enacted by the 1983 Florida legislature. Broward County 
now levies 6 cents of this gas tax and shares the proceeds with 
Broward cities in a 62.5 percent county versus 37.5 percent 
city split. Even though this tax now generates about $35 mil
lion annually, the county must use about half of its share to 
help fund the operating costs of the county bus transit system. 
This circumstance is mostly caused by the federal govern
ment's already implemented phasing out of its transit oper
ating assistance program. The local option gas tax will not be 
able to accommodate additional county responsibilities for 
transit or major highway improvements. 

A ray of hope that may be evidenced in the Broward County 
data set is the recent emergence of the shared-responsibility 
(jointly funded) projects between the old and new sets of 
players in the highway construction program. This activity 
appears to have occurred or evolved voluntarily and without 
mandate to address unique or pressing urban highway needs. 
It might be viewed as support for more of a team approach 
to urban highway improvements compared with the expected 
federal downshifting approach. Three team concepts appear 
worthy of some exploration from the Broward County ex
perience. 

One concept is the increased use of off-system funding ap
proaches, particularly to facilitate adequate connections be
tween various components of the urban highway system. A 
particular example of this issue in Broward County has been 
inadequate funding for improved crossroad approaches to the 
Interstate highway system. It appears that the Surface Trans
portation Program component of the new federal act may be 
able to address this problem if agencies can work together to 
steer the new dollars to these and other needed connections. 

A second concept is increased reliance on shared funding 
sources for use on all key components of the urban highway 
system, including expressways, arterials, and major collectors. 
Some natural willingness to do this has already been evidenced 
in Broward. The state of Florida and Broward County already 
share their gas tax proceeds with counties and cities, respec
tively. However, the serious traffic concurrency deficiencies 
on the urban state highway system demand an intensified level 
of state-county cooperation. This cooperation might be achieved 
in a variety of ways, including adequate funding of FDOT's 
Local Government Cooperative Assistance Program and in
creased use of county highway impact fees to help fund state 
projects. 
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A third concept is federal encouragement and state policy 
direction to better enable alternate responsible agencies to 
manage the construction of federally aided roadways in ur
banized areas. This process would also require changes to 
state legislation in Florida. Certainly, new, more locally ori
ented managers are emerging and would benefit from the 
substantial technical expertise that exists at the federal and 
state levels. In return, new local managers should be able to 
create more opportunities for innovative highway solutions 
and financing. TSM improvements along urban arterials ap-
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pears to be one project category in which the county can and 
should take a lead role. 
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Regional Transportation Financing: The 
Southwestern Pennsylvania Initiative 

RITA POLLOCK AND LORNA PARKINS 

Transportation planning is the primary objective of the South
western Pennsylvania Regional Planning Commission's (SPRPC) 
program. During its 29 years as the Metropolitan Planning Or
ganization (MPO) for southwestern Pennsylvania, the commis
sion has documented the region's transportation needs and avail
able resources. Most recently, SPRPC accounted for $10.5-bil in 
highway, bridge, and transit needs and $4-bil in anticipated funds. 
In 1990, SPRPC's Transportation Strategy Policy Committee con
vened a working group to examine transportation financing op
tions. This group's recommendation was deliberated by regional 
leaders at SPRPC's Fall Policy Conference in November 1990, 
and resulted in SPRPC's Regional Transportation Finance Ini
tiative. The initiative proposes a multicounty Regional Trans
portation Finance Authority that would have the principle re
sponsibility of allocating revenues from new, local-option taxes 
to a specific set of transportation improvements. The authority 
would work with SPRPC to produce a comprehensive regional 
transportation and development plan. The plan would identify 
and rank transportation improvements such as highways, transit, 
and any other types of improvements that are critical to regional 
development. After the priority transportation projects are iden
tified, a package of taxes would be proposed for funding. The 
recommended local option taxes include gas, ad-valorem vehicle, 
and sales taxes. These taxes would be levied by the participating 
counties. A mixture of taxes is being proposed so no single tax 
is inordinately high, and so both user fees, which are perceived 
as fair, and broad-based taxes can be included. 

The Southwestern Pennsylvania Regional Planning Commis
sion (SPRPC) is southwestern Pennsylvania's designated Met
ropolitan Planning Organization (MPO), which has the re
sponsibility for transportation planning and programming in 
the six-county region. More than 29 years of experience has 
given SPRPC a comprehensive understanding of the region's 
transportation system. 

In recent years, SPRPC has developed a growing concern 
over the magnitude of the region's transportation needs and 
the limitation of existing federal, state, and local financing 
programs. SPRPC appointed a Transportation Strategy Policy 
(TSPC) Committee, comprised of public and private leaders, 
to assess these needs, to determine the level of available fund
ing, and to develop a strategy for improving transportation. 

The committee found that the established state and federal 
programs will not provide enough resources to significantly 
improve the region's transportation system. Current programs 
are also insufficient to maintain existing regional highways, 
local roads, bridges, and transit systems. The needs over 12 
years exceed $10 bi! and the funding shortfall is $6 bi!. 

Southwestern Pennsylvania Regional Planning Commission, 200 First 
Avenue, Pittsburgh, Pa. 15222. 

The transportation problem has serious economic conse
quences. There is a growing recognition that improved trans
portation and good mobility are essential to regional devel
opment opportunities. Southwestern Pennsylvania is likely to 
grow because of scheduled 1992 opening of the new airport, 
the strategic national location, the environment, and the re
vitalized economy. Conversely, a failure to provide improved 
mobility will result in lost economic opportunities, growing 
congestion, a poorer environment, and deteriorated quality
of-life. 

With a predictable local source of funding, the region's 
leaders would be in a position to make strategic transportation 
investments that would leverage state and federal funds and 
support the region's development opportunities. 

Accordingly, in the summer of 1990, the SPRPC Trans
portation Strategy Policy Committee formed a Transportation 
Finance Working Group (TFWG). The committee gave the 
group the task of recommending a new financing mechanism 
that would enable southwestern Pennsylvania to significantly 
improve its transportation system. 

The deliberations and findings of the group may be of in
terest to other regions. For example, the group sought a fi
nancing solution for a sub-state, multi-county area, whereas 
other models for transportation financing have either been 
statewide or single-county. The group also proposed a mixture 
of taxes. While the taxes themselves are commonly found 
elsewhere, the proposal for enabling and levying them to
gether as local-option taxes for transportation purposes is 
unique. Finally, southwestern Pennsylvania differs from other 
regions that have raised local transportation revenues because 
it is not a high-growth area. San Diego, Phoenix, Houston, 
and other areas that have provided local solutions to their 
transportation problems, are generally struggling to keep pace 
with high levels of growth. In contrast, southwestern Penn
sylvania has recently experienced a decade of economic de
cline and restructuring. Capitalizing on future opportunities 
for growth depends largely on improving mobility in the region. 

TRANSPORTATION FINANCE WORKING GROUP 

Overview and Objectives 

The group made a comprehensive evaluation of regional 
transportation financing mechanisms. The assessment in
cluded financing mechanisms used in other states and met
ropolitan areas, powers currently available to county and local 
governments in Pennsylvania, alternative mechanisms for 
southwestern Pennsylvania, and alternative organizational ar-
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rangements for administering regional transportation reve
nues. Descriptions of each part of the group's assessment 
follow. 

The group concluded that the finance mechanism should 
broadly benefit surface transportation. Surface transportation 
is defined as local, regional, and interregional roadways, 
guideways, structures, vehicles, and other associated facilities 
and equipment for the movement of people and goods over 
land. 

The recommended finance mechanism is intended to meet 
the following objectives: 

1. To promote the safe and efficient mobility of people and 
goods through improved surface transportation and better 
intermodal linkages, 

2. To accelerate the accomplishment of the region's priority 
transportation improvements in cooperation with the US De
partment of Transportation (DOT) and the Pennsylvania De
partment of Transportation (PennDOT), 

3. To support the operation and maintenance of the re
gion's surface transportation system , 

4. To raise revenues for the improvement of the region's 
surface transportation system through member governments, 

5. To promote the region's economy through strategic 
transportation investments, and 

6. To promote the wise and efficient use of transportation 
resources. 

The group prepared two alternative proposals. Each pro
posal enables the counties of southwestern Pennsylvania to 
levy taxes that are dedicated to the improvement, expansion, 
maintenance, and operation of surface transportation systems 
and services. The two proposals vary in the administration of 
the tax revenues and are summarized and compared below. 

Examples of Innovative Transportation Finance 
Mechanisms 

A number of counties, regions, and states have developed 
innovative transportation finance mechanisms to meet grow
ing transportation needs. These mechanisms include user 
charges , special benefit fees (such as impact fees), non-user 
related fees (such as sales and property taxes), private fi
nancing, debt financing, and special revenues . The group de
cided to focus on user and non-user fees, specifically tolls and 
taxes. Specific examples of innovative toll roads, local-option 
taxes and state taxes for transportation have been identified 
and researched. 

Toll Roads 

Four examples of toll roads were researched: the Dulles Toll 
Road Extension in Northern Virginia; E-470 near Denver, 
Colorado; the Harris County toll roads near Houston, Texas; 
and the toll roads in Orange County, Florida. These projects 
and lessons learned from them are described below. 

The Dulles Toll Road Extension is a completely private 
venture. It will be a 17-mi highway extending from Dulles 
Airport (the terminus of an existing toll road) to Leesburg, 
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Virginia. The road will pass through mostly undeveloped land 
completely within Loudon County, Virginia. A small number 
of large land owners are found in the corridor and most are 
willing to cooperate with the developers because the road will 
increase the potential value of their property. In the fall of 
1990 right-of-way acquisition and financing arrangements were 
being finalized. 

E-470 is being advanced by a public authority established 
by the State of Colorado. It is a 48-mi highway that will form 
an outer , eastern beltway around Denver and will also provide 
direct access to the new Denver International Airport. The 
E-470 corridor is currently lightly developed, but it is expected 
to be actively developed in coming years. Construction of 
Phase I, a 5-mi segment, is currently underway and permanent 
financing for the remaining segments was expected by the end 
of 1990. 

The Harris County Toll Roads are financed by the County 
and administered by a department of the County government. 
There are two roads totaling 50-mi: the Sam Houston Tollway 
and the Hardy Toll Road. The Sam Houston Tollway forms 
a western and northern outer beltway around Houston and 
the Hardy Toll Road is a north south radial highway that 
connects with the Sam Houston Tollway and connects with 
the Houston Intercontinental Airport. Construction of the 
final segments was completed in July, 1990. 

The Orlando toll roads in Orange County, Florida are being 
advanced by the Orlando-Orange County Expressway Au
thority. This authority built two major toll roads in the 1960's 
and '70's and these roads have generated substantially more 
revenue than needed for debt service. Toll increases were 
implemented in 1987 and 1990 to raise enough additional 
revenue to fund construction of 32-mi of new toll roads and 
to perform major improvements to the existing toll roads. 
The new toll roads are short segments that extend and or 
connect the existing toll roads in and around Orlando, Florida. 
Four of the five new segments are complete. The fifth segment 
was in the design and right-of-way acquisition stage in the fall 
of 1990. 

These projects demonstrate that publicly or privately 
financed toll roads are feasible. They have proceeded 
without federal funds. Importantly, each of these projects 
is located in a high growth area and coincidentally, each 
one partially involves airport access . These factors-high 
traffic volume potential and attractive development lo
cations-are critical for securing financing and generat
ing adequate toll revenues. 

Several lessons can be learned from these toll road expe
riences. First, a totally private project is not advisable; cost 
savings in construction are outweighed by costs of liability 
coverage and the problems of securing financing. Second, a 
mutually beneficial give-and-take between the toll road au
thority, local land owners and local governments is likely to 
occur-interchange location, right-of-way donations, and lo
cal government concessions to developers are the bargaining 
chips. Third , accountability is a critical issue with a toll road, 
particularly with respect to design, safety, and toll rates. Most 
authorities self-impose established standards (such as state or 
federal) of design and or environmental protection to limit 
liability. Also, an authority can be made accountable to the 
public by creating a board made up of elected public officials. 
Finally, public support was a prerequisite for each of the toll 
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road projects studied and extensive measures were taken to 
build and maintain that support. 

Local-Option Taxes 

Two regions with local-option taxes dedicated to transpor
tation were studied, San Diego and Phoenix. In each case, a 
county sales tax is used to fund a specific set of transportation 
improvements. This requires enabling legislation from the 
state and a local referendum. These regions demonstrate that 
local citizens are willing to pay for an improved transportation 
system. 

In the San Diego region, MPO both plans and allocates the 
revenues for approved transportation improvements. The Board 
of the MPO is the Regional Transportation Commission; the 
commission uses the MPO's staff. Tax revenues are split evenly 
between transit, highways and local roads. A referendum was 
passed for funding a specific set of highway and transit im
provements and increasing funds for local roads. Local road 
projects that are advanced with the tax revenues must be 
approved by the commission. 

In Phoenix, the MPO Maricopa Association of Govern
ments (MAG) plans the projects and the State Department 
of Revenue distributes the funds. All highways are con
structed by the Arizona Department of Transportation. State 
law requires the local option tax in Maricopa County to fund 
projects in the MAG Freeway/Expressway Plan. MAG has 
some flexibility in selecting the projects from the plan that 
are to be funded. Currently, tax revenues are inadequate to 
finance the entire plan. The local tax referendum set aside 3 
percent of tax revenues for transit. In both regions, the in
clusion of transit in the proposals was crucial to passing the 
referenda. 

Targeted State Funding Models 

A number of states have raised gas taxes in recent years and 
specified how those funds should be used. In California, in 
1989, the gas tax was increased by 9 cents to finance a 10-
year transportation plan. One component of the plan is a 
Partnership Program that will provide up to 50 percent state 
matching funds for local highway, road and transit projects. 
This program rewards counties such as San Diego that have 
levied special funds for transportation. It enables them to 
leverage additional state funds for their priority projects. 

In Illinois, the state legislature passed a creative piece of 
legislation in 1989 to increase transportation funding. The 
legislative package raises the state gas tax by 6 cents, au
thorizes a local option gas tax in certain counties, and shifts 
some sales tax revenues from highways to transit. Another 
provision limits future uses of the gas tax revenues for the 
state police, thereby dedicating more of the future gas tax 
revenues to building and maintaining roads. 

THE PENNSYLVANIA CONTEXT 

Enabling legislation is required in Pennsylvania to raise new 
transportation revenues. Toll roads are currently the exclusive 
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domain of the Pennsylvania Turnpike Commission. Local op
tion sales, gas or other taxes for transportation, are not per
mitted at present. 

If the legislature authorized local option taxes, these would 
have to be enacted by elected county commissioners or mu
nicipal councils. To raise taxes regionally, there are two basic 
options: have county and/or local governments act indepen
dently but cooperatively to raise the same rate of taxes to 
fund regional transportation projects; or create a new, elected 
regional taxing authority to levy the taxes. The group rejected 
the idea of creating a new, elected authority because there 
are a multitude of special purpose authorities in existence in 
the region, and there was mounting evidence that the public 
is dissatisfied with both the multiplicity and lack of account
ability of such authorities. Thus, both alternatives proposed 
by the group require the counties to levy any taxes. 

Pennsylvania's constitution prohibits any highway user fees, 
such as gas taxes and vehicle registration fees, from funding 
transit. This fact led the group to propose a mixture of taxes. 
This mixture includes both user fees, which are considered 
fair (i.e. those who use the transportation improvements pay 
for them), and other revenues that can be used for transit. 

PROPOSED FINANCING MECHANISMS 

The group considered local option taxes to be the best alter
native for regional transportation financing. While toll roads 
might be used (and are included in the group's recommen
dation), they are feasible only in a few high growth corridors. 
Local option, rather than state, taxes were chosen to give 
regional leaders more control and flexibility. The group agreed 
that higher state transportation taxes should be encouraged 
in addition to the regional transportation finance proposal. 
Any opportunities for "piggy-back" taxes that arise in the 
legislature should be optimized. 

The group sought a balance of taxes that would be perceived 
as fair, raise sufficient revenues, and support both highways 
and transit. Gas, sales, and personal property tax on vehicles 
were considered. Table 1 presents a tax evaluation matrix 
comparing these three taxes. 

These three taxes were singled out for different reasons. 
The sales tax was chosen because of its revenue-generating 
potential, its ability to fund transit, and its political palatability 
(versus property or other general revenue taxes). One ap
pealing aspect of the sales tax is that it is paid in part by 
travelers to and through the region who are using the trans
portation system. The gas tax was also selected for its political 
palatability, as well as its perceived fairness. In general, peo
ple who travel more in automobiles pay more gas tax. The 
gas tax, however, is considered regressive with respect to 
income, as poor people tend to pay a higher percentage of 
their incomes for the tax than do wealthier people. This is 
one reason for adding the third tax, the ad valorem vehicle 
tax. It is a user fee, but the amount paid is related to the 
number and value of one's vehicle(s). Also, while it functions 
as a user fee, it is proposed, technically, as a personal property 
tax. The revenues might be usable for transit (subject to legal 
opinion). 

The local option gas, sales, and vehicle taxes would be 
authorized by state legislation and levied by the county com-



TABLE 1 Tax Evaluation Matrix 

Overview 

Annual 
Revenue 
Yield 

Legal/ 
Institutional 
Issues 

Low 

Medium 

High 

Ease of Implementation 

Fairness 

Stability 

Elasticity 

Responsiveness 

Avoidance 

Sales Tax 

A "Sales and Use" tax 
enacted by county . 
governments and 
collected by the 
Department of 
Revenue 

$ 94.6 Million per 1 % 

$ 97.7 Million per 1% 

$101.0 Million per 1 % 

Can be used for 
transit 
Likely to have 
legislative 
competition for non-
transportation uses 

As already exists, it 
should be easy to 
collect and administer. 

Revenues bear no 
relationship to 
transportation use. 

Revenues are relatively 
stable, but fluctuate 
with the economic cycle 
(growth, recession, etc.) 

Revenues, based 
mainly on purchases 
of durable goods, 
would generally keep 
pace with inflation. 

• Many durable goods 
are price-elastic; 
purchases would be 
affected by high 
inflation. 

Source is responsive to 
economic growth 

An increased tax may 
result in some sales 
being exported out of 
the region ("at the 
fringes"), unless 
adjacent counties 
impose the tax. 

Gas Tax Ad Valorem Tax 

A tax on the sale of A personal property tax 
gasoline enacted by on motor vehicles 
county governments enacted by city and 
and collected by the county governments, and 
Department of collected by same 
Revenue 

$10.l Million per le $4.3 Million per mill 

$11.4 Million per le $5.4 Million per mill 

$12.3 Million per le $6.7 Million per mill 

. Cannot be used for Completely new tax 
transit without a Could be used for 
constitutional transit 
amendment 

As already exists, it While the information to 
should be easy to implement the tax exists 
collect and administer. in vehicle registration 

records, programs for 
computing the tax, 
billing and collecting 
would have to be 
established. 

A user tax; regressive A user tax; progressive 
with respect to income; with respect to income; 
amount paid amount paid not 
proportional to use. proportional to use. 

Revenues are Revenues are relatively 
moderately stable, stable but fluctuate with 
assuming continued the economic cycle 
availability of fuels. 
Erosion occurs with 
improvements in 
vehicle fuel efficiency. 

. Tax Revenues will Changes in car values 
not increase with tend to keep pace 
inflation. with inflation. . Demand for motor . Demand for vehicles 
fuels is relatively is not inelastic; hence 
price-inelastic. tax may influence 
Thus, consumption buyers. (Most likely a 
is not likely to one-time effect in the 
change in the long first year of the tax.) 
term due to the tax. 

Source is responsive to Source is responsive to 
fuel consumption, the number and value of 
which reflects both registered vehicles (i.e. 
vehicle miles travelled fluctuations in new car 
and fuel efficiency of purchases affect 
vehicles. Historically, revenues); will not 
this type of tax has not necessarily keep pace 
kept pace with need. with need. 

An increased tax may Some loss of revenue 
result in some sales may occur due to 
being exported out of registrations out of the 
the region ("at the region/state. 
fringes"), unless 
adjacent counties 
impose the tax. 
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TABLE 2 Revenues of Proposed Taxes and Value of 20-Year 
Bonds 

Annual Bonding 
Tax Rate Revenues Capacity 

Sales Tax 1% $100 Million $1.1 Billion 

Gas Tax 5¢ $ 50 Million $0.6 Billion 

Ad Valorem Tax 4 Mills $ 27 Million $0.3 Billion 

TOTAL $2.0 Billion 

m1ss1oners. The third tax, an ad valorem tax on vehicles, 
would be an extension of current personal property taxes 
levied by counties and the City of Pittsburgh. 

Gas and sales taxes already exist in Pennsylvania, so systems 
and procedures for collecting and administering them are in 
place. An ad valorem tax specifically on vehicles, however, 
would be new to Pennsylvania. The group did not recommend 
a particular method for implementing this tax, but models 
exist in several other states. For example, the tax could be 
based on the "blue book" or fair market value of all registered 
vehicles. 

Based on revenue estimates and legal constraints, the group 
recommended the following tax rates: a 5 cent gas tax, a 1 
percent sales tax, and a 4 mill ad valorem tax (i.e. $4 per 
$1000 of value). The latter is determined by an existing limit 
on personal property taxes in Pennsylvania of 4 mills. In fact, 
a much higher vehicle tax is levied in other states (for example, 
12.5 mills in Minnesota, 20 mills in California, and 25 mills 
in Massachusetts). The potential to reasonably charge a much 
higher ad valorem tax, and the legal issues associated with 
doing so, are important subjects for further deliberation. Table 
2 presents revenue projections of the proposed taxes and their 
potential bonding capacity. As proposed, the sales tax would 
account for more than half of the total revenues from the tax 
package. This percentage might be expected to rise over time 
as the gas tax is unresponsive to inflation. 

The anticipated revenues from the proposed taxes would 
raise $2 billion in bonding capacity. While this is far short of 
the $6 billion shortfall in the region, it is the maximum amount 
considered reasonable in terms of taxation. San Diego and 
Phoenix have both had to make similar compromises between 
the total transportation need and the level of taxation that is 
acceptable to the public. This issue is even more compelling 
in southwestern Pennsylvania, where the reasons for building 
many of the transportation improvements are related to eco
nomic development (i.e. prompting more growth rather than 
accommodating expected growth). 

ADMINISTRATION OF PROPOSED FINANCING 
MECHANISM 

The group considered a number of issues relating to the 
administration of the regional transportation finance mech
anism. First, who levies the tax? The group had already de
cided that the counties should levy the taxes. Second, who 
allocates the tax revenues to transportation projects? The 
group identified two alternatives which are discussed below. 
Third, who determines which projects will be funded? While 
those who allocate the revenues are assumed to play a role 
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in selecting projects, this presents the question of transpor
tation planning. This is also discussed below. Fourth, who 
builds the projects? The group determined that a (non-elected) 
regional authority, if formed, should not be allowed to con
struct transportation projects; instead it would allocate funds 
to other, existing entities (such as PennDOT, transit agencies 
or counties), who would construct the transportation im
provements. 

Selection of Projects for Funding 

The working group agreed that the selection of projects to 
be funded with regional dollars should be coordinated with 
the planning and programming of state and federal transpor
tation funds through SPRPC as the federally designated Met
ropolitan Planning Organization. The working group agreed 
that SPRPC's planning process and the planning for regionally
funded transportation improvements should be integrated. 
The working group recommended a requirement whereby 
regionally-funded transportation projects must be consistent 
with SPRPC's Regional Transportation Plan. The group fur
ther agreed that a specific set of priority transportation proj
ects should be identified and slated for regional funding before 
the local option taxes are levied. These projects should be 
planned and identified by a broadly representative public/ 
private policy committee, possibly a sub-committee of SPRPC's 
Transportation Strategy Policy Committee. 

Allocation of Revenues 

The major point of debate was whether a new, regional entity 
should be formed to allocate the regional transportation rev
enues. Alternatively, the counties could allocate the revenues. 
The group decided to bring both proposals before regional 
leaders at the SPRPC Fall Policy Conference. 

Proposal 1 has two distinguishing components: it creates a 
Regional Transportation Finance Authority and gives the Au
thority responsibility to allocate the regional transportation 
revenues. (This would be a non-elected authority with no 
direct taxing powers.) Proposal 2 also has two distinguishing 
components: the governments which impose the regional 
transportation taxes allocate the resulting revenues. In ad
dition, a "banking system" would be created whereby a county 
government could expend funds for the benefit of another, 
with or without a promise for future repayment. SPRPC would 
facilitate these intercounty agreements and maintain an ac
counting of them. Proposal 1 and Proposal 2 are outlined 
below. 

The group rejected the idea that SPRPC should be the 
entity that allocates regional transportation revenues. If the 
revenues were to be allocated by a regional entity, the group 
favored a small decision-making body having fewer than 10 
members. However, the entity's staff and SPRPC's staff should 
be one and the same to facilitate transportation planning. 

The two proposals were fully evaluated by the region's 
public and private leaders who attended SPRPC's Fall Policy 
Conference. The participants recognized a number of advan
tages and disadvantages of both finance mechanisms, and 
recommended that the regional authority should be pursued. 
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They chose the authority as the preferred financing mecha
nism because of its high visibility and its ability to promote 
intermodal, regional transportation strategies, and to leverage 
greater funds . Further, the authority would be a strong voice 
to advocate the region's interest and advance the region's 
transportation objectives, would be able to allocate funds to 
projects that best serve the region's long-term interests , and 
with the financial and political participation of all the counties 
of southwestern Pennsylvania, would be better able to lev
erage state and federal grants than any one county acting 
alone . 

PROPOSAL 1: REGIONAL TRANSPORTATION 
FINANCE AUTHORITY 

1. The counties of southwestern Pennsylvania are author
ized to create a Regional Transportation Finance Authority . 

2. The governing body of the authority includes one mem
ber appointed by each board of county commissioners of the 
member government; one additional member nominated by 
the Mayor of the City of Pittsburgh and appointed by the 
Allegheny County Commissioners; and one member ap
pointed by the Governor. 

3. The primary purpose of the authority is to allocate locally
generated funds to improve, maintain, operate and expand 
surface transportation systems and services. Surface trans
portation includes highways , transit, rail, and new technol
ogies . 

4. The member counties of the authority may levy three 
taxes to specifically benefit surface transportation: a gas tax 
(up to 5 cents); a sales tax (up to 1 percent) and a personal 
property tax on vehicles (up to 4 mills). The City of Pittsburgh 
also may levy a personal property tax on vehicles for the 
specific benefit of surface transportation. If the City levies 
this tax , the residents are exempted from a like tax by Al
legheny County. 

5. The sales tax and gas tax revenues are collected by the 
commonwealth and remitted to the Regional Transportation 
Finance Authority; the vehicle tax is collected by the City 
and counties and also remitted to the authority. 

6. The authority allocates the transportation revenues to 
surface transportation projects within southwestern Pennsyl
vania. These projects must conform with SPRPC's Regional 
Transportation Plan and Regional Transportation Improve
ment Program. 

7. The regional transportation revenues will leverage greater 
federal and state assistance. The transportation revenues may 
also finance a project in its entirety. 

8. The authority is permitted to issue bonds and pledge the 
regional transportation revenues for security. 

9. The member governments are permitted to construct toll 
roads, and the authority may support such toll roads with the 
regional transportation revenues. 

10. The authority may not construct projects; the authority 
will financially aid the construction of publicly-authorized 
transportation projects. 

11. SPRPC will staff the Authority to promote conformity 
between transportation improvements and financing plans us
ing federal, state and regional funds. 

PROPOSAL 2: SOUTHWESTERN PENNSYLVANIA 
TRANSPORTATION FINANCE ACT 
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1. The SPRPC member governments are authorized to levy 
specified taxes to benefit surface transportation. 

2. These revenues must be used to improve, maintain, op
erate , and/or expand surface transportation within south
western Pennsylvania. Surface transportation includes high
way, transit, rail, and new technologies. 

3. The counties are authorized to impose (a) a gas tax (up 
to 5 cents) ; (b) a sales tax (up to 1 percent) and ( c) a personal 
property tax on vehicles (up to 4 mills). The City of Pittsburgh 
may levy the personal property tax on vehicles for the specific 
benefit of surface transportation. If the city levies this tax, 
the residents are exempted from a like tax by Allegheny County. 

4. The gas tax and sales tax are collected by the common
wealth and remitted to the county of origin; the city and 
counties collect the personal property taxes. 

5. Each government allocates its transportation revenues 
for surface transportation projects and services, but must do 
so in conformance with SPRPC's Regional Transportation 
Plan and Regional Transportation Improvement Program. 

6. The SPRPC member governments may use their trans
portation revenues for the direct or indirect benefit of another 
government. A member government may lend its revenues 
to another member government. SPRPC will develop such 
intercounty agreements and maintain a complete accounting 
of such transactions. 

7. The transportation revenues will leverage state and fed
eral assistance . The transportation revenues also may finance 
a project in its entirety. 

8. The transportation revenues may be used to secure bonds 
and other debt instruments. 

9. The SPRPC member governments may construct toll 
roads and use the local transportation revenues to finance 
such roads. 

FINDINGS AND RECOMMENDATIONS 

Transportation Financing Needs 

Leaders of southwestern Pennsylvania have recognized the 
need for greater transportation financing. At SPRPC's 1990 
Fall Policy Conference, they concluded that these funds must 
be raised on both the state and local levels. Enactment of a 
local funding mechanism presents a difficult challenge; it also 
provides a greater opportunity to accomplish the region's 
transportation and development objectives. With its own ded
icated transportation resources, the region's leaders will be 
better able to meet the region's needs. 

Southwestern Pennsylvania cannot afford not to have a 
local finance mechanism. In the nineties, those who pay more 
will get more. Local funding will be key to leveraging federal 
funds . 

The state alone cannot be expected to meet the region's 
transportation needs. To accomplish our highest priorities, 
we must form a new partnership with the state. As a partner 
with independent resources, the region will be able to leverage 
more state and federal funds than they might otherwise se
cure. However, regional funding creates a risk of state funds 
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being diverted away from this region, thereby negating the 
benefits of the regional funds. For example, the state might 
follow a statewide, priority-based plan for funding. If the 
highest priority projects in this region were funded locally, 
the state might ultimately spend more in other regions and 
less in this region. With safeguards enacted, local resources 
will not reduce federal and state investment in southwestern 
Pennsylvania. Rather, local funds will secure more federal 
and state funding. Safeguards for state funding might include 
a clause in the authorizing legislation that prohibits a reduc
tion in state funds due to the regional levies, or a policy 
wherein the regional funds are "last in" on each project (i.e. 
not committed until after state funds are committed to the 
project). 

Regional Transportation Finance Authority 

Reaching broad-based agreement on a Regional Authority is 
a formidable job. The authority would effect many changes 
in governmental responsibility, and such changes are made 
slowly. The county commissioners, who enact the transpor
tation taxes, have responsibility to see that the revenues are 
wisely used . Under Proposal 1, some of this responsibility 
would be delegated to the authority. The board composition 
of the authority must ensure that the county commissioners 
retain some purview over the use of the tax revenues . 

Each county has its own, substantial transportation needs. 
Each one probably could use all of its tax revenues for its 
own needs, local roads, bridges, or transit. With pressing local 
needs, regional needs could become secondary. The authority 
would provide a forum where regional needs would be more 
likely to receive attention and emphasis. 

The authority, and the related tax measures, are an inno
vative solution to a longstanding problem. County govern
ments will have more responsibility for transportation than 
they have ever had . For the counties to assume that respon
sibility, the public must recognize that the state and federal 
governments cannot be expected to meet our full needs. 

Taxes 

The regional financing program should be modest enough to 
be politically palatable, yet large enough to make significant 
transportation improvements. A $2 billion regional financial 
program is appropriate, although it does not meet the entire 
shortfall. 

The proposed 1 percent sales tax, 5 cent gasoline tax and 
4 mill ad valorem vehicle tax may not ultimately be the most 
politically acceptable tax blend. The best tax proposal will 
evolve in subsequent discussions. A number of interest groups 
seek a sales tax for their purposes; perhaps, only a portion 
of the 1 percent tax should be designated for transportation. 
The ad valorem vehicle tax is strongly supported; it could 
bear a larger portion of the financing burden. 

Ideally, each county should enact the same taxes at the 
same rate . A uniform level of effort will create an equitable 
basis for the regional authority. However, there is no mech
anism to ensure that the counties do this. This is a potential 
source of controversy and weakness in the authority . The 
group recognized that, initially, different counties will have 
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different levels of public support, dictating different tax rates. 
Some counties might wish to contribute more in order to 
"buy" more transportation improvements; others might not 
have as much public support for this type of taxation. The 
group believed, however, that through achieving results with 
the funds that are levied, and through a public education 
process, a satisfactory and workable taxation scheme would 
ultimately emerge among the member counties of the au
thority. 

Work Program 

While the policy conference reached consensus on a regional 
transportation finance mechanism, that is only a first step. A 
broader consensus-building process must follow. This process 
must be led by a coalition of public and private leaders. The 
private sector, working in cooperation with the public sector, 
is the most credible advocate of a regional finance mechanism. 
A public-private partnership is essential to achieve public 
credibility. 

The transportation financing proposal needs to be fully ex
plained and discussed with each board of county commis
sioners, the Pittsburgh Mayor and city council. Meetings with 
business and civic leaders are likewise essential. SPRPC should 
also pursue a public information program that will inform the 
public of the transportation issue, poll and measure public 
response, provide input to the planning process, and cultivate 
support for the finance mechanism. 

While this effort proceeds, SPRPC should develop a com
prehensive regional transportation plan. The plan will identify 
projects which the financing mechanism will advance as well 
as the associated economic benefits. A specific transportation 
improvement plan is essential to secure support for new tax 
levies. 

STATUS OF THE PROJECT 

The southwestern Pennsylvania Regional Transportation Fi
nancing Initiative is advancing on several fronts. Legislation 
based on Proposal 1 and following recommendations from the 
policy conference has been discussed among legislators and 
other regional leaders . SPRPC has also begun the public re
lations effort, introducing the initiative to public and private 
groups in a wide variety of forums. 

SPRPC's objective is to implement the initiative through a 
two-year work program. In addition to the legislation and the 
public relations effort, the centerpiece of this work program 
is a comprehensive planning process. In this process, SPRPC 
and regional leaders will evaluate transportation options, con
sidering their impacts on growth patterns and the environ
ment. This process will produce a list of priority transportation 
projects and a specific proposal for financing them . Like a 
growing number of regions, SPRPC's final transportation plan 
will be based not on physical expansion of the transportation 
system to resolve relatively short-term congestion problems, 
but rather on making strategic, multimodal improvements 
that will foster a desired vision of regional growth. 

Publication of this paper sponsored by Committee on Local Trans
portation Finance. 
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Evaluation of Transit and Highway 
Revenue Forecasting Template (THRIFT) 
Software 

PAUL ZORN 

Transit and Highway Revenue Forecasting Template (THRIFT) 
software was developed by the Government Finance Officers 
Association under contract with the U.S. Department of Trans
portation as a sketch-planning tool. THRIFT allows users to fore
cast available financial resources for highway and transit financ
ing, evaluate capital projects, and examine the effects of changes 
in selected financial variables on transportation system funding . 
Tests of the software at four highway and transit sites in the 
United States indicate that the software is a useful tool for ex
amining financial scenarios in a sketch-planning context. The key 
drawback with the software is the level of effort required to collect 
the historical data needed to conduct the forecasts. Overall, 
THRIFT was judged to provide a useful framework for examining 
transportation improvements within the context of current and 
future financial resources. 

The U.S . Department of Transportation (DOT) statement of 
national transportation policy calls for the federal government 
to provide technical assistance to state and local governments 
in the use of alternative or innovative approaches to financing 
transportation operations and improvements. In order for state 
and local governments to make informed decisions regarding 
their financial capacity for constructing and operating capital 
expansions and improvements, transportation planners must 
have accurate detailed information about future financial re
sources, capital costs, and the relative benefits received from 
capital projects. 

Because of the complexity of this information, and the com
plexity of the underlying calculations, planners have turned 
to computer software to perform the calculations, store, sort, 
and display the results of their financial analyses . One such 
computer package is the Transit and Highway Revenue and 
Improvement Forecasting Template (THRIFT) . THRIFT is 
a sketch-planning tool that allows users to 

• Forecast available financial resources over a 10-year pe
riod, 

•Determine the adequacy of resources needed to operate, 
maintain, and construct capital projects for highway and mass 
transit transportation systems, 

• Assign priorities to capital projects using benefit-cost 
analysis, 

• Examine the effects of changes in financial variables (such 
as tax rates, fares, labor costs, etc.) on a jurisdiction's financial 
capacity to operate, maintain , and improve its transportation 

Government Finance Officers Association, 1750 K Street, N.W., Suite 
200, Washington, D.C. 20006. 

system, and 
• Examine the impact of new sources of revenue for fi

nancing the transportation system. 

THRIFT was developed for DOT with monies from both 
FHW A and the Urban Mass Transportation Administration 
(UMTA) (now FTA), and is distributed through FHWA's 
Office of Planning. 

DESCRIPTION OF THRIFT 

For more than a decade, state and local governments have 
assumed a greater share of the responsibility for financing 
their transportation systems. Because of this increasing re
sponsibility, state and local governments have found it a chal
lenge to manage their resources more efficiently and to find 
alternative sources of revenue. However, identifying these 
sources and predicting their potential for generating addi
tional funds is not easy. Furthermore, developing a frame
work for evaluating alternative financial options in the context 
of the benefits and costs of highway and transit projects com
plicates the problem even more. 

As early as 1982 FHWA recognized the need to improve 
the integration of financial planning with transportation plan
ning. In 1985, FHWA began an effort to develop user-friendly 
computer software to assist state and local governments in 
forecasting their revenues and expenditures and to integrate 
this information with the transportation planning process. As 
one of the products of these efforts FHW A contracted with 
the Government Finance Research Center, the research arm 
of the Government Finance Officers Association, to design 
and construct personal-computer based software for financial 
forecasting and analysis of capital improvements. 

The resulting software, THRIFT, is intended to be used as 
a tool in the "sketch-planning" process. As shown in Figure 
1, sketch-planning is the ongoing process of evaluating (at a 
summary level) the current state of the transportation net
work, anticipating the network improvements and expansions 
required to meet future demand, evaluating the current and 
future financial condition of the transportation system, and 
taking the financial and operational steps necessary to imple
ment the plan. 

THRIFT can be used to assist in the core financial elements 
of this process. Although THRIFT does not provide assistance 
in identifying transportation system needs, once the jurisdic-
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FIGURE 1 Relationship of THRIFT to sketch-planning process. 

tion or transportation agency has determined the current sta
tus of the network and identified the projects necessary to 
improve it, THRIFI can be used to test the financial feasi
bility of the potential transportation improvements. This is 
done by 

•Evaluating the agency or jurisdiction's current and his
torical revenues and expenditures, 

• Forecasting future financial condition based on historical 
information, using trend analysis and expert judgment, 

• Evaluating the financial impact of potential capital proj
ects (including benefit-cost ratios), and 

• Evaluating the impact of additional sources of revenues 
to finance the projects. 

The output of THRIFI's analysis is a series of reports that 
show the net financial impact of highway and transit improve
ments and expansions on the transportation system. If the 
analysis shows that resources are unavailable to completely 
cover costs, THRIFI allows user to examine the impact of 

• Revising financial policies by adding new sources of rev
enue or increasing rates, 

•Revising operating policies by cutting back on service, 
and 

• Revising the capital improvement program by changing 
the ranking of projects based on their benefit-cost ratios. 

THRIFI also allows users to conduct sensitivity analyses 
by examining the impact on the forecasts of changes in the 
economic and policy variables that underlie the forecasts. In 
doing so, users have the option of changing any of the under
lying demographic and economic assumptions, such as pop
ulation, income, prices, interest rates, and the like. 

REVENUE AND EXPENDITURE FORECASTING 
USING THRIFT 

When examining the current and future financial condition 
of the jurisdiction or transportation agency, THRIFI is able 

to forecast a wide variety of revenues and expenditures. On 
the revenue side, THRIFI allows users to project the poten
tial of a diverse group of revenue sources, including: 

• Real and personal property taxes, 
• Retail and wholesale sales taxes, 
•Income, wage, and payroll taxes, 
• Excise taxes on cigarettes and alcohol, 
• Utility taxes, 
• Motor fuel taxes, 
• Driver's license and vehicle registration fees, 
• Highway tolls, 
•Transit fares, 
• Bus charter revenues, and 
• Other taxes or fees (e.g., parking, severance taxes, etc.). 

On the expenditure side, THRIFI allows users to forecast 
system operating and maintenance costs, including: 

• Labor costs for system administration, operations, main
tenance, security, and other workers, 

• Non-labor costs for contracted services, utilities, rental 
property, maintenance materials, and other non-labor costs, 
and 

• Debt service with provisions for user specified interest 
rates on borrowing. 

THRIFI allows users to forecast revenues and expenditures 
using a number of forecasting techniques, including linear and 
exponential trend forecasts, disaggregated trend forecasts, and 
time-series forecasts. 

The linear and exponential trend methods use historical 
trends in the revenues or expenditures as the basis for the 
forecast, and project these trends using simple linear or ex
ponential rates of change. Disaggregated trend forecasts break 
the revenues and expenditures down into their economic and 
policy components and then forecast the economic compo
nents using linear or exponential rates. For example, THRIFI 
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disaggregates property tax revenues into the following com
ponents: 

• Market value of taxable property, 
• Assessment ratio, 
• Property tax rate, 
• Percent of property tax collected, and 
• Percent distributed for transportation purposes. 

The disaggregated trend method uses linear or exponential 
trends in the number of households, household income, and 
housing prices to forecast future market values of taxable 
property. Property tax revenues are rhcn obtained by applying 
the policy variables (tax rate assessment rario , etc.) to the 
market value of taxable property. This allows the user to 
examine the effect that changes in the policy variables will 
have on available revenues. 

The time-series foreca ting method u e · regression equa
tion to calculate the relationship between the underlying var
iables and the economic base variable . It is ·imilar 10 the 
disaggregated trend analysis, except that the equations linking 
number of households, household income, and housing prices 
are calculated using a regression formula, with adjustments 
for autocorrelation. 

Since expert judgment is an essential component of any 
forecast, THRlFT also allows the forecasts to be modified 
based on outside econometric analysis or expert judgment. 

EVALUATING CAPITAL PROJECTS 

In addition to forecasting revenues and expenditures for sys
tem operation and maintenance, THRIFT also allows the user 
to evaluate capital improvements and expansions. To do so, 
the user enters information about each capital project, in
cluding 

• Capital costs (including planning, engineering, equip
ment, vehicles, land and right of way, and construction costs), 

• Financing sources (including current (general) revenues, 
project-generated revenues, grant receipts, and bond pro
ceeds), 

•Project operation and maintenance (including labor, util
ities, repairs), and 

• Benefit-cost variables (including travel time, travel costs, 
and accident costs with and without the project). 

THRIFT then calculates debt service associated with each 
improvement for the portion of the capital cost financed through 
bonds, based on a user-entered interest rates and bond ma
turity. 

Benefit-cost ratios are calculated using a procedure similar 
to that presented in the AASHTO Manual on User Benefit 
Analysis of Highway and Bus Transit Improvements (1) with 
modification suggested by the procedures described in the 
FHWA report Regional Economic Impact Model for Highway 
Systems (2). For highways the benefit-cost variable include 
daily vehicle-miles of travel, vehicle running speeds with and 
without improvement, accident reduction factors, travel time 
values, vehicle operating costs, and accident costs. For transit, 
the benefit-cost variables include number of person-trips, in-
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vehicle travel time, waiting time, value of travel time, and 
average fare. 

The user can select the projects to be included in the trans
portation improvement program. These are then added to the 
financial forecast for operating and maintenance, showing the 
impact of financing the projects on net resources over a 10-
year period. If current resources are not sufficient to finance 
the improvements, new revenue sources can be explored and/ 
or capital projects may be postponed. THRIFT allows the 
user to model the effects of these decisions before any action 
is taken. 

USER EVALUATIONS 

As part of the development process, THRIFT was beta-tested 
by four highway and transit systems in the United States: Lane 
Council of Governments, Oregon; Minnesota Department of 
Transportation; North Central Texas Council of Govern
ments; and City of Sioux Falls, South Dakota. The systems 
were selected to represent large and small tran portation sys
tems, in rural and urban settings, involving different mix s of 
highways and mass transit facilities . 

In general, the systems found the software to be a useful 
tool in the sketch-planning process. Once the data was en
tered, the systems had no trouble carrying out the forecasts, 
conducting sensitivity analysis, or examining new projects. 
THRIFT' re ults were also found to be consistent with the 
"bottom-line" results of in-house models (3). 

Using THRIFT, the systems identified periods of potential 
financial trouble in future years and examined the effects of 
applying different sources of revenue to relieve the potential 
deficit. THRIFT was judged to be very useful for conducting 
en ·itivity analy ·es and developing alternative financial sce

narios in a sketch-planning context. 
The key drawback to THRIFT was the level of effort re

quired to collect and analyze the historical data required to 
conduct the forecasts. For THRIFT to make projections based 
on historical data, the data had to be collected and entered 
into the program. Testers found that the initial effort to obtain 
the data and ensure its consistency was time-consuming, and 
that a high level of expertise was necessary to assess this 
information. It should be noted, however, that this is a prob
lem inherent in any forecast that requires hi ·torical data. Once 
the data was initially entered, the testers noted that consid
erably less time was needed to update the data during the 
next forecast cycle. 

CONCLUSION 

The THRIFT forecasting software provides a useful tool to 
assist in the sketch-planning process, and helps transportation 
planners 

• Evaluate the current financial performance of the trans
portation system, 

• Estimate the financial resources required and available 
to meet needed transportation improvements, and 

• Examine alternative means for meeting future transpor
tation needs (either through additional revenues, reduced ser
vices, or postponed capital projects). 
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Perhaps most important, THRIFf provides a framework 
for examining transportation improvements within the context 
of current and future financial resources. 
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Procedure To Calculate the Economic 
Benefit of Increased Pavement Life 
Resulting from Port of Entry Operations 
in Idaho 

SHAUN PARKINSON, JOHN FINNIE, DENNIS HORN, AND ROBERT LOTTMAN 

A calculation procedure has been developed to determine the 
economic benefit of increased pavement life resulting from op
eration of a port of entry (POE). Weigh-in-motion data and the 
AASHTO equivalent single axle load tables are used to evaluate 
the percentage of overloaded trucks and their equivalents. These 
values are then used to calculate a reduction of pavement life . 
The cost of reduced pavement life is based on construction and 
rehabilitation costs of a typical asphalt highway section with an 
assumed life of 36 years. The economic benefit of increased pave
ment life resulting from the Bliss POE ranges from $175,000 to 
$407 ,000 depending on the assumed influence of the POE. 

Ports of entry (POEs) are operated in the state of Idaho to 
(a) issue permits and collect fees, (b) enforce truck and axle 
weight limits and thereby reduce damage to pavement and 
bridges , and (c) perform other associated tasks, such as reg
ulation of hazardous wastes and agricultural products . Effi
cient economic management of these ports requires that their 
costs and benefits be estimated. The objectives of this project 
are to (a) develop a method to quantify the economic benefit 
to the state of Idaho that results from prevention of premature 
pavement failure by the operation of PO Es and (b) apply the 
method to a typical POE. The results for a specific site can 
be combined with other economic benefits (such as collection 
of permits and license fees, accident prevention , hazardous 
waste regulation, and agricultural regulation) and costs (such 
as personnel, facilities, and reduction in net freight weight 
per trip) to help determine the economic viability of a POE. 
A complete economic analysis of POE operations would in
clude all of these benefits and costs. However, these can be 
considered in further research. 

Other economic studies of PO Es, the relationships between 
port operation and truck overloading, and the limitations of 
weigh-in-motion (WIM) equipment are discussed . The cal
culation procedure is described and illustrated with examples. 
The method is then applied to the Bliss POE. A sensitivity 
analysis is performed to determine how the results change if 
two key inputs are changed. 

S. Parkinson, Idaho Power Company, 1109 Main, Boise , Idaho 83702. 
J. Finnie , D . Horn , and R. Lottman, Department of Civil Engi
neering, University of Idaho , Moscow, Idaho 83843. 

LITERATURE REVIEW 

Only a few publications have attempted to quantify benefits 
of increased pavement life resulting from POEs. Barros (1) 
estimated the cost of overweight trucks to New Jersey high
ways. He assumed that approximately 20 percent of the trucks 
were overloaded, on the basis of portable scale results in New 
Jersey and weights obtained from strain gages on an 1-80 
bridge in nearby Pennsylvania. Remaining pavement life was 
calculated from existing highway conditions and a statewide 
average truck fleet. 

Wyatt and Hassan (2) estimated that $1. 8 million (1982 
Canadian dollars) in pavement damages to the southern Sas
katchewan provincial highways system was caused by over
loaded trucks. 

Nielsen (3) calculated the cost of reduced pavement life to 
recommend fines for overloaded vehicles. He assumed an 
average truck trip length, an average cost per equivalent single 
axle load (ESAL) per mile of roadway, and a 3-to-1 factor of 
actual to apprehended overload violators. 

In a related study, Halim and Saccomanno (4) compared 
increased pavement and transportation costs under two dif
ferent load limits. They determined that, where noncom
mercial traffic is appreciable, increased operating costs for 
noncommercial vehicles caused by decreases in pavement ser
viceability and increased repair costs are not offset by gains 
in efficiency of commercial vehicles arising from higher axle 
load limits. 

A key component of the present study is the estimation of 
the effect of POEs on truck weights. However, little infor
mation relating weigh station operation with weight violation 
rates has been published. Wyatt and Hassan (5) investigated 
the relationship between enforcement effort and weight com
pliance at permanent and mobile weigh stations in Saskatch
ewan. They report that , at permanent weigh stations, zero 
enforcement results in violation rates that exceed 15 percent 
for all types of loaded trucks. The violation rate is reduced 
to about 3 percent when the probability of apprehension ex
ceeds 10 percent. For mobile weigh cars, zero enforcement 
corresponds to violation rates of about 30 percent, with the 
violation rate reducing to 9 percent as inspections increase. 
In both situations, once low violation rates are achieved , ad
ditional enforcement effort results in little improvement. These 
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results are expressed as a percentage of loaded trucks and 
were obtained from violation rate records (static weighing), 
number of loaded trucks checked, and average percent time 
the scale is open. 

Similar data were taken for short-haul trucks, using WIM 
equipment. Under normal enforcement (approximately 20 hr/ 
week in the case cited), 31.2 percent of 3S2 trucks (26 percent 
of all trucks) exceeded legal gross vehicle weights (GVWs). 
Under zero enforcement 34.5 percent of 3S2 trucks (33.2 
percent of all trucks) exceeded legal limits. These violation 
rates are expressed as a percentage of loaded trucks. 

In the past few years, WIM equipment has been used in 
the state of Idaho. This equipment uses stress-strain relation
ships to weigh trucks without requiring them to stop. Data 
from WIM sites are considered here. Shannon and Stanley 
(6) investigated the accuracy of the PAT WIM systems used 
by the Idaho Transportation Department (ITD) . Although 
the WIM method was not accurate enough to replace static 
axle weighing for enforcement purposes, good agreement was 
found between WIM total gross weight and static weights. 
With the exception of the front axle, the R2 coefficient of 
determination between WIM axle weights and static axle weights 
ranged from 0.7 to 0.95. Shannon and Stanley's results in
dicate that WIM is acceptable for planning purposes, if its 
limitations are kept in mind. 

Users of WIM data are cautioned that a truck of legal static 
weight may register as an illegal truck on WIM equipment 
because of normal weight redistribution at speed and normal 
truck vibrations (J. L. Hamrick, unpublished data). 

The state of Idaho uses a number of criteria to determine 
if a truck is legally loaded. Following are the maximum legal 
weights : 

•Single axle-20,000 lb. 
•Tandem axle-34,000 lb (federal Interstate system); 37,800 

lb (if total gross weight does not exceed 79,000 lb allowed on 
non-Interstate system). 

•Total weight-80,000 lb (without permit on Interstate 
highways). 

For this study, a legal truck is defined as one with a gross 
weight of 80,000 lb or less. 

METHODS 

The calculation procedure includes several steps. First, after 
the port has been identified, the road segments under its 
influence (its influence zone) are identified. Because some 
trucks on each segment do not route through the port, the 
percentage of trucks influenced by the port is estimated for 
each segment. 

Second, for each road segment, the percent reduction in 
pavement life resulting from overloaded trucks is calculated 
from the percentage of overloaded trucks, axle equivalents 
and net weights of legal and overloaded trucks, and the per
centage of trucks influenced by the port. This calculation is 
performed for port open and port closed conditions. The per
centage of overloaded trucks and their equivalent ratios are 
estimated from 1989 WIM data. 
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Third, the cost of building and repairing the road system 
under decreased lifetimes is calculated for port open and port 
closed conditions. The difference between these values is the 
economic benefit that results from operation of the POE. This 
calculation assumes that the port is either always open or 
always closed. For this study, the port open condition assumes 
that the POE is open 24 hr/day, 365 days/year. The port closed 
condition assumes that the POE is closed 365 days/year. In 
reality, ITD does not normally operate the ports 24 hr/day. 

Selecting Road Segments Influenced by the POE 

The preferable method for selecting road segments would 
consist of an origin-destination study of trucks coming to and 
going away from the POE being analyzed. An origin-destination 
study would have the benefit of providing an estimate of the 
number of trucks on each road segment that are influenced 
by the POE, as well as the range that the road segment system 
should extend outward from the port. 

Because an origin-destination study was not available for 
the port being analyzed (Bliss), a geographic zone of influence 
was identified. That is, road segments were divided between 
the Bliss POE and neighboring POEs. Figure 1 shows the 
road system used in the Bliss analysis. As long as the zone 
of influence is not too extensive, and because every road in 
the state would not be assigned to a POE, the results of the 
analysis should be conservative; the POE's influence likely 
extends past the selected road system. 

For each of the road segments considered in the analysis, 
the average daily truck traffic (ADTT) for 1989 was collected 
from the ITD MACS/ROSE data base. The ADTI data from 
ITO was available for road segments much shorter in length 

• WIM SITE (19891 

POE------~: 

ZONE 

FIGURE l Idaho WIM sites and Bliss POE 
zone. 
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than the road segments used in this study. The weighted av
erage (by mileage) of the ADTT was calculated for each road 
segment included in the study area and is used to compute 
changes in pavement life. Turning volumes are computed us
ing ADTT point data at the intersection rather than the weighted 
average ADTT of the road segments coming into the inter
section. 

All of the truck traffic on the POE road segment is assumed 
to be influenced by the port when it is open, or 100 percent 
influence (i.e., Segment A in Figure 2). At each branch in 
the road system leading away from the POE, the influence 
of the POE on the truck traffic on a given road segment 
decreases because of the turning traffic. Traffic that travels 
on road segments influenced by a POE but never passes through 
the POE is considered uninfluenced traffic. 

The number of influenced and uninfluenced trucks on each 
road segment is estimated using turning movement calcula
tions. In Figure 2, the trucks that follow AC or AB are in
fluenced by the POE, whereas the trucks that follow BC 
bypass the POE and are uninfluenced by it. 

To compute the volume of trucks that follow any of the 
three possible routes at a three-way intersection, the ADTT 
for all three segments must be known at the intersection. 
Equations 1, 2, and 3 are used to compute the turning volumes 
illustrated in Figure 2: 

AB = ADTTO + ADTTb - ADTTC 
2 

AC = ADTT. + ADTTC - ADTTb 
2 

BC = ADTTb + ADTT. - ADTTa 
2 

(1) 

(2) 

(3) 

where ADTT; is the average daily truck traffic on the ith 
segment. 

For the situation illustrated in Figure 2, the truck traffic on 
Segment C consists of AC influenced trucks and BC uninflu
enced trucks. Segment B has AB influenced trucks and BC 
uninfluenced trucks. Segment A has all influenced trucks. 

The influenced truck traffic is found for each road segment 
by computing the turning volume at each intersection, work
ing outward from the POE. The number of influenced trucks 

B 

F 

~011'.'IT AD.II 
A 2180 
B 2180 
c 90 
D 2180 
E 120 
F 2180 

FIGURE 2 Road diagram to calculate percent influence 
for multiple branches. 
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on a road segment is determined by multiplying the number 
of influenced trucks at the intersection by the percent of trucks 
that turn onto the road segment being analyzed. The following 
example illustrates the procedure used to compute the number 
of influenced trucks on each segment for the POE shown in 
Figure 2. 

Influenced Traffic on Segment 1 

No traffic leaves Segment 1 until the intersection; therefore, 
all trucks on Segment 1 are influenced by the POE. Hence, 
2,180 trucks are influenced by the POE on Segment 1. 

Influenced Traffic on Segment 2 

2,180 + 90 - 2 180 = 45 
2 

On Segment 2, 45 trucks are influenced by the POE. 

Influenced Traffic on Segment 15 

2,180 - 45 = 2,135 

On Segment 15, 2,135 trucks are influenced by the POE, or 
97. 94 percent of the total. 

Influenced Traffic on Segment 3 

2,1 0 + 120 - 2,180 = 60 
2 

There are 60 trucks on Segment 3 from Segment 15. That is, 

60 
2 180 x 100% = 2.75% 

Thus, 2.75 percent of all trucks on Segment 15 turn onto 
Segment 3. 

0.0275 * 0.9749 * 2,180 = 59 

On Segment 3, 59 trucks are influenced by the POE. 

Influenced Traffic on Segment 16 

2,135 - 59 = 2,076 

On Segment 16, 2,076 trucks are influenced by the POE, or 
95.2 percent of the trucks. 

This method does not account for the possibility of trucks 
leaving and entering the system between intersections, which 
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would decrease the percentage of influenced trucks . How
ever, the method also ignores many trucks that go through 
the subject POE's influence zone and subsequently travel in 
other POE zones without encountering another POE. This 
category of truck movement should be counted as a benefit 
of the subject POE. In this sense, this method can be con
sidered a pessimistic estimate of both the influenced road 
system and the benefit of the subject POE. 

One way of dealing with this underaccounting is to credit 
any truck traveling in the Bliss influence zone (that routes 
through only one POE) as being influenced by the Bliss POE, 
regardless of which POE it came through . Obviously, this 
procedure misapplies benefits among PO Es. However, if done 
consistently over the state , the correct statewide benefit would 
be calculated. This additional benefit is determined for the 
Bliss POE and included separately. 

Calculating Percent Loss of Life 

The percent loss of pavement life is calculated from the axle 
equivalents of legal (LEE) and overloaded (OE) trucks, the 
fraction of overweight trucks in the traffic stream (OL), and 
the net (freight) weight of legal (LNW) and overweight (ONW) 
trucks . The difference in net weights must be included so that 
equal amounts of freight are carried regardless of the percent 
of overloaded trucks. 

The number of legally loaded (3S2) trucks per year (L TPY) 
assumed during design is 

TD E 
LTPY = LIFE x LEE 

where TDE is the total design life equivalents of the pave
ment, and LIFE is the design lifetime of the pavement. 

The total freight carried per year (TFPY) is 

TFPY = LTPY x LNW 

TDE x LNW 
LIFE x LEE 

To account for the fewer number of trips made by over
loaded trucks, it is assumed that the highway carries a constant 
amount of freight. This total amount of freight is actually 
carried in legal as well as overloaded trucks. 

The equivalents per pound (EQP) of freight when both 
legal and overloaded trucks are used are 

weighted average equivalents per truck 
EQP = · h d f . h . h k we1g te average net re1g t we1g t per true 

(1 - OL) x LEE + OL x OE 
EQP = (1 - OL) x LNW + OL x ONW 

The equivalents per year (EQY) experienced by the pave
ment are 

EQY = TFPY x EQP 
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The total pavement life (TPL) under conditions of over
loading is 

TDE 
TPL = EQY 

TDE 
TPL = TFPY x EQP 

The percent reduction in pavement life is 

% years lost 

LIFE - TPL 
LIFE x 100% 

( 
TPL) 

l - LIFE x 100% 

(
1 - ____ T_D_E ___ ) x 100% 

TFPY x EQP x LIFE 

[1 TDE ] x 100% 

(
TDE x LNW) 
LIFE x LEE x EQP x LIFE 

( 
LE E ) = - LNW x EQP x lOO% 

-{l - LEE } 
LNW x [ {l - OL) x LEE+ OL x OE J 

(1 - OL) x LNW + OL x ONW 

x 100% 

The percent loss of pavement life is given by 

% years lost = {
l _ LEE 

LNW 

x [(l - OL) x LNW + OL x ONW]} 
(1 - OL) x LEE + OL x OE 

x 100% (4) 

Equivalents and Percent Overloads 

Equivalents are a measure of pavement fatigue from truck 
axle loads. The OL is the percent of total trucks with a gross 
weight greater than 80,000 lb . Only axle weights of trucks 
with that weight are used to calculate OE. 

AASHTO ESAL tables are used here to calculate equiv
alents, requiring knowledge of the truck axle weights, the 
terminal serviceability index (P,) , and the structural number 
(SN) for asphalt concrete or the thickness for portland cement 
concrete. 

The predominant pavement material throughout the study 
area is asphalt concrete. A 3S2 design truck (five-axle tractor/ 
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TABLE 1 OL and E for Open and Closed POEs 

Location 

Interstate Buhl-Hollister 
POE Open Cotter al 

Lewiston 

Average 

Interstate Buhl-Hollister 
POE Closed Cotter al 

Average 

Secondary Samuels 
POE open 

Secondary Samuels 
POE Closed Ashton 

Council 
Payette 
Cottonwood 

Average 

single-trailer truck, one steering axle, and two tandem axles) 
is used to compute the legal equivalents because the majority 
of trucks on Idaho highways are of this type. The legal equiv
alent is computed from the AASHTO tables as follows: 

Steering Axle (12 kip) = 1 axle* 0.19 equiv. = 0.19 equiv. 

Tandem Axles (34kip) = 2axles*1.09equiv. = 2.18equiv. 

Total Equivalents = 0.19 + 2.18 = 2.37 equiv. (legal) 

It is preferable to conduct a long-term, site-specific survey 
to obtain the percent of overloaded trucks and equivalents. 
Because this information is not available, axle weights are 
obtained from WIM data at locations throughout the state for 
port open and closed conditions. OL and equivalents were 
calculated at selected Interstate and secondary WIM sites, 
both for port open and port closed conditions. The OL and 
equivalent values applied to Bliss (see Table 1) are based on 
averages from these WIM sites. If OL and equivalent values 
are available for a specific site, they should be used instead 
of these statewide values. 

Table 2 presents the calculation procedure used to estimate 
average equivalents (E) for a group of tandem axles. Adding 
the average equivalents for the front axle and other tandem 
axles results in an average equivalent for the group of trucks. 

The axle load data available at each WIM site indicate that 
the average overload equivalent on Interstate and secondary 
highways for influenced and uninfluenced trucks is approxi
mately 3.80 and is only weakly related to the percent of over
loaded trucks. Figure 3 shows the relationship between per
cent overload and equivalents. 

WIM data from 1989 are used to estimate the percent over
loads on Interstate and secondary highways for influenced 
and uninfluenced truck traffic. Again, a long-term survey at 
each site would be preferable. The OL values used in the 
benefit calculation are presented in Table 3. The percentages 
given in the table are rounded averages of the WIM data from 
Table 1. For convenience, the data reported by Wyatt and 
Hassan (5) for all truck types is shown next to the values used 
in the benefit calculation. Unlike the values from this study, 
the Saskatchewan data are expressed as a percentage of loaded 
trucks and use static weighing. 

Total # of Percent Weighted 
Trucks Weighed overload EQ 

267 9.0 3.26 
903 19.9 3.75 
630 6.8 4.42 

11.9 3.81 

28 17.9 3 . 50 
1499 46.5 4.26 

32.2 3.88 

104 26.7 3.66 

387 20.4 4.13 
176 38.1 3.76 
172 17.4 3.91 
278 24.8 3.65 
151 33.8 3.64 

26.9 3.82 

TABLE 2 Example Calculation of Average Equivalent for One 
Tandem Axle 

'Tandem 1 

Axle # of Equiv. I sum of 
Load Tandems Axle, SN=5 Equiv. 

20000 0 0.121 0 

24000 0 0.180 0 

28000 0 0.364 0 

32000 0 0.658 0 

36000 2 1. 090 2 

40000 32 1. 700 54 

44000 25 2.510 63 

48000 8 3.550 28 

52000 0 4.860 0 

56000 0 6.470 0 

60000 0 8.400 0 

Sum = 67 148 

Average Equivalent = 148 / 67 = 2.2 

Note: ~ = 2.5; SN = 5. 1989 WIM data for 352 
trucks with GVW ~ 00,000 lb. All trucks, asphalt 
concrete. 

5 
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FIGURE 3 Average percent overload versus average axle 
equivalents for elected WIM sjtes. 
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TABLE 3 OL Values 

Used' 
POE % OL 

Interstate Open 10 
Roads Closed 30 

Secondary Open 10 
Roads Closed 30 

a percent of all trucks, WIM 

Saskatchewan• 
% OL 

3 
18.6 

9 
30 

b percent of loaded trucks, static weights 

Because of the small size of the secondary open data set, 
and because secondary ports are frequently closed, it is as
sumed that IO percent is a reasonable figure if the port was 
normally open. The Saskatchewan data indicate a 3-to-1 ratio 
of percent of overloaded trucks for closed and open ports. 

The 1989 WIM data used to estimate E and OL were taken 
during periods of approximately 1 week or less for each WIM 
site. Data collected during a relatively short time span may 
be influenced by short-term local or seasonal events. A more 
accurate estimate would be possible from a larger data set 
collected over a longer time span, preferably several times 
throughout the year. The Wyatt and Hassan data (5) were 
collected over longer periods. 

Percent Loss of Life for Continuous POE Operation 

If the port was operating continuously, truck traffic on road 
segments within the study area would consist both of influ
enced and uninfluenced trucks because of turning traffic not 
influenced by the port. To account for the difference in per
cent overloads of influenced and uninfluenced trucks, the 
percent loss of service life is computed both for port open 
and port closed conditions for each road segment using Equa
tion 4. Then, a weighted average percent loss of service life 
is found using the number of influenced and uninfluenced 
trucks on each road segment. The weighted average percent 
loss of service life is used to compute a reduced life for the 
condition of continuous POE operation. The following ex
ample illustrates the procedure used to compute the weighted 
average loss of life. 

The following conditions are assumed: 

• Influenced traffic, loss of pavement life = 4.06 percent; 
• Uninfluenced traffic, loss of pavement life = 11.27 per

cent; 
•POE influenced ADTT = 1,530; and 
•POE uninfluenced ADTT = 710. 

Then, 

Weighted average loss of life 

4.06% x 1,530 + 11 .27% x 710 = ~~~~~~~~~~~~~ 
1,530 + 710 

Percent Loss of Life When No POE Is Operating 

6.35% 

If the port did not exist or is not operating, it is assumed that 
all truck traffic in the study area would be uninfluenced. The 
percent loss of life would then be 11.27 percent. 
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Reduced Life 

ITD uses a pavement design life of 20 years but maintains 
roads on a 36-year replacement schedule, with maintenance 
and repairs scheduled at 12 and 24 years after initial construc
tion. It is assumed here that a reduction in pavement service 
life would reduce the 36-year scheduled lifetime, as well as 
the 12- and 24-year maintenance schedule. 

The reduced service life was computed as follows: 

Reduced life = 36 - 36 x percent years lost 

Calculating Present Cost per Mile of Pavement with 
Reduced Life 

(5) 

ITO uses the following cost estimate for a four-lane highway. 
The initial cost per mile is $868,600 . The 12- and 24-year 
maintenance costs are $168,200 and $401 ,100, respectively. 
The costs of a two-lane road are half these costs . ITD uses a 
4 percent interest rate to evaluate its projects. 

It is assumed that truck traffic on Interstate and four-lane 
highways travels in the outside Janes. That is, the inside lanes 
do not experience any loss of pavement life resulting from 
overloaded trucks. Therefore, all road segments, Interstate 
or secondary, are considered to be two lanes wide for allo
cating costs attributable to pavement damage from over
loaded trucks. A cash flow diagram for a 1-mi length of two
lane road would include the following: (a) an initial cost of 
$434,000, (b) a maintenance cost of $84,000 after a third of 
its life, and (c) a maintenance cost of $220,550 after another 
third of its life. The next replacement cycle would begin after 
the final third of the pavement's life. 

The current cost of two-lane road segments per mile is 
determined using the following equation both for port op
erating and port not operating conditions: 

PC= $434,300 + $84,100 x (PIF,4% , reduc;dlife) 

+ $200,550 x (PIF,4%, reduc; dlife x 2) (6) 

The annual cost (AC) of each two-lane road segment per 
mile in the study area is found using the following equation 
both for port operating and port not operating conditions: 

AC = PC of segment x (AIP, 4%, reduced life) (7) 

The total annual cost of all road segments in the study area 
is determined by multiplying the annual cost per mile of each 
road segment by its length (in miles) and then summing the 
costs of each road segment. The difference between the total 
annual cost for port operating and port not operating con
ditions is the benefit derived from operating the port. 

RESULTS 

An example calculation for the Bliss POE is presented in 
Table 4, which shows the spreadsheet and procedure used to 
calculate the annual benefit. The following truck-related val-
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TABLE 4 Pavement Life Economic Analysis for Road System Near Bliss POE 

SEGMENT SEGMENT ADT 100% POE OPERATION NO POE OPERATION 

CODE LENGTH TOTAL INFL. UN IN FL. % WTD AVE LOSS REDUCE TOTAL REDUCED TOTAL DIFFERENCE 
!NFL. OF LIFE% LIFE A.C . LIFE A.C. OF A.C. 

1010 

2040 

2240 

1040 

1050 

3.16 

42.65 

8,40 

1.41 

0.59 

• TOTALS 159 .2 MILES 

2180 

140 

120 

70 

70 

2180 

45 

60 

30 

40 

95 

60 

40 

30 

100.0 

32. 1 

50 .0 

42.9 

57 , J 

ues were used in the Bliss analysis: LEE of 2.37, OE of 3.8, 
LNW of 51,400 lb, and ONW of 58,400 lb. 

In Table 4 the difference between net weights of legal and 
overloaded trucks is ignored. The percent loss of life as cal
culated by Equation 4 is 5.69 percent for influenced trucks 
and 15.33 percent for uninfluenced trucks. Under these con
ditions, and with the POE open continuously, the net benefit 
of the POE is $5,304,567 - $5,063,012 = $241,555. 

If the difference in net freight weights is included, and the 
percent of overloaded trucks is 10 percent for influenced trucks 
and 30 percent for uninfluenced trucks , the percent loss of 
life is 4.41 and 11.87 percent for influenced and uninfluenced 
trucks, respectively. With the POE open continuously, and 
if the difference in net weights is considered, the annual cost 
is $4,987,627. With no port, the annual cost is $5 ,163,017. 
Under the assumptions employed, this second calculation in
dicates that full-time operation of the port results in an annual 
benefit of $5,163,017 - $4,987,625 = $175,390. The length 
of the road system included in the Bliss example is 159.2 mi. 
The annual benefit of full-time operation of the port is $1,102/ 
mi. This amount represents the minimum benefit of the Bliss 
POE under the given assumptions; the calculation does not 
include benefits of the Bliss POE that occur outside of the 
Bliss zone, which are not included in the benefits of other 
PO Es. 

The annual cost of building and repairing the roadways in 
the Bliss area would be $4,756,300 with no overloaded trucks. 

TABLE 5 Annual Benefit of Bliss POE 

condition 

5.69 34.0 $98,035 30.5 $105,322 $7,287 

12.23 31.6 SI ,387,299 30.5 Si ,421,415 $34,116 

10.51 32.2 S269,730 30.5 $279,970 $10,240 

11.20 

9.82 

32.0 

32.5 

$45 ,445 

$18,849 

30.5 

30.5 

$46,928 

$19,665 

$1 ,483 

$815 

$5 ,063,012 $5,304,567 $241 ,554 

The benefit if all overloading could be stopped is $5,163,017 
- $4,756,:300 = $406,717. This amount represents the max
imum benefit possible . 

If the Bliss POE reduces the fraction of overloaded trucks 
to a uniform 10 percent, then the annual benefit is $366,850. 
Table 5 presents the annual benefit that results from the Bliss 
POE. 

If it is assumed that 90 percent of the trucks on Highway 
30 (Segment 2040) are influenced by the Bliss POE (instead 
of 32 percent), the percent influence on each segment remains 
as originally calculated in Table 4, and the OL is 10 percent , 
then the annual benefit is $296,797. Although the port influ
ence calculations show that most (68 percent) of the trucks 
on Highway 30 are not influenced by the Bliss POE, these 
trucks have a very high probability of routing through adjacent 
POEs. Because the adjacent POEs would not have their ben
eficial influence on Highway 30 attributed to their zone (it is 
outside of their influence zone) , it is reasonable to apply this 
benefit to the Bliss POE. Consistency requires that any ben
efits from the Bliss POE that are felt in other zones (and the 
truck only travels through one POE) should be credited to 
those POEs, not the Bliss POE. This method would be a 
consistent way to apply this otherwise ignored benefit. It also 
results in the correct total statewide benefit. 

Because of the uncertainties of OL, OE, and LEE , these 
factors were allowed to vary to check the sensitivity of the 
results . ER is the ratio of OE to LEE. Table 6 presents the 

Annual Benefit 
Bliss POE Zone 

I. All overloading Prevented $ 407,000. 

II. 10 % of Influenced Trucks are 
overloaded: 

A. All Trucks Influenced: 

B. Percentage of Influenced 
Trucks calculated by 
Turning Volumes 

1. Constant ADTT 

2. Constant Net Freight Weight 

$ 367,000. 

$ 242,000. 

$ 175,000. 
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TABLE 6 Sensitivity Analysis for Bliss POE 

CONSTANT EQUIVALENT RATIO (ER), COST IN lO OO' S OF DOLLARS. 

POE Open 
POE Closed 
Difference 

-50\ 

4864 
4947 

83 

- 20\ 

4929 
5062 

133 

OL 
0% 

4 972 
5 14 0 

168 

+ 2 0% 

5 015 
5 2 1 7 

202 

+50% 

5079 
5 3 33 

2 5 4 

CONSTANT FRACTION OF OVERLOADED TRUCKS (OL), COST I N lOO O'S 
OF DOLLARS . 

POE Open 
POE Closed 
Difference 

-5 0% 

4607 
4499 
-108 

- 20% 

4 82 7 
4881 

54 

ER 
0% 

4972 
5140 

168 

+20% 

5115 
5400 

285 

+5 0% 

5328 
57 96 

46 8 

results of the sensitivity analysis for OL and ER. If the as
sumed percentage of overloaded trucks is reduced by 50 per
cent, the annual benefit is also reduced by about 50 percent. 
OL and ER have a strong effect on the results. The results 
confirm that care should be used when estimating them. 

CONCLUSIONS 

A calculation pr cedure has been developed to determine the 
economic benefit of increased pavement life resulting from 
operntion of a POE . The procedure uses WIM data and the 
AASHTO ESAL tables to evaluate the percentage of over
loaded trucks and cheir equivalent ratio . These values are 
used to calculate a reduction of pavement life. The cost of 
reduced pavement li fe is ba ed on construction and rehabil
itation costs of a typical asphal! highway section and an as
sumed life of 36 years. The economic benefit per mile of 
increa ed pavement life resulting from the Bliss POE ranges 
from $175 390 to $406 ,717, depending on the assumed influ
ence of the POE. 

ITD can use this method to estimate benefits that result 
from increased pavement life caused by operation of a POE. 

TRANSPOR TATION RESEA RCH R ECORD 1359 

Other benefit · (such a fee collection, accident reduction be
cause of truck inspections and agricultural inspections) can 
be added and the sum compared with the cost of operations 
(facilities . personnel, and reduced net freight weight per trip) 
to determine the benefit/cost ratio of each POE. Thi rn thod 
will help ITD determine the economic viability of POEs 
throughout the state. 
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Nationwide Investment Requirements for 
New Urban Highway Capacity Under 
Alternative Scenarios 

PATRICK DECORLA-SOUZA, AJAY K. RATHI, AND HARRY CALDWELL 

A range 0f new highway capacity needs is defined , including 
associated capital funding required to maintain 1985 levels of 
service on nonloca l highway systems in the nation's urban areas 
through the year 2005, under alternative travel growrh scenarios 
and severity of land/u e transportation management strategies. 
The analysis procedure, which has been computerized, estimates 
the number of lane-miles that would be required to maintain 1985 
average intensities of use (i.e. vehicle miles per lane-mile) in 
the peak hour. These intensities of u e are specified by functional 
clas . location within the urban area (i.e .. core, suburbs or fringe), 
and urban area size . The analy is results indicate that even under 
a relatively low anm1al rate of growth {2.36 percent per year), 
with high level. of land u e and transportation management trat
egies, about 107,000 lane-miles of new capacity will be needed, 
amounting to a 22 percent increase above the 494,300 existing 
lane-miles within expanded urbanized area boundarie . This is 
estimated to cost $375 billion in 1988 dollars or about l.7 cents 
per-vehicle-mile of travel. 

Procedures are described that were developed to estimate new 
capacity needs by highway-functional class for the nation's 
urban highway systems through the year 2005, under alter
native travel growth and land use and transportation man
agement scenarios, and capital funding needed to pay for new 
capacity. The analysis wa done to provide background in
formation for the 1991 report to the U.S . Congre on the 
status of the nation 's highways and bridges. The report is 
prepared biennially by the Secretary of the U.S. Departm nt 
of Transportation (DOT) . 

BACKGROUND 

A related effort (J) identified past trends in supply and use 
of the nation's urban highways and conge tion level . Another 
study , An Evaluation of the Economic Efficiency of New High
way Capacity 011 Altemative Facility Classes by FHWA 's Plan
ning Support Branch initiated an attempt to identify the best 
mix of new highway capacity by funcliona.1 class. An adapted 
version of this tudy was published by TRB (2). 

Other recent efforts (3 4) have attempted to assess the mag
nitude of new highway capacity needs in the future by using 

P. DeCorJa-Souza , FHWA Office of Environment and Planning, HEP-
22, 400 Seventh Street, S.W., Room 3301, Washington , D .. 20590. 
A. K. Rathi , Oak Ridge National Laboratory, P.O. Box 2008, Oak 
Ridge, Tenn . 37831. H. Caldwell , FHWA Office of Policy Devel
opment, HPP-22, Room 33l8,400Sevcnth treet S.W., Washington , 
D.C. 20590. 

FHW A ' Highway Performance Monitoring System (HPMS) 
analytical process (5). The HPMS analytical process estimates 
needs associated with maintaining the existing highway system 
at or above a defined set of "minimum tolerable condition ' 
for pavement condition, lane width, vehicular and volume
to-capacity ratio. Improvements are simulated on deficient 
highway sections, based on design standards and 20-year pro
jected traffic. 

In contrast to previous efforts based on the HPMS analytical 
process, this study con iders the effects of policy changes
including land use and transportation system management 
policies. Three alternative policy cenarios were considered: 
(a) a base-scenario involving no policy changes, (b) a mod
erate management scenario involving moderate policy changes, 
and (c) an extreme, high-management scenario involving ma
jor changes in land use and transportation management pol
icies. 

The following factors distinguish this research from past 
studies. 

1. The con ideration of existing highway capacity out ide 
the current urban area boundaries, which will become avail
able as they expand (the procedure simulates the expansion 
of boundaries and corresponding conversion of rural lane
miles to urban fringe lane-miles), 

2. The inclusion of needs unconstrained by right-of-way 
availability (i.e. lane-mi.I es of needs are estimated both along 
exi ting highway alignments through widenings on available 
rights-of-way and along new alignments requiring new rights
of-way), 

3. Consideration of supply beyond that estimated by the 
process, needed to provide access for new development and 

4. Consideration of the effects of new supply on travel de
mand and 

5. Consideration that service design standards used to de
termine needs vary across urban area size categories. 

The last item is particularly significant in estimating new 
capacity needs. As we attempt to define this need, we are 
faced with the problem that " need" for new capacity is a 
value-laden term and means different things to different peo
ple. For the purpose of thi study, "need" for new capacity 
has been defined as the requirement to maintain 1985 levels 
of service (LOSs) on the urban highway system. These levels 
of service are expressed as average vehicles per-lane during 
the peak hour, by functional class and location within the 
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urban area (i.e., total vehicle-mile of travel divided by total 
lane miles). Some planners believe th~ll urban areas of dif
ferent sizes have different commonly accepted service stan
dards or criteria for highway facility LOS. For example, large 
urban areas may be willing to accept LOS-Dor even LOS-E 
during peak periods but 1naller urban areas may not be 
willing to accept uch service level . To account for the dif
ferences in LO acceptability by urban ar a size, differ•nt 
LOS standards were defined by urban area size group based 
on 1985 LOS conditions. 

The procedure p.r sented in this paper is able to quickly 
simulate, in an aggregate manner, the effects of peak-spreading 
(i .e., spreading f traffic from the peak hour to other rimes 
of the day either due to congestion or due to n.on tandard 
work hours of s rvice industry\ orker who are projected to 
increase in future as a share of the labor force). Route di
version (because of congestion) is also simulated by the pro
cedure in an aggregate manner. 

Finally, in this study, the distribution of travel by highway 
functional class is derived through a rigorous analysis pro
cedure developed as part of a recent study done for FHW A 
by Oak Ridge National Laboratory (6). The distribution pro
cedure considers the interrelationship between highway sup
ply and use and explicitly recognizes the effects of new supply 
on demand. 

PUBLIC POLICIES AFFECTING HIGHWAY 
NEEDS 

There are two types of public policy that can affect new ca
pacity needs in urban areas: (a) land use policies and (b) 
transportation system management policies. 

Land use policies can have significant impacts on new ca
pacity needs. First, new development can be restricted to 
locations where existing capacity i available, helping to bring 
about a better match between available highway supply and 
travel demand. Second, alternative commuting modes can be 
encouraged by incentives for high density development at 
both ends of the commute trip-the residential end as well 
as the employment end. Third, mixed-use developments can 
be encouraged in the suburbs, both to spread travel through
out the day (since different type of uses have different peak 
periods) as w II a to increa e use of carpool vanp I and 
tran it modes (people will not need their cars during midday 
if service establishments are within walking distance). Fourth , 
integration of employment and residential uses can provide 
opportunities for those who wish to live near their workplaces, 
hortening trips and encouraging bicycling and walking. Fi

nally, the physical layout and design of new developments 
can be used to create environment conducive to travel by 
transit, bicycle, or foot. 

Transportation management includes strategies to reduce 
highway travel demand as well as enhance its supply. High
way travel demand may be reduced by encouraging people 
to choose aHernative commute modes, change their Lime of 
travel to off-peak-periods, and eliminate the need to travel. 
Peak-peri.od travel demand management teclmiques include 
encouraging shifts in time of travel through work re cheduling 
programs, or peak-period road or tran it pricing, discouraging 
solo commuting through parking management parking pric-
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ing or peak-period road pricing, and encouraging alternative 
modes through preferential treatment for high occupancy ve
hicles (HOV ) on highways and at parking facilities, improve
ments to transit service , tran it fare ub idie , and provision 
of bicycle and pede trian faci!itie . Highway supply manage
ment techniques increase the effective capacity of existing 
highway through freeway urveillance and control , restriping 
of pavement · to use houlders and increase the number of 
lanes, and traffic signal operation improvements. 

ALTERNATIVE FUTURE SCENARIOS 

The analysis was done for nine scenarios, each of which was 
a combination of one of three trnvel growth scenarios and 
one of three policy scenarios. The three travel growth scenar
ios were based on previou work done by the Oak Ridge 
National Laboratory (6): 

1. A low growth scenario, reflecting a 2.36 percent annual 
compound growth rate between 1985 and 2005, 

2. A moderate growth scenario, reflecting an annual com
pound growth rate for total travel of 2.72 percent between 
1985 and 2005, and 

3. A high growth scenario, reflecting a 3.48 percent annual 
compound growth rate. 

The three policy scenarios were as follows: 

1. A base condition, involving no change in travel peaking 
characteristics and current levels of transportation system 
management-no increase in supply enhancement, and no 
increase in cummt (1985) levels of land use and transportation 
demand management. 

2. A moderate management condition, involving changes 
in travel demand resulting from moderate increases in levels 
of land use and demand management and peak spreading, 
and a transportation system supply management trategy in
volving freeway urveil!ance and control, adding lanes by nar
rowing exi ting freeway lanes and shoulder and signal im
provement on arterials. 

3. A high management condition , involving maximum 
changes in travel demand resuJting from major changes in 
land u e and demand management policie , and a supply 
management strategy as under the moderate management 
condition. 

ANALYSIS PROCEDURE 

The major steps in the estimation proces are presented in 
Figure 1 and are de cribed below. The spread heet-model, 
named NUH1CAP.WK3, is available from FHWA" Office 
of Environment and Planning, Planning Support Branch. 

Step 1: Development of Input Data 

Using HPMS area-wide and sample data, daily vehicle-miles 
of travel (DVMT) and lane-mile data were obtained for each 
individual urbanized area in the United States for the years 



DeCorla-Souza el al. 

1. Develo Input Oat ,. 

'---~~--' 

3. Estimate Avg. 
Service VMT per 

Lane Mile on 2005 

4. Estimate 
Existing 

Lane Miles 

5. Estimate Year 2005 New Capacity Needs 

6. Estimate Capital Costs 

FIGURE 1 Analysis procedure. 

1982-1988. The data were cro s-tabulated by highway func
tional clas , by localion within urban areas, and by urban <U'ea 
size. 

Highways were categorized int four clas es: (a) freeway 
and expressways (HPM Code 11and12} (b) other principal 
arterial (Code 14) , (c) minor arterials (Code 16) and (d) 
collectors (Code 17). Three urban location categorie were 
u ed: (a) cor (HPMS Codes 1 and 2) , (b) suburb (Code 2 
and 3) , and (c) fringe (Codes 4 and 5). Urban area were 
divided into five population groups: (a) 50,000- 75,000 (b) 
75 000-200 000, (c) 200,000- 500,000 (d) 500,000- 1, ,000, 
and (e) more than 1 000 000. 

The socioeconomic data and forcca t for every metropol
itan tatistical area (MSA) in the United tate through the 
yea r 2005 were obtained from MSA profiles published by 
Wood and Poole Economics , Inc. (7). The MSA data were 
used as proxy for the urban area contained within the MSA 
boundary. 

Step 2: Forecast of Future Peak Highway Travel 

Using 1982- 1988 data for 339 urban areas, a pooled time
series cro -sectional regre sion model was developed for 
forecasting total DVMT for the urban area . The DVMT/ 
capita was used as the dependent variable. Tbe independent 
vaJiables were socio-economic variables (number of driver 
licenses per 1000 persons bousehold size, real income, and 
employment) and highway ·upply deficiency. The supply de
ficiency of the primary highway sy ·tem was included as an 
independent variable to account for the impact of constrained 
supply on demand for travel. 

This regression model was used with forecasts of socioec
onomic variables for the year 2005 to estimate future DVMT 
for each urban area. The dynamics of shift in urban travel, 
between highway functional classes and locations within urban 
area as the area increases in size, were modeled through 
conditional logit models in which population was used as an 
explanatory variable. These logit model , together with the 
forecast popuJation of urban areas, were used to predict the 
shares of travel by functional class and by location within 
urban areas in the year 2005. lnitially, the current . upply 
(lane-mile ) wa a lso included as an independent variable in 
these models. However, it was found to be highly correlated 
to population and had v.ery little impact by itself on the distri
bution of DVMT (6). 

Traffic demand during the peak hour was e timated by 
multiplying the forecast DVMT by the peak hour travel shares 
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and directional plit percentages. These percentages were ob
tained by faci lity cla , location within the urban area and 
urban area size from NCHRP Report 1 7 (8) . The as umption 
was that no changes io these shares would occur becau e of 
peak preading, either from congestion or continuing in
creases in the share of rvice jobs in the economy. 

For the cenario that included land use/ transportation pol
icies, reduction in peak-hour VMT wa · e timated by urban 
area size category on the basis of the following: 

1. Percent of daily VMT for lhe work purpose by urban 
area size , derived from NCHRP Report 187 (8) . 

2. Percent reduction in peak hour work VMT due to modal 
shifts resulting from institution of land use and travel demand 
management strategies. 

3. Percent reduction in peak-hour VMT because of work 
rescheduling, peak-period pricing, or spreading of peak be
cau e of either congestion or shifts in the economy from man
ufacturing to ervi.ce jobs. 

The resulting percent redu tion in peak-hour VMT by ur
ban area ize, wa entered directly into the spread heet used 
for the analy is and may be modified for alternative policy 
assumptions . Table 1 presents the procedures, assumption 
and resulting percent reduction e limates for each policy 
scenario. 

Step 3: Estimation of Average Service VMT/Lane-Mile 
in 2005 

The average service volumes per lane at the desired level of 
service (i.e., 1985 LOS for this analysis) were estimated by 
functional class, location and urban area size group on the 
basis of the following: 

1. Average intensities of use in 1985 (from 1985 HPMS 
data). 

2. A percentage increase in average inten ity of u e that 
can be su tained at a given level of service due to supply 
enhancement trategie . The increase wa. ba ~ed on " en
hanceable" mileage (9) and average percentage increases in 
capacity from enhancement strategies based on FHW A anal
ysis (unpublished data from FHWA memorandum from Jef
frey Lindley to Larry Darn . March 15, L988). Tab.le 2 pre-
ents the procedures, as umpti n , and re ulting percentage 

increases in capacity with the upply enhancem nl strategic 
f r scenario that included land u ·c and transportation poli
cies. 

The procedure a ume a ba ic relation hip between level 
of service and average intensity of u e , which will not change 
by the year 2005, and that generally the mismatch in the 
distribution of available capacity and travel demand within 
the individual urban area will continue. If it can be assumed 
that the distribution of available capacity throughout the ur
ban area will match more effectively the distribution of ve
hicular travel demand, average intensities of use could in
crease without any deterioration in level of service . Changes 
to average service volumes-per-lane could be made to reflect 
such alternative assumptions. 



TABLE I Percent Reduction of Peak-Hour Travel Demand by Urban Area Size Group 

Work 
A. 

B. 

Trips 
Percent VMT in PM 
50-75K 
75-200K 
200-500K 
500- lM 
> lM 

Percent work VMT 
50-75K 
75-200K 
200-500K 
500K-1M 
> lM 

peak 
30 
35 
40 
50 
60 

hour•: 

reduction 
0 
0 
0 
0 
0 

30 
35 
40 
50 
60 

from management: 
0 
0 
4 
12 
20 

30 
35 
40 
50 
60 

10 
11 
14 
22 
30 

Othe~ Trip purpos~s 
c. 

Al,! 
o. 

Percent VMT reduction 
50-75k 0 
75-200k 0 
200-500k 0 
500k-1M 0 
> lM 0 

J:!UrpOS!ilS 
Percent VMT reduction 
(A*B) + [ (100-A) *C]: 
50-75K 0 
75-200K 0 
200-500K 0 
500K-1M 0 
> lM 0 

from management: 
0 
0 
0 
0 
0 

from management, 

0 
0 
1. 6 
6.0 
12.0 

i.e. 

10 
10 
10 
10 
10 

10.0 
10.3 
11. 6 
16.0 
22.0 

Moderate management policies include primarily travel demand 
management strategies which affect work trips only, and have 
significant potential as urban area size i ncreases. Kuznyak 
and Schreffler (.!l.) suggest that trip reductions in the range 
of 20% to 40% can be the norm if driving is not subsidized in 
the f orm of free parking and travellers are presented with 
realistic alternative commute modes. 

A doubling of the perceived costs of drive alone travel would 
reduce traffic by 10-30 percent (12). 

Based on NCHRP Report No. 187 (~). 

TABLE 2 Percent Increases In Peak-Hour Capacity for Policy Scenarios 

A. Number of miles to which 
"combined" supply management 
strategies may be applied (~) 

Freeway 

1,196 

Other Prine . 
Art. 

1,611 

B. Percent of lane miles 
"enhanceable" by combined 
strategies in urban areas: 

c. 

D. 

b 

(1) 1985 total route 
miles (source: HPMS) 

(2) Percent "enhanceable" 
route miles (A / B-1) 

Average percent increase 
in capacity from combined 
strategies in urban areas 

Equivalent overall 
capacity enhancement 
(B * C) 

16,032 

7.5% 

50% • 

3.75% b 

36,231 

4.4% 

25% 

1.1% 2/ 

Average based on 64% increase for 4-lane facilities, 42% 
increase for 6 lane, and 30% increase for 8 lane, assuming 
50%, 25%, 25% distribution of such facilities. 

These percentages were appropriately distributed by urban area 
size. 
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Step 4: Estimation of Existing Lane Miles in 
Expanded Urban Boundaries 

Existing 1985 lane-miles within the 1980 Census urbanized 
area boundaries were estimated by functional class, location 
and urban area size group from 1985 HPMS ample data. 
Additional existing 1985 lane-miles within expanded 2005 ur
banized area boundaries were estimated as follow.: 

1. First, average annual rate of growth in urban land area 
and average annual rate of growth in dwelling units between 
1970 and 1980 were estimated from 1970 and 1980 census 
data . These rates of growth were used to estimate the excess 
annual growth rate of urban land resulting from reductions 
in urban densities. 

2. Next, additional land area in 2005 within expanded urban 
area boundaries was estimated based on projected growth 
rates for dwelling unit and exce land consumption because 
of reduction · in urban densities. ll was assumed that the rate 
of excess land consumption would be half of the 1970-1980 
rate, owing to the saturation of demand for suburban life 
styles. 

3. Average existing 1985 lane-miles per-square-mile in the 
urban fringe, by functional class and urban area size group 
were estimated from sample data as presented in Table 3. 

4. Total existing lane-miles, which would become part of 
the expanded 2005 urban area, were obtained by multiply.ing 
band c. 

TABLE 3 Fringe Lane-Miles per Square Mile 

Urban 
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Estimates of lane-miles which would be reclassified from 
urban fringe to suburban in 2005 were obtained as follows: 

1. Suburban dwelling unit growth was estimated by urban 
area size assuming that 80 percent of the increase in dwelling 
units would occur in the suburbs. 

2. Suburban density estimates by urban area ize (i.e., 
dwelling units per square mile) were derived from the ratio 
of the increase in dwelling units 1970-1980 to the increase in 
urban land area 1970-1980 obtained from census data. 

3. New suburban land area in 2005 was estimated as a x 
b. 

4. Existing 1985 lane-miles per square mile in the urban 
fringe as presented in Table 3 were multiplied by c to get 
fringe lane miles reclassified to suburban lane miles. 

Step 5: Estimation of 2005 New Capacity Needs 

The total inventory of lane-miles needed in 2005 to serve the 
projected peak hour travel demand (from Step 2) al 1985 
levels of service was obtained by dividing projected peak hour 
VMT by corresponding average service volume -p r-lane (from 
Step 3) by functional clas location and urban area size group. 
New capacity needs for freeway , expressways aod other prin
cipal arterials, in lane-miles, were obtained by subtracting 
existing lane-mile (from Step 4) from th total inventory 
needed to maintain 1985 LOS . 

area Size Group 

50-75K 75.-200 200-500K 500K-1M >lM 

A. Lane miles per 
mile from sample 
data •: 

Freeway 0.087 0.076 0.117 0.093 0.097 
Other princ. art. 0.096 0.038 0.120 0.102 0.138 
Minor Art. 0.157 0.228 o. 206 0.153 0.303 
Collector 0.631 O.S60 0.899 0.708 0.887 
Local 1. 942 1. 955 2.702 1. 768 2.768 
Total 2. 913 2. 857 4.044 2.824 4.193 
Total W/O local 0.971 0.902 1.342 1. 056 1.425 

B. "Smoothed" lane 
miles per sq. mile b: 

Freeway 0.09 0.09 0.10 0.10 0.10 
Other princ. 0.10 0.10 0.10 0.10 0.14 
Minor Art. 0.16 0.20 0.20 0.20 0.30 
Collector 0.60 0.70 0.80 0.80 0.90 
Total 0.95 1. 09 1. 20 1.20 1.44 

From HPMS sample data for fringe counties located in the 
following urban areas: 

50-75K: Columbia, Mo; Charlottesville, VA; Medford, OR 
75-200K: Tallahassee, FL; Boise, ID; Springfield, IL 
200-500K: Toledo, OH; Little Rock, AK; Spokane, WA 
500K-1M: Columbus, OH; Birmingham, AL; Salt Lake City, UT 
> lM: Washington, D.C.; Houston, TX; Atlanta, GA 

Appropriate adjustments were made for consistency in 
distribution of proportions of supply by functional class 
across urban area size groups. 
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For minor arterials and collectors, new capacity needs were 
estimated on the basis of access needs for new development. 
Additional lane-miles needed for access to new developments 
in the suburbs and the fringe were estimated on the basis of 
the percentage increase in dwelling units in the e locations 
assuming that 80 pei:cent of the areawide increase in dwelling 
unit will occur in the suburbs and 20 percent in the fringe. 
The assumption was made that access needs will increase in 
the same proportion as dwelling units. 

New. capacity needs were then divided between widenil)gs 
on existing right ·-of-way and new facilities on new right -of
way. Feasible widenings by location were estimated on the 
basis of the following: 

• An HPMS analytical process run that provided future 
constrained lane mile needs (i.e., needed new lane miles that 
can be provided on existing rights-of-way) by functional class 
(3). 

• The distribution by location of new lane-miles actually 
built between 1982 and 1985 (from HPMS data). The as
sumption made is that the distribution of actual construction 
reflects the distribution of future constrained lane-mile needs 
by location. 

Lane-miles to be provided on new facilities on new rights
of-way were obtained by subtracting new lane-miles on ex-
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i Ling rights-of-way from total new capacity needs. Lane-mile 
needs were then distributed by urban area size group based 
on the distribution of overall lane-mile needs. The assumption 
is that the breakdown of needs between widenings and new 
facilities does not differ by urban area size. 

Step 6: Estimation of Capital Costs for New Capacity 

Capital co ts per lane-mile (i n 1988 dollar ) for added lanes 
on existing rights-of-way were obtained from data input to 
th HPM analytical process. Co t for new faci litie were 
derived from nationwide low and high cost e timates and 
corresponding estimates of lane miles of new capacity needs 
above constrained needs which can be provided foi- on existing 
right - f-way (3). Table 4 and 5 pre ent the procedures, a -
·umption · and re ulting e timated cost · per lane-mile for wid
enings and for new facilities by functional cla and urban 
location . Estimated lane-miles of new capacity (from Step 5) 
were multiplied by the estimated costs per lane-mile to get 
total capital costs for new capacity. 

ANALYSIS RESULTS 

Table 6 presents lane-miles of new capacity needed in 2005 
for each of the nine scenarios. Under the base management 

TABLE 4 Capital Costs per Lane-Mile for New Capacity 

A. HPMS data for major 
widening: 

Freeways: 
construction 
right-of-way 
Total N.A. 

Other Divided: 
construction 
right-of-way 
Total N.A. 

Undivided: 
construction 
right-of-way 
Total N.A. 

B. Estimated widening 
costs: 

Freeways 
Other Prine. Art. 
Minor Art.& Coll 

5,100 
2,800 
'2' 300 

C. Estimated new facility 
costs 0

: 

Freeways 
Other Prine. Art 
Minor Art & Coll 

11,300 
5,500 
4,700 

Suburbs 
(Built-up) 

2,654 
1,172 
3,826 

1,363 
728 

2,091 

1,196 
496 

1,692 

3, 800 • 
2,100 
1,700 

8,500 
4,100 
3,500 

• HPMS data rounded off to nearest 100 
b Core costs estimated as 33% above suburban costs 

Fringe 
(outlying) 

1,583 
867 

2,450 

899 
500 

1,449 

832 
400 

1,232 

5' 600 • 
1,500 
1,200 

5,600 
2,900 
2,500 

c Suburban costs estimated as shown in Table 5. Core and fringe 
estimates derived based on ratio of core and fringe widening costs 
to suburban widening costs in line B. 



DeCorla-Souza et al. 63 

TABLE 5 Average Capital Costs per Lane-Mile for New Facilities 

Freeway Otb. Pr. Art. Mi ·Alt· /Coll 

Source of data: FHWA 
(2) ,pp.17-18. 

A. Lane miles of new 
capacity needs 
over and above 
constrained needs. 

B. Minimum additional 
costs for new 
capacity, in 
billions of 1985 
dollars. 

c. 

D. 

E. 

Maximum additional 
costs for new 
capacity,in 
billions of 1985 
dollars 

Average additional 
costs per lane mile 
in millions 1985 
dollars: (B+C)/ (2*A) 

Cost per lane mile 
in 1988 dollars • 

45,777 31,674 34,740 

$113 $39 $33 

$592 $198 $189 

$7.7 $3.7 $3.2 

$8.5 $4.1 $3.5 

Based on 1988 C.P.I./ 1985 C.P.I. 

TABLE 6 Lane-Miles of New Capacity Needed in 2005 for Alternative Policy 
Assumptions 

GROWTH RATE 

Low Moderate Hi gh 
A. Base conditions 

Fwy 49,995 59,694 82,273 
OPA 64,074 78,266 109,360 
MA 34,635 34,635 34,635 
Coll 16,238 16,238 16,238 
Total 164,942 188,833 242,506 

a. Mod mgrnt. 
39,253 48,155 68,577 
49,547 62,655 90,825 

Fwy 
OPA 
MA 
Coll 
Total 

34,635 34,635 34,635 

c . Max mgrnt . 
Fwy 
OPA 
MA 
Coll 
Total 

Existing lane miles 

16,238 
139,673 

26,128 
30,404 
34,635 
16,238 

107,405 

494,300 

scenario, additional lane-miles needed would range from about 
165,000 (low growth) to about 243,000 (high growth), or an 
increase of 33 percent to 49 percent above the total number 
of existing lane-miles of about 494,000. With a high level of 
management, these needs would range from 107 ,000 (low 
growth) to 170,000 (high growth) additional lane-miles, or an 
increase of 22 percent to 34 percent above existing system 
capacity. New capacity needs for minor arterials and collectors 
do not change with different scenarios. This is because the 
population and dwelling unit growth assumptions which de
termine additional land area developed and access needs are 
the same for all scenarios. 

16,238 16,238 
161,683 210,275 

34,057 52,219 
42,042 67,097 
34,635 34,635 
16,238 16,238 

126,972 170,189 

494,300 494,300 

Table 7 presents the range of new lane miles needed by 
urban area size group for the low growth scenarios. While 
the share of needs in the largest urban areas exceeds 50 per
cent under every policy scenario, the share is significantly 
lower under a high level of management (down to 52 percent 
from 59 percent under base policy conditions) . 

Graphic representation of the variations in new capaci ty 
needs are provided in Figures 2 through 4-by policy . cenario 
in Figure 2, by travel growth rate in Figure 3, and by urban 
area size group in Figure 4. Figure 2 shows that management 
policies can result in significant reductions in new capacity 
needs on principal arterials. For low growth scenarios, about 



TABLE 7 Lane-Miles of New Capacity Needed in 2005 for Alternative Policy Assumptions with 2.36 
Percent Growth 

URBAN AREA SIZE GROUP 

50- 75·K 7 5-200K 200-5 00K 500K-1M >l M 
A. Base conditions 

Fwy 846 5,568 5,961 5,810 31,811 
OPA 1,335 9,118 7,931 6,559 39,130 
MA 836 5,859 5,713 4,579 17,648 
Coll 529 3,484 2,279 1,726 8,220 
Total 3, 546 24,029 21,884 18,674 96,809 

B. Mod mgmt. 
Fwy 846 5,568 5,671 4,899 22,269 
OPA 1,335 9,118 7,472 5,382 26,240 
MA 836 5,859 5, 713 4,579 17,648 
Coll 529 3,484 2,279 1,726 8,220 
Total 3,546 24,029 21,135 16,586 74,377 

c. Max mgmt. 
Fwy 580 3,988 3,862 3,381 14,318 
OPA 827 6,057 4,602 3,421 15,497 
MA 836 5,859 5,713 4,579 17,648 
Coll 529 3,484 2,279 1,726 8,220 
Total 2,772 19,388 16,456 13,107 55,683 

Existing lane miles 14,995 75,129 78,833 54,321 271,022 
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FIGURE 2 Effect of policies on lane-miles of new capacity needed (2.36 
percent growth). 
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FIGURE 3 Lane-miles of new capacity needed by growth rate (with 
moderate management). 

Total 

49,996 
64,073 
34,635 
16,2 38 

164,942 

39,253 
49,547 
34,635 
16,238 

139,673 

26,129 
30,404 
34,6 3 5 
16,238 

107,406 

494,300 
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FIGURE 4 Lane-miles of new capacity needed by urban area size (2.36 percent 
growth/moderate management policies). 

a 50 percent reduction from base conditions results from high 
levels of management. In Figure 3, travel growth rates are 
shown to have a significant effect on principal arterial needs
about an 80 percent increase in needs for high growth when 
compared with needs for low growth, when moderate man
agement policies are in place. Finally, Figure 4 suggests th~t 
the bulk of new capacity needs will be in the largest urban 
areas. Even with low growth and moderate management, about 
75,000 of the total of 140,000 new lane miles needed will be 
in areas with a population of more than 1 mil. 

Table 8 and Figure 5 show capital investment needs for new 
capacity by urban area size group for each of the nine scenar
ios. Total investment needs vary from $375 billion under the 
low growth scenario with a high level of management to about 

TABLE 8 Capital Costs for New Capacity 

Low 
A. Base conditions 

50-75K $15.3 
75-200K $93.4 
200-500K $85.9 
500K-1M $79 . 2 
>lM $437.4 
Total $711.2 

B. Mod rngrnt. 
50-75K $14.8 
75-200K $89.9 
200-500K $79.1 
500K-1M $66.1 
>lM $312.4 
Total $562.3 

c. Max rngrnt . 
50-75K $10.3 
75-200K $62.8 
200-500K $52.0 
500K-1M $44.8 
>lM $205.6 
Total $375.5 

$1.2 trillion under the high-growth scenario, with base man
agement conditions. Assumfog a 20-year-life for new capacity 
investment and 2005 levels of VMT, the e co ts equate to 
about l .7 and 3.3 cents per vehicle-mile of travel respectively 
(based on ann ual VMT ranging from 1.11 trillion (low growth/ 
maximum management) to 1.76 tri llion (high growth/base 
management)). These costs equate to a fuel tax of 34 cents 
to 66 cents per gallon , assuming average urban fuel economy 
of 20 mpg. Nationally, current total state and federal fuel 
taxes (which are used to fund maintenance and rehabilitation 
as well as new capacity needs) amount to about 30 cents per 
gallon on average. 

The analysis also indicates larger variations when capital 
costs are broken down by functional class. On higher func-

GROWTH RATE 

Moderate High 

$18.6 $19.1 
$111. 3 $128.1 
$105.1 $142.4 

$94.4 $129.6 
$520.0 $744.4 
$849.4 $1,163.6 

$18.2 $18.8 
$108.3 $126.0 
$98.3 $135.4 
$80.5 $113.7 

$384.1 $579.6 
$689.4 $973.5 

$13.2 $14.1 
$80.2 $97.5 
$69.5 $103.2 
$58.0 $87.9 

$267.7 $438.7 
$488.6 $741. 4 

Note: Costs are in billions of 1988 dollars. 
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FIGURE 5 Capital costs for new capacity (billions of 1988 dollars). 

TABLE 9 Comparison of Lane-Mile Needs and Capital Costs 

A. Max mgmt. 
Lane-mile needs 

Ratio with L/M • 
Capital costs 

Ratio with L/M 

B. Mod mgmt. 
Lane-mile needs 

Ratio with L/M 
Capital costs 

Ratio with L/M 

C. Base conditions 
Lane-mile needs 

Ratio with L/M 
Capital costs 

Ratio with L/M 

L/M = low growth/max rngrnt. 

tional classes (e.g., freeways, expressways and other principal 
arterials) new capacity costs ranged from about 1.6 cents per 
vehicle-mile to about 4.2 cent per vehicle-mile, based on 
annual VMT estimates ranging from 0.78 trillion to 1.23 tril
lion on these functional classes. If these costs could be charged 
only to peak period users of these higher functional classe 
(who comprise about 40 percent of daily u er ·) on the pre· 
sumption that new capacity i needed primarily to serve them, 
they would equal 4.0 to 10.5 cents per peak-period vehicle
mile . By compar ison, average operating costs for an 
intermediate-sized passenger car (for gas and oil maintenance 
and tires) are about 8.4 cents per mile (JO) . 

Table 9 presents a comparison of lane-mile needs and cap
ital costs for each of the scenarios wi th the scenario that 
requires the smallest capital inve tment (i.e., the low travel 
growth scenario with high level of management). The Larger 
variation in capital costs (relative to the variation in lane-mile 

GROWTH RATE 

LOW Moderate High 

107,405 126,972 170,188 
1.00 1.18 1. 58 

$375.5 $488.7 $741. 4 
1.00 1. 30 1.97 

139,672 161,683 210,275 
1. 30 1.51 1. 96 

$562.3 $689.4 $973.6 
1. 50 1. 84 2.59 

164,941 188,833 242,505 
1.54 1. 76 2.26 

$711. 3 $849.4 $1,163.6 
1.89 2.26 3.10 

requirements) is because of the much higher proportion of 
new facilities needed on new rights-of-way as total lane-mile 
needs increase. 

CONCLUSIONS 

The analysi indicates that significant increa ·e in highway 
funding will be needed if 1985 levels of ·ervice are to be 
maintained in the nation ' urbanized areas. Funding needs 
for new capacity on the nonlocal highway systems in urbanized 
areas range from $375 billion, under a scenario representing 
a low underlying travel growth rate with stringent land use 
and transportation management strategies, to $1.2 trillion under 
an extreme scenario representing a high travel growth rate 
with no significant change in land use and transportation man
agement policies. The moderate management policy scenario, 
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with a low underlying travel growth rate, by historical com
parison (i.e., 2.36 percent), is probably the most likely. It 
would require about $560 billion in new capacity investment. 
This is equivalent to about 2.4 cents per vehicle-mile of urban 
travel based on total annual VMT of 1.16 trillion, or a 48 
cents per gallon fuel tax assuming average urban fuel economy 
of 20 mpg. 
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Determining Truck System Costs for the 
Pennsylvania Interstate 80 Corridor 

ROBERT HARRISON, MICHAEL T. MCNERNEY, AND MARK A. EURITT 

Public investment ill the transportation infra tructure has 1radi
tionally been along modal lines with linle effort 10 develop a 
mullimodal approach . Consequently, ii i difficul1 to decermin 
if public transportation dollars have been invested in the most 
cost-effective manner. Previous research has indicated that mod
ally oriented planning and investment is econom.ically inefficient 
and generates fewer ocial benefits than a rnultimodal approach. 
A system cost analysis i a prerequisite to any multimodal in
vestment nnalysis. A componenr of the system co ·t analy i is 
summarized-a through-cost comparison of truck freight on the 
Pennsylvania l-80 corridor. The sy tern co t annly is includes truck 
operating cost with a discussion of truck u ·er taxes and their 
relation hip to infra tructure, accident , and ther related and 
environmental co ts. The discussion concerning the relationship 
between infrastructure costs and truck user taxes and fees is im
portant in identifying !he system co ts that are upported by truck 
operators and the act uni costs incurred by the sy rem. The truck-
upp rted system cost , using a life cycle cost approach, amount 

to $1.07 per mile or 8.1 cents per ton-mile on the Pennsylvania 
I-80 corridor. The costs incurred by the system , excluding exhaust 
emissions, amount to $1.30 per mili: or 9.8 cents per ton-mile. 
Ann ual truck emissions on the l-80 corridor are estimated ~ r 
hydrocarbons, carbon monoxide, nitrogen oxide , and particulate 
matter. These can be used for comparison with other modal strat
egies. 

The public sector, unquestionably, plays a vital role in tbe 
developmenl of transportation infra tructure. SiDce 1950 with 
respect to freight urface transportation has been the large l 

recipient of public dollars. The transportation sy tern is evolv
ing into a complex multi-modaJ network , which was encour
aged by regulatory changes and ha fo tered the growth of 
transportation companies . The new multi-modal environment 
requires a more thorough examination of public transpona
tion inve tment, particularly in light of federal and state bud
getary constraints. Fundamental questions about the cost ef
fectiveness of public investment in surface transportation, for 
example, are appropriate. Is it the best use of public re ource 
to finance highway infrastructure for hauling interstate freight? 
Currently policy makers have insufficient information to ad
dres this ba ic question. lnformation on mullimodal invest
ment strategies is essential if the U.S. is to maintain a com
petitive and growing economic posture. 

Consolidated Rail Corporation (CONRAIL) contracted 
Texas Research and Development Foundation (TRDF) in late 
1990 to conduct a system cost truck freight analysis specifically 
for the 311 mi I-80 corridor through Pennsylvania. An ex
amination of truck freight interstate transit costs is likely to 
provide important information for policy directives on mul-

Center for Transportation Research, The University of Texas at Aus
tin, Austin, Tex. 78712. 

timodal transportation investment. The preliminary findings 
of the I-80 corridor study are summarized. 

The key objective of the ·tudy were to determine the full
system costs for truck operations, and from the e cosr , iden
tify truck ·ystem costs n a per mile and ton-mile basis. System 
costs include infra tructure or facility costs, velticle operating 
costs, and externalities including property and physical dam
age from accidents user delay costs, and environmental costs. 
Additionally, system costs can be categorized a incurred or 
supported. Incurred system costs are the true system costs 
defined above. Supported system costs are the costs currently 
paid by vehicle operators. The previous definition of system 
costs is modified to exclude externalities, because they are 
not paid for directly by operators, and to rep lac · actual facility 
costs with user taxes and fees that are actually paid by op
erators. Quite simply supported ystem co t are what owners 
or operators pay for operating their vehicle. Examination of 
system co t i neces ary for evaluating modal options and 
trategies. 

Several inputs are combined co identify the total sy tern 
costs of truck operation · over the I-80 corrido.r. First incurred 
facility costs comprising initial construction, rehabilitation , 
and maintenance are identified. Then, the various user taxes 
and fees paid by truck operators to determine the relationship 
of incurred facility costs and supported facility costs. Next, 
the full range of operating costs paid by truck operators to
gether with externalities not currently met from freight rev
enue are determined. 

FACILITY COSTS 

Initial Construction 

Initial construction costs include right-of-way (ROW), bridges, 
and roadway (or pavement costs). Based on a 1970 report by 
the Keystone Shortway Association, initial construction costs 
amounted to $424.2 million (1). 

Right-of-Way 

Based on the initial ROW estimate of $17.9 million, land 
acquisition costs were approximately $58,000 per mile or about 
$1 026 per acre for I-80. However thi estimate may be lightly 
low, becau e some land may have been donated . There wa 
no convenient way to obtain more precise data within the 
limits of this study. The average year in which the highway 
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was constructed was 1966. Converting ROW to 1989 costs for 
composite construction yields $236,172 per mile of highway 
(2). The method of cost allocation for ROW, used in the 
Pennsylvania highway cost allocation study is to allocate ROW 
costs according to vehicle-miles of travel (VMT) (3). Using 
traffic data from the Pennsylvania Department of Transpor
tation (PennDOT) data base calculated by individual seg
ment, 34 percent of the I-80 real estate costs are allocated to 
trucks, yielding $80,913 per mile of highway. In this report, 
(inal allocated truck costs are in 1989 dollars for all cost 
categories. 

Bridges 

The f-80 corridor include 486 bridge totaling lightly over 
t6 mi costing $65. 7 million (1970 dollar ) to construct. Bridge 
construction costs are 15 percent of total con !ruction co ts 
but account for only 3 percent of the highway length. The 
average year the bridges were constructed was 1966. Con
verting the $65.7 million to 1989 dollars yields $913 352 per 
mile of highway (2). The method used for cost allocation of 
structures and pavement based on the Penn ·ylvania highway 
cost allocation tDdy is 30 percent VMT and 70 percent equiv
alent single axle load (ESAL). Average rural Interstate truck 
loading of 98 percent (2) yields a 79 percent cost allocation 
for trucks or $720,452 per mile of highway. 

Roadway 

The construction, reconstruction, and traffic history were 
studied to determine the life cycle pavement costs for I-80. 
The year in which segments of the highway were constructed 
and the year in which an asphalt or concrete overlay or total 
reconstruction took place were derived from pavement in
ventory historical records provided by PennDOT. Based on 
this data, the average life of the pavements before restoration 
or reconstruction was nearly 22 years. The entire length of 
the highway was initially bui lt with 10 in. of reinforced port
land cement concrete pavement. 

PennDOT does not keep records of accumulated traffic or 
accumulated ESAL. The Roadway Management System (RMS) 
data base maintain the current traffic counts by section and 
ca lcula tes current ESAL ba ed on a prior estimate of ESAL 
per vehicle for the entire statewide network. PennDOT is 
concerned about underestimating the amount of current ESAL 
carried on their pavements. Data from the weigh-in-motion 
(WIM) site on 1-80 wa u ed to determine tbe average ESAL 
per vc;hicle for each vehicle clas . The historic growth rate of 
ESAL for the nation's rural Interstates a reported by FHWA 
and the average hi toric ESAL growth rate of 1-80 in several 
sections of Western Illinois were averaged to arrive at an 
annual growth curve used for this study ( 4). 

The total cost of the roadway was $340.6 million (1970 
dollars) or $1,096,000 per mile (J). Using the composite cost 
indices to adjust for inflation , yields $4 ,493,838 per mile in 
1989 dollars. Application of the 30-70 rule (30 percent allo
cated by VMT ru1d 70 percent allocated by ESALs) results in 
1989 truck costs of $3,544,739 per mile allocated for trucks. 
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Rehabilitation Costs 

A study of the pavement construction and reconstruction his
tory howed that it is possible to combine contiguous segments 
of the pavement into 25 simiJar sections with imilar construc
tion and rehabilitation hi tories. These section lengths vary 
from 2 to 36 mi. The average age of the initial concrete surface 
and the time of first overlay was determined for each section. 

Calculations were then made for each section to determine 
both the accumulated ESAL for the original concrete surface 
until overlay and the total accumulated ESAL since that sec
tion was placed in service. The average service life of the 
initial 10-in. concrete pavement is 22.4 years and the sections 
accumulated an average of 18. 7 million ESAL. Most all the 
surviving original sections are currently scheduled either for 
restoration or reconstruction. 

Since 1979, PennDOT has maintailled a project manage
ment system for tracking all rehabilitation, restoration and 
reconstruction projects. This data was used and converted to 
1989 dollars on the basis of FHWA correction values for 
maintenance costs (2). For the entire 1-80 corridor, total re
habilitation costs from 1978 to 1990 are estimated to be $688 
million in 1989 dollars. 

The $2 219,355 co t per mile is allocated using the 30-70 
rule (30 percent by VMT and 70 percent by ESAL) resulting 
in $1,750,627 per miJe allocated to truck . U ing 300 mil tons 
av rage over the average 25-year Life of the l-80 sy tern yields 
approximately 0.59 cents per ton-mile. The rehabilitation costs 
as a whole are underestimated as a system, since some miles 
of I-80 are in need of reconstruction or restoration and the 
monetary resources are not available. 

Maintenance Costs 

Snow Removal 

Data were extracted from the maintenance management sys
tem for the last 3 years for each of the 15 countie through 
which 1-80 passes. The average reporteo costs of snow removal 
for all rural Interstate highways in Penn ylvania was $12 000 
per mile annually in 1989 dollars or $300,000 over the 25-year 
life of the highway, according to information in the mainte
nance management tracking system. However, this figure may 
be low because current policy doesn t require snow plow op
erators to identify the specific route for the maintenance man
agement system. Using axle VMT as the allocation basis re
sults in truck life cycle snow removal costs of $161,790 per 
mile of highway or 53 percent of total snow removal costs. 

Routine Maintenance 

The average annual routine maintenance co t (excluding snow 
removal) for rural Interstate highways in Pennsylvania is re
ported as $17 600 per mile in 1989 dollars. The average annual 
routi.ne maintenance costs for I-80 for the last 3 years averaged 
$10,300 per mile in real dollars. Reported routine mainte
nance costs for I-80 by county varied from as low as zero to 
a high of $54 000 per mile. Because of the high variability in 
annual maintenance costs among counties, it was decided to 
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use the average maintenance costs established by PennOOT 
of $17 .600 per highway-mile , or $440,000 over the 25-year life 
of the highway for rural interstate pavements, as the basis 
for this study. Using the 30-70 rule (30 percent by YMT and 
70 percen t by ESALs) for allocation of truck cost yields a 
life cycle value of $347 ,072 per mile of highway or 79 percent 
of total routine maintenance. 

Truck Weight Enforcement 

PennDOT has a law enforcement division for inspecting, is
suing citations for fines, and confiscating the trucks of op
erators who violate the weight limit and back hauling laws. 
PennDOT's estimate of the department's costs associated only 
with enforcement of the truck weight laws on I-80 is $393,000 
for 1990. Estimating the same amount for 25 years and di
viding by 300 million tons over this period results in 0.01 cents 
per ton-mile, or 84 cents for a five-axle semi-trailer round trip 
on I-80. 

Summary of Facility Costs 

Table 1 presents a summary of the average facility costs for 
trucks. These facility costs are, in principal, recovered in 
Pennsylvania through user fees and taxes . The facility costs 
are not recovered within any single year but over the entire 
life of the facility. The basis of distribution for this analysis 
is commercial tonnage of freight. Therefore, the life cycle cost 
of the facility is divided by the total life cycle average of 
297 ,000,000 tons of freight. This converts to a freight cost per 
ton-mile of approximately 2.2 cents. This equates to 30 cents 
per mile of travel for a 5-axle semi-trailer based on an average 
cargo weight of 13.5 tons . 

The 25 individual sections of I-80 had fairly large variations 
in the cost per mile of travel for a five-axle semi-trailer ranging 
from a low of 18 cents per mile to a high of 51 cents per mile, 
with an average of 30 cents. The large variations in costs are 
due to three variables: tonnage on each ection, overlayment 
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or reconstruction of the section, and the year in which it was 
constructed. 

USER TAXES AND FEES 

One of the basic premises of highway transportation is that 
vehicle owners and operators pay for the use of highways in 
direct proportion to the co t of constructing and perpetuati ng 
the highway system. User financial support for the highway 
system is funclionally classified according to a three-tiered tax 
structure. The first consists of fees and charge unrelated to 
the mileage driven by an operator. It is often considered to 
be the basic "entry fee" to the road network. The second 
consists of fees and charges related to miles driven on the 
highway system. Typically, the second-tier tax is a fuel tax. 
A third-tier tax introduce weight and distance into the user 
charge computation. A third-tier tax highlights the difference 
in road damage attributable to vehicle weight (or more ac
curately, axle-loadings). Pennsylvania user fees and taxes can 
be categorized as first- and ·econd-tier taxe . Currently, there 
are no third-tier taxes in Pennsylvania. 

In addition to the functional three-tier classification, user 
charges are categorized by federal, state, and local jurisdic
tion . Highway u er fee account for most of the financial 
resources spent on the state highway system, including the 
federally supported system. Local government funding sources 
for highways and roads are generally not related to use . Tra
ditional local funding ources include properly taxes, general 
funds, bond proceeds, and the like. This study focuses on the 
Interstate highway system and therefore excludes local gov
ernment nonhighway user taxes. 

Allocation of State and Federal User Taxes and Fees 

Allocation of user taxes and fees involves a three-step process: 
(a) identification of federal and state sources, (b) allocation 
of taxes and fees to the I-80 corridor, and ( c) determination 

TABLE I Life Cycle Facility Costs 

Period 1966-1980 (all$ figures are 1989 costs) 

$pcrMile $per Ton- $per Mile 
of Highway Mile of Freight• Mile of Travel 

All Vehicles Trucks Trucks 5 Axle Comb. 

Initial Construction 
Right-of-Way 236,172 80,913 .00027 .00368 
Bridges 913,352 720,452 .00243 .03275 
Roadway 4,42J.8JS J.:iH1J2 .fil.lli ..illU 
Subtotal 5,643,362 4,346,104 .01464 .19755 

Rehabilitation 2,219,355 1,750,627 .00589 .07957 

Maintenance 
Snow Removal 300,000 161,790 .00054 .00735 
Routine 440,000 347,072 .00117 .01578 
Weight Enforcement ~ ~ .QOOll .@.ill 
Subtotal 772,500 541,362 .00182 .02461 

1UfAL 8,635,217 6,638,093 .02235 .30173 

• Based on 297 million tons of freight hauled on 1-80. 
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of truck-contributed taxes and fees. The results of this process 
are discussed in the next two sections. (All taxes and fees are 
for 1989.) 

State User Taxes and Fees 

A major source of fees by Pennsylvania highway user are 
registra tion fees paid to the Motor License Fund. Registration 
fees, including vehicles in the Internationa l Registration Plan 
(IRP), are allocated to the I-80 corridor on the basis of daily 
vehicle-miles of travel (DVMT). Regi tration fees, statewide 
for commercial registration class 7-25 trucks were $59,907 059; 
$982 417 for registration class 7-25 farm trucks; and $19,617,000 
for trucks registered in IRP. Other stat e fir t-tier taxes, which 
include title fees, operator licenses, vehicle code fees , in
spection stickers, special hauling permits , and other fees , are 
allocated on the basis of DVMT. In addition, treasury interest 
accumulated on the funds are also allocated by DVMT. The 
distribution of these other state fees and registration fees are 
presented in Table 2 for 1-80 truck operations . 

Fuel taxes are the principal source of state revenues for the 
Motor License Fund , Pennsylvania's transportation fund. The 
liquid-fuel tax, or gasoline tax, is assessed at 12 cent per 
gallon on motor vehicles. The fuel-u e tax or diesel tax, is 
also 12 cents per gallon for motor ve hicles. The oil company 
franchise tax is calculated at 6 percent of the average whole
sale price of petroleum products from a 90 cent per gallo n 
minimum to a $1.25 per gallon maximum. T his ra te is ab
sorbed in the retail price of motor vehicle fuels . The motor 
carrier road tax is a tax on motor carriers with gross vehicle 
weights of more than 17 ,000 pounds. The rate consists of a 
12 cents per gallon excise tax, plus the oil franchise tax rate, 
plus an additional 6 cents per gallon. Credit is allowed for 
purchases of fuel in Pennsylvania up to the combined excise 
and oil franchise tax rate . State fuel taxes attributable to truck 
operations on the 1-80 corridor are presented in Table 2. A 
total of $28 million was collected in 1990. 

TABLE 2 Truck User Taxes and Fees 

Taxes and Fees, 1989 $ 

State Federal 

Registration Other Fees 
Vehicle Group Fees & Interest Fuel Taxes Fuel Taxes 

2 Axle S.U. 340,080 126,855 637,025 475,031 
3 Axle S.U. 118,300 29,021 599,810 391,226 
4 or more Axle S.U. 83,366 16,331 394,036 251,464 
3 Axle Comb. 84,213 39,798 509,051 324,863 
4 Axle Comb. 567,145 214,032 2,737,685 1,747,120 
5 Axle Comb. 6,129,248 1,714,772 21,933,619 13,997,472 
5 Axle Multi-trailer 296,838 83,046 1,085,333 692,632 
6 or more Axle Comb. 37,909 10,606 141,689 90,422 

ALL TRUCKS 7,657,099 2,234,461 28,038,248 17,970,230 

S.U. - Single unit b'Uck 
Comb. - Tractor and semi-trailer combination 
Multi-trailer - Tractor, semi-trailer, and trailer combination 
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Federal User Fees and Taxes 

Federal user taxes and fees collected from each of the 50 
states are allocated to the states on a formula basis that does 
not necessarily equate to the federal taxes and fees actually 
collected in that state. Historically, Pennsylvania has received 
back 114 percent of its payment into the federal fund. How
ever, in fiscal year 1989, the state received only 86 percent. 
For the purposes of this analysis no di tinclion is made be
tween payments into the fund and apportionments from the 
fund, since this is beyond the scope of this study. 

Federa l fuel taxes consist of a 9 cents per gallon tax on 
gasoline and a 15 cents per gallon tax on diesel and are the 
major sou1·ces of federal revenue to the Federal Highway 
Trust Fund. T he same procedure for allocating state fuel taxes 
is used for federal fuel taxes. The distribution of these taxes 
to the 1-80 corridor are presented in Table 2. A total of $18 
million was attributed to the 1-80 corridor in 1990. 

The distribution of the 12 percent federal sales tax on trucks 
and trailers are allocated to the 1-80 corridor on the basis of 
daily vehicle miles of travel (DVMT). Trucks under 33 ,000 
lbs and trailers under 26,000 pounds are exempt from the 
federal sales tax. Included in Table 2 is $7. 5 million of the 
federal sales tax attributable to vehicles operating on the 1-
80 corridor . 

The federal tire tax is a variable tax based on the weight 
of the tire . Tire weighing under 40 pounds are exempt . The 
tire tax is calculated as fo llow : 15 cent per pound for tire · 
weighing 40 to 70 pounds, $4.50 plus 30 cents per pound for 
weight from 70 lb to 90 lb, and $10 .50 plus 50 cent per pound 
for weight over 90 lb. The tire tax is distributed statewide on 
the basis of annual tire consumption and allocated to the 1-
80 corridor on the basis of DVMT. Included in Table 2 is $1.4 
million of the federal tire tax attributable to trucks operating 
on I-80. 

As the name implies , the federal heavy-use tax is a fee 
assessed on heavy vehicles . The fee is $100 plus $22 per 1 000 
lbs for vehicles weighing 55,000 to 75,000 lbs. Vehicles heavier 

State and Federal 

Heavy All Taxes & Fee Per 
Sales Tax Tire Tax Use Tax Fees ton-mile 

2,195 40,886 IO 1,622,082 1.2¢ 
19,314 18,927 498 1,117,096 3.4¢ 
69,416 51,930 43,939 910,482 0.6¢ 
12,898 16,297 442 987,562 4.3¢ 
69,892 56,347 7,291 5,399,512 3.3¢ 

6,677,465 1,238,780 3,363,823 55,055,179 0.9¢ 
581,816 46,473 261,474 3,047,612 0.8¢ 
56,097 4,254 28,154 369,131 1.1¢ 

7,489,093 1,473,894 3,705,631 68,568,656 1.0¢ 
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than 75,000 pounds are charged $550. Farm trucks travel.ing 
less than 7 ,500 mi per year are exempt, as are all commercial 
trucks with annual VMT of less than 5,000. Federal heavy
use tax calculations are based on 1-80 operating weights and 
allocated on the basis of DVMT. Included in Table 2 is $3.7 
million of the federal heavy use tax attributable to trucks using 
the 1-80 corridor. 

Summary of User Taxes and Fees Allocation 

Total state and federal user taxes and fees attributable to 
trucks on the 1-80 corridor are presented in Table 2. The five 
axle tractor semi-trailer combination pays 80.3 percent of the 
truck taxes on the corridor. This compares with 72 percent 
of the 1-80 five-axle DVMT and 87 percent of the total I-80 
ton-miles. The five-axle combination pays 12.6 cents per mile 
or 0.9 cents per ton-mile in user taxes and charges to operate 
on the corridor. The 0.9 and 0.8 cent per ton-mile for the 
five-axle combination and five-axle multi-trailer, respectively, 
are significantly less than other less efficient trucks with smaller 
average payloads. 

VEHICLE OPERATING COSTS 

Overview 

Vehicle operating costs form a major basis of the prices truck
ers charge to move commodiLie aero s the national Interstate 
system. Vehicle operating costs are split into two major groups; 
fixed costs, which are independent of vehicle utilization , and 
variable costs which vary directly with utilization. Fixed costs 
are significant and includes items such as depreciation, inter
est, driver salaries, and general trucking overheads. Fixed 
costs must be covered by the truck operation if long-term 
service to customers is to be offered. 

Variable costs relate to distance traveled, and include fuel, 
oil, tire-wear, and vehicle repair and maintenance costs . Con
siderable knowledge has developed over the last 50 years on 
the relationship between variable costs and highway design 
characteristics. However, much of this information is not eas
ily transferable over time . Since vehicle technology (for ex
ample, engine and transmission design) changes over time, 
so do con umption rates, which alters the ba. ic relationships 
between vehicle costs and highway characteristics. However, 
work on truck cost model calibration has increased in recent 
years and is reflected here. 

Most highway economic evaluation models are structured 
to allow highway planners to choose between alternative de
sign strategies . To achieve thi they use economic resource 
prices (net of taxe and ocial transfers) and not the various 
financial inputs required for a comparative rate study. How
ever, some of these inputs, like user truces and fees , have 
already been calculated in the previou ·ection . Therefore, 
traditional highway de ign vehicle operating co t models can 
be used with a slight modification to reflect overhead costs . 

After a comprehensive literature review, two approaches 
were adopted for the f-80 tudy. First , a tradilional base set 
of vehicle operating costs using well-known relationships ini
tially developed by Zaniewski for highway design work , was 
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predicted (5). Thes were first prepared in 1982 and hav 
ubsequently been updated as a part of an NCHRP project 

(6) . These methods predict both fixed and variabl costs and 
allow a ba ic operating co t per mile f travel to be deter
mined , excluding profitability and social transfers such as state 
taxes. As a consistency check, a second approach examined 
truck costs predicted from a model developed for the Asso
ciation of American Railroads (AAR) to examine policy 
tradeoffs between various commodities and modes, particu
larly truck and rail. 

Vehicle Operating Cost Predictions 

First examined was a set of vehicle operating costs requiring 
the geometric characteristics of 1-80 as input. The method
ology for the calculation of the vehicle operating cost i rel
atively imple. Each of the vehicle operating co t components 
(as described below) are calculated fo r 1,000 mi of travel using 
the N HRP equation. , which are then multiplied by 1989 
unit prices in order to obtain the operating cost pe r L ,000 mi 
fo r each component. The sum of the e component co t i 
the total vehicle operating cost. 

Zaniewski's relationships were used to predict four truck 
types with the foll wing gross vehicle weight : single unit two
axle , 12,000 lbs; single unit three-axle, 35,000 lbs; four-axle 
semi-trailers, 40,000 lbs; and five-axle semi-trailers, 62,500 
lbs . The five-axle semi-trailer (or 18 wheeler) is a critical 
vehicle in these calculations, accounting for nearly 87 percent 
of the ton-miles on 1-80. 

Truck operating co ts derived from the Zaniewski rela
tion hips were found to be inconsist~nt for negative grades 
(5) . Accordingly, tangent (zero-grade) ections and positive 
3 percent grades were averaged to produce an appropriate 
figure for rolling te rrain . The initial results from the basic 
equations did not report all items l.ike inte rest cha rges and 
driver salaries. Consequently, revisions were necessary , in
cluding removal of user fees and taxes, more accurately 
estimated in this study for the 1-80 corridor. The elected 
components predict a total cost-per-mile of 58 cents for a two
axle single unit , 79 cents for three-axle single units 90 cents 
for four-axle semi-lrailers 93 cents for five-axle semi-trailer 
units, and $1.13 for five-axle multi-trailer units. 

The results from the highway design models were next com
pared with predictions from the AAR intermodal policy truck 
cost model. The truck cost model is interacti ve, allowing the 
user to select commodity type, shipment size, and length of 
haul. Model output includes total cost for the selective move
ment in dollars, dollars per ton, cents per mile, and cents per 
ton-mile . 

A base case was developed using a detailed range of inputs 
reflecting the differences between company and owner-driver 
vehicle . Owner-drivers are unable to get the price discounts 
on new vehicles offered to companies , and also prefer more 
options, which raises the puJcha e price ($60,010 for company 
versus $81,415 for the owner-driver) and , therefore, the cost 
per ton-mile estimates. There are other ignificant input dif
ferences between company and owner-driver vehicles. As an 
example , the five-axle emi-trailer driver wages are higher for 
company than owner-driver operations, $33,583 versus $30 066 
per year fuel con umption is slightly better (5.8 versus 5.4 
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mpg) for reasons not explained in the model; and tractor 
maintenance is 2 cents per mile higher for owner-drivers, 
which again is somewhat unexpected. 

The results show that company costs for five-axle single 48-
ft trailer units are 96 cents per mile, compared with $1.03 for 
owner-driver . These translate into $14.67 and $15.70 per ton , 
or 4.70 and 5.03 cent per ton-mile, for company and owner
driver operations , respectively. The highway design model 
predictions for five-axle trucks and those from the AAR models 
are imilar, 93 cent per mjle from the highway design models 
and 96 cents per mile from the AAR models. For the purpo es 
of this research the highway de ign vehicle operating cost 
predictions are reported in the sy tems cost matrix. 

EXTERNALITIES 

Economic Cost of Truck Accidents 

In evaluating the economic costs of truck related accidents 
at least five major co t component · need to be addre sed: (a) 
accident damage of all types (b) time delay cost to other 
u ers , (c) fuel and operating costs , (d) clean-up costs asso
ciated with accidents ; and (e) emergency and police co t 
attributed to trucking operations. 

Accident Costs 

Accident costs consist of all property damage imd injury
related co ts such as lost income medical expen es , and pain 
and suffering. The PennDOT accideDt data base for 1-80 is 
used with annual averages determined from time series data 
during a 5-year period. There was an average of 488 serious 
truck accidents per year on T-80 during the period 1985- 1989, 
classified into five categories ranging from property damage 
only to fatali ties. PennDOT co ts for each category were used 
to determine a total 5-year truck cost impact of $139 million . 
This averages to $27.7 million per year for the entire I-80 
route or $89,208 per mile per year. 

Examining all reported 1-80 acciden ts during the 5-year 
period yields a valu of $157 000 per mile per year , partly 
becau e of the large numb r of co ·tly fatalitic (109) and 
major injuries (235) . Resul ts from other urban tudies show 
that the average annual cost per mile for urban truck accidents 
was $182,000 compared to this study's estimate of $89,208 for 
rural interstate travel. This shows the magnitude of rural and 
urban accident impacts, and demonstrates that the 1-80 data 
appear consistent with national figures. 

Delay Cos1s 

Delay costs are defined as the monetary value of 01:cu1 ant 
time lo t as a consequence of delay imposed by truck-related 
incidents. Only delay created during the accident period or 
incident is auributable to vehicle related accident . Thus, de
lay at normal peak period congestion must be removed from 
delay calculations. In rhi, study an adjusted medium value 
of $4.25 per hour was employed for automobile occupant 
time, which approxi mates lO the U.S . current minimum wage. 
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This value was multiplied by 1.3 for every vehicle to com
pensate for average vehicle occupancy. Similar, a value of 
$25.00 per truck-hour with no occupancy adjustment factor 
was used, which approximates the national average for driver 
salary and overhead. An average delay of 13 min per vehicle, 
per truck accident, was applied to estimates of the affected 
traffic volume per vehicle category (7). The 488 average an
nual truck accidents on I-80 result in a total delay costs of 
approximately $1.5 million, which when divided by the route 
miles gives an annual figure of $4,853 of delay costs per mile 
of highway attributable to truck accidents. 

Vehicle Operating Costs 

Additional vehicle operating co t are created when conges
tion result from incidents. 1l1e primary component o.f ad
ditional vehicle operating co ts caused by truck accidents, is 
increased fuel consumption resulting from delay and peed
cycle change . T he estimated increa ed operating cost of $947 
for 17.4 minutes of delay (7) was adjusted to reflect the I-80 
delay estimate of 13.2 min per affected vehicl.e re ·ulting in 
an operational co t of $718 per truck accident. Taking the 
average number of accidents ( 488) and dividing by route-mile 
r ult. in an average of $1,127 per mile of highway. 

Cleanup Costs 

Cleanup costs are defined as the costs to public agencie and 
private organizations for removing accident debri from the 
roadway and return.ing 1he roadway to serviceable condition . 
The cleanup costs re ulting from truck accident vary dras
tically according to the type of accident and the cargo being 
transported and are difficult to determine. The California 
Department of Tran portatioa e timated that the 6,700 to 
8 000 annual truck accidents on the Los Angeles County Free· 
way System cost from $500,000 to $2,000,000 for cleanup (7). 
Employing these data results in an approximate cost of $250 
per accident which for I-80 would give a total of $122,000 for 
the 488 annual truck accidents, or $392 per mile of highway. 

Emergency and Police Costs 

There is no dedicated highway patrol system for I-80, so the 
analysis is based on alternative sources. Costs attributed to 
the Pennsylvania Turnpike are comparable to the I-80 cor
ridor, and their data reported a cost of $10,898,000 for 1989 
Highway Patrol activities, excluding costs associated with truck
weight enforcement. I-80 costs per mile were estimated from 
the average 1989 cost of $14,022 per mile for the Pennsylvania 
Turnpike Highway Patrol. 

Total Truck-Accident-Related Costs 

Total estimated truck-accident co ·t from the preceding cat· 
egories amounted to an average co t per mile of highway of 
$109,602 for I-80. Expanding this annual per mile cost esti
mate over the 311 mi of 1-80 results in a total annual route 
cost of about $34 million. 
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TABLE 3 1-80 Truck Emissions• 

Emissions 

Grams Annual 
Pollutant (ton-mile)b (tons)0 

Hydrocarbons (HC) 0.292429 2,128 
Carbon Monoxide (CO) 0.838110 6,098 
Nitrogen Oxides (NOx) 2.585310 18,811 
Particulate Mauer (PM10) 0.358813 2.ill 

TOTAL 29,648 

•Based on diesel-powered trucks exceeding 20,000 lbs gross vehicle 
wcigh1. 
b From Weaver, C.S., "Feasibility and Cost-Effectiveness of 
Controlling Emissions from Diesel Engines in Rail, Marine, 
Conslnlction, Farm and other Mobile Off-Highway Equipment," 
Radian Corporation, Washington, D.C., 1988. 
"Based on 6.6 billion annual diesel ton-miles on 1-80. 

Truck Emissions 

Emissions from diesel engines used in motor vehicles have 
been regulated with increasing stringency ince 19 0. As an 
example, federal regu lations limited particulate matter (PM) 
emission from heavy-duty die el engines to 0.6 gram per 
brake horsepower-hour (g/BHP-hr) for the 1988 model year. 
The nitrogen oxides emissions limit wa also reduced to 6.0 
g/BHP-hr level. New particulate limitS for trucks of 0.25 g/ 
BHP-br are scheduled to take effect in late 1991 , with a re
vised limit of 0.1 g/BHP-hr for 1994. Because these limit only 
apply to new units, it will be ome rime before all vehicles 
can comply with th.e cleaner standards. ln the meantime truck 
engines will how a wide range of emissions performMce. 

Using the vehicle ton-miles of travel calculated in the traffic 
section of this study, some broad e ti mates can be made about 
1-80 truck emissions for four key die el truck pollutant : hy
drocarbons, carbon monoxide, nitrogen oxides, and partic
ulate matter. These are presented in Table 3, which estimates 
29,648 ton of pollutants annually from trnck traffic on l-80. 
Curr~ntly, it is difficult to place monetary value on such 
pollutant levels, particularly as I-80 in Penn ylvania doe not 
pass through a nonattainment area. Air pollution of the type 
generated by truck traffic has always been lreated a an ex
ternality, although this view is rapidly changing with the recent 
federal air quality legislation . Although this study does at
tempt to value the truck pollution monetariJy. it has reported 
it as a nonmonetary social burden. 

CONCLUSIONS 

In this final section, system cost inputs from the previous 
sections are combined to identify both supported and incurred 
system truck costs over the 1-80 corridor. A limitation of 
traditional highway cost and revenue analy es (as seen in most 
highway.cost allocation methodologies) is that important costs 
related to lransportation operations are excluded. Thi limi
tation has significant ramifications wben evaluating and com
paring the cost of intermodal freight operations. Failure to 
consider all economic costs associated with transportation op-
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erations can lead to inefficient public and private investment 
in freight infrastructure. 

Table 4 presents a summary of the supported system costs 
for l-80 on the basis of cost per ton-mile of freight and average 
truck costs per mile assuming a 13.25 average ton payload. 
Additionally, five-axle tractor and semi-trailer costs per mile 
of travel (13 .5 ton payload) are shown. The five-axle tractor 
and semi-trailer is the predominant vehicle operating on the 
I-80 corridor. Under existing policy, supported system costs 
include vehicle operating costs and user taxes and fees (the 
vehicle operating costs for using the highway facilitie ). On 
average trucks paid 8 cent per ton-mile or $1.07 per mile of 
travel in 1989. The predominant five-axle vehicle paid only 
slight less, $1.06/mile of travel. These supported system costs 
are the expenses currently paid by truck operators. 

Table 5 presents a summary of the incurred system co t . 
Unlike upported system cosrs actual costs to the facilities 
are used in place of the user taxes and fee paid by truck 
operator . Additionally , accident externalities are included. 
(Emission should be included as a cost, but are reported 
eparately for rea. ons ·tated previously.) Not surprisingly, 

the incurred truck ystem co ts are higher. Actual facility costs 
are l23 percent higher than the paid truck user taxes and fees. 
Externalities (i.e. accidents and related costs) , amoltnt to 0.5 
cent per ton-mile or about 7 cents per mile of highway travel. 
Comparing the incurred y tern co t with lhe upported sy -
tem costs result in a truck ubsidy of 1.7 cents per ton-mile 
or 23 cents per mile of truck travel. In total dollar amounts, 
this results in an annual truck subsidy of about $458,741 over 
the 1-80 corridor in 1989 dollars. (Life cycle facility costs are 
converted to an annual amount based on a 7 percent annuity 
for 25 years.) 

Absent from these monetary results is the issue of emis
sions, since there is as yet no agreed methodology for cal
culating such costs. The average five-axle truck emits about 
4 g of pollutants (hydrocarbons, carbon monoxide.s, nitrogen 
oxides, and particulates) per mile of travel on I-80. Since this 

TABLE 4 Truck-Supported System Costs 

Cost per Cost per 
Ton-Mile of Freight Mile of Travel 

Cost Category All Trucks All Trucks 

User Taxes and Fees $.0100 $.1325 
Vehicle Operations U1ilQ ~ 
TCYTAL $.0806 $1.0680 

TABLES Truck-Incurred System Costs 

Cost Category 

Facility 
Vehicle Operations 
Externalities 
TCYTAL 

Cost per 
Ton-Mile of Freight 

All Trucks 

$.0223 
$.0706 
~ 
$.0979 

Cost per 
Mile of Travel 

All Trucks 

$.2955 
$.9355 
~ 

$1.2973 

5Axle 
Combinations 

.$.1253 
UlH 

$1.0567 

5Axle 
Combinations 

$.3017 
$.9314 
Uill. 

$1.3005 
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highway does not pass through an Environmental Protection 
Agency (EPA) nonattainment area, the di persion problem 
i unlikely to be a significant i ue , with the important ex
ception of global warming and acid rain. It remains an un
palatable fact that truck produce around 30 000 ton of pol
lutants annually along the l-80 alignment in Pennsylvania, an 
issue which may be of growing concern to the state in the 
1990s. 

To summarize truck traffic on the Pennsylvania section of 
1-80 is not paying the full costs of sustaining the sy tem for 
the operation of heavy vehicles. The key underpayment i io 
funding the facility co ts through user taxes and fees and Lhi 
deficit is compounded by operating cost externalitie imposed 
on other u -er and entities. Operating cost per mile for trucks 
need to be increased by around 22 percent to maintain the 
truck freight operation over l-80 in Pennsylvania without 
subsidies. l'he increase in truck u er contribution i nece ary 
to achieve full economic and equitable modal competi tion. 
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Investigation of the Relationship Between 
Highway Infrastructure and Economic 
Development in Indiana 

PAUL C. LOMBARD, KuMARES C. SINHA, AND DEBORAH J. BROWN 

A tudy wa undertaken to investigate the re lationship between 
highways a11d economic development in Indiana, using cros -
sectional mul tiple regre sion analysis of data from 19.80 through 
1988. Seven highway variables in the broad categories of road 
conditions, highway mileage, and highway expendiwres were 1.1sed 
in conjunction w.ith several thervanablc that were hypothe 1zed 
to be ·ignificantly related to economic growth. Re ults indicated 
that highway mileage had a significant as ocimio11 with eco~omic 
development in mosr cases. A sectoral model wa used to rnve -
tigate the impact ofhighways a~oci a t ed with 43 different standard 
indu. trial classification group . ·everal foreca ting model were 
developed for estimating the economic impact of the construction 
of two-lane highways the upgrading of two-lane highways to four-
1.a ne highway , and the con cruction of new multilane highways 
in Indiana. 

An issue that has received much attention in recent years is 
to what extent highways affect the econom y, especia ll y at the 
ta tc and regional level . This que. lion becomes important in 

light of the declining condition of highway infrastructure and 
where funds for con tructing new highways and for the main
tenance of existing systems become more limited. Decision 
makers are increasingly aware of the potential economic de
velopme nt benefits of new or upgraded hi ghways . 

Many factors affect the eco nomic devel.opment of a region , 
of which the available highway infra trncture is only one. The 
extent to which highways actually affect the economic devel
opment of a region is a highly debated issue . Th litera ture 
on thi subject uses many methodologie t model this re la
tionship , and re ults vary depending on the model, the pe
riod , and the unit of analysis. 

The purpose of this paper is to investiga te how economic 
development in Indjana be tween 1980 and 1988, as measured 
by employment growth correlated with county-level highway 
infrastrncture in 1980. Sucb a tudy doe not establish rhat 
highways caused growth ; it is , however, structured to dem
onstrate one ele ment of causality: temporal precedence. 

LITERATURE REVIEW 

Input-output models appear to be the most commonly used 
methodology to determine the impact of highways on eco
nomic development . In most of these models, a distinction is 

P. C. Lombard and K. C. Sinha, School of Civil Engineering, and 
D. J . Brown, School of Agriculture, Purdue University, West La
fayette, Ind. 47907. 

made between the direct , indirect , and sometimes also the 
induced effects of highway construction (1 ,2) . Detailed esti
mation of various economic sector responses to an external 
impact can be derived from the e mode l . In gene ral, the 
mode ls a re co mplica ted and require detailed da ta a input. 
and they can be c scly and time-con urnin g to ca li brate and 
imple ment. Othe r Limitations include problems with the 
timeliness of the da ta and difficulties mode ling lagged effect . 
Seve ral input-output models are in use today a t variou l vel 
of analysis, such as the Regional Input-Output Model 

ystem (RIM ) o r its updated ucce o r ( RIMS II) (J) and 
the R egional Economic Impact Model fo r Highway y tern 
(REIHMS) 4) . 

Regres. ion analysis , u ing either time- eries or cross-scctio11al 
da ta, or pooled time-se ries/cross- ectioned da ta , also has been 
u ed extens ively t e timate the relationship be twe n high
ways and economic development. An advantage of econo
metrics is its abili ty to analyze the imultaneou · effect of a 
large number of vari able , lags, and functional forms. everal 
o ther methods a l. o have been u ed . Regre sio n and input
output analysis appear, however, to be the most commonly 
used methods. 

Several studies of the relationship between highways and 
economic development have been undertaken in recent year . 
At the national leve l, the relation hip be tween the highway 
capacity leve l and the gr wth ra te of pe r capita o utput fo r 
the 48 contiguou ·tates between 1960 and 19 5 wa. investi
gated (5). Regres-ion analy is was used, and the resul ts showed 
that in general sta te. with a better highway infrastructure 
with rega rd t highway capacity and quality ·h.owecl a higher 
per capita income growth over the period. 

At the state level , several releva11t studies were also per
formed. An ongoing study in North Carolina investigated the 
100 counties in that state and indicated that the strongest 
growth wa situated in urban countie (6) . In the next part of 
th study , facto r and cluster analysi were used to group coun
ties togethe r according to various factors (7) . Regression anal
y i , using cro s- ection da ta and lagged variables, was em
ployed to investigate the a· ociation be tween developme ntal 
hjghways and economic development in Georgia (8). T wo 
studies we re done in Iowa as part of the Revitalize Iowa's 
Sound Economy (RISE) program. One study (9) focused on 
developing a method to evaluate road projects to attract spe
cific indu tries to an area. In the second study (10), a meth
odology wa develo ped to dete rmine priorities for primary 
road corridor development by u ing a regional analysis meth-
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odology involving the 954 incorporated cities and 99 counties 
in the state. A study undertaken in Minnesota used regression 
analysis pooling time-series and cross-sectional data from 1957 
to 1982 for the 87 counties in the state (11). Granger-Sims 
causality tests were used to distinguish between the cause and 
effect of the relationship between highway expenditures and 
employment. 

The four statewide studies mentioned above were typical 
of economic impact studies. The following are some of the 
common elements that can be identified. In urban areas, high
ways seem to have a significant impact on development. Be
cause there are typically better and more extensive highway 
facilities in these areas , industries and jobs are concentrated 
in urban areas, thereby providing a bigger tax base and jus
tification for better highway infrastructure. The effect of high
way facilities on economic development in rural areas is not 
clear. There appears to be a significant amount of commuting 
to urban areas from counties close to urban areas . 

The studies also indicated that because of a general decline 
in manufacturing employment in the United States in the past 
decade and an increase in service employment, both of these 
types must be considered in any study of the impact of high
ways on economic development. Specific service industries 
can be expected to play an increasing role in economic de
velopment in the future. In studies at the disaggregate level, 
such as within states or regions, counties appear to receive 
the minimum level of analysis because of data availability . 

STUDY DESCRIPTION 

In this paper, a study is described that dealt quantitatively 
with the relationship between highways and economic devel
opment in Indiana between 1980 and 1988. Regression anal
ysis was used on cross-sectional data for 92 Indiana counties. 
The period was determined by the availability of highway 
data. 

Compared with other states in the region and the United 
States in both 1980 and 1988, Indiana had a relatively strong 
manufacturing base, although this sector showed a slight de
cline over the period. The primary metal manufacturing in
dustry in particular showed a large decline. In the service 
sector, defined as all industries with standard industrial clas
sification (SIC) codes between 40 and 99, the state showed 
increases in employment and wage-income, similar to those 
of the East-North Central region and the United States. Al
most all service industry groups experienced growth, with the 
largest actual increase in health services. Because of the larger 
share of the service sector in the state's economy, the net 
effect was an increase of over 10 percent in both total em
ployment and wage-income. 

For the purposes of this study, multiple cross-sectional anal
ysis was used. A review of the economic development liter
ature identified factors other than highway infrastructure 
hypothesized to affect economic development: 

•Resource costs (12); 
•Airport accessibility (13); 
•Facilities that enhance the quality of life (14); 
•Proximity to metropolitan areas (15); 
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• Relative wage rates and the presence of similar industries 
in a region (16); 

•Tax rates; (17) and 
•Education levels (18) . 

MODEL DEFINITIONS, ANALYSES, AND 
RESULTS 

For the purposes of this study it was assumed that economic 
development can be modeled as either the change in em
ployment or the change in wage-income over the period. Seven 
highway infrastructure variables in the broad categories of 
pavement condition, extent of highway facilities, and highway 
expenditures were defined. In the analysis, a series of in
creasingly disaggregate models was defined. 

THE LIMITED MODEL 

The first model, the limited model, was defined as follows : 

Y = X 'B + e 

where 

Y = The change in a county's employment or wage income 
in all economic sectors, in the manufacturing sector, 
or in the service sector between 1980 and 1988; 

X = vector of independent variables ; 
B = vector of estimated parameters; and 
e = vector of errors. 

The independent variables included the following: 

• COND is the road condition variable , defined alterna
tively as the average weighted road condition of the state 
highway system in a county (PSR), the percentage of roads 
with a PSR of 25 or less in a county (POOR), and the per
centage of the total highway system that was paved in a county 
(PAVED); 

• MILES is the highway facility variable, defined alterna
tively as the total mileage per square mile (ROAD80) , the 
multilane mileage per square mile (G2LN80), and the high
way facility rating in 1980 (HFR); and 

• EXP is the total highway expenditures per square mile 
in a county from 1980 to 1988 in 1988 dollars (EXP). 

The HFR variable was developed to approximate the extent 
of highway facilities in terms of highway capacity by using the 
two-lane and four-lane mileages weighed by their respective 
unconstrained capacities. Highway variables were used indi
vidually and in various combinations in separate regressions. 

The limited model appeared to explain fairly well the var
iance in economic development in Indiana from 1980 to 1988 
in the total industry and service sectors . It did not explain 
well the changes in manufacturing employment or wage-income. 
Road condition appeared to have a significant and positive 
association with economic development in only a few cases, 
and highway expenditures were significant with a negative 
relationship in some regressions. The extent of highway fa-
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cilities was, however, significant in all instances, with a pos
itive association in the total industry and service sectors. Mul
tilane mileage density (G2LN80) were also associated with 
higher changes in economic development than were the total 
mileage density (ROAD80). 

THE COMPREHENSIVE MODEL 

A more comprehensive model was then defined with the same 
response variables as those in the limited model. The highway 
infrastructure variables were included in the same way as 
those in the limited model, namely each individually and in 
combination. However, other variables hypothesized to affect 
economic development were added to the model as explan
atory variables. The independent variables in this model in
cluded the highway-related variables mentioned in the limited 
model and the following additional variables: 

• ELEC is the industrial or commercial electric rate in a 
county in 1980, as applicable, in dollars per kW-hour; 

• WATER is the availability of water in a county measured 
on a scale of 2 to 7; 

• APT is the straight-line distance in miles from a county 
to the nearest large airport; 

• COLL is the percentage of college graduates in a county 
in 1980; 

• MSA is the distance in miles for a county to the nearest 
metropolitan statistical area; 

• RECR is the acreage of federal, state, and local public 
recreational facilities in a county in 1988; 

• TAXRT is the net property tax rate in a county in 1980; 
•WAGE is the average wage rate for the total industry, 

manufacturing, or service sectors in a county in 1980, as ap
plicable; and 

• AGGL is the agglomeration variable, measured as the 
manufacturing or service sector employment, or both, in a 
county in 1980, as applicable. 

Results from these regressions were as follows: 

• Overall, road condition was not a significant variable, 
except in some instances in the service sector. PSR was pos
itively related to growth, whereas the percentage of poor 
roads (POOR) was negatively related to growth, as hypoth
esized. The percentage of paved roads (PAVED) was not 
significant in any instance. 

•Highway mileage was positively related to growth and 
statistically significant in most cases in the total industry and 
service sectors. In was not significant in the manufacturing 
sector, probably because of influences outside Indiana that 
affected this sector during the period. Parameter values showed 
consistent behavior in all three models, and, in particular, 
multilane mileage density had much higher parameter values 
than the total road mileage density within a fixed configu
ration of highway variables and agglomeration variables. 

• Except for the wage-income manufacturing sector model, 
highway expenditures were significant in many cases, with a 
negative association. Expenditures over this period were aimed 
at localized construction and improvements that may have 
had only marginal economic impact. In addition, highway 
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expenditures may have been deliberately undertaken in coun
ties with low economic growth because of declining highway 
conditions. 

• The percentage of college graduates and the property tax 
rate in a county were highly significant, with, respectively, 
positive and negative associations in most cases, as postulated. 

•The adjusted coefficient of determination (R2) for the 
comprehensive model increased considerably over that of the 
limited model. The highest value of this parameter in the total 
employment sector, manufacturing sector, and service sector, 
respectively, were 0.75, 0.51, and 0.99. Also, within each 
specific sector, the employment model attained a higher ad
justed R2 in general than with the same regression in the wage
income model. 

SECTORAL MODELS 

Industries within the manufacturing and service sectors were 
identified and divided into 43 groups, according to SIC codes 
between 1 and 93. For each of these industry groups, the 
sectoral employment and wage-income data for 1980 and 1988 
were obtained. The independent variables in this model were 
otherwise the same as those in the comprehensive model. The 
dependent variables varied, however, according to sector. 

The results from the sectoral model varied across sectors. 
In the general industry group, consisting of the four SIC groups 
with SIC codes from 1 to 17, some conflicting results were 
obtained relative to highway mileage variables, although the 
overall models seemed to be fairly "good" in terms of the 
coefficient of determination. In the manufacturing sector, 
consisting of SIC groups with SIC codes from 20 to 39, results 
varied according to sector. Better models were obtained for 
some industries than had been obtained in the aggregate man
ufacturing sector model. Some unexpected results pertaining 
to highway variables were also obtained, with total highway 
mileage density being significant and positively related to eco
nomic development in some manufacturing sector groups, 
contrary to results from the aggregate model. These sectors 
were food products, chemical products, and metal industries. 
In the service industry sector, with 23 SIC groups containing 
SIC codes from 40 to 93, highway mileage was significant in 
a majority of sectors, with positive association in the majority 
of cases, which was consistent with the aggregate model. Also, 
the adjusted R2s were high in most sectors. 

FORECASTING MODELS 

The final part of this study was aimed at the development of 
models that could be used to estimate the economic impact 
of highway improvement and expansion projects. Residual 
analysis was used to investigate the models, and Glejser's test 
for heteroscedasticity (19) was employed when indications of 
this phenomenon were found in residual plots. 

After detecting heteroscedasticity in most models, several 
measures were attempted to correct for the phenomenon. 
Deletion of outliers, normalization of dependent variables by 
county area and population, and weighted least-squares anal
ysis using county population as weights were undertaken. In 
the total and service industry sectors, several models were 
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FIGURE 1 Forecasting models. 
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identified that had no heteroscedasticity associated with them 
after transformation, according to Glejser's test. In the man
ufacturing sector, this problem was still present in all models 
after transformation. 

A total of eight model. were identified for forecasting pur
poses. The model. include alterna tively the total highway 
mileage density (ROAD80) and tbe multilane mileage density 
(G2LN 0) , with total aod service employment and wage-income 
change individually as re p nse variable . Figure 1 pre enlS 
these models with regre sion parameter value and other per
tinent stat istical parameter values. It is clear from the table 
that in each sector, the multilane mileage density parameter 
exceeded considerably the total highway mileage density pa
rameter. Also the total employment highway parameter val
ues were higher than the value · in corresponding models in 
the service sector. The parameter values for highway infra
structure indicated that mean county employment had an av
erage increase of 1,220 jobs associated with one unit increase 
in the total highway mileage densiry per county, all other 
variables being held constant. This translates into a mean 
employment increase of three jobs for the mean county with 
an area of 391 mi2, over the 9-year perio I of the tudy. Using 
the same assumptions, the following can be derived from the 
other models: 

• The mean county had an average increase of 18 jobs 
associated with every mile increase in multilane highways; 

•The mean county wage-income in 1988 dollars had an 
average increase of $66,500 (in 1988 dollars) associated with 
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every mile increase in highways in the total sy tern: and 
•The mean county wage-income had an average increase 

of $419,000 associated with every mile increase in multilane 
highways. 

In the service industry sector, the associated values were 
as follows: 

•The mean county had an average increase of 1.5 jobs 
associated with every mile increase in total highway mileage; 

• The mean county had an average increase of 13 jobs 
associated with every mile increase in multilane highways; 

• The mean county wage-income had an average increase 
of $38,400 associated with every mile increase in highways in 
the total system; and 

• The mean county wage-income had an average increase 
of $207,000 associated with every mile increase in multilane 
highways . 

These values are only estimated mean economic develop
ment increases associated with increments in highway infra
structure and should not be used for estimating economic 
growth overall or in individual countie . In Table I, the 95 
percent confidence interval for the abov -men tioned param
eters are pre ented, also adjusted from highway mileage den
sity to highway mileag in the relevant class of total mileage 
or nrnltilane mileage. The wide intervals of the parameter 
provide evidence of the large variances associated with the 
data. 

TABLE 1 Confidence Intervals for Estimated Highway Parameters 
Indicating Wide Range or Estimated Effects or Highways on 
Economic Development 

DEPBNDJ:NT . :tNDJ:Pl!NDl!NT 95' CONrIDENCE :tNTERVAL 

VAIUABLJ: VARIABLE LOWER LIM:tT OPPER I.IM:tT 

TOTl!MP ROAD80 0.59 5.65 

TOTEMP G2I.N80 4.09 32.61 

TOTWAGINC ROAD80 16 116 

TOTWAGINC G2LN80 27 811 

SVCEMP ROAD BO 0.32 2.57 

SVCEMP G2LN80 2.88 22.71 

SVCWAGINC ROAD80 18 60 

SVCWAGINC G2LN80 99 315 

J'02'EHP • 2'02'AL na'LOlf1DlN2' CBANG'!i. P.ll:R cor:mrr, 1980-88 

'J'OJ'H'AGZNC m 2'02'AL RAGE-INCOH1J CBANGE PEP, COIJN'l'Y, 1980-88 

SVCl!!llP - SJl:RV.XCB ~LOYKll.N'l' CBANGB PlllR cor:mrr, 1980-88 

SVCfiAGINC • SJl:RVICE JiAGl&-INCOME CBANGE PER COUNTY, 1980-88 

JIHPLOrHl:N'l' CHARGES IN JOBS Pim HILi& 
JiAG£-:rNCOM£ CBANGJ:S ZN $ '000 P•R HILi&, 1988 $ 
ROAD80 • 2'02'AL BZGBH'AY HILEA.GE PER COIJN'l'Y 

t;2LN80 • lft7£2'I-.r.AH&' /IULUQ'!i. J''!i.R cor:mrr 
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Total employment had adjusted R2 values that were much 
lower (0.14 to 0.18) than the service industry's values (0.38 
to 0.65). The re ult is that foreca ts using the total industry 
model will have a wid r confidence interval rhan the service 
industry model. 

The models that were developed for the total employment 
and service sectors could, however, be used to estimate the 
economic development impact that the construction of a new 
two-lane road, the upgrading of a two-lane to a four-lane road, 
or the construction of a new four-lane road would have on a 
county in Indiana. The caveats that should be kept in mind 
at all times are the limitations associated with the data and 
methodology that were used. 

SUMMARY AND CONCLUSIONS 

This study was aimed at inves tigating quantitatively the re
lationship between highway infrastructure and economic de
velopment in Indiana from 1980 to 1988. 

The total highway mileage was found to be significantly 
associated with economic development in most ca es. Mul
tilane highways were found to have an association of between 
5 and 10 times that of the total highway y tem. T his finding 
emphasizes the importance of thi type of faci lity, a often 
addressed in the literature concerning location theory and the 
attraction of manufacturing indu try to a region (20) . 

Highway expenditures were not identified as a good de
terminant of economic growth in Indiana· this is partly be
ca.u e of the relative ly hort period of the study. Highway 
expenditures may not be a good measurement of highway 
facility availability if the tudy period does not include the 
1960s and 1970s, when massive disbursements were made 
toward the construction of the highway infrastructure. 

Several models were developed in this study that could be 
used to estimate the economic development impact of con
structing new two-lane highways , upgrading two-lane roads 
to four-lane highways, and the construction of new four-lane 
highways . The limitations of the methodology-the fact that 
the mode ls were based on the data for a relative ly short period 
and were subject to specific economic change in Indiana's 
hi tory - should be kept in mind when comparing these fi g
ure to those o.f other tudies. The models only provide es
timate of previous trends; they will not necessari ly hold in 
future years. 
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Engineering Analysis of the Economics of 
Predicted Pavement Life 

MICHAEL T. MCNERNEY AND W. RONALD HUDSON 

The problem of dete ri rating infrastructure-including highways 
and rhe cost of proper maintenance- is a major point of debate 
for policy makers. With continued tight budgets and incr~a ~ ng 
deficits. policy maker · are l.ooking harder at rhe costs_ of bulldmg 
and mai ntaining a viable highway network . Economists and en
gineers sometimes di agree on pavement maintenan.ce. design, 
and construction costs. For example, K. mall C. Winston, and 

. Evans. author of Road Work (1989) . have proposed that co ts 
of highway mainrcnance cou ld be red~ce,d by bi llion of doll.ars 
by increasing the thicknc s of che nation s highway. and by 1111 -

posing a national system of weight-distance taxation . T~e au thor 
f R.oad Work ba e their assertion that highway engmeers un 

derde igned the nation's high.way on ;1 r~·analysis ~f the AASH? 
Road Te. t data using a urv1val regression analysis. An analy ·1 

of the Road Work study concluded chat the result are similar to 
those f the original AA HO Road Test when additional traffic 
is considered . Road Work may have used questionable assump
tion rega rding pavement service life, the role of thicknes in 
pavement performance, and predicted traffic growth. As a result . 
the . ti mated savings in the maintenance of the nat ion' highway 
seem LO be va tly overstated . The analysis concluded that current 
pavement management economics and thickness design, alth ugh 
not perfect, are rea onable. 

Do the nation's pavement and infrastructure problems result 
from bad economic analysis and poor performance equations? 
That is the conclusion of Road Work, a 1989 publication that 
suggests that these are the rea ons for our crumbling highway 
infrastructure estimated to require billions of extra public 
dollars to maintain and improve (1). The book asserts that 
" the United States can no longer rely on current highway 
policy to fin ance and manage its road " (1, p. 114). The book 
advocates a new national highway policy based on (a) pavement
wear taxes for heavy trucks, (b) congestion taxes for all ve
hicle and (c) construction of thi.cker pavements to achieve 
greater durability (J , p. vii). A recurrent theme of the book 
is that improper economic analyses , along with e rrors in the 
AASHO Road Test analysis, have led highway engineers to 
underdesign the thickness of existing pavements. The book 
suggests that by increasing the pavement thicknesses by only 
1 or 2 in., billions of dollars would be saved. 

The Road Work proposal for congestion taxes and a na
tional weight-distance tax for each functional class of pave
ment based on axle loading, but with increased truck weight 
limits and reduced truck taxes, is of concern to many inter
ested groups. The book is published by the Brookings Insti
tution, noted for its economic studies. It wa the work's lack 
of engineering input, however, that prompted a review of the 
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engineering aspects that were reported. The review of the 
Road Work analy i finds errors in application of pavement 
engineering principles and questionable assumption , result
ing in conclusjons that are not supported by the analysis. 

SCOPE 

Thi paper reports an engineering examination of Road Work 
that compare actual highway engineering data with the as-
umptions premises, and observation that led the author 

of Road Work to their conclusion . This paper cover ix main 
areas in which engineering expertise is required to develop a 
true economic analysis of the nation's highway pavements: 

1. Examination of the reanalysis of the AASHO Road Test 
data, 

2. Assumptions of pavement life and thickness, 
3. The role of thickness in pavement life , 
4. Routine maintenance costs, 
5. Assumptions of traffic growth , and 
6. Relative savings of reduced loadings versus increased 

thickness. 

BACKGROUND 

In the book and in a previous paper published in American 
Economic Review (2), Small and Wins ton have undertaken 
the ambitious task of performing a broad-based economic 
analysis of the nation 's highway system with regard to struc
tural pavement design. Their analy i is credible, especially 
concerning the orjginal AASHO Road Test data. They note 
that the original analy i in the 1960s overestimated the life 
of thick rigid pavements becau e tho e pavements had not , 
then, bowed distress. Since then the AASHTO Design Guide 
has been revi ed in 1972, 1981 , and 1985 with considerable 
effort to account for environmental factors (3). 

Road Work articulates challenging and thought-provoking 
ideas that are worthy of consideration by highway officials in 
formulating future transportation policy. Several studies have 
shown that trucks do not pay their fair share of the costs 
imposed on the maintenance and construction of the highways 
they u e. A recently conducted study by Texas R esearch and 
Developme nt Foundation of the I-80 corridor ia Penn ylvania 
concluded that trucks pay only 45 percent of the co ts a llo
cated to their use of that facility (4). Road work estimates 
that rural and urban truck operations pay only 29 and 14 
percent , respectively, of their allocated share of maintenance 
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and then suggests that their system of taxes would recover all 
costs (J, p. 59). 

EXAMINATION OF REANALYSIS OF AASHO 
ROAD TEST 

The Road Work reanalysis of the original AASHO Road Test 
data used modern regression analysis techniques with certain 
limitation and assumptions. Many original AASHO Road 
Test sections, particularly the thicker ones, never reached a 
2.5 serviceability index at the end of the test (1,113,800 axle 
repetitions) . In the Road Work analysis, any pavement section 
that had not yet reached a 2.5 serviceability index was con
sidered a survivor; therefore, the serviceability index of that 
test section was censored. 

In Road Work , the authors chose to analyze the data using 
the Tobit model, an econometric model originaUy developed 
by James Tobin in the early 1950 a a tool for the economic 
analysis of household expenditures (5) . The model is func
tionally the same as that in a survival analysis. The model is 
frequently used when the data (for example the life of lab
oratory mice) have a measured lifetime, or when they survive 
the entire length of the experiment. The application of the 
Tobit-type model to the Road Test data is innovative and 
worthy of consideration. 

TABLE 1 Test Section Data Used for Small and Winston Model 

Number of Test Sections 
Pavement 
Thickness (in.) AASHO CENSORED OBSERVED 

2.5 12 8 4 
3.5 26 14 12 
5 42 22 20 
6.5 44 24 20 
8 56 42 14 
9.5 44 41 3 
11 28 28 0 
12.5 12 12 0 

Total 264 191 73 
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As reported in an earlier paper ( 6), the authors of this paper 
have duplicated the results of the Road Work analysis using 
the Small data. The data used by Small consist of the original 
264 rigid pavement test sections of the AASHO Road Test, 
but only 73 test sections reached the 2.5 present serviceability 
index (PSI) failure criteria. A tabulation of the test sections 
with respect to thickness is provided in Table 1. 

Each data point is a recording of the number of axle rep
etitions when each section reached a 2.5 terminal ser
viceability index. If the present serviceability index is greater 
than 2.5, whether it is 2.6 or 4.5 PSI, no PSI value is given 
to any of these test sections in the Tobit analysis. In Table 1, 
note that of the 73 observed test sections only 3 of the 44 test 
sections of 9.5-in. thickness were included, and none of the 
11-in. or 12.5-in.-thick test sections were included. Thus, the 
analysis depended heavily on pavements whose thickness was 
8 in. or less. The resulting mean thickness of the observed 
test sections used in the Road Work analysis was only 5.8 in. 

In Table 2, a comparison is made showing the Small and 
Winston results and the AASHO performance equation con
verted to natural logarithms. The most significant difference 
is the coefficient of the load term (A2), which is only 3.24 in 
the Small and Winston term and 4.62 in the AASHO term. 
The equations predict the number of equivalent single 18,000-
lb axle loads (ESAL) until a 2.5 serviceability index is reached. 
The significance of these equations for a typical 10-in. rigid 
pavement is a prediction of 9.3 million ESAL for the Small 
and Winston equation and 28.6 million for the AASHO equa
tion. In the Small and Winston analysis, the 10-in. pavement 
would have to be increased to 12.5 in. to predict 26 million 
ESAL. The authors of Road Work believe that the disagree
ment between these equations caused the AASHO design 
model to overestimate the life of thick rigid pavements (2, 
p. 563). 

SMALL ANALYSIS WITH ADDITIONAL ILLINOIS 
DATA 

At the conclusion of the AASHO Road Test, many thicker 
rigid test sections were still in excellent condition, and the 

TABLE 2 Comparison of AASHO and Small and Winston Performance Equations 

EQUATIONS 

AAS HO 

SMALL & 
WINSTON 

CQ.J:ifEI C IE!:!!IS 
(STANDARD ERROR) 

Ao Al 

13.53 7.08 

13.505 5.041 
(0. 307) (0. 329) 

thickness 
load in Kips 
number of axles 

£BEQICIE:Q 
ESAL (MILLIONS) 

A2 A3 

4.53 3.17 28.6 

3.241 2.270 9.3 
(0. 260) (0. 242) 
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remaining eclions were rehabilitated as new 10-in. rigid sec
tions constructed in a controlled experiment (7). This reha
bilitated roadway was incorporated into Interstate 80 to con
tinu.e the research on this road test. For inclusion into the 
new tudy of the rehabilitated roadway , the rigid test sections 
had to be at least 8 in. thick and structurally sound with no 
visible signs of deterioration. A few 8-in. section , most of 
the 9.5-in sections, and all of the 11- and 12.5-in. sections 
were retained as original test ections. T he rehabililated te t 
facility included 47 original rigid test sections and 7 new 10-
in. rigid test ·ection · for a total of 84 experimental rigid sec
tions. 

The facili ty opened to traffic in ovember 1962 and carried 
an average datly traffic (AOT) of 3 500 vehicles per day. The 
traffic consi ·ted of 71 percent passenger cars 6 perccnl inglc
unit trucks, and 23 percent multiple-unit trucks. More than 
96 percent of the heavy truck u ed the outer lane and there
fore only the outer lane was included in the analy ·is. In 1973 
the ADT was 15,700. The average annual growth rate of ADT 
during the first 10 years was a high 26 percent. 

Since the authors of Road Work acknowledge the Illinois 
data by reference, it was assumed that their analysis would 
also concur with the findings by the Illinois DOT report (1, 
p. 27). The data from the Illinois DOT study of the contin
uation of traffic on the Road Te t sections were added to the 
Road Work data analysis, and surprising results were achieved. 
As previously reported (6), the authors of this paper have 
calculated new regression coefficients based on this Tobit
type reanalysis of the AASHO Road Test data. 

The results in Table 3 show that , revised, the Small and 
Winston equatio.n is now much clo er t the original AA HO 
equation (u ing 2.5 terminaJ serviceability) than it is to tbc 
Road Work ana lysis. Th coefficient of the load factor term , 
which was calculated in Road Work to be 3.24, is now 4.46. 
The significance of this change is that a typical 10-in. -thick 
rigid pavement will now have a predicted lifetime of 24.J 
million E AL versus the 9.3 million ESAL previously pre
dicted by the Small and Winston analysis. Figure 1 shows the 
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FIGURE I Comparison of 18,000 single-axle repetitions by 
thickness. 

differences in the predicted repetitions of an 18,000-lb axle 
by pavement thickness. 

When compared with tbe performance of the new 10-in .
thick rigid test sections of the lllinoi tudy shown in Figure 
2, tJ1e Road Work quation underestimates the life of thick 
rigid pavement far more than the original AASHO equation 

verestimates the life of the same pavements. The foundation 
of the subsequent Road Work economic calculations is based 
on this limited analysi., which assumes that a four-to-one 
savings will result for increased cost associated with increasing 
thicknesses . 

ASSUMPTIONS OF PAVEMENT LIFE AND 
THICKNESS 

To complete their economic analysis of the highway system 
the authors of Road Work had to rationalize a pavement 
thickness and service life for reference, against which in-

TABLE 3 Comparison of Small and Winston and Revised Performance Equations 

EQUATIONS 

AAS HO 

SMALL & 
WINSTON 

SMALL & 
WINSTON 
REVISED 

COEEEICIE;NTS 
(STANDARD ERROR) 

Ao Al 

13.53 7.08 

13. 505 5.041 
(0. 307) (0. 329) 

14.02 6. 72 
(0. 379) (0. 277) 

thickness 
load in Kips 
number of axles 

~REOICTEQ 

ESAL (MILLIONS) 

A2 A3 

4.53 3.17 28.6 

3.241 2.270 9.3 
(0. 260) (0. 242) 

4.46 3.09 24.1 

(0.247) (0. 257) 
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creased thicknesses could be compared to show economic 
gain. Unfortunately, the thickness and service life value they 
s lected as the basis for the future comparisons were under
stated, and thus the results are skewed toward higher savings. 

Assumed Pavement Life 

First, the Road Work authors define pavement service life in 
terms of the time lapse until resurfacing. Although the source 
of their service life is not clearly referenced, the authors of 
Road Work assume that the service life for rigid freeway 
pavements is 13.5 years and that for flexible pavements it is 
10 years. These assumptions are significant, for most of the 
"maintenance savings" is achieved by doubling these assumed 
service lives to "optimum" service lives (1). 

Based on two case ·tudies that the authors of this paper 
have completed, it is believed that the Road Work assump
tion regarding pavement ervice life are suspect. In a recent 
study of the Interstate 80 corridor in Pennsylvania, the av
erage age of the original 10-in. rigid pavements was calculated 
as 22 years un ti! resurfacing or reconstruction ( 4). However 
there was no way to determine the serviceability index of those 
pavements at the time of resurfacing or reconstruction. 

A data base for monitoring the long-term performance of 
CRCP sections in Texas (8) was examined for the age of rigid 
freeway pavements at resurfacing. It was determined that 
there was an average time lapse of 15.9 years until sections 
had received their first overlay, or a 17.8 percent greater 
service life than projected in Road Work. If all the unresur
faced pavements 15 years or older were resurfaced today, the 
average time to re urfacing in the Texas data base would 
calculate to 18.6 years, or 37 percent more than the Road 
Work assumption. 

The authors of Road Work reference the source of their 
data as comjng from interviews with highway engineers and 
their analy ·es (1, p. 39). Resurfacing is often justified for 
reasons other than loss of serviceability. If the Texas and 
Pennsylvania data are any indication, the Road Work analy is 
has ·ignificantly underestimated the referenced service life . 
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Assumed Pavement Thickness Based on Pavement Life 

Second, the book's author readily admit that they lack spe
cific data on existing pavement thickne ses. They believe that 
because of the wide variation in climate and oil type, existing 
pavements can be more accurately described by the interval 
between resurfacing than by attempting to identify actual 
thicknesses. Using their method (which we uggest is faulty) 
for predicting year of pavement life from road thickne-s. and 
traffic loadings, they then work backward to estimate the 
existing national road thickness for given functional classes, 
pavement types, and traffic level intervals (1, p. 39). 

Although this circular method of calculation makes for nice, 
neat, and convenient data for analysis, other variables exist 
in the real world that also must be considered. The Road 
Work authors' simplification disregards these variables, with 
the net result that ultimate costs are understated and expected 
savings are overstated. 

Assumed Costs a Function of Thickness 

The Road Work equation for total pavement cost (TPC), 
which is optimized in their economic analysis, is 

where 

D = thickness, 
k2 = pavement construction cost per lane-mile per unit of 

road thickness, 
k,,, = resurfacing cost per lane-mile, 

r = interest rate, and 
T = time between resurfacing (which depends on D). 

The only variables in the Road Work equation that affect 
savings in what the authors term total pavement cost are 
changes in the as urned pavement thickne s, the a urned ex
isting service life, and the optimal service life, determined 
only by thickness and ESAL (1, p. 38). By basing the analysis 
on an as urned short pavement service life and comparing the 
re ults with an optimal service life affected only by thickness 
and ESAL the author argue that ignificant savings can be 
realized. But since the assumed value are highly question
able we sugge t that the projected ·•mafotenance avings" 
are grea tly overstated. 

ROLE OF THICKNESS IN PAVEMENT LIFE 

The authors of Road Work exaggerate the role of thickness 
in the life of a pavement. As has been stated, to simplify their 
analysis, the authors have cou ciously excluded all structural 
terms and factors except pavement thickness. Admittedly 
many engineer and nonprofessionals feel that making pave
ment thicker might have extended the ervice life of some 
pavements that did not achieve a 20- or 25-year design life. 
Rather than as a result of improper thickness design, pre
mature pavement failure is often the result of such factors as 
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(a) incorrect traffic forecasting, (b) the failure of sub grade 
support, (c) increased truck weights, (d) lack of proper main
tenance, or ( e) poor construction practices. Increasing pave
ment thickness is not a cure-all for each of these problems 
and may be economically unsound. 

Contrary to the assumptions in Road Work, thickness is 
not necessarily the major determinant of pavement service 
life longevity. Data in Michigan and Texas and from the 
AASHO Road Test document cases in which thinner rigid 
pavements-in nearly the same locations, under the same 
traffic, and in the same weather-have outlasted thicker rigid 
pavements (8 ,9) . Moreover, the decision to rehabilitate pave
ments is not necessarily based only on the loss of serviceability 
(roughness), as is the assumption in Road Work. In fact , the 
FHWA Rigid Pavement Distress Model, which is based on 
empirical data, assigns only 40 percent of the decisions to 
rehabilitate on loss of serviceability. The remaining 60 percent 
are assigned to faulting, pumping, loss of skid resistance, joint 
deterioration, cracking, depression, or swell (JO). Both load
ing and environment influence pavement life. Many pavement 
engineers believe that, in reality, the interaction of heavy 
truck loadings in combination with environmental conditions 
has the greatest influence on actual pavement service life. 

ROUTINE MAINTENANCE COSTS 

Pavements deteriorate with age. The Road Work authors as
sume that a flexible pavement closed to truck traffic will last 
25 years, whereas a rigid pavement will not deteriorate at all, 
since they have found "no evidence of significant aging in 
rigid pavements" (1 , p. 28). Although this assumption makes 
for easy analysis, it ignores whac state highway engineers ex
perience throughout their careers: pavements deteriorate with 
age and require routine maintenance throughout their life
times . 

If routine maintenance costs were constant throughout the 
lifetimes of pavements, those costs possibly could be excluded 
from the economic analysis. In reality , as pavement distress 
becomes greater, more maintenance is required. Often the 
forecast cost for continued routine maintenance makes an 
economic case for early resurfacing. In the Pennsylvania l-80 
corridor study, the authors estimated that the cost of routine 
maintenance over the 25-year lifetime for that rural Interstate 
highway was equivalent to 10 percent of the life-cycle cost of 
the initial roadway construction ( 4). 

The Road Work definition of maintenance savings appar
ently includes only those costs strictly related to resurfacing; 
other operations that highway departments normally cate
gorize as routine maintenance are excluded. It is this failure 
to include these routine maintenance costs in an economic 
analysis that results in an overstatement of the calculated 
optimum pavement lifetime and in an inflation of the resultant 
maintenance ·avings. Thi i particularly important in the Road 
Work authors' analysis, since the savings are based wholly on 
extended pavement service lifetimes. Also, the longer the 
pavement service lifetime is extended, the greater is the amount 
of routine maintenance required. 

The current AASHTO Design Guide suggests five methods 
of performing an economic analysis of alternate design strat
egies. The recommended present worth method, similar to 

TRANSPORTATION RESEARCH RECORD 1359 

20 

15 

10 

5 

5 10 15 
YEARS 

20 25 

-+-- TWO PERCENT _.._ NINE PERCENT 

FIGURE 3 Comparison of predicted ESAL growth rate. 

30 

the Road Work analysis, describes a method for including 
the effects of routine maintenance costs as described by 
Baldock (11). 

TRAFFIC GROWTH FORECAST 

The Road Work authors acknowledge that their analysis is 
sensitive to traffic growth (I, p. 67). It has been generalized 
that average daily traffic growth rates are roughly comparable 
to the growth rate of the gro national product (GNP (12). 
A con ervative ADT growth rate for the assumed exi ting 
pavement service life would therefore range from 3.5 to 4 
percent. A 3.5 percent ADT growth on rural Interstate high
ways is equated by the FHW A to a growth rate of 9 percent 
for ESAL loadings (12). 

For their model, the authors of Road Work have assumed 
a growth rate of only 2 percent for all vehicles, noting that 
the number was chosen from the AASHTO Guide for Design 
of Pavement Structures (1, pp. 65,68). Yet the AASHTO 
Design Guide specifically states that a 2 percent growth rate 
for all vehicles is "a poor assumption" (3, p. D-24). The anomaly 
is that, in comparing costs to show savings, the assumed ex
isting pavement service life reflects a much higher actual growth 
rate, whereas the calculated optimal 26-year service life uses 
only a 2 percent growth race. 

Road Work's hypothetical optimal Interstate pavement having 
a thickness of 10.41 in. would be designed (according to the 
authors' method) to achieve a service life of 26 years. As 
shown in Figure 3, if that design were based on 20 million 
ESAL using a 2 percent annual ESAL growth rate, and if a 
9 percent annual ESAL growth rate were actually experi
enced, the pavement would have accumulated the same 20 
million ESAL in only 16 years. The projected source of sav
ings in their model , then , would be reduced from a 12.5-year 
gain until resurfacing to a gain of less than 3 years. 

RELATIVE SAVINGS OF REDUCED LOADINGS 
VERSUS INCREASED THICKNESS 

As mentioned earlier, the maintenance savings purported in 
Road Work are strictly a function of the estimated reduced 
time until the pavement requires resurfacing . It does not re-
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fleet the bulk of traditional state highway maintenance co t , 
including routine maintenance, lighting and signing, or initial 
construction (other than the additional asphalt or concrete 
required to achieve optimal thickness). The Road Work find
ings purport an $8 billion savings in maintenance costs. The 
source of the savings come from two areas: (a) reducing truck 
loadings by shifting freight to trucks witl1 more axle. to reduce 
pavement damage, (b) doubling the assumed existing service 
life to achieve optimal service life. 

A reported in Road Work "The source of the welfare gain 
is the 38 percent decrease in truck loadings (ESAL-miles) 
resulting from our policy , almost all of which is due to shifts 
among truck types" (I, p. 53). The reduction of ESAL-miles 
would be accomplished by replacing current truck-user taxes 
with marginal cost taxes based on axle-weight per mile of use 
on each pavement type. Hypothetically, this change would 
thus induce trucke.rs to use vehicles with more axles on more 
cost-efficient route . Considering the tremendous capital in
vestment in present fleets, i it reali tic to expect in the distant 
future the industry to replace the fleet and shift usage to 
vehicle configuration that offer financial advantages only? 

The authors of Road Work conduct en itivily analyse in
dividua.lly of the assumptions of initial pavement life and traffic 
growth. However these sensitivity analy es are compared 
only with the results of their policy , which assumes a 38 per
cent ESAL reduction of loading. A realistic analysis would 
be a combination of higher initial pavement life mucb higher 
traffic growth , and the effects of current pricing. 

CONCLUSION 

New analyses are always valuable, and the authors of Road 
Work are to be complimented on their innovative application 
of the Tobit model to the analysis of the AASHO Road Tesr 
data. Stati. tically, the Tobit regression analysis procedure can 
be an effective technique for data analysis in a Road Test
type experiment and potentially could be uperior to ordinary 
least-square regression analysis. However, when interpreting 
the result , it is important to look at the data to ee what 
really can be inferred. In this application, because of the small 
percentage of fai led pavements (72 percent censored), the 
small number · of axle repetitions, a.nd the large variance in 
performance the Tobit analy is doe nor yield good predic
tion equations, especially for thick rigid pavement . However, 
when it i u ed with additional data for thicker rigid ections 
that carry additi.onal loads in the Illinois data, the TobiL anal
ysis produce re ult very close to those of the performance 
equations and design guides in current use by professional 
highway engineers. 

The Road Work analysis uses questionable assumptions for 
estimating pavement service Life and traffic growth . The ques
tionable as umption , the exclu ions of variables other than 
thickness, and faulty analysis of thickne. de ign result in 
over tated maintenance aving ·. The book pre en ts no cred
ible engineering evidence that increa ing the nation's pave
ment thickne s by small amounts would sharply cut ov.erall 
highway costs. 

In summary although lbe AASHTO Design Guide analysis 
may slightly overestimate the life of thick rigid pavements, it 
is still va.lid and the prediction equations are rea onably ac-
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curate. The current thickness de ign and techniques of eco
n mic analysis of a lternate de. ign strategies in u e by the 
nation's highway engineers are satisfactory. Continued em
pha is on pavement management system and technique, have 
resulted in locally revised performance equations for specific 
geographic location . There i no magic cure for offsetting 
the deterioration of the nation ' crumbling highway infra-
tructure. A practical olution to ilie problem require im

proving understanding and accountability while increasing 
reimbur ernent of the cost for the damage cau ed by axle 
load. 
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In di cussing our book (1) McNerney and Hud on focu · mainly 
on one of its conclusions-that lifecycle pavement cost could 
be reduced by designing pavements for greater durability . 

*This discussion was based on the original paper, which was later 
revised. 
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They conte lour analysis of pavement wear and a variety of 
other a umptions. Their wn analysis of pavement wear, 
however, uses data that already have their preferred equation 
built in, and they neglect to mention that we report extensive 
sensitivity analyses of the very assumptions they challenge 
{I). ln no case does altering key a surnptions overturn our 
finding , and in several ca es it strengthens them. 

Contrary to the authors' assertion , our book doe not ad
vocate increased weight limits. 

We discuss the authors' main criticisms in turn. 

REANALYSIS OF PAVEMENT WEAR 

Current design procedures are heavily dependent on the orig
inal road-test analysis by the AASHO. Our reanalysis of the 
AASHO data introduced survival or Tobit analysis to account 
for the statistical effects of censored data. "Censored" is a 
technical term meaning that, for certain observations, the 
variable being explained is know only to lie in a certain range; 
here, the number of axle loads to fai lure is censored for those 
pavement ections that outlasted the duration of the test. 
The e cen orecl ob ervations still provide valuable informa
tion, and McNerney and Hud on are simply wrong to assert 
here and in their previous paper with Dossey (2) that they 
are omitted from our analysis . 

In that paper the author approve of our methodology but 
attempt to apply it to an en larged sample that merges the 
AASHO data with supplementary data from in-use Ulinois 
pavements. However, these supplementary data are of a fun
damentally different character from the AASHO data. Fin, 
in the new data each pavement section received a mixture of 
various axle weights. The equation being estimated describes 
the effect of just one axle weight, so it cannot be applied to 
in-u e data without specifying ome aggregation rule . What 
is worse, the supplementary data used by the authors contain 
no information about the traffic mixture except an aggregate 
measure of ESALS, calculated from the original AASHO 
equation (3, p. 34). 

The results are miraculous. Although the supplementary 
data can provide no information about effects of various axle 
loads, the authors claim that including them reinstates the 
AASHO fourth-power law for their relative damaging power, 
as compared with a third-power law that we obtained by the 
same technique without the supplementary data . More gen
erally , one must be suspicious of U1e remarkable coincidence 
that the original AASHO equation , which the authors ac
knowledge to have resulted from faulty statistical analysis on 
inadequate data , turn out to be about right after all . 

There is ub tantial external evidence that the AASHO 
equations misrepre.~ent heavy rigid pavements. To cite ju t 
two examples experience with the Ulinois Tollway indicates 
that the AASHO equations overpredicted pavement lifetimes 
by a factor of tluee ( 4, p. 39). wherea , on a national sample 
the AASHO equations overpredicted average lifetimes in wet
Creeze climates (Uke that at the AASHO te t site) by a factor 
of 1.9 for unreinforced an 2.8 for reinforced rigid pavements 
(5, p. 7). These lifetimes are measured in equivalent axle 
loads, so the results have nothing to do with the accuracy of 
traffic forecasts. Widespread concern over rapid pavement 
deterioration has Jed many states, such as Pennsylvania and 
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Florida, to strengthen their design standards, and AASHO 
itself (now AASHTO) to build more conservativism into its 
revised design guides. 

To this evidence we add that the Illinois Department of 
Transportation (3) in its own analysi of the supplementary 
da'la used by McNerncy and Hudson report · that tbe AASHO 
equations dra ticaHy underpredict the lifetime · (in ESALS) 
of heavy rigid pavement . F r example , the 11-in . rigid pave
ments deteriorated at approximately the rate predicted by the 
AASHO equations for 10-in. pavements, whereas 12.5-in. 
pavements performed only as 10.75-in. pavements were sup
po ed to (3 , p. 32) . The llJinois researcher conclude , a we 
do. that the rig.id pavement lifetime are much le s . en ·itive 
to thickness than stated in the AASHO equation (3 , p. 5). 

It is worth noting that only a modest portion of the benefits 
we project from our recommended policies come from our 
reanalysis of the AASHO data. Another portion comes from 
increa ing the durability of flexible pavements , where our 
pavement-life equation does not differ much from Lhat of 
AASHO. The greate t portion come from using pricing in
centives to alter the mix of vehicle types and thereby reduce 
the pavement-damaging power of trucks. We now turn to the 
authors' criticisms of our analyses. 

ANALYSIS NEGLECTS INFLUENCE OF AGE AND 
ENVIRONMENT ON PAVEMENT LIFE 

Our extensive discussion of the issue of factors affecting pave
ment life (J, pp. 28-31) is based on the same premise as that 
stated by McNerney and Hudson: it is the interaction between 
loading. and environmental condition that determines pave
ment service life. In the case of flexible pavements, the World 
Bank has provided quantitative estimates, which are incor
porated in our analysis. The effect is to increase the cost
minimizing pavement thicknes . The reason i that th World 
Bank equation, con i tent with most evidence, assumes that 
age has a more deleterious effect if the pavement already has 
been weakened by heavy u e · h nee, the stronger the aging 
effect, the more important it is to forestall such weakening 
through initial de ign. In the case of rigid pavement , the 
evidence for aging effects is inconclusive and no quantitative 
estimate is available, so we assumed that age-related deteri
oration is negligible. 

ANALYSIS UNDERSTATES EXISTING 
PAVEMENT THICKNESSES 

McNerney and Hud on wrongly tate that we lack data on 
pavement thickn e of ex.isting roads. As we make clear, 
FHWA provided such data, but we deemed them un atisfac
tory for our purposes (1. pp. 19,39-41). [n tead , we tart with 
information about the lifetimes of exi ting pavements. We 
then calculate (for each road or pavement classification) the 
corresponding thicknes , or more preci ely the corresponding 
parameter that make the AASHO equation represent that 
pavement. There is nothing circular in this and nothing more 
mysteriou than solving a nonlinear equation for a unknown 
parameter. 
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In questioning our lifetime assumptions, the authors cite 
cases that, besides being selective, offer an invalid compari
son. Our pavement lifetime is defined as the time taken for 
the pavement to deteriorate to a predetermined value of the 
pavement serviceability index, namely 2.5. Times to actual 
resurfacing may be quite different, especially if maintenance 
is deferred for budgetary reasons . 

Even if actual lifetimes of existing pavements are 30 percent 
higher than we assumed, our results would be only modestly 
altered according to one of our sensitivity analyses (1, p. 67). 
The cost-minimizing pavement design would still require an 
increase in annualized capital expenditures (relative to current 
practice) of about 62 percent of that in our base case; pricing 
and revenue implications would be virtually unchanged. 

ANALYSIS IGNORES ROUTINE MAINTENANCE 

Routine maintenance costs could be incorporated into our 
model in the same way as are user costs, since both occur in 
cycles corresponding to periodic resurfacing. In one of our 
sensitivity analyses (1, p. 67), we found that accounting for 
user costs strengthened all our conclusions considerably: du
rability should be even greater, prices higher, and overall cost 
savings larger. Including routine maintenance would have a 
similar, but much smaller, effect on our results. 

ANALYSIS UNDERSTATES TRAFFIC GROWTH 

Contrary to the assertion of McNerney and Hudson, our sen
sitivity analysis showed that the growth rate of traffic loadings 
has only a small effect on our results [J, p. 68)]. The reason 
is that our data on traffic loadings refer to today, not the date 
the road was built. Hence, assuming a higher rate of traffic 
growth implies that traffic was lighter until now and will be 
heavier subsequently than in the base case. This assumption 
has offsetting effects on the time of resurfacing. 

PRICING INCENTIVES WILL NOT AFFECT 
TRUCKERS' BEHAVIOR 

The authors argue that truckers will not respond to axle
weight-based taxes because they are unwilling to trade extra 
investment now for benefits realized "only in the distant fu
ture." This reasoning is false: to the trucking firm, whose 
taxes would depend on axle weights, the financial benefits 
from reconfiguring their fleets would be an immediate re
duction in taxes. In Oregon, where such taxes are in effect 
for trucks exceeding 80,000 pounds, truckers have responded 
rapidly. 
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AUTHORS' CLOSURE 

Although we consider the Tobit regression an innovative ap
proach to predicting pavement life, we nevertheless believe, 
even after further review, that the Tobit analysis is inferior 
to the AASHO Road Test analysis. The AASHO Road Test 
analysis of serviceability loss was a complicated two-step proc
ess that accounted for the sharp change in the slope of ser
viceability curve as pavements reached serviceability near 3.5 
PSI. The comprehensive analysis performed by the road test 
staff showed that a direct linear regression of PSI loss was 
ineffective in predicting pavement loss. 

However, the authors of Road Work have used a direct 
Tobit regression, which, in some cases, would theoretically 
be an improvement over a direct Ordinary Least Squares 
(OLS) regression when predicting lifetimes. Still, we do not 
believe it an accepted statistical practice to apply a Tobit 
regression technique with more than 70 percent of the data 
as right-censored observations. The Tobit technique is not a 
full information regression (the serviceability of the censored 
observations is discarded); rather, it is a bias estimator. Thus, 
the regression can be highly influenced by only a few obser
vations and the period at which the test ends. 

The combination of a Tobit regression that uses only 28 
percent full information observations and extrapolates the 
predicted pavement life more than 10-fold produces fragile 
results. Using the 12 additional years of real traffic on only 
a few test sections, our analysis shows that the Road Work 
results are so fragile that, regardless of whether the traffic 
stream is converted using a Road Work or AASHO formula, 
the results are closer to the AASHO analysis than to the Road 
Work analysis. 

Pavement materials and pavement performance are highly 
variable over time. The AASHO design guide gives specific 
guidance on how to design pavement to a 90 percent reliability 
design life using two standard deviations. The AASHO 
regression has a reported standard deviation of 0.17 on the 
LOG scale. Therefore, a 10-in. pavement with a 28.6-million 
ESAL predicted life will have a 90 percent reliability of achieving 
a 13.1-million ESAL design life. Using this reliability mea
sure, the AASHO Road Test equation does not overpredict 
design life. 

A shortcoming of the Road Work analysis is its reported 
standard deviation of the regression. On initial inspection, 
the reported standard errors of 0.306 for the intercept, 0.329 
for the thickness coefficient, and 0.259 for the load coefficient 
appear innocuous. However, calculating a 90 percent relia
bility measure, considering this in a natural log value, makes 
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the analysis seem inappropriate. If the two standard devia
tions of only the thickness coefficient are used, that alone is 
enough to change the predicted 18-kip ESAL load on a 10-
in. pavement from 9.34 million repetitions to 1.9 million rep
etitions. If the intercept, load, and thickness coefficients are 
all taken at two standard deviations at the same time for 90 
percent confidence, the design repetitions for a 10-in. pave
ment is reduced from 9.34 million to 0.22 million. Obviously, 
this is not a robust regression. Using this reliability measure, · 
the Winston-Small pavement would have to be several feet 
thick to achieve a 90 percent reliable, 9-million ESAL design 
life. 

A single-step regression of serviceability loss of the AASHO 
test data is an oversimplification that provides no useful in-
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formation. The complex analysis of the rigid pavement data 
performed by Irick at the road te tis far superior to any dfrect 
regression technique, be it Tobit or OLS. Using the over im
plification of the serviceability los by direct regression of the 
AASHO Road Test on ly how a lack of under tanding of 
both the complex action of pavement deterioration and the 
complexity of the original AASHO regression analysis. The 
direct Tobit regression is definitely not an improvement to 
the AASHO Road Test analysis. 

Publication of this paper sponsored by Committee on Transportation 
Economics. 
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1-40 Economic Development Study: 
Growth Points Analysis 

JAMES W. CLAY, DAVID T. HARTGEN, TRACY H. NEWSOME, 

ALFRED w. STUART, AND WAYNE A. WALCOTT 

A study was undertaken to determine optimal economic devel
opment opportunities provided by the opening of the Interstate 
40 segment between Raleigh and Wilmington, North Carolina, 
with an emphasis on strategic locations on the highway within 
the corridor counties. While providing an overall advantage to 
the corridor, the highway's opening actually may draw some forms 
of development from the more rural counties in the corridor to 
the end-point metropolitan areas of Raleigh and Wilmington , 
which would accentuate existing disparities between the middle 
counties and the metropolitan counties. The strategy, built around 
growth pole theory, is an effort to allow the middle counties to 
share in the advantages of the highway opening. The study in
cludes a review of the economic structure of the corridor counties 
in relation to the rest of the state, taking into account future 
trends likely to affect the corridor. Out of this was developed a 
growth center strategy that realizes the corridor's greatest eco
nomic development potential. The suggested growth center strat
egy is built around industrial and wholesaling opportunities in 
the counties closer to metropolitan areas and large retail clusters 
in the middle, more rural counties. Without strategic planning 
and cooperation the opportunity to realize the growth potential 
of 1-40 will be lost or reduced. 

The purpose of this study was to determine optimal economic 
development opportunities provided by the opening of the 
Interstate 40 segment between Raleigh and Wilmington, North 
Carolina, with an emphasis on strategic locations on the high
way within the corridor counties (Figure 1). The study in
cludes a revi·ew of the economic structure of the corridor 
counties in relation to the rest of the state, taking into account 
future trends likely to affect the corridor. Out of this was 
developed a growth center strategy that realizes the corridor's 
greatest economic development potential. 

The corridor is composed of ten counties with a metro
politan area at either end. Raleigh, at the northern end, is 
the state capital and also the center of one of the largest and 
the fastest growing metropolitan areas in the state . At the 
southern end lies Wilmington. Neither as large' nor as fast 
growing as Raleigh, Wilmington is also a vigorous metropol
itan area, deriving special status from the large state port 
facility and from its role as a major coastal recreational and 
historical area. The economies of these metropolitan areas 
are driven largely by external factors that are causing eco
nomic growth nationally to focus on metropolitan areas, es
pecially larger ones. These factors include increasing glob-

J. W. Clay, D. T. Hartgen, and A. W. Stuart, Department of Ge
ography; W. A. Walcott, Department of Geography and Earth Sci
ences, University of North Carolina , Charlotte, N.C. 28223. T. H. 
Newsome, Department of Geography, Ohio State University , 190 
North Oval Mall, Columbus, Ohio 43210. 

alization of the economy , the emergence of the information 
processing/service economy, and the consequent need for good 
external communications, especially air service. The office 
building is replacing the factory as the primary place of work, 
and white-collar office workers and store clerks outnumber 
blue-collar factory workers. Conversely, an era of strong in
dustrial growth in rural areas that began in the 1950s peaked 
in the 1970s and has largely ended. More and more, the fate 
of rural economies is determined by their relative proximity 
to metropolitan areas. 

The counties lying between Raleigh and Wilmington seem 
to be very much in that situation. They share the mixed 
agricultural-industrial economy that is so characteristic of much 
of nonmetropolitan North Carolina. In addition, two smaller 
metropolitan areas, Fayetteville and Jacksonville, flank the 
corridor. They and Wayne county (Goldsboro) are the sites 
of major military establishments that have a substantial eco
nomic impact on the corridor's economy. All three join Ra
leigh and Wilmington as major North Carolina retail trade 
centers. 

The opening of the I-40 segment is viewed by many as 
offering the corridor an economic bonanza because of en
hanced accessibility and increased traffic flow through the 
region . The assumption that highway improvements will au
tomatically encourage economic development is subject to 
debate. Some studies have shown that new highway construc
tion, rather than spreading economic growth, instead tends 
to benefit major urban centers. A study of Minnesota , for 
example, found that long-term new highway construction ben
efits were confined to urban centers (J). In rural areas the 
primary benefits were short-term impacts of the construction 
phase only. In some instances, it appears that businesses left 
the rural areas and relocated in the now more-accessible cities . 

A Southern Growth Policies Board study (2) concluded that 
"Interstate highways appear to influence growth, particularly 
when the county with the interstate is also adjacent to a metro 
area ... Remoteness from both interstates and metro areas 
... seems to be a deterrent to growth ." Forkenbrock and 
Foster (3) detail the lack of consensus on highway construction 
benefits overall and also point out that highways are more 
likely to be associated with metropolitan growth than rural 
growth. This is the situation in the new I-40 corridor, where 
the more rural "middle" counties may benefit less from the 
highway than the metropolitan counties at each end. 

A 1988 study of North Carolina found that statewide $5 ,796 
per year was spent on new highway construction between 1974 
and 1985 for every new job that was created ( 4). Even though 
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the actual cost of highway construction in metropolitan areas 
was high, the average annual highway expenditure per new 
job was only $3,276, whereas in the most rural counties the 
average annual highway expenditure was $11,093, even though 
highway construction costs per mile were lower in the rural 
areas. These wide differentials in the relationship between 
highway construction and economic growth illustrate the point 
that many more factors than highways are involved in gen
erating economic growth. 

These and other studies make it clear that economic growth 
is not necessarily assured just because a new interstate high
way is opened through an area, especially for those parts 
distant from a metropolitan area. It is possible that vigorous 
economic growth centering on the end-point metropolitan 
areas will have an even greater impact on the corridor since 
a major new highway allows those urban centers greater access 
to labor and shoppers within the corridor. It is not the intent 
of this paper to argue the benefits of highway investment, but 
rather to investigate an appropriate growth strategy for the 

corridor, given the existence of the new highway and eco
nomic trends . 

Given the above discussion, an economic development 
strategy for the 1-40 corridor must consider not only the cor
ridor in general but also how to maximize the benefits for 
those areas (referred to as the "middle counties") that lie 
between the terminal metropolitan areas . The strategy put 
forth here for the I-40 corridor arises out of growth pole theory 
and involves creating growth points (or centers) within the 
corridor. 

Growth pole theory, first suggested by Perroux and dis
cussed by others (5 ,6), is based on the idea that growth or 
development is not evenly distributed, but instead concen
trates around nodes or "poles." Many studies have used in
terchangeably the terms growth poles, growth centers, and 
growth points. In the original sense, the poles are not geo
graphical, but rather are industries capable of promoting growth, 
termed propulsive industries. While Perroux's growth poles 
skirt the issue of geographic location (5), it has become com-
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mon for the same concept to apply to places as well. There
fore, although the textbook approach to growth pole theory 
assumes the existence of a propulsive industry as the pole, 
many studies focus on specific locations as growth poles, cen
ters, or points. Indeed, it is common to use the term growth 
pole when speaking explicitly of a propulsive industry and 
growth center or point when introducing the geographical 
aspect (5) or the enhancement of services or physical infra
structure (7) in a location. 

In general, it is assumed that, even if the geographical 
concept of a growth center is used, that growth center will 
include or be built around propulsive industries and firms. 
Thomas ( 6) provides a good discussion of economic growth 
theory relative to propulsive industries, including a discussion 
of the structural changes associated with growth, multiplier 
effects, and interindustry linkages. The industries often as
sociated with growth pole theory are manufacturing industries 
(see, for example, Auty's [BJ study concerning South Korea's 
heavy industry growth poles), although Thomas (6) suggests 
that some service industries may exhibit high productivity 
growth and propulsive tendencies . This fact is important to 
the I-40 corridor because some growth points have more po
tential to be built around service industries, whereas others 
will offer more manufacturing or residential potential. These 
points will be discussed in more detail later. 

A final point concerning growth points in the 1-40 corridor 
relates to the issue of size. It is often assumed that larger 
urban areas will provide the most potential and best return 
on investments as growth centers because they already have 
some development in place (5). On the other hand, clusters 
of smaller towns can serve as growth centers, provided a 
transportation link exists, although Moseley responds that this 
is true only if a large enough labor pool is encompassed within 
the cluster (5). Obviously, in the 1-40 case, a transportation 
link does exist. Furthermore, North Carolina is unique be
cause the population is spread out over the state rather than 
concentrated in large cities; this reflects the economic history 
of the state ( 4) and results in a relatively large labor pool (and 
market) within the I-40 corridor. These considerations suggest 
that a growth center approach is feasible along the corridor. 

The following section provides an analysis of key elements 
of the corridor counties' economies. This leads to the for
mulation of an overall economic development strategy, in
cluding a consideration of the major growth centers and their 
respective "propulsive industries" in and along the corridor. 

ECONOMIC OVERVIEW 

Population 

The counties in the 1-40 corridor (Figure 1) contained over 
1.3 million residents in 1990, nearly 20.2 percent of the North 
Carolina total (Table 1). This share increased from 1980 since 
the corridor growth rate during the decade far exceeded the 
statewide rate. However, most of this rapid growth was caused 
by the 40 percent increase in Wake county and the 16.2 per
cent rise in New Hanover. Otherwise, the eight middle coun
ties grew less vigorously but, at 13.5 percent, they still man
aged to outperform the state as a whole. 
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TABLE 1 Population In 1-40 Corridor 

Change 
County 1980 1990 1980-1990 
Cumberland 247,160 274,566 11.1% 
Duplin 40,952 39,995 ·2.3% 
Harnett 59,570 67,822 13.9% 
Johnston 70,599 81,306 15.2% 
Onslow 112,784 149,838 32.9% 
Pender 22,262 28,855 29.6% 
Sampson 49,687 47,297 -4.8% 
Wayne 97,054 104,666 7.8% 
Total 
Middle Counties 700,068 794,345 13.5% 

New Hanover 103,471 120,284 16.2% 
Wake 301,429 423,380 40.5% 
Total 
1-40 Corridor 1,104,968 1,338,009 21.1% 

North Carolina 5,880,096 6,628,637 12.7% 

Source: U.S. Census, 1980 and 1990 

As shown in Table 1, the middle counties experienced un
even growth, with two actually losing population. Overall, it 
seems that strong growth counties were either metropolitan 
or suburban. Otherwise, substantial growth was driven by 
increases in military employment. Lacking sharp military in
creases or proximity to an end-point metropolitan area, growth 
was either modest or even negative. 

Employment Change 

Table 2 summarizes civilian nonagricultural wage and salary 
employment in the I-40 corridor, which represented 17.5 per
cent of the North Carolina total in 1988. Corridor-wide in
creases in nonfarm jobs were dominated by Wake County's 
phenomenal surge of 82 percent during the period. Otherwise, 
the middle counties nonagricultural employment gains aver
age rate was close to the statewide rate, with some variation 
among them. 

These data do not include military employment. However, 
the U.S. Bureau of Economic Analysis reports that, for 1986, 
military employment in the corridor totaled 93,370 persons, 
a 10 percent gain over the 1980 sum of 84,917. The military 
personnel were concentrated in Cumberland, Onslow, and 
Wayne counties, which accounted for 96.2 percent of the 
military personnel in the entire corridor. For once, the 
statistics were not dominated by either Wake or New 
Hanover county. 

Wage and Income Levels 

In the fourth quarter of 1989, private-sector weekly wages in 
the corridor were substantially below the North Carolina av
erage (Table 3). Wages rose considerably between 1984 and 
1989, but most corridor counties did not keep up with the 
statewide figure. New Hanover almost kept up with the state
wide increase and Wake slightly exceeded it. The corridor's 
per capita income levels were right at the North Carolina 
mean only because of Wake County's high incomes (Table 
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TABLE 2 Nonagricultural Wage And Salary Employment 

1977 1988 
County Total MFG Non-Mfg. Total MFG Non-Mfg. 
Cumberland 60,390 10,340 50,050 83,680 12,160 71,520 
Duplin 9,470 3,880 5,590 13,220 6,180 7,040 
Hamett 13,970 4,970 9,000 17,220 4,560 12,660 
Johnston 17,650 7,730 9,920 25,100 9,240 15,860 
Onslow 19,090 1,950 17,140 29,080 3,000 26,080 
Pender 3,080 350 2,730 5,800 1,070 4,730 
Sampson 11,980 5,220 6,760 14,010 5,040 8,970 
Wayne 29,330 7.410 21,920 39,180 9,200 29,980 
Total 
Middle Counties 164,960 41,850 123,110 227,290 50,450 176,840 

New Hanover 47,890 13,320 34,570 58,420 8,810 49,610 
Wake 129.250 18,800 110,450 235.830 26.550 209,280 
Tomi 
1-40 Corridor 342,100 73,970 268,130 521,540 85,810 435,730 

North Carolina 2.170,400 780,900 1,389,500 2,986,600 867,500 2,119,100 

Growth Rates, 1977-1988 
Total MFG Non-Mfg 

Employment Employment Employment 
Middle Counties 38.8% 20.9% 43.6% 
1-40 Corridor 52.5% 16.0% 200.5% 
North Carolina 37.6% 11.1% 52.5% 

Source: N.C. Employment Security Commission, Civilian Labor Force Estimates, 1987 and 1988 

TABLE 3 Average Weekly Wage Private Insured Employment 

Coun!}'. 1984 1989 Change 
Cumberland $262.82 330.82 25.9% 
Duplin 217.77 279.56 28.4% 
Harnett 217.78 288.90 32.7% 
Johnston 230.08 309.63 34.6% 
Onslow 208.66 249.12 19.4% 
Pender 192.12 245.85 28.0% 
Sampson 222.41 293.95 32. 1% 
Waxne 247.77 311.70 25.8% 
Average for 
Middle Counties 238.98 305.64 27.9% 

New Hanover 272.49 358.95 31.7% 
Wake 312.13 413.96 32.6% 
Average for 
1-40 Corridor 275.90 360.47 30.7% 

North Carolina $294.66 $388.69 31.9% 

Source: N. C. Employment Security Commission 

4). Note that North Carolina ranked 35th nationwide in in
come, at only 86.7 percent of the U.S. average. Also, average 
per capita income gained slightly on the North Carolina mean 
between 1982 and 1988, again because of Wake County. The 
middle counties declined as a percentage of the statewide 
average . Performance varied within the middle counties, with 
all but three counties suffering relative declines in income 
levels. 

Strong job growth, especially in nonmanufacturing, has ap
parently come at the lower end of the wage scale, with a high 
proportion of the middle counties' job increases occurring in 
low-end service and trade jobs; in addition, many jobs are 

TABLE 4 Personal Income 

1982 1988 
%N.C. %N.C. 

Coun!l'. Per caeita Average Per Caeita Average 
Cumberland $8,421 90.7% $12,612 88.2% 
Duplin $6,395 68.9% $10,595 74.1% 
Harnett $7,059 76.0% $10,361 72.5% 
Johnston $8,085 87.1% $12,491 87.4% 
Onslow $7,996 86.1% $11,262 78.8% 
Pender $7,380 79.5% $11,677 81.7% 
Sampson $7,464 80.4% $10,743 75.1% 
Waxne $8,259 89.0% $12,292 86.0% 
Total For 
Middle Counties $7,957 85.7% $11,849 82.9% 

New Hanover $9,377 101.1% $14,546 101.7% 
Wake $11,944 128.7% $18,734 131.0% 
Total For 
1-40 Corridor $9,203 99.1% $14,300 100.1% 

North Carolina $9,283 100.0% $14,297 100.0% 

Source: U. S. Bureau of Economic Analysis 

recreationally oriented and thereby seasonal. Conversely , in 
an area such as Raleigh , growth is largely in high-tech in-
dustries, professional occupations, and skilled white-collar 
areas, as well as in fast-food restaurants and other retail stores. 

Manufacturing 

In the 1-40 corridor, factory jobs grew by 16 percent between 
1977 and 1988, well above the statewide average increase of 
11 percent. The rise was even more dramatic in the middle 
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counties, where the manufacturing employment total went up 
20 percent. 

Table 5 offers a detailed view of the corridor's manufac
turing structure and points to significant differences between 
the more urban counties and those in the middle. Overall, 
about 61 percent of all factory workers in the middle counties 
are employed in industry groups paying wages below the North 
Carolina average, which is already one of the lowest in the 
United States. In Wake and New Hanover counties, by con
trast, only about 20 percent of factory jobs are in industries 
that pay less than the statewide average, whereas over 26 
percent are in industries that pay 25 percent or more above 
the North Carolina mean. 

Industrialization historically has served North Carolina 
well as the leading edge of economic development efforts, 
but it is becoming an increasingly problematic strategy for 
the future. For one thing, the types of manufacturing that 
have been traditionally drawn to rural areas (such as textiles 
and apparel) are declining, at least as employers. A prin
cipal reason for these declines is that many labor-intensive 
operations have relocated to other countries, either directly 
as multinational companies redeploy facilities to cheaper 
labor environments, or indirectly as lower cost foreign pro
ducers import their goods and take a larger share of the 
domestic market. 

These declines reflect national trends that also foresee drops 
in areas such as electrical equipment and industrial machinery. 
Growth is projected for industries requiring more highly skilled 
labor forces and that tend to locate in and around major 
metropolitan areas. Manufacturing generally is expected to 
drop from 16.4 percent of national employment in 1988 to 
only 14 percent in 2000. The number of factory jobs is ex
pected to fall by 316,000, with the biggest losses coming in 
textiles and apparel. The projections for North Carolina call 
for a steady drop throughout the 1990s, totaling about 43,000 
factory jobs. Thus, proponents of an economic development 
strategy for the I-40 corridor that continues the historic em
phasis on industrialization will be attempting to buck strong 
statewide and national trends. 

TABLES Manuracturing Employment, 1988 

Industry (SIC) 
Countx Food (20) Texliles (22) Apparel (23) Wood (24) 
Cumberland 615 1,131 1,265 483 
Duplin 2,639 2,114 915 334 
Hamett 333 1,263 739 447 
Johnston 249 564 2,467 434 
Onslow 645 3 927 324 
Pender 140 95 147 220 
Sampson 1,220 438 1,109 328 
Wa'f!}_e 1,050 740 1,700 710 
Total 
Middle Counties 6,891 6348 9,269 3,280 

New Hanover 520 130 1.120 430 
Wake 1,920 1,220 1.oio 860 
Total 
1-40 Corridor 9.331 7.698 11,399 4,570 

Source: Nonh Carolina Employment Security Commission 
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Nonmanufacturing 

Unlike factory employment, strong continued growth is ex
pected in the nonmanufacturing sectors of the economy. Na
tionally, it is projected that consumer and government ser
vices, transportation and trade, business and professional 
services, hospitality and recreational services, and finance
insurance-real estate will be the strongest employment growth 
sectors during the 1990s. These sectors will be oriented toward 
larger metropolitan areas. Only trade, especially retail, 
recreation-oriented services, and government, among the listed 
sectors, would seem to have a significant orientation to areas 
such as the middle counties. 

Consistent with these national trends, the largest part of 
nonagricultural jobs in the corridor is in the nonmanufacturing 
components, and growth in them was impressive. However, 
there was a pronounced disparity within the corridor, with 
the middle counties and New Hanover below the statewide 
mean, and Wake county recording a gain of 89.5 percent. 
Wake County accounted for 48 percent of the total corridor 
nonmanufacturing employment, in constrast with its 31 per
cent share of factory employment. 

Travel and Tourism 

Recreational travel is significant in Eastern North Carolina 
and 1-40 is expected to increase accessibility to the state's 
beaches and other recreational resources. Data in Table 6 
show that travelers spent over $1.1 billion in the I-40 corridor 
counties in 1988. Again, these totals were dominated by Wake 
and New Hanover counties, which together accounted for 
nearly 70 percent of the corridor figure. The middle counties' 
$359 million in traveler expenditures is impressive, but the 
proportion is far less than the middle counties' 12 percent of 
population. The number of jobs (6,611) estimated to be sup
ported in the middle counties by travelers' expenditures is 
also significant but modest in terms of the full employment 
base of the area. 

Chemical (28) Machinery (35) Electrical Other Total 
568 1,178 878 6,042 12,160 

0 49 0 129 6,180 
9 36 985 748 4,560 

711 l ,515 2,319 3,201 11,460 
3 33 0 1,065 3,000 
0 300 16 152 1,070 
0 35 539 1,371 5,040 

62 56 720 4,162 9,200 

1,353 3,202 5,457 16.870 52,670 

1,970 867 1.054 2,719 8,810 
1.190 3.140 6.200 ll,010 26,550 

4,513 7.209 12,71 l 30,599 88,030 
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TABLE 6 Travel Expenditures, 1988 

Travel 
Expenditures 

County (thousands) % N.C. Total Jobs 
Cumberland 166,443 2.7% 3,267 
Duplin 3,113 .05% 48 
Harnett 25,986 .42% 510 
Johnston 42,069 .68% 826 
Onslow 53,597 .87% 824 
Pender 26,358 .43% 405 
Sampson 4,643 . 08% 9 
Wa~ne 36,789 0.6% 722 
Total 
Middle Counties 358,998 5.83% 6,611 

New Hanover 252,588 3.98% 3,886 
Wake 564,585 9.08% 11,081 
Total 
1-40 Corridor $1,176.171 19.43% 21,578 

Source: NC Division of Travel and Tourism, 1988 North Carolina 
Travel Study 

The high levels of traveler expenditures for Cumberland , 
Onslow, and Wayne Counties strongly suggest that the pri
mary source of traveler expenditures in them is related to 
military personnel and their visitors. Any change in that im
pact thus is apt co be more a matter of national defense policy 
than highway accessibility. 

Retail Trade 

A major growth sector in the 1-40 corridor has been retail 
trade, reflecting sales to transients, visitors, and residents. 
Trade employment, in both retail and wholesale trade, rose 
by 70.6 percent between 1977 and 1988. The rate was only 
50.6 percent in the middle counties, whereas higher levels in 
New Hanover (72.5 percent) and Wake (96 percent) counties 
raised the overall corridor average to its high level. 
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The corridor's more rural counties (Duplin, Harnett, Pen
der, and Sampson) each recorded net retail "leakages" to
taling nearly $190 million (Table 7). Leakage is a measure of 
the extent to which residents shop outside their home coun
ties. It suggests that purchases by travelers and visitors are 
not sufficient to offset lost sales to residents. Generally, leak
age of this magnitude can mean that the range and variety of 
goods offered by local stores are not sufficient to meet many 
consumer needs . 

The completion of 1-40 could augment retail demand in the 
corridor as more through traffic is channeled onto the new, 
high-speed, limited-access highway. However, the faster high
way may also make it more convenient to travel the length 
of the corridor without stopping for gas, food, or restrooms. 
Transients '!Viii likely stop at larger, more visible concentra
tions of stores in either Raleigh or Wilmington with greater 
selection. A better road will also make it easier for corridor 
residents to travel major retail clusters in Wilmington, Fay
etteville, Jacksonville, Goldsboro, and Raleigh, especially for 
more expensive "big ticket" items, for which comparison 
shopping is feasible. Corridor residents also receive heavier 
television advertising for the larger retail outlets in the end
point metropolitan areas. 

The relatively small "surplus" recorded by Wake county 
retailers in 1987 suggests underutilized retail capacity in Ra
leigh stores and that the opening of the northern end of 1-40 
may expand dramatically the leakage out of those northern 
counties into the Raleigh area. Additional highway improve
ments in the corridor will improve access to other urban areas, 
such as Fayetteville, Jacksonville , and Goldsboro . This sug
gests that, with these other improvements , 1-40 may permit 
a greater concentration of retailing to occur in a few, highly 
accessible locations. 

SUMMARY AND CONCLUSIONS 

The preceding economic analysis points out the corridor's 
uneven growth, where income and wages in the middle coun-

TABLE 7 Actual And Potential Retail Sales 

Net "Surplus" 
Total Personal Potential Actual Retail or (Leakage) 
Income -1987 Retail Sales Sales - 1987 in Retail Sales 

County (thousands) (thousa nds) (thousands) (thousands) 
Cumberland $2,971,611 $1,358,026 $ 1,519,688 $161,662 
Duplin $402,046 $183,735 $152,097 ($31,638) 
Harnett $624,890 $285,575 $239,494 ($46,081) 
Johnston $922,641 $421,647 $429,977 $8,330 
Onslow $1,343,425 $613,945 $651,671 $37,726 
Pender $280,054 $127,985 $62,331 ($65,654) 
Sampson $505,719 $231,114 $185,951 ($46,163) 
Wnync $1,146, 136 $523,784 $526,772 $2,988 
Tora I 
Middle Counties $8,196,522 $3,745,811 $3,767,981 $21,170 

New Hanover $1,568, 102 $716,623 $947,902 $231,279 
Wake $6,637,715 $3,033,436 $3,092,724 $59,288 
Total 
1-40 Corridor $16,402,339 $7,495,870 $7,808,607 $311,737 

Sources: Income from Bureau of Economic Analysis . 
Retail sales data from 1987 Census of Retail Trade, North Carolina, RC 87-A-34 
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ties are falling further behind statewide averages. Growth in 
virtually every category except military employment has been 
dominated by Wake county and, in some instances, especially 
retail sales, by New Hanover county. Given recent global 
changes, future military levels are uncertain in those counties 
relying on it. Travel expenditures, as well, are dominated by 
Wake and New Hanover. Potential exists for 1-40 to further 
focus retail sales on existing major retail clusters, thereby 
draining off a large part of future retail sales. In addition, 
Wake's increasingly higher wages will attract 1-40 workers 
who will find these jobs even more accessible. Wilmington's 
role will be similar but less intense. Finally, the outlook for 
manufacturing is not promising (especially in those industry 
groups that are dominant in the corridor), making a reliance 
on industrial growth as an economic development strategy an 
ill advised option. The following section builds on these find
ings and presents suggestions for improved development op
portunities in the corridor. 

The preceding section suggests that the new 1-40 segment 
can be as much of a threat as an opportunity. Without an 
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overall development strategy, especially for the middle coun
ties, the threat of most growth around major urban centers 
will be stronger and the chance to realize new growth op
portunities elsewhere will be diminished. This section pro
vides recommendations for such a development strategy, with 
specific reference to some of the growth points depicted in 
Figure 2. This analysis is tentative , and implementation would 
require further detailed studies. The key point now is to em
phasize opportunities available primarily close to the end
point metropolitan areas and to cluster retail developments 
to help capture a greater part of the corridor's market po
tential. Although it is expected to decline as a means of em
ployment, manufacturing will remain a vital part of the state 
and corridor economy. The key will be to target industry 
groups that are likely to grow nationally. Generally, com
panies in these groups will not be attracted to rural locations 
or supplies of undereducated labor. Rather, they will tend to 
need more skilled, or at least trainable, workers, proximity 
to commercial airports and accessibility to urban amenities, 
and educational resources . The northern and southern ends 

Benson-Newton 
Grove 

FIGURE 2 1-40 corridor: major growth centers. 
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of the middle counties could be ideal for such facilities even 
if the more rural parts might not be. Industrial sites offering 
easy access to the Research Triangle and to the Raleigh
Durham airport, as well as a large labor supply and less ex
pensive land in areas to the south, could be attractive to 
companies in these growth industries. The draw will not be 
as great at the Wilmington end, but the port and the high
amenity quality of that historic city may be an attraction to 
some companies. Examples of this type of growth point might 
include Benson-Newton Grove at the Raleigh end and Wallace
Burgaw and Rocky-Point Castle Hayne at the Wilmington 
end of the corridor. In addition, improved highway accessi
bility , urban amenities, and business services in Fayetteville , 
and to some extent in Goldsboro and Jacksonville, may attract 
additional manufacturing plants to those cities as well. An 
industrial park would serve well the interests of the entire cor
ridor because it would put jobs within reach of many workers 
in the corridor. In any event, an industrial development strategy 
with the best chance for success in the otherwise pessimistic 
industrial sectors would be one focusing on the .advantages of 
proximity to the two end-point metropolitan areas. 

The agricultural resources of the 1-40 counties are the basis 
for a substantial food processing industry, and this should not 
be ignored. Although that manufacturing sector is expected 
to decline in employment, it probably will always be important 
in this area. Every effort should continue to be made to attract 
further such operations to the corridor. The Warsaw-Faison 
area has a strong potential for such development. 

Just as certain types of manufacturing might find attractive 
sites in the 1-40 corridor near the end metropolitan areas, so 
might major wholesale distributors. These operations typi
cally require extensive space and ready access to their cus
tomers. A location on 1-40, especially one near 1-95, could 
be attractive, especially for distributors that need to serve a 
multicounty or multistate region . For example, Benson-Newton 
Grove is well situated for this type of development . 

The best chance to reduce retail leakage out of the corridor 
and to capture more trade from visitors and transients will be 
to cluster new retail space on one or several sites at strategic 
locations along 1-40. The aggregate retail leakage from Du
plin , Harnett, Pender , and Sampson counties was estimated 
to be $190 million, enough to support 1.3 million ft2 at $150 
per ft2 • Obviously one or even several shopping centers cannot 
hope to capture all of those sales, but one or two in the 
100,000- to 150,000-ft2 range could intercept a significant part 
and, in the process, draw more shoppers off the interstate if 
the centers are well located, attractive, and visible and offer 
sufficient shopping variety. Garner, Benson-Newton Grove, 
Warsaw-Faison all represent potential retail cluster oppor
tunities. The alternative is to have a scattering of retail stores 
without the mass to support enough variety to hold local 
shoppers, whereupon the new highway would continue to 
channel shoppers into Raleigh, Fayetteville, Jacksonville, 
Goldsboro, and Wilmington . 

TRANSPORTATION RESEARCH RECORD 1359 

The imperative to cluster economic development at stra
tegic locations along the corridor is based on economic logic. 
however, political logic calls for dividing growth equitably 
among all of the counties and towns in the area . Thus, there 
is a tension between an economic strategy that calls for clus
tering and a political strategy that calls for dispersion. Every 
community-based organization or elected official understand
ably will want to obtain a piece of the economic pie for its 
constituency, which could create such an internally compet
itive environment that some growth opportunities go unreal
ized. All parties, for example, need to understand that an 
industrial park located in only one county will provide jobs 
for workers from a number of counties within the corridor. 
Furthermore, the best means of developing such a park, ob
taining extra state funding for infrastructure for it, and ef
fectively marketing the park would be through a regional 
organization that presents a unified face to the General As
sembly and to others. Therefore, one of the first prerequisites 
to an effective economic development strategy for the corridor 
is to develop a sense of regional identity to help overcome 
any internal competitiveness that may undermine cooperation 
and coordination. Regular steering committee meetings, held 
throughout the course of this study, have laid the basis for 
such a sense of regional identity. They could serve as a pro
totype for a permanent organization to foster this sense of 
identity and to lead in the formation of a more specific pro
gram of economic development for the corridor. 
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Implementation of Electronic Toll 
Collection and Traffic Management 
Systems in New England 

THOMAS F. HUMPHREY, AMMAR Y. KANAAN, AND 

RONALD F. CUNNINGHAM 

The successful efforts that have been achieved to date for the 
first phase of an operational testing program being developed in 
New England to investigate and implement electronic toll col
lection and traffic management (ETTM) Systems are discussed . 
The New England ETTM Group was formed in 1990 to establish 
a cooperative effort that will provide a systematic and scientific 
method for testing and evaluating currently available technologies 
to determine which one(s) are most effective in New England. 
Accordingly, uniform standards and specifications are being de
veloped, such as having a set of minimum common data in the 
tag to capture all the advantages and benefits for both the user 
and agency in a multiagency situation. The New England ETTM 
Group includes all the toll collection facilities in the region, the 
Massachusetts Bay Transit Authority in Boston and Logan In
ternational Airport in Boston. The application of a process that 
might be useful to practitioners seeking to implement ETTM 
systems is discussed. Future work will document the analytical 
procedures currently being developed. Many institutional and 
technical concerns must be addressed before the implementation 
of ETTM can be successfully achieved. An essential ingredient 
for successful implementation of such a program in areas such as 
New England that include many separate, independent agencies 
is the need to establish a coordinated effort among the agencies 
in the same region. Significant success has been achieved so far 
in doing so. 

This paper describes the successful efforts that have been 
achieved to date in developing an operational testing program 
in New England to investigate the capabilities of automatic 
vehicle identification (A VI) and electronic toll collection and 
traffic management (ETIM) technologies for toll collection, 
for bus operations in Boston, and for the regulation of taxis, 
limos, common carriers, trucks, and other commercial vehi
cles at Logan International Airport in Boston. A detailed cost
benefit analysis by the same authors using some facilities in 
New England as a case study is now under way. That work 
is expected to provide a more analytical follow-up to this 
paper at a later time. 

The rapid development of A VI and ETIM systems (in this 
paper referred to as ETIM only) in a number of locations in 
the United States and elsewhere has helped to illustrate the 
benefits of using this technology. However, there are still a 
number of questions to be answered and issues to be resolved 
before toll agencies and airport and transit managers will be 

T. F. Humphrey and A. Y. Kanaan , Massachusetts Institute of Tech
nology, 77 Massachusetts Avenue, Cambridge, Mass . 02139. R. F. 
Cunningham, Port Authority of New York and New Jersey, Room 
71 West, One World Trade Center, New York, N.Y. 10048. 

ready to fully implement them. One way of addressing those 
questions is through carefully designed and monitored op
erational testing programs. 

The use of ETTM technologies represents only one, but an 
important, element of the programs in the United States, now 
commonly referred to as intelligent vehicle-highway systems 
(IVHS). The potential applications of IVHS, however, to 
address problems of congestion, safety, air pollution, and 
energy consumption are often misunderstood as being far in 
the future . The term IVHS is sometimes incorrectly inter
preted as being primarily the development of advanced 
vehicle control systems (A VCS) only. Even A VCS may 
sometimes be inaccurately viewed as "Buck Rogers," far-out 
space-age technology, when some near-term advances appear 
to be feasible . In fact, although it is an important element 
within the overall framework of IVHS, ETTM deals with 
available and operational technologies. Automatic toll col
lection systems are fully operational in the United States in 
Texas, Oklahoma, Louisiana, Colorado, Florida, and Mich
igan; and systems are being planned for near-term imple
mentation in the New York City Metropolitan area, elsewhere 
in New York state, and in other states such as New Jersey 
and Pennsylvania. Furthermore, ETTM is being used for the 
regulation of commercial and common carrier vehicles at air
ports in Los Angeles, San Francisco, and New York, and 
their application is being planned for use in Boston and other 
cities. Advanced toll collection systems are also being planned 
in California, Virginia, Illinois, Georgia, and Florida. There 
are numerous examples of successful implementation of ETIM 
in Europe and elsewhere. 

The six states comprising New England are relatively small 
geographically, but they generate substantial congestion and 
travel needs in urban and rural areas. Because of the high 
density and compact nature of the region, the six states are 
somewhat dependent on one another as an integrated eco
nomic development region. To a large extent, the quality of 
New England's transportation system plays a major role in 
maintaining its economic vitality, both regionally and nation
ally. Consequently, the states recognize the importance of 
establishing cooperative efforts as one way to maintain their 
economic vitality. One example of this recognition was the 
formation of the New England Transportation Infrastructure 
Consortium in 1985, which has focused on transportation in
frastructure research and development. Massachusetts Insti
tute of Technology (MIT) took the lead in establishing a 
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consortium composed of state DOTs, the state universities 
and MIT's Center for Transportation Studies, together with 
FHWA and AASHTO. The success of that consortium pro
vided the motivation for establishing the NE ETTM Group. 

Given this background, the toll and airport agencies of New 
England have joined together to establish an interagency 
agreement for the purpose of jointly evaluating the potential 
application of ETTM as a region. The NE ETTM Group 
includes the Massachusetts Executive Office of Transporta
tion and Construction; the Massachusetts Turnpike Author
ity; the Massport Authority (which includes the Tobin Mem
orial Bridge and Logan International Airport); the Maine 
Turnpike Authority; the New Hampshire Turnpike Author
ity; the Rhode Island Bridge and Turnpike Authority; the 
Massachusetts Bay Transit Authority (MBTA); The Massa
chusetts Department of Public Works; and MIT-Region 
One University Transportation Center. MIT has facilitated 
its formation and provides technical assistance to the group. 
MIT has also undertaken extensive research concerning the 
application of ETTM technologies. 

OBJECTIVES AND GOALS 

This section describes the three major objectives of the New 
England program: (a) the objectives of an ETTM research 
and operational testing program (J); (b) the objectives in 
forming The New England ETTM Group; and (c) the system 
goals to be achieved as identified by this group. 

Objectives of ETTM Research and Operational 
Testing Program 

The motivation for developing and implementing innovative 
advanced transportation system technologies is based on sev
eral important needs to 

•Help relieve urban congestion, 
• Provide safer vehicle travel, 
• Reduce air pollution and other adverse environmental 

impacts, 
• Reduce energy consumption, and 
• Provide for more cost-effective urban mobility. 

Basic and applied research activities have been under way 
to develop and apply technologies to meet those objectives 
for two or more decades. Although there are renewed efforts 
in the United States and throughout the world to seriously 
evaluate and implement some of the technologies, there are 
still many unanswered policy and technical questions to care
fully consider and resolve before public and private policy 
makers can commit the substantial funds required to apply 
ETTM to deal with the issues summarized above. 

Several advanced research activities are under way in the 
United States designed to test and implement some of the 
technologies being considered. California, Massachusetts, 
Minnesota, Michigan, Florida, New York, and Texas are in 
the forefront of those efforts, in cooperation with the FHWA, 
FTA (formerly the Urban Mass Transportation Administra
tion), and NHTSA. However, the costs of implementing var-
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ious innovative technologies are still uncertain because many 
of those technologies are still evolving and being tested. The 
benefits to be derived from such technologies are also un
certain. An initial research project sponsored by FHW A un
dertaken at MIT took the first step toward better describing 
and analyzing the tangible and intangible benefits to be de
rived from new highway technologies on a national scale. The 
purpose of that project as to assess the benefits associated 
with the development and implementation of new highway 
technology. An analysis framework that described those costs 
and benefits in broad qualitative terms was developed. It 
provided a basis for a more comprehensive and systematic 
analysis of those benefits, which was undertaken by Mobility 
2000 (2). 

A numb.er of research efforts completed over the past sev
eral years have concluded that an essential element in pro
moting the advancement of new vehicle and highway tech
nologies is to design and implement operational testing 
programs . Such programs will not only provide the incentives 
for operational agencies to become actively involved in the 
development of IVHS, but they will also allow researchers to 
test the reliability, costs, and benefits of various innovative 
projects and programs. 

A research project undertaken at MIT to develop such 
operational testing programs was designed as a three-phased 
program. The objectives for phase one (completed) are the 
following: 

1. Using the research under way or recently completed as 
a springboard, identify possible technological innovations that 
are potentially available to make a major breakthrough in 
developing cost-effective solutions to transportation conges
tion in New England . 

2. Select potential candidate technologies to deal with the 
most critical transportation problem(s) in New England
such as toll collection and traffic management-using New 
England as a case study. 

3. Develop a planning report with the details required to 
design a demonstration program to be implemented in New 
England, but also having broader regional and national im
plications. 

Phase one was funded by a grant under the Region One 
University Transportation Center program with matching funds 
from the Massachusetts Turnpike Authority and the Massa
chusetts Port Authority. It was completed satisfactorily, re
sulting in the continuation of the project into phases two and 
three (1). 

The objectives for phase two (under way during preparation 
of this paper) are 

1. Develop the details of a demonstration program de
signed to implement at least one cost-effective innovative 
technological improvement to deal with current transporta
tion issues in New England (as a case study). The selected 
technologies would have a high probability for successful im
plementation. 

2. Develop the funding package and commitments required 
to implement this demonstration, which would include state, 
federal, and private sector funds, and their involvement in 
this demonstration. 
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3. Establish a specific schedule for implementing the dem
onstration program. 

The objectives for phase three are 

1. To work with the public agencies to implement the dem
onstration program and evaluate its results. 

Objectives In Forming The New England ETTM 
Group 

In carrying out Phase One of this project, the issues related 
to toll collection and traffic management were identified as 
being critical in New England. In June 1990, the first informal 
meeting of officials from the New England Toll Agencies and 
Logan International Airport was held in Portsmouth, New 
Hampshire. The purpose of the meeting was to provide an 
opportunity for the agencies to discuss the plans they were 
considering for the possible use of ETTM within their agen
cies. 

The New England ETTM Group began as an informal, ad 
hoc committee that met periodically beginning in June 1990. 
The central purpose of this group was to establish a coop
erative effort that would provide a systematic. scientific method 
for testing and evaluating currently available technologies. to 
determine which one(s) would be most effective in New En
gland. The members of the group agreed that it is essential 
to develop compatible systems to provide 

• Customer convenience for automobiles, trucks, buses, 
and other commercial vehicles. 

• Congestion relief during peak hours, with the possibility 
of facilitating mobility improvement measures, such as high
occupancy vehicle lanes. 

• Cost reductions and more efficient handling of revenues. 
• Enhanced traffic management opportunities. 

System Goals To Be Achieved As Identified By The 
New England ETTM Group 

As part of the research project undertaken by MIT concerning 
ETTM application to New England and with the coordination 
of the New York, New Jersey, Pennsylvania Interagency AVI/ 
ETTM Technical Committee, the following goals were iden
tified and proposed to the New England Group by the re
search team (3). These goals constitute the minimum achieve
ment to ensure a successful operating system for any group 
work~ng to implement ETTM. They focus on the need for 

1. Single-tag/multiple-agency system; 
2. Compatibility of equipment during all phases of any sys

tem implementation; 
3. Safety and feasibility; 
4. Uniform/standard/consistent policies and procedures to 

minimize customer confusion and safety concerns while max
imizing customer acceptance and user friendliness; and 

5. Provision of program results to other areas of the coun
try. 
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All agreed that the only way to achieve the above goals 
would be through full coordination among the concerned au
thorities in the same region. 

Research and testing conducted in this regard, particularly 
that of the New York, New Jersey, Pennsylvania Interagency 
A VI/ETTM Technical Committee has shown the following 
(3) : 

1. Multiple identification devices or tags on one vehicle 
would result in a negative public reaction. People would not 
be encouraged to use ETTM if they knew it might involve 
placing more than one tag on their vehicle to take advantage 
of ETTM at toll plazas of various agencies. The need for 
multiple transponders would also create conflicts regarding 
suitable mounting locations on vehicles, since it is likely that 
the identification devices will be required to be physically 
separated from one another to avoid interference and guar
antee operation. 

2. Operating different systems in the same region would 
require unnecessary additional equipment, installation, and 
maintenance costs, especially if the systems are not compat
ible, and would lead to non-uniformity of system upgrading 
and difficulty in coordinating a traffic management system. 
Any agency operating an ETTM system for toll collection 
only, and not using it for traffic management would be ne
glecting important benefits that the system offers. To take 
advantage of these benefits, the system should be integrated 
with the region's other transportation systems. 

3. Interference caused by multiple tags on a vehicle could 
result in one or more of the following situations: 

• All tags being unreadable. 
• Only the strongest or nearest tag being read. 
•Incorrect identifications being made. 
• Incorrect writes being made in a read/write system. 

These situations are possible but not necessary in the case 
of multiple tags mounted on a vehicle. The technology differs 
between manufacturers and consequently the degree of 
"smartness" of readers and tags differ. 

4. Non-uniformity of system operational requirements and 
standards may lead to safety problems and customer nonac
ceptance. Confusion among users concerning standards and 
procedures, such as the approach speed to a toll station, or 
whether it is a stop or non-stop station, could cause accidents 
and further nonacceptance of the system. 

ADVANTAGES OF AN ETTM SYSTEM 

Numerous advantages and benefits of ETTM were identified 
by manufacturers, potential users, and researchers in this field 
(4). The primary benefits are summarized below. (A detailed 
cost/benefit analysis of implementing ETTM is under way at 
MIT and is expected to be published soon.) 

1. Customer convenience: by reducing travel time for the 
users and giving them alternatives for paying the tolls that do 
not involve cash/coins or ticket handling. 

2. Additional payment alternative: for users who would 
find the alternative more convenient. 
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3. Congestion relief: implementing ETTM decreases the 
time required to process ETTM-equipped vehicles at toll pla
zas and thereby increases the throughput efficiency and toll 
lane capacity. The queuing times at toll plazas are thereby 
reduced. Thus, total travel time on the highway would de
crease for both ETTM users and non-ETTM users. Table 1 
shows sample average capacities estimated for several lane 
types: staffed, automatic coin machines, mixed lanes that would 
accommodate ETTM and non-ETTM users, ETTM Janes within 
a conventional toll plaza configuration, and express ETTM 
Janes allowing vehicles to pass through at highway speeds. 

4. Environmental impact: as vehicles stop at toll stations 
to pay their tolls, excess emissions occur at toll plazas as a 
result of idling, acceleration, and deceleration (U.S. Envi
ronmental Protection Agency, 1978) . At a toll station, these 
emissions are a function of the capacity and productivity of 
each toll booth. As ETTM improves toll plaza productivity 
by increasing vehicle throughput, these emissions are 
reduced (5). 

5. Traffic management: the implementation of a compre
hensive electronic traffic management could be made possible 
once the basic hardware for a system is installed. All that is 
required are strategically placed additional reading locations 
and a supplementary computer system software package to 
calculate travel times for vehicles traveling between reading 
stations on the basis of these probe travel times. Conse
quently, traffic can be directed and diverted according to 
congestion levels. 

6. Improved security: ETTM systems allow transactions to 
be made without any physical handling of funds in the toll 
lane, thereby elminating cash handling, fraud, and error, and 
improving accountability and security. 

7. Cost reductions: operating and maintenance costs, land 
acquisition and construction costs, and user fuel costs are 
reduced as a result of implementing ETTM. Operating and 
maintaining toll stations are expected to be Jess expensive 
once ETTM is installed. Furthermore, as the implementation 

TABLE I Comparison of Five Sample Toll 
Station Types 

Lane Type Vehicle~/1-!our 

Staffed 
(wilh change making transacLions, receipt issuing, etc.) 

Staffed 
(only distribuling commULer tickels and such) 

Automatic Coin Machine 
(only coins--no tokens) 

Automatic Coin Machine 
(receiving primarily tokens--fcw coins) 

Mixed AV! 

350 

500 

500 

650 

700 
(includes any of types 1-4 as well as A VI in Lhc same lane) 

AVI 1200 
(dedicaled AVI lanes in a convemional plaza wilh barriers) 

Express A VI 1800 
(dedicated AV! lanes in a highway speed pass-through) 

Sources: Center for Urban Transportation Research, University 
of South Florida, Tampa & Ronald Cunningham, Port Authority 
of New York and New Jersey. 
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of these systems increases the throughput of each lane, fewer 
lanes and booths need to be built. Eventually all that may be 
necessary is a bridge above the highway on which to install 
the reader. Some systems will even allow for the use of reading 
equipment embedded in the roadway's pavement, thereby 
eliminating even the need for an overhead mounting struc
ture. Finally, as ETTM can reduce congestion and increase 
throughput and vehicle speed, fuel savings are expected. 

8. Potential for increased public acceptance of toll roads: 
the use of ETTM will make the use of toll roads (and/or the 
tolling of new roads and bridges, etc.) more acceptable to the 
public and increase the acceptability of tolls as a means of 
funding the construction, operation, and maintenance of new 
roads, bridges, and tunnels. 

ORGANIZATIONAL REQUIREMENTS AND 
PROCEDURE FOR IMPLEMENTATION 

One of the most challenging aspects of developing an oper
ational testing program for any IVHS related activity will be 
the organization of the several public agencies that ultimately 
will be responsible for the design, implementation, and con
tinuing operation of a program such as the one described in 
this paper. 

The experience of the New York, New Jersey, Pennsylvania 
Interagency A VI/ETTM Committee provides an example that 
has been beneficial to the New England Group. After several 
informal meetings, the New England ETTM Group devel
oped and signed an inter-agency agreement that described the 
potential uses of ETTM technology, the potential benefits to 
be realized and the importance of considering regional per
spectives. The agreement lays out actions to be taken by the 
group, the role of MIT. and the structure of the regional 
effort. The agreement formalizes the role of the group and 
states that meetings will be held as needed, and that decisions 
will be reached by a consensus of the representatives of each 
organization. It also identifies the need for regional agree
ments on a wide variety of necessary subjects such as 

• Compatibility questions involving the use of various tech-
nologies; 

• Standards for noninterfering systems; 
• Demonstration and standards for existing testing efforts; 
• Performance specifications for ETTM systems; 
• Legal issues that may arise; 
• Market research possibilities; and 
• Operational coordination (tag distribution, account man

agement, etc.) 

The process used in developing this agreement included the 
formation of policy and technical committees. The policy com
mittee consists of the directors of the agencies, as policy repre
sentatives from each agency authorized to make decisions, 
set goals, and monitor the ongoing work in the project. The 
meetings of this committee are on an as-needed, rather than 
a regular, basis and usually before and after any designated 
task for the technical committees. Meetings have occurred 
about every 6 to 8 weeks. The technical committee could 
branch into several committees, each dealing with a specific 
task. At present, one technical committee consists of technical 
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people from each agency, researchers from the Center for 
Transportation Studies at MIT and engineers from MIT's Lin
coln Laboratory, working on the research , design, testing, 
implementation, and promotion of the project . The first task 
for this committee is the setting of requirements/standards for 
ETIM systems to be implemented and tested in the specific 
sites in New England. Reports including analysis and rec
ommendations prepared by the technical committee are then 
presented to the policy committee for final decisions. 

TECHNICAL AND LEGAL ISSUES FACING 
IMPLEMENTATION OF ETTM IN NEW 
ENGLAND 

A number of technical and legal issues must be addressed in 
developing and implementing ETIM in New England. These 
technical and legal issues are common among most of the 
authorities in the group. 

Technical Issues 

Starting with the technical concerns that have been raised, 
the most sensitive one if the need for the capability of the 
system to work under the various climatic conditions that are 
witnessed in New England. In addition to the effect of snow, 
rain, wind, and humidity, temperatures vary between less than 
0°F in the winter to above 100°F in the summer. Previous 
experiments have shown that the capabilities of some video 
enforcement systems are limited in the winter. In addition, 
automatic vehicle classification systems using vertical sound
waves might get distorted as a result of strong wind. 

A second concern is the accuracy of the available systems. 
One must distinguish between the level of accuracy achieved 
and the level that could be measured . To test for a level of 
accuracy of 99.95 percent, which is still low at peak periods, 
one would need to run 40,000 to 50,000 samples. In addition 
to that, very little performance testing of the various ETIM 
technologies in various weather conditions has been formally 
documented. The authorities argue that security and loss of 
revenue concerns must not be compromised . 

A third category of concern involves payment systems. 
Questions related to payment systems include the existing 
variation among the agencies in toll structures , prepayment 
versus postpayment policies, and methods of payment ( 4) . 
Since most of the authorities cannot extend credit to cus
tomers, prepayment system methods are most likely to be 
required. These would include cash, check, use of the credit 
card to buy future trip entitlement, and electronic funds trans
fer (EFT). The credit card system or EFT would be ideal 
since it allows automatic replenishment of a prepaid toll en
titlement account. One problem that has not yet been ad
dressed as part of this effort is the issue of creating a system 
that could act as a clearing house between the various au
thorities so that toll-paying customers would have to maintain 
only one account that would be used for tolls from all par
ticipating agencies. 

A fourth concern is the operation at individual toll stations. 
These operations will change significantly after implementing 
ETIM systems. Customer understanding of the system and 
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safety to both the public and the remaining toll collection staff 
are the main issues. This stresses the importance of a coor
dinated system for the whole region since having non-uniform 
standards and operational requirements could have implica
tions on safety and customer acceptance of the system. Pave
ment markings , adequate signing, channelization, speed lim
its, and passing areas must be examined to safely and efficiently 
accommodate ETIM usage (4) . 

Some authorities raised issues that dealt with traffic oper
ation after tolls are paid at stations where a bottleneck situ
ation emerges; in such cases the maximum benefit of through
put increase after installing ETIM might not be captured. 
This would occur in two situations: the first would be when 
there are more lanes before the toll station than after it and 
the toll station assists in merging traffic (see Figure la); and 
the other is when the authority prefers to keep the existing 
toll station with more lanes at the plaza than before and after 
(Figure lb) , rather than implement high-speed express ETTM 
systems (Figure le). 
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FIGURE I Idealized plan of toll station having a, more lanes 
before station than after; b, same number of lanes before and 
after station, with more lanes at station; and c, same number 
of lanes before and after station, with same number of lanes 
at station. 
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Legal Issues 

Probably the most important issue to address is the one related 
to privacy. Authorities are concerned that potential customers 
will not accept it if the system can track people as they move 
from one place to another. This issue has been addressed in 
other parts of the country in different ways, such as creating 
an anonymous user account without requiring the user to give 
a name. This possibility is still being examined. 

A second concern of the authorities is the legal issue in
volved in issuing violation tickets to drivers of moving vehicles 
who abuse the ETTM system. A video enforcement system 
might not be allowed to capture the picture of the offending 
driver, leaving the vehicle owner as identified by the license 
plate as the only option. Unfortunately, in some states, such 
tickets cannot be issued to the owner-only to the driver. 
Thus, enforcement capability is still unclear. 

A third concern about possible customer nonacceptance of 
the system involves the issue of traffic management and its 
potential capability of enforcing speed limits in a strict man
ner. Few people would be encouraged to participate in a 
program that would put them at high risk of being identified 
when breaking the speed limit. 

The issue of dedicating lanes for ETTM users raises another 
question. On one hand, some would argue that they cannot 
justify dedicating one lane for ETTM users unless the pro
portion of those users would match the proportion of lanes 
dedicated to them. That is, if 25 percent of the customers are 
ETTM users and the road in question is a four-lane highway, 
then it would be justified to dedicate one lane for ETTM 
users. On the other hand, others argue that if lanes are not 
initially dedicated to ETTM users, the users would not enjoy 
the most important benefit from ETTM, which is the savings 
in time; thus, potential users would be discouraged from using 
ETTM. Consequently the possibility exists for never getting 
the desired proportion to dedicate a separate lane. 

Finally, officials were concerned about the reaction of toll 
collector unions toward ETTM. Although toll collectors could 
be assured of assignment to other jobs dealing with operating 
and maintaining the system, some collectors are understand
ably concerned about their long-run future . 

SETTING REQUIREMENTS AND TESTING 
PROCEDURES 

One way to resolve the technical issues concerning imple
menting ETTM systems is through setting requirements/stan
dards and testing systems to determine if they meet those 
requirements/standards. Some questions that might be an
swered in a testing program would be 

1. Is ETTM appropriate for use in New England? 
2. What are the appropriate hardware and software re

quirements for such use? 
3. What system or technology will.best serve New England 

needs? 
4. What are the advantages and disadvantages of the op

tions? 
5. How will the system operate? 
6. What is the reliability of the system? 
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Furthermore, the answer to "Why have a New England 
testing and evaluation program?" should be addressed. 
Five issues (AVI Testing Options, C. Much, T . Hotz, and 
A. Kanaan, unpublished data) to be further explored 
include 

1. Most operational systems in the U .S. commenced with 
a testing program . Most of them encountered unexpected 
problems and recommended a testing phase before imple
mentation. 

2. The consequences of a faulty system are_ severe. They 
might lead to lost revenue, increased congestion, and public 
dissatisfaction and distrust in technical solutions for traffic 
management. 

3. Testing would provide opportunities to measure benefits 
before full-scale operation. 

4. Testing will allow for a start-up period to choose the 
applicable technology, validate the system's reliability, de
termine the maintenance requirements, monitor the sensitiv
ity to climate, measure background RF environment, and 
verify that the system can meet all the fundamental operating 
requirements or standards that are set. 

5. Testing would allow for a lead time that is required 
to demonstrate the benefits to the public, create a suffi
ciently large user group , and create an infrastructure for 
tag distribution, data base management, and system failure 
contingencies. 

Accordingly, the most appropriate procedure for a testing 
and evaluation program would be to design a comprehensive 
test for the system's operation (AVI Testing Options, C. Much, 
T. Hotz, and A. Kanaan, unpublished data), use existing or 
controlled toll stations, use cooperative test vehicles , perform 
a 9- to 12-month test under a variety of weather conditions, 
and, if test results meet the requirements/standards, recom
mend a system to the policy committee for follow-on oper
ational implementation. 

So far, the standards that systems have had to meet are not 
uniform or formal within the United States or anywhere else. 
Many standards have been developed by various groups and 
organizations. The New York, New Jersey, Pennsylvania AVI/ 
ETTM Interagency Group has developed a specification for 
equipment that will eventually lead to a standard. The Heavy 
Vehicle Electronic License Plate (HELP) program, American 
Trucking Association, and others have developed or are in 
the process of developing standards. The problem in creating 
the standards is that each organization has a different set of 
requirements from a system. Some organizations need it for 
toll collection purposes only; some need it for toll collection 
and weigh-in-motion; others need it for traffic management; 
and so on. It is possible, though, to set basic requirements or 
specifications for electronic toll collection and basic traffic 
management only . If weigh-in-motion, for example, is needed 
in addition to ETTM, then other requirements could be added 
to the list. 

A set of basic operational requirements is being devel
oped now based on the review of relevant literature and 
research and analysis of the systems. Many of these are 
adopted from requirements set by the HELP program, The 
New York, New Jersey, Pennsylvania ETTM Group, and 
others (3,6,7). 
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FUTURE NE ETTM GROUP ACTIVITIES 

The New Hampshire Turnpike Authority has started an in
dividual testing program that is likely to lead to implemen
tation of an ETTM system by late 1992. The Authority was 
to test several technologies and examine operational systems 
between spring 1991 and spring 1992. By that time, it will 
have decided on the best system for New Hampshire and will 
begin implementation by the end of 1992. 

The MBTA (Boston's transit agency) is currently testing 
the use of A VI to monitor fuel use for its bus fleet. Tobin 
Bridge, directed by the Massport Authority, had plans to test 
various technologies by the spring of 1992. The agencies are 
formulating plans for possible ETTM applications. MIT will 
continue working on this research project under sponsorship 
from the Region One University Transportation Center and 
will continue to work with the agencies to enhance the design 
of a testing procedure suggested earlier (A VI/ETTM Testing 
Methodology, A. Y. Kanaan and T. F. Humphrey, unpub
lished data). At the same time, MIT will use real data from 
the various New England agencies and from the authorities 
operating ETTM systems in the United States to undertake 
a cost-benefit analysis for ETTM systems. Currently, infor
mation about users' reaction to ETTM is being collected by 
means of a telephone survey. This carefully designed statis
tical survey will be used to collect data to determine whether 
implementation of the system is feasible. 

The New England ETTM Group's technical committee is 
currently working on the technical requirements for a system 
to be considered by each agency. The requirements to be 
determined by the technical committee will state the minimum 
operational needs of each agency first; then the general re
quirements will be developed into detailed specifications. 

The technical committee will also review the latest version 
of the New York, New Jersey, and Pennsylvania Group's 
specifications. If found appropriate for application in New 
England, one of the options considered would be to adopt 
these specifications with necessary modification. This option 
would be more efficient for the two regions, but especially 
for New England. The resources that would have to be al
located for testing and setting requirements could be used in 
other complementary work such as traffic management. 

CONCLUSION 

The first year of this project has been extremely successful. 
For the first time, we have been able to generate great interest 
in New England concerning the possible coordinated appli
cation of new technologies to deal with transportation conges
tion. -We have expanded the regional scope of this project to 
include not only the Massachusetts Turnpike Authority (which 
was our original intent) but all the transportation agencies in 
Massachusetts and toll agencies in New England. As we pur-
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sue this program, we also plan to undertake an economic 
analysis of the application of ETTM. 

In conclusion, the benefits of ETTM systems for the agency 
and the user have been documented in various operational 
systems within the United States and around the world; how
ever, many authorities still have questions and concerns to 
be answered and resolved. Some concerns can be resolved by 
proper coordination and agreements between agencies. One 
way to deal with various constraints is by setting requirements 
and testing various systems to determine which one best meets 
those requirements. By doing so, authorities will not com
promise security and loss of revenue. 

The challenge to be met, however, is the need to develop 
the appropriate institutional arrangements required to estab
lish compatible systems. It appears we are well on our way 
in this regard. 
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Road Condition and Maintenance Inputs 
for Feasibility Studies in Developing 
Countries 

FERNANDO M. MONTENEGRO AND MARCELO J. MINC 

Guidelines for determining expected road routine and periodic 
maintenance costs and predicting pavement condition over time 
are presented. This input is necessary for the economic evaluation 
of road construction and rehabilitation projects. The developed 
guidelines, which are presented in the context of a recent project 
application in Southeast Asia (Rural Infrastructure Fund Proj
ect). have direct application in the economic analysis of inter
nationally funded investment projects in developing countries. 
Proposed techniques and procedures have been adopted from the 
ones accepted worldwide by international organizations and also 
according to the authors' experience in the field. One of the 
objectives was to obtain simple procedures, sensitive to the fast
track nature of road feasibility studies. These guidelines were 
developed and successfully applied in a project of infrastructure 
evaluation in the Philippines, sponsored by the United States 
Agency for International Development. 

Road feasibility studies require the forecasting of roadway 
pavement conditions over time for both the "do" and "do
nothing" alternatives. Pavement condition and, in particular, 
roughness will determine (together with other factors, such 
as speed, alignment, cross-section, and traffic) vehicle oper
ating costs (VOCs) (1,2). The savings in VOCs between the 
do and do-nothing alternatives constitute the traffic benefits 
brought by a project (consumer-surplus approach). 

In many instances, roughness, which is a good predictor of 
pavement condition and has a demonstrated and published 
relationship with voes (3), is not measured in the field during 
fast-track road feasibility studies. More expedient subjective 
pavement condition surveys are carried out. This paper sug
gests guidelines for the correlation of roughness and subjec
tive measures of pavement condition by means of a recent 
application in Southeast Asia (Rural Infrastructure Fund (RIF) 
Project]. 

Second to traffic benefits, the other main source of benefits 
produced by road improvement projects (of all-weather roads) 
is maintenance savings. Also by means of the RIF example, 
this paper provides guidelines on how to estimate roadway 
routine and periodic maintenance costs. 

The suggested methodology is simple, quick, and concep
tually sound and is particularly appropriate for the economic 
analysis of road feasibility projects in developing countries. 

F. M. Montenegro, Louis Berger International, Inc., 1819 H St., 
N.W., Suite 900, Washington, D.C. 20006. M. J. Mine, 4817 36th 
St., N.W., Suite 410, Washington, D.C. 20008. 

PAVEMENT DETERIORATION CURVES 

Roughness as Indicator of Pavement Condition 

Pavement deterioration curves estimate future values of an 
index related to pavement condition, such as a pavement 
condition index or roughness, as a function of current values 
of that index and time or accumulated axle loads. 

The authors recommended roughness as the primary in
dicator of pavement condition because 

• Several internationally accepted studies have demon
strated the high degree of correlation between pavement con
dition (both user defined as per AASHTO ( 4) and distress 
defined as per United States Army Corps of Engineers' PA VER 
(5)] and roughness. 

• There are readily available models for roughness pro
gression prediction that are applicable in the Philippines. 

• Roughness relates directly to vehicle operating costs and 
estimation of project benefits. 

Estimates of road roughness with and without the proposed 
projects over the analysis period are required to estimate cost 
savings. The authors have projected roughness progression 
by means of appropriate roughness progression (pavement 
deterioration) curves for asphalt, concrete, and unpaved roads 
that are presented in the following sections. A later section 
presents the authors' estimate of the correlation between 
pavement conditions (subjective estimation) with roughness 
levels. 

Asphalt Roads 

Because of the recent development, extensive data base, and 
transferability among developing countries, roughness pro
gression curves derived by the World Bank in its Highway 
Design and Maintenance Standards Model (HDM-III) (3) has 
been selected by the authors. 

The World Bank's HDM-III aggregate roughness progres
sion model was developed mainly with data from a United 
Nations Development Project (UNDP)-funded transporta
tion study in Brazil. The model is based on a relationship 
between initial roughness, modified structural number, cu
mulative traffic (in terms of equivalent standard axle loads 
(ESALs)] and the age of the pavement since construction or 
last overlay. The relationship is as follows: 
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Rt= [Rl + 725 (1 + SNl)-•.99 * Nl] * eco.01s31J (1) 

where 

Rt = roughness at time (t) in international roughness 
index (IRI) m/km, 

Rl = initial roughness in IRI m/km 
SN1 = modified structural number 0.0394 * n L: a; * 

H; + SNSG 
i = 1 

Nl = cumulative standard axles carried since construc
tion or last overlay, 

t = age of pavement (years) since construction or last 
overlay, 

a; strength coefficient of the ith layer (from AASHTO 
guidelines), 

H; thickness of the ith layer, provided that the sum 
of thickness ( H;) is not greater than 700 mm (mm), 

n - number of pavement layers, and 
SNSG modified structural number contribution of the 

subgrade, given by 3.51 logw CBR - 0.85 (log10 

CBR)2 - 1.43 where CBR is the California bear
ing ratio of the subgrade at in situ conditions of 
moisture and density (percent). 

Effect of Seal Coats on Roughness 

Following guidelines presented previously (6), the authors 
assumed that a seal coat does not reduce roughness. This is 
understandable because the coat is a thin layer that follows 
the contour of the existing pavement. Indeed, if the seal coat 
is applied badly, roughness may increase. 

Effect of Overlays on Roughness 

It is useful to know the effect of an asphalt concrete (AC) 
overlay on road roughness so that the benefit of the overlay 
may be quantitatively assessed. 

Research continuing from the Brazil-UNDP study has re
lated the roughness after overlay to the roughness of the road 
before overlay as follows: 

QIA = 19 + (QIB - 19)/(0.602 * H + 1) (2) 

where 

QIA predicted roughness after overlay (quarter-car in
dex counts per km), 

QIB = roughness immediately before overlay, 
H = thickness of the overlay, 
A = after the overlay, and 
B = before the overlay. 

Note that QI counts/km = 66 mm/km Transportation and 
Road Research Laboratory (TRRL) roughness units, and 13 
QI counts/km = 1 m/km IRI. 

Also, an overlay changes a pavement's modified structural 
number (e.g., the one used in Equation 1) as follows: 
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SN1A = 0.9 * SN1B + ak *Dk (3) 

where ak is the overlay strength coefficient and Dk is the 
overlay thickness in inches. 

Portland Cement Concrete Pavements 

The authors suggested the use of the HDM-III roughness 
deterioration model for paved roads as the model for portland 
cement concrete (PCC) pavement deterioration. A large 
structural number has been given to the PCC so that the 
increase in roughness over the life of the road is very small, 
as would be expected for a well-constructed, well-maintained 
road. Initial values of roughness for a newly constructed PCC 
pavement have been estimated and are presented later. 

Using a modified structural number of 5 in the HDM-III 
model yields an increase in roughness from 2.0 m/km to 3.0 
m/km over a 20-year period and the passing of 2.5 million 
ESALs. This increase corresponds to a condition rating bor
dering good/fair. If a modified structural number of 15 is used, 
the roughness increases to 2.72 m/km. Little change occurs 
in the incremental roughness predicted for modified structural 
numbers greater than 8. For a modified structural number of 
15, the roughness after 40 years is 3.70. This value is consid
ered only fair/poor, whereas, considering good construction 
and good maintenance practices, one would expect the con
dition to be in the good/fair zone, (i.e., having an IRI value 
of 3.0 m/km). 

Adapting the HDM-III model for bituminous-paved roads 
to concrete roads does not entirely fit the expected behavior 
of concrete. However, the model does allow the comparison 
of concrete roads with bituminous-surfaced roads; the eval
uation will be somewhat biased toward bituminous surfaces 
since the method appears to overestimate the rate of rough
ness increase for concrete roads. A modified structural num
ber of 8 has been used for concrete pavements in the analysis 
of RIF projects. 

Unpaved Roads 

Routine Grading 

The purpose of routine grading is to improve surface rough
ness and minimize the loss of gravel material. It is reasonable 
to base the frequency of grading on the criteria of limiting 
roughness. If grading is not carried out, the road condition 
will become very bad within a short period, even for a traffic 
level of 100 vehicles per day. With such rapid changes in road 
roughness, it is not appropriate to determine annual rough
ness values as it is determined for paved roads. It is, however, 
viable to approximate average annual roughness values, as
suming good maintenance, and this has been done in the RIF 
study. 

Annual average roughness increases between regraveling 
activities despite the grading interventions. This increase is 
caused by the gradual loss of gravel, which results in a weaker 
structure and increased subgrade deformation under traffic. 
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Regraveling Requirements 

The model adopted by the RIF study for determining re
graveling requirements was developed by TRRL (7) in the 
Kenya Maintenance Study for Unpaved Roads. The model 
relates gravel loss to traffic, rainfall, gravel type, and average 
gradient as follows: 

GLA = f[T;,l(T;, + 50)] (4.2 + 0.092TA 

+ 3.5 R7, + l.88VC) 

where 

annual gravel loss (mm); 
annual traffic (thousands) in both directions; 
annual rainfall (m); 
average percentage gradient; and 

(4) 

constant: 0.94 for lathyritic gravel, 1.51 for quartz
itic gravel, 0.96 for volcanic gravel, and 1.38 for 
sandstone gravel. 

Volcanic gravel is the predominant type of soil found in 
the Philippines, and a value off of 0. 96 for calculating gravel 
loss has been assumed accordingly. 

Roughness Progression Between Regravelings 

Variations in gravel road roughness throughout the year are 
considerable, and only an average annual roughness can be 
assumed. The annual increase in average roughness is linked 
to gravel loss. It is assumed that between regravelings the 
roughness increases as follows: 

GLA 
R, = R<i-i) + 2 x lOO 

where 

R, = average roughness for year t (m/km), 

(5) 

R,_ 1 average roughness for year t - 1 (m/km), and 
GLA = annual gravel loss (mm). 

ROUGHNESS AND PAVEMENT CONDITION 

Described in this section are the procedures used during the 
pavement condition surveys and the relationship between 
pavement condition and roughness. 

Pavement Condition Surveys 

The authors recommended a subjective evaluation of the cur
rent road condition of all project roads. This subjective es
timation was made by project pavement engineers. The survey 
team was provided with appropriate guidelines and training 
(to achieve consistency in ratings) to perform the requested 
road condition evaluation. Given the short time frame for the 
reconnaissance survey, a three-category rating scheme was 
used. A description of each category follows: 
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•Good: Paved roads substantially free of defects, requiring 
only routine maintenance; unpaved roads needing only rou
tine grading and spot repairs. 

• Fair: Paved roads having significant defects, requiring 
resurfacing or strengthening; unpaved roads needing reshap
ing or resurfacing (regraveling) and spot repair of drainage. 

•Bad: Paved roads with extensive defects, requiring im
mediate rehabilitation or reconstruction; unpaved roads that 
need reconstruction and major drainage works. 

Pavement Condition/Roughness Relationships 

To translate subjective pavement condition measures from 
the reconnaissance surveys into pavement roughness in IRI, 
the authors used previously published relationships (3 ,6,9). 
A comparison of benchmark roughnesses given in those re
ports and a point estimation technique were the methods used. 

The subjective condition rating data were converted into a 
numerical scale so that an appropriate comparison of the con
dition rating categories with published roughness benchmarks 
could be performed. A point estimation technique exercise 
(see Figures 1 through 3), in which all pavement raters par
ticipated, was applied for the conversion of the subjective 
category scales used during the field survey on a scale of 0 to 
10 (8). 

The correlation between IRI and pavement condition was 
derived by a comparison of benchmark roughnesses (e.g., new 
asphalt, new surface treatment, and new gravel). Since most 
of the project roads are presently in fair or bad condition, 
with roughness values generally well over 4 m/km, it is not 
sufficient to compare pavement condition with measured 
roughnesses only on new paved roads. 

The relationship between pavement condition and rough
ness at the rougher end of the scale depends on varying and 
subjective conceptions of pavement condition and failure. For 
example, the roughness of fair gravel surfaces depends on 
many factors (such as type of material, its maximum grain 
size and grading, the time of year, the level of maintenance, 
the time since the last blading, etc.), and there is no direct 
way to fix an accurate benchmark for this condition. It is here 
that the point estimation technique has been useful. 

Figure 4 shows the benchmark roughnesses established in 
the National Roads Improvement Project (9) (NRIP) and 
those in the RFS III study (JO), measured in in./km, for var
ious surface types and conditions. These benchmarks were 
compared with the benchmarks established in the World Bank's 
Brazil study, expressed in IRI. DPWH's pavement condition 
benchmarks, together with a correlation with roughness val
ues, are presented in Table 1. 

The authors estimated the relationships between pavement 
condition and roughness levels (Tables 2 and 3) based on the 
relationships presented and the discussion above. 

The roughness values assumed for the good, fair, and bad 
categories for each pavement type in Table 3 fall within the 
benchmark ranges in Figure 4. Also, the roughness values 
assumed for failed gravel and earth roads fall within the range 
of the World Bank's Brazil roughness research data (3, Chap
ter 3, Tables 3 and 4). Values presented in Tables 2 and 3 
have been used for pavement deterioration forecasts and for 
the calculation of vehicle operating costs. 



Could you please place an "X" in the following scale at the points 
that best represent the subjective estimates of pavement condition 
described below? 

PCC ROADS 

0 2 3 4 5 6 7 8 9 10 

Extremely 
bad road, 
blow-ups, 
diff. settl., 
extensive 
cracking. 

GOOD: 

FAIR: 

New Pav. 
No cracks 
smooth 
surface. 

Smooth surface, minor cracking, pavement in good 
condition, allowing running speeds at design speed. 

Some cracking and joint damage, vehicle running 
speeds close to design speed. 

BAD: Vehicle runni ng speeds are constrained by poor 
pavement conqition. Pavement has failed and is in 
need of immediate rehabilitation/reconstruction. 

FIGURE 1 Point estimation technique questionnaire: PCC pavements. 

Could you please place an "X" in the following scale at the points 
that best represent the subjective estimates of pavement condition 
described below? 

ASPHALT AND OTHER BITUMINOUS PAVEMENTS: 

0 

I 
Extremely 
bad road, 
extensive 
potholes, 
pavement. 

GOOD: 

FAIR: 

2 3 

open 
destroyed 

4 5 6 7 8 9 10 

New L 
No cracks 
smooth 
surface. 

Smooth surface, minor cracking, pavement in good 
condition, allowing running speeds at design speed. 
No potholes. 

Some cracking, vehicle running speeds 
design speed. Few minor open potholes . 

close to 

BAD: Vehicle r unning s peeds are c onstrained by poor 
pavement conditi on. Pavement has failed and is in 
need of i mmed i ate rehabilitation/recons truction. 
Numerous open potholes and surf ace has disappeared 
in some sections. 

FIGURE 2 Point estimation technique questionnaire: asphalt pavements. 



Could you please place an "X" in the following scale at the points 
that best represent the subjective estimates of pavement condition 
described below? 

GRAVEL ROADS 

0 2 

f 
Extreme ly 
bad road, 
impassable 
trail. 

GOOD: 

FAIR: 

BAD: 

3 4 5 6 7 8 9 10 

... L. 
with smooth 
surface. 

smooth surface; surface condition allows running 
speeds at design speed. 

Tangent speeds of 30 to 50 km/h; surface somewhat 
rough. 

Road in very poor condition. Uneven 
reduces operating speed to less than 
sometimes to only 10 km/h. 

surf ace 
30 and 

FIGURE 3 Point estimation technique questionnaire: unpaved roads. 
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FIGURE 4 Benchmark roughness versus IRI in the Philippines. 



TABLE I DPWH Pavement Condition Benchmarks 

Flexible Pavements (AC, BS\ Roughness 
(in/km) 

1 Very Good 
2 Good 
3 Fair 

4 Poor 

5 Bad 

6 Very Bad 

No cracks, as new. < 70 
No cracks, low roughness. 70 - 120 
Some cracks but no developed pattern, 
slight surface deformation. 120 - 170 
Developed continuous cracking pattern, 
no loss of material, moderate surface 
deformations, few potholes. 170 - 220 
Extensive cracking pattern with loss 
of material, large surface 
deformations, some potholes. 220 - 270 
Highly deformed pavement, 
extensive potholing, 
complete failure. > 270 

Rigid Pavements CPCCl Roughness 
(in/km) 

1 Very Good 
2 Good 
3 Fair 

4 Poor 

5 Bad 

6 Very Bad 

No cracks, as new. 
Low roughness, cracks < lOOm/lOOm. 
Slight surface deformation, 
cracks 100 - 200m/100m. 
Developed cracking, no loss of 
material, cracks 200 - 300m/100m. 
Extensive cracking with loss of 
material, deformed pavement, 
cracks 300 - 400m/100m. 
Highly deformed pavement, complete 
failure, high loss of material, 
cracks > 400m/100m. 

< 80 
80 - 110 

110 - 140 

140 - 180 

180 - 230 

> 230 

Unpayed surfaces CG. El Roughness 
(in/km) 

1 Very Good 
2 Good 

Surface not restrictive to speed. < 200 
Surface slightly restrictive to speed. 200 - 250 
Slight surface deformations, a few 3 Fair 

4 Poor 
5 Bad 

6 Very Bad 

Note: 

potholes. 250 - 300 
Deformed surface, frequent potholes. 300 - 360 
Highly deformed surface, continuous 
potholes, passable only at low speed. 360 - 450 
Passable only by jeep. > 450 

To convert Philippine Roughness (Rp in/km) to Roughness 
in IRI in in/km, the following equation has been used: 
Roughness IRI = 0.7 + 0.0215 * Rp. 

TABLE 2 Roughness Values By Pavement Condition and Road 
Category 

TABLE 3 Roughness Values By Pavement Condition and Road 

Pavement Type 

PCC 
AC 
DBST 
Gravel 
Earth 

Initial 

2.0" (9) 
1.5" (9) 
2.5b (9) 
4.0 (9) 
4.5 (9) 

Critical 

4.0 (9) 
4.5 (9) 
7 .5 (3) 
8.5 (3) 

Terminal 

4.6 (9) 
6.0 (9) 
6.5 (9) 

10.0 (9) 
10.0 (9) 

Norn: Value are according to !RI (mlkm) . Initial = pavement condition 
right after construction . Critical = pavcmeni condition at which major 
maintenance is appropriate co reduce life-cycle ma.intcnancc cosls and 
YO cost . Terminal = pavement condition at which reconstruction is 
warranted. 
•Under a good construction scenario. In the cases of fair and poor 
construction, these values are 2.0 and 2.5 
bUnder a good construction scenario. In the cases of fair and poor 
construction, these values are 2.75 and 3.0. 

Category 

Pavement Failed 
Type Good Fair Bad (Very Bad) 

PCC 2.7" 3.6'' 4.6" 6.0 (9) 
AC 2.6" 4.2' 6.0" 9.5 (3) 
OBST 3.4" 4.5• 6.51

' 9.5 (3) 
Gravel 5.5" 7.Y 10.0" 14.0 (3) 
Earth 6.0" S.Y 10.0" 16.5 (3) 

NoTE: Values are according to IRI (m/km). 
•From a point estimation technique exercise, assuming linear variation of 
roughness between benchmarks (0 = initial value; 5 = fair; 8 = bad). 
6Terminal values coincide with the midpoint between the bad and very 
bad categories (9). 
<Mean roughness observed in the World Bank's International Road 
Roughness Experiment (3) . 
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ROAD MAINTENANCE REQUIREMENTS AND 
UNIT COSTS 

The purpose of this section is to determine appropriate main
tenance levels for the project roads under study and, in par
ticular, to determine quantitatively the effect of the various 
improvement strategies on routine and periodic maintenance 
expenditures. 

Routine Maintenance 

Routine maintenance needs and unit rates have been esti
mated. Although rates vary somewhat throughout the Phil
ippine islands, within the degree of accuracy possible, it is 
reasonable to use a standard cost per kilometer of road, ir
respective of terrain type or location. 

Manual routine maintenance is common to any road irre
spective of surface type and includes ditch cleaning, culvert 
cleaning, and general upkeep of structures. Table 4 includes 
the financial and economic costs per kilometer for these ac
tivities. Financial costs are costs measured in market prices, 
including taxes, subsidies, custom duties, and other tariffs. 
Economic costs represent real costs for the economy. Trans
fers, including taxes, subsidies, and duties, are not included; 
shadow prices for wages, oil, and foreign exchange are con-
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sidered. The listed activity cost estimates assume 40 m of 
culvert and 0.2 structures per km. 

Shoulder Maintenance 

Shoulder grading and regraveling are important maintenance 
activities necessary for maintaining a shoulder's slope and 
surface course. The authors have assumed that 5-cm-thick full
shoulder-width regraveling is necessary every 4 years. Grad
ing occurs on an average of 2.4 times per year. 

Table 5 presents the financial and economic costs of shoul
der maintenance as derived from 1988 NRIP cost data updated 
by means of consumer price indexes (CPI). 

Asphalt Pavement Maintenance 

This section presents estimates of routine maintenance costs 
related to AC and surface treatment (ST) pavements. There 
are several routine maintenance activities mainly associated 
with asphalt pavements, such as patching, premix leveling, 
skin patching, and crack sealing. 

Of these activities, shallow patching is the most important 
in terms of both manpower requirements and cost. Patching 
is required to repair cracking and potholes. In cases of a 

TABLE 4 Annual Manual Routine Maintenance Costs 

Activit,~ Unit Financial Economic 
Costs Costs 

Ditch Cleaning Road Km 10413.9 10413.9 
Grass cutting Road Km 2083.4 2083.4 
Culvert Cleaning Road Km 778.1 778.1 
Minor Structural 
Repairs Road Km 1192. 2 1192.2 

------- -------
TOTAL (after rounding) 14500 14500 

Note: Costs are in February 1990 pesos. 

TABLE 5 Shoulder Maintenance 

Economic Unit Cost 
P/m2 

Financial Unit Cost 
P/m2 

Regravelling (10 cm) 
Regravelling (5 cm) 
Grading 

0.50m 
~egravelling 2730 
Grading 2088 

Total Economic Cost 4820 
Total Financial Cost 6600 

Note: P = pesos. 

21.82 
10.91 

0.87 

Annual 

1. 0 
5460 
4180 

9640 
13200 

Cost 

29.60 
14.80 
1. 21 

(P/yr-km) 

Shoulder Width 

1. 5 2.0 2.5 
8190 10920 D650 
6270 8360 10450 

14460 19280 24100 
19800 26420 33020 

3.0m 
16380 
12540 

28920 
39620 



TABLE 6 Annual AC and ST Pavement Maintenance Needs 

Roughness Level (IRI - m/mm) 

<3 3-4 4-5 5-6 6-7 7-8 >8 
Patching 
Requirements (m2/km) o 1.3 3.6 11.3 22.7 42.3 83.3 

Patching Requirements 
(P/yr-km) o 110 250 780 1570 2930 5760 

Other Pavement 
Activities (50% of 
patching req.) o 55 125 390 785 1465 2880 

Assumed Total 
Cost (Economic) 
(After rounding) O O 750 750 3300 3300 8600 

Assumed Total 
Cost (Financial) 
(After rounding) O o 990 990 4340 4340 11320 

Note: The assumed economic cost of patching is P 69.17/m2 and 
the financial costs of patching is P 91.02/m2. P =pesos. 

TABLE 7 Annual PCC Maintenance Requirements and Costs 

Economic Unit Cost Financial Unit Cost 

Slab Replacement 

Joint and Crack 
Sealing 

Slab Replacement 
Requirements 

J & c Sealing 
Requirements 

Slab Replacement 
Cost (P/km year) 

279.35 P/m2 

15.58 P/m 

Roughness 

<4 

0% 

5% 

Economic 
0 

J & C Sealing Economic 
Cost (P/km year) (1) 1,040 

Total Economic Cost 
(P/Km Year) 1,040 

Total Financial Cost 
(P/Km Year) 1,220 

347.76 P/m2 

18.23 P/m 

Level (IRI - m/km) 

4-6 >6 

0.05% 0.5% 

15% 30% 

930 9,300 

3120 6,240 

4,050 15,540 

4,810 18,880 

(1) Assuming 20-meter-long 6.70-meter-wide slabs. For 
example, for roughness < 4 IRI m/km : ( 6. 7 m * 50 
joints/km (transverse joints) + 1,000 m/km (longitudinal 
joint)) * 0.05 /year* 15.58 P/m = 1,039.97 P/km year 
P = pesos. 
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TABLE 8 Annual Gravel Road Maintenance Requirements and Cost 

Economic Financial 

Regrading Unit Cost P 9.070/km P 12,361/km 

Annual Cost (regrade 
2.4 times/year) P 21,770/km yr P 29,670/km yr 

Source: 1988 NRIP Study, updated by means of CPI indices. 

TABLE 9 1990 Economic Routine Maintenance Costs (pesos/km· 
yr) (8,9) 

Shoulders 
(Roughness Shoulders in IRI m/km) 

Shoulder Width <4 4-G 6-8 >8 

0.5m 4820 4820 4820 4820 
l.Om 9G40 9G40 9G40 9G40 
l.5m 144GO 144GO 14460 14460 
2.0m 19280 19820 19820 19820 
2.5m 24100 24100 24100 24100 
3.0m 28920 28920 28920 28920 

PCC Pavements 
Roughness in IRI m/km 

<4 4-6 G-8 >8 

15540 18550 30040 30040 

QBS'.,t£a,!;; ~avement~ 
Roughness in IRI m/km 

<4 4-G G-8 >8 

14500 15250 17800 23100 

~i;:9v~l Boads 
Roughness in IRI m/km 

Roadway 
Width <4 4-6 G-8 >8 

Gm 36270 3G270 36270 36270 
4m 29010 29010 29010 29010 

~ar!<b ,Boags 
Roughness in IRI m/km 

Roadway 
Width <4 4-G G-8 >8 

Gm 3G270 3G270 36270 36270 
4m 29010 29010 29010 29010 

surface treatment or asphalt concrete pavement, potholes de
velop from raveling, wide cracking, or alligator cracking. Fac
tors controlling the initiation and progression of potholes are 
diverse. 

The World Bank HDM-III model (3) is a mechanistic model 
that relates patching requirements to potholes caused by 
cracking and raveling and to enlargement of existing potholes. 

Although the principles behind the HDM-III deterioration 
model for patching are sound, they are unwieldy in practice 
because they attempt to rationalize complicated mechanisms 
into a less complicated, but still complex, set of relationships. 
Since the authors are considering theoretical maintenance lev
els in this study, which will be greatly modified by human 

intervention in actual practice, there is good reason to adopt 
a more simplistic approach that still allows quantitative com
parisons of various maintenance strategies. 

The AC and ST pavement patching and total maintenance 
requirements were tabulated according to roughness level 
(pavement condition) (see Table 6). Costs were estimated 
based on NRIP data (updated by means of CPI indexes), 
assuming average pavement widths of 6. 7 meters and pothole 
depths of 8 cm. The variation of maintenance needs across 
pavement conditions was estimated according to Montenegro 
and Sinha (8). 

PCC Pavement Maintenance 

This section presents estimates of routine maintenance re
quirements and costs for PCC pavement surfaces. The two 
most important PCC maintenance activities are slab replace
ment and joint and crack sealing. 

Based on NRIP, Volume II, (9) it was assumed that an 
average of 0.05 percent of the paved area is replaced each 
year. Based on NRIP, Volume II (9), and previous data (8) 
it was assumed that joints are sealed every 6 years and that 
15 m of cracks are filled every year. 

Table 7 presents the authors ' estimate of maintenance unit 
and total costs for PCC pavements. 

Gravel Road Maintenance 

Many of the roads under study are gravel surfaced. To eval
uate upgrading options, it is necessary to determine future 
maintenance requirements for these gravel roads without the 
project. Also, some sections of road were evaluated for im
provement to gravel standards only and, for these sections, 
it is necessary to know the future maintenance costs. These 
estimated costs are presented in Table 8. 

Tables 9 and 10 present summaries of the estimated finan
cial and economic routine maintenance costs by road type and 
condition. 

Periodic Maintenance 

Paved Roads 

One way of scheduling seal coats (pavement resealing) is by 
assigning a level of distress (e.g., percentage of pavement 
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TABLE 10 1990 Financial Routine Maintenance Costs (pesos/km-
yr) (8,9) 

~hOJ.ll~ !U:'.S 
Roughness in IRI m/km 

Shoulder 
Width <4 4-6 6-8 >8 

o . 5m P6600 P6600 P6600 P6600 
1 . 0m 13200 13200 13200 13200 
1 . 5m 19800 19800 19800 19800 
2 . 0m 26420 26420 2 6420 26420 
2 . 5m 33020 33020 33020 33020 
3. 0m 3962 0 3962 0 39620 39620 

f!;;!;; li!S1:!£ements 
Roughness in IRI m/km 

<4 4-6 6-8 >8 

15720 19310 33380 33380 

DBST/AC Pav ements 
Roughness in IRI m/km 

<4 4-6 6-8 >8 

14500 15490 18840 25820 

Gravel Roads 
Roughness in IRI m/km 

Roadway <4 4-6 6-8 >B 
Width 

bm 44170 44170 44170 44170 
4m 34280 34280 3 4280 34280 

E<!.t!;;b, BQSI~~ 
Roughness in IRI m/km 

Roadway <4 4-6 6-8 >8 
Width 

6m 44170 44170 44170 44170 
4m 34280 34280 34280 34280 

requiring patching) at which the seal is applied. In practice, 
few highway departments in developing countries undertake 
seal coating unless the amount of distress has reached critical 
levels (this often means that the pavement is beyond saving 
by application of a simple seal). For the purpose of this study, 
it was assumed that flexible pavements are seal coated every 
8 years. 

Pavement structures deteriorate and their roughness values 
increase over time. At certain critical points, it is appropriate 
to provide an AC overlay (11) to 

• Prolong the working life of a pavement by increasing the 
structural strength, and 

• Reduce the surface roughness, and in so doing, to in
crease the voe benefits derived from the road improvement. 

Although it is a universally recommended procedure, AC 
overlay is rarely carried out in developing countries, resulting 
in increased roughness for a given traffic loading, which means 
higher vehicle operating costs and additional capital expendi
tures (cost of reconstructing a pavement compared with the 
cost of an overlay). 

TABLE 11 1990 Periodic Maintenance Unit Costs 

Seal coat" 

Overlay• 

Re gravelling 
4-m road 
6-m road 

Economic Cost 

17.39 P/m2 

116,500 P/km 
2,236.61 P/m3 

1,498,530 P/km 
21.82 P/m2 

87,280 P/km 
130,920 P/km 
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Financial Cost 

21.82 P/m2 

146,200 P/km 
2,856.05 P/m3 

1,913,560 P/km 
29.60 P/m2 

118,410 P/km 
177,610 P/km 

NOTE: Unit costs are based on NRIP data updated by means of CPI 
indices. P = pesos. 
0 Assuming a 6.70-meter cross section. 
•Assuming a 6.70-meter cross section and a IO-centimeter overlay. 

Unpaved Roads 

It is assumed that gravel roads are regraveled every 4 years 
to replenish the gravel loss caused by traffic and weather. A 
replenishment thickness of 10 cm has been assumed. Table 
11 summarizes the unit periodic maintenance costs assumed 
in the RIF study. 

APPLICATION OF THE PRESENTED 
METHODOLOGY 

As suggested in the previous sections, the proposed meth
odology was applied successfully by the authors in the eval
uation of road construction and improvement projects in the 
Philippines (financed by the U.S. Agency for International 
Development). 

The proposed methodology provided a quick, technically 
sound and sensitive (to policy variables) way of assessing the 
pavement condition (roughness) and road maintenance needs 
necessary for the analysis of road feasibility projects. 

SUMMARY AND CONCLUSIONS 

The proposed guidelines provide a framework for the esti
mation of roadway condition and maintenance needs in the 
context of road feasibility studies . The guidelines , provided 
by means of a recent example in Southeast Asia , are simple 
and conceptually sound. One area of direct application is the 
economic analysis of internationally funded investment proj
ects in developing countries. 

This methodology gathered and adapted in the same frame
work the latest theories in the areas of pavement deterioration 
and road maintenance needs estimation from previously pub
lished material (3 ,6), as well as the authors' experience in the 
area . Its use in the Philippines proved to be highly successful, 
giving a useful tool for estimating necessary factors in the 
economic analysis of road feasibility projects. 
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Transportation and Economic 
Development of Coastal Areas in the 
Pacific Northwest 

EDWARD c. SULLIVAN 

The role of improved transportation infrastructure in the eco
nomic development of coastal areas in the U.S. Pacific Northwest 
was examined. A quantitative analysis that addressed how future 
economic development of this region could be stimulated by im
proved interregional transportation was undertaken. The re
search sought to understand the economic development potential 
of the various communities in the study area by identifying the 
types of businesses that appeared best suited to prosper in these 
locations. It then examined in detail the specific transportation 
and environmental needs of the selected target industries, while 
matching these needs to the infrastructure and quality of trans
portation services available. A "what-if" analysis was performed 
to explore whether proposed transportation infrastructure and 
service improvements would be justified in terms of their resulting 
direct user benefits and indirect economic benefits, the latter 
being addressed using input-output modeling. It was concluded 
that there are substantial economic benefits that would result 
from improved transportation. However, it is clear that the trans
portation system provides no magic for generating economic ben
efits in rural areas of a magnitude needed to offset the costs of 
a large-scale infrastructure improvement program. On the other 
hand, many selective infrastructure improvements and generally 
increased investment in the transportation system are clearly jus
tified economically. The study also concluded that increased 
spending on transportation infrastructure in rural areas is only a 
contributing element in permitting these areas to gain the benefits 
of a vigorous economy and an improved quality of life. 

This paper describes a study that examined the role of im
proved transportation infrastructure in the economic devel
opment of coastal areas of the U.S. Pacific Northwest. The 
study area extends from Mendocino County, north of San 
Francisco, to the Canadian border (Figure 1). The paper sum
marizes a quantitative analysis undertaken to address how 
future regional economic development could be stimulated 
by improved transportation infrastructure . The paper also 
reviews the major study conclusions and recommendations. 
The selected study area is widely perceived as transportation 
disadvantaged compared with nearby inland areas because it 
was bypassed by the interstate highway system and has poor 
or nonexistent rail service, limited or nonexistent air service, 
and declining intercity bus and domestic marine transporta
tion services. Historically, the local economies of the area 
have been based on resource extraction-principally timber 
and fishing. These economies recently have undergone con-

Institute of Transportation Studies, University of California, Berke
ley, Calif. 94720. Current affiliation: Department of Civil and En
vironmental Engineering, California Polytechnic State University, 
San Luis Obispo, Calif. 93407. 

siderable restructuring, because of both production changes 
in the traditional industries and changes in the character of 
the local work force and population. 

The communities of the study area are also being affected 
by broader social and economic trends that include the in
creasing importance of information processing and manage
ment technique as factors of production, increased leisure 
time and discretionary income, the increasingly footloose 
character of labor, increased networking among far-flung peer 
groups, emergence of a unified world economy, and accel
erating specialization in economic activities. 

The study sought to understand the economic development 
potential of the various communities in the study area by 
identifying the types of businesses that appeared best suited 
to prosper in these locations. It then examined in detail the 
specific transportation and environmental needs of the se
lected target industries, while matching these needs to the 
infrastructure and quality of transportation services available. 
A "what-if" analysis was performed to explore whether pro-

FIGURE 1 Coastal study area. 
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posed transportation infrastructure and service improvements 
are justified in terms of their resulting direct user benefits 
and indirect economic benefits. The indirect economic ben
efits were addressed by using input-output modeling to esti
mate the impact of transportation system improvements on 
local income and employment. 

The study concluded that there are substantial economic 
benefits, as well as other types of benefits, that would result 
from improved transportation. However, it is clear that the 
transportation system provides no magic wand for generating 
economic benefits in rural areas of a magnitude needed to 
offset the costs of large-scale infrastructure improvement pro
grams, such as an expanded interstate freeway system. On 
the other hand, many selective transportation infrastructure 
improvements clearly are economically justified. Unfortu
nately, such improvements are not being made at a sufficient 
rate to match growing needs because of prevailing financial 
constraints. 

The study also concluded that increased spending on trans
portation infrastructure in rural areas is only a contributing 
element to permit these areas to gain the advantages of a 
vigorous economy and an improved quality of life. In today's 
world , access to information, ability to participate in peer 
networks, exchange of new ideas, and increased specialization 
are the most important factors for economic success. In this 
regard, infrastructure improvement can play an important 
role in reducing the sense of remoteness that may discourage 
innovators and knowledge-sharers from participating in the 
development of rural areas. Whereas better infrastructure by 
itself can accomplish little, the role that transportation infra
structure can play in contributing to a balanced program of 
economic development in rural communities deserves careful 
attention. 

The remainder of the paper contains three sections. The 
first discusses in greater detail the overall study approach. 
The second describes how the effects of hypothesized highway 
system improvements were traced through to their possible 
economic consequences , measured by direct costs and user 
benefits, income, and jobs. The last section reviews the prin
cipal conclusions and recommendations. The full documen
tation of the study is found in a three-volume final report 
(1-3). 

OVERVIEW OF THE APPROACH 

The study work plan included the following tasks : 

1. Assemble information on past research dealing with re
lationships between transportation improvements and eco
nomic development. 

2. Characterize the current economic and transportation 
conditions within the study area. 

3. Attempt to understand the economic development po
tential of the various communities in the study area by iden
tifying the types of businesses that seem best suited to prosper 
in these locations. (This task was aided greatly by the avail
ability of previous target-industry studies performed by sev
eral state and local authorities.) Industry selection criteria 
from previous studies were reviewed, leading to the use of 
the following criteria by the study: 
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• The selected industry offers opportunities to use the 
skills of displaced timber industry workers . 
• The selected industry can be established in the area 
through logical expansion of the product lines of busi
nesses already in the area. 
• The selected industry is similar to industries already in 
the area, offering potential agglomeration economies. 
• The selected industry provides needed input that local 
businesses now import from outside the area. 
• The selected industry has some special environmental 
or location advantage, such as tourism and offshore min
ing. 
• The selected industry increases the value added in the 
production of goods for sale outside the area. 

These criteria led to the development of a "short list" of 
industry types, which formed the basis for the subsequent 
transportation needs analysis. 

4. Examine in detail the specific transportation and envi
ronmental needs of the selected target industries, and match 
those needs to the infrastructure and quality of transportation 
services available. 

5. Analyze the strengths and weaknesses of the existing 
transportation system serving the study area, considering per
tinent trends. Whereas all transportation modes were consid
ered , the study focused principally on highways (including 
trucking and intercity bus) and air. The analysis did not con
sider rail or coastal maritime transportation in depth , because 
of both limited resources and the fact that there are several 
recent, well-founded studies that dealt with these modes in 
considerable detail ( 4- 7) . 

6. Conduct a "what-if' style of analysis to explore whether 
alternative transportation infrastructure and service improve
ments appear justified in light of their associated benefits. 
Generally, the hypothesized transportation system improve
ments are similar to those considered in previous studies. 
However, this analysis tried to explore the frontiers of what 
could be achieved through better transportation, while at
tempting to hold capital expenditures to a feasible level. Con
sequently, many of the infrastructure alternatives are selective 
spot improvements, implemented on a widespread basis to 
eliminate delays and other traffic conflicts evident in the ex
isting system. 

7. Complete the evaluation of alternatives by estimating 
the full economic consequences of the hypothesized trans
portation improvements. This step used conventional engi
neering economic analysis to estimate on-system costs and 
benefits and simple input-output modeling to estimate the 
indirect impact on the local economies and to calculate the 
associated multipliers. 

The last two tasks are discussed in greater detail in the sections 
that follow. 

ANALYSIS OF THE ECONOMIC EFFECTS OF AN 
IMPROVED HIGHWAY SYSTEM 

This section describes the analysis of numerous alternative 
highway improvements to serve the coastal study area. The 
consequences of these alternatives are addressed from the 
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perspectives of direct transportation costs and user benefits 
and indirect benefits to the local economies. 

Alternatives 

The alternatives that were considered are not all practical 
proposals to be implemented in the near future . Rather, they 
are idealized improvements, devised to explore the bounda
ries of what could be accomplished if financial and political 
constraints on transportation improvements were relaxed. There 
is no way that such an ambitious package of improvements 
could be implemented under today's funding mechanisms. 
Also, the physical characteristics and effects of the alterna
tives are quite crudely specified. More in-depth feasibility 
analysis would be needed before reaching the "go" or "no
go" decisions for any of these proposals or portions thereof. 

The transportation alternatives considered in this study are 
mostly spot improvements to two-lane sections of U.S. High
way 101 and all east-west highways between U.S. 101 and 
Interstate 5 throughout Oregon, Washington, and Northern 
California. These improvements are sufficient to provide Level 
of Service (LOS) B for projected 1990 traffic. Where nec
essary to achieve LOS B, some sections of U.S. 101 and some 
east-west highways are proposed for upgrading to four lanes, 
and U.S. 101 in California is shown as upgraded to a full 
freeway, as per current state plans. Finally, two new highways 
were evaluated: a new east-west highway to Gold Beach, 
Oreg., and a new north-south coastal link through the 
Quinault Indian Reservation, Wash. 

It should be noted that these transportation alternatives do 
not address long-range opportunities for sweeping technolog
ical changes that could substantially change levels of acces
sibility to the coastal communities, as well as elsewhere in the 
nation. For example, if highways were automated and elec
trified employing fusion power, safe vehicle operation at speeds 
far greater than 55 mph could be achieved along selected 
access-controlled corridors. However, such possibilities, al
though important, were beyond the scope of the investigation. 

Estimation of Direct User Benefits 

Crude estimates were made of the travel time and accessibility 
consequences of the hypothesized improvements. It was as
sumed that the improvements would raise most average travel 
speeds from current levels, between 40 and 50 mph, to a 
uniform 55 mph. Target speeds were taken as 50 mph through 
areas with extensive roadside activities. 

The fundamental conclusion from the accessibility analysis 
is that the effects of the improvements are in most locations 
not very dramatic. Table 1 summarizes the travel time changes 
between all coastal counties in California, Oregon, and Wash
ington and the nearby major metropolitan areas. As can be 
seen, most relative improvements are less than 10 percent, 
and over half are less than 5 percent. The biggest improve
ments are in the two northernmost California counties, Hum
boldt and Del Norte, where travel times to San Francisco and 
the Central Valley improve 14 to 18 percent. 

Although not very dramatic in percentage terms, because 
of the long trip lengths involved, the time savings in Table 1 
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constitute a significant direct benefit to the traveling public. 
This benefit is quantified in Table 2. However, this does not 
alter the fundamental fact that the coastal communities will 
continue to be physically remote from major metropolitan 
markets even after substantial improvements in the regional 
highway infrastructure. 

Table 2 presents the full direct and indirect costs and ben
efits estimated for the highway improvements described above, 
grouped by highway and geographic area . The direct costs 
are crude construction cost estimates. User benefits include 
time savings, at $10 per vehicle-hour, and accident savings, 
using Caltrans 1987 average value of $28,500 per rural acci
dent avoided , all discounted at 10 percent over a 20-year 
period (8). User benefits for new construction also include 
vehicle operating cost savings from the next best alternative 
route, minus annual facility maintenance costs (counted as a 
negative user benefit for convenience). Vehicle operating costs 
are not included as benefits on existing highways since the 
hypothesized improvements would not reduce travel distances 
significantly, and any operating benefits from reduced delays 
would be offset largely by increased operating costs from 
higher speeds. The analysis leading to Table 2 involves many 
additional assumptions and simplifications, too involved to 
address here; these are fully documented in the study final 
report. 

Although Table 2 is complex, it provides one fairly simple 
conclusion. For a substantial portion of the hypothesized high
way improvements-about half of the total mileage consid
ered-selective upgrading is economically justified on the 
basis of direct highway user benefits alone. That is , expected 
safety benefits combined with estimated travel time savings 
are sufficient, over a 20-year period, to offset the capital costs 
of facility upgrading. This is especially true for low-cost spot 
improvements to mitigate inadequate geometry and improve 
passing opportunities, but it also applies to some upgrades 
from two lanes to four lanes, and for one case of new highway 
construction (the Quinault Tribal Highway in Washington). 

In some cases in which the direct user benefits do not cover 
the costs, the shortfalls are made up through indirect benefits 
to the local economies. 

Estimation of Indirect Benefits to the Local Economies 

There are two categories of economic impacts of transpor
tation projects on the affected communities. The first is the 
short-term consequences of the capital investments them
selves, in the form of employment on construction activities 
and the streams of expenditures for needed materials, sup
plies, and equipment. (Because of the mobility of construction 
companies and labor, only a portion of this effect is felt lo
cally.) The second is the permanent improvement to the local 
economy in the sense that improved transportation reduces 
some costs of doing business and increases access to cus
tomers, thereby increasing local competitiveness and raising 
the overall amount of economic activity, income, and jobs. 

In this study, the full effects of both categories of effects 
were traced through the economy of each of six county group
ings by means of a simple 30-industry input-output model. To 
drive the input-output model, it first was necessary to make 
estimates of the immediate (or "first-round") expansion in 
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TABLE I Travel Time Savings from Highway Infrastructure Improvements 

Principal Market Area 
San Francisco Area No. Sacramento Valley Eugene Portland Seattle-Tacoma 

County 
of 

Production 

Current New 
Trip Trip 
Time Time 

(min.) (min.) 
% 

Gain 

Current New 
Trip Trip 
Time Time % 

(min.) (min.) Gain 

Current New 
Trip Trip 
Time Time 

(min.) (min.) 
% 

Gain 

Current 
Trip 
Time 

(min.) 

New 
Trip 
Time 

<min.) 
% 

Gain 

Current 
Trip 
Time 

(min.) 

New 
Trip 
Time 

(min.) 
% 

Gain 

Mendocino 215 
0 

Hl.mboldt 400 
0 

Del Norte 48D 
0 

Curry 570 
0 

Coos 595 
0 

West Douglas 600 
0 

West Lane 620 
0 

Lincoln 
0 

Tillamook 
0 

Clatsup 
0 

Wahkiakum 
0 

Pacific 
0 

Grays Harbor 
0 

West Jefferson 
0 

Cl al lam 

195 
0 

330 
0 

410 
0 

480 
0 

560 
0 

590 
0 

610 

0 

0 

0 

0 

0 

0 

0 

9% 

0% 
18% 

0% 
15% 

0% 
16% 

0% 
6% 
0% 
2% 
0% 
2% 
0% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

205 
0 

370 
0 

430 
0 

520 
0 

505 
0 

510 
0 

530 
0 

591 
0 

0 

0 

0 

0 

0 

0 

195 
0 

310 
0 

370 
0 

440 
0 

505 
0 

500 
0 

530 
0 

581 
0 

0 

0 

0 

0 

0 

0 

5% 
0% 

16% 
0% 

14% 
0% 

15% 
0% 
0% 
0% 
2% 
0% 
0% 
0% 
2% 
0% 

0% 

0% 

0% 

0% 

0% 

0% 

each local economy stimulated by the transportation improve
ments . This is a difficult undertaking. 

In theory, for a particular basic industry, it should be pos
sible to relate transportation improvements to reductions in 
the costs of doing business and then trace those reductions 
through to their significance for local industry competitive
ness, market share, and growth in output. Unfortunately, at 
least for this study area, it seems the real world does not 
subscribe to this theory. A cross-sectional investigation of 
freight transportation rates in the region showed that, for most 
target industries, freight rates are not affected significantly 
by highway infrastructure quality. This is because rates are 
largely distance and market based, rather than cost based. 
Oversupply and competition for back-hauls keep actual rural 
trucking charges lower than would appear justified by the 
costs of providing these services. Also, although travel times 
and reliability obviously improve with better highways, the 
dominant service parameters of frequency and flexibility are 
determined largely by market factors, rather than by the qual
ity of transportation infrastructure. 

Despite the tenuous link between transportation infrastruc
ture and economic growth when considered at one point in 

530 520 
0 0 

400 390 
0 0 

300 300 
0 0 

275 250 
0 0 

190 170 
0 0 

150 140 
0 0 

130 120 
0 0 

191 185 
0 0 

261 254 
0 0 

300 285 
0 0 

290 290 
0 0 

320 320 
0 0 

380 340 
0 0 

450 440 
0 0 

500 490 

2% 
0% 
3% 
0% 
0% 
0% 
9% 

0% 
11% 

0% 
7% 
0% 
8% 
0% 
3% 
0% 
3% 
0% 
5% 
0% 
0% 
0% 
0% 
0% 

10% 
0% 
2% 
0% 
2% 

0 0 
540 520 

0 0 
430 430 

0 0 
405 385 

0 0 
320 310 

0 0 
290 280 

0 0 
250 250 

0 0 
201 182 

0 0 
162 155 

0 0 
160 155 

0 0 
160 160 

0 0 
190 180 

0 0 
251 244 

0 0 
320 300 

0 0 
370 360 

0% 
4% 
0% 
0% 
0% 
5% 
0% 
3% 
0% 
3% 
0% 
0% 
0% 

10% 
0% 
4% 
0% 
3% 
0% 
0% 
0% 
5% 
0% 
3% 
0% 
6% 
0% 
3% 

0 0 

0 0 
620 620 

0 0 
593 573 

0 0 
508 490 

0 0 
470 460 

0 0 
435 430 

0 0 
388 372 

0 0 
332 323 

0 0 
288 270 

0 0 
230 225 

0 0 
195 190 

0 0 
192 180 

0 0 
255 235 

0 0 
265 250 

0% 

0% 

0% 
3% 
ox 
3% 
0% 
2% 
0% 
1X 

0% 
4% 
0% 
3% 
0% 
6% 
0% 
2% 
0% 
3% 
0% 
6% 
0% 
8% 
0% 
6X 

time, some empirical evidence suggests that, over time, there 
are connections between improved transportation infrastruc
ture and increased local economic activity (9-11). So, what 
is to be done? 

This study adopted and elasticity-based method to estimate 
the immediate (first-round) permanent economic effects of 
transportation improvements. The analysis was highly judg
mental; however, the judgments in all cases were based on 
transparent assumptions and were constrained by the findings 
of the transportation alternatives analysis and by empirical 
results from other locations. 

In the case of target industries in the manufacturing sector, 
the estimation method was as follows: 

1. For each coastal county, determine the improvement in 
accessibility (travel time) resulting from the hypothesized 
transportation improvements. 

2. In light of the transportation needs of particular target 
industries, categorize each industry as highly sensitive, mod
erately sensitive, or fairly insensitive to the accessibility im
provement. This characterization was based in part on the 
results of a survey of local industries and in part on the re-



TABLE 2 Benefit-Cost Summary for Highway Infrastructure Improvement Alternatives 

Route 

Length 

of Hgwy. 

UP11rode 

Cmf. > 
Upgrade 

Type 

Total 

Upgrade 

Capital 

CostC1) 

cs mill.> 

NORTHERN CALI FORNI A COASTAL COJNTIES 

CA 101 99 Freeway (4) $599.0 

CA 299 85 Major inp. $63.8 

42 Major inp. 

CALIFORNIA STATE TOTALS 

SOJTHERN OREGON COASTAL COJNTIES 

$125.7 

$788.5 

OR 101 44 4-lanes $55.0 

(5) 8 4-lanes $40.0 

55 Major inp. S41.3 

38 Major inp. S114.8 

110 Minor inp. S27.5 

50 Minor inp. S50.0 

OR GB 
(6) 

45 New 2- lanes 

30 New 2- lanes 

OR 42 19 Major inp. 

42 Minor inp. 

SOJTHERN OREGON SUBTOTALS 

CENTRAL OREGON COASTAL COUNT I ES 

OR 38 40 Major inp. 

OR 126 

OR 20 

14 Minor inp. 

6 4-lanes 

33 Major inp. 

14 Minor iq>. 

6 4-lanes 

15 Major inp. 

33 Major inp. 

OR 18 19 4- lanes 

21 Major inp. 

CENTRAL OREGON SUBTOTALS 

NORTHERN OREGON COASTAL COUNTIES 

$360.0 

$60.0 

S14.3 

$10.5 

$554.3 

$30.0 

$3.5 

$7.5 

S24.8 

$3.5 

$7.5 

S45.0 

S24.8 

$23.8 

$15.8 

$295.5 

Total 

User 
Benef i t(2) Total 

(20 yr./10X) Sales 

CS mill.) CS mill.) 

$288.5 

S52. 7 

S17.7 

$358.9 $143.9 

$134.3 

S29.8 

S41.3 

$32.5 

$93.4 

S19 .8 

$76 .8 

$55.4 

$8.8 

S16.5 

$274.6 $101.6 

$27.9 

$4.4 

S10.2 

S23.5 

$8 . 0 

$10.7 

$16.7 

S15.5 

$30.1 

$29 . 1 

$293.0 $53.8 

OR 6 10 Major inp. S7.5 $6.6 

41 Major inp. $123.0 S29.3 

OR 26 

OR 30 

19 Major inp. 

27 Major inp. 

8 Minor iq:>. 
4 4-lanes 

7 Major inp. 

27 Major inp. 

6 Minor inp. 

NORTHERN OREGON SUBTOTAL 

OREGON STATE TOTALS 

$57.0 

S20.3 

$2.0 

$5.0 

$21.0 

$20.3 

S1.5 

$367.0 

$1,216.8 

SOJTHERN WASHINGTON COASTAL COUNTIES 

S9.0 

S21.8 

SB.6 

$7.9 

$20.2 

S35 .8 

$5 .5 

$261. 7 $62.4 

$829 . 3 S217.8 

WA 101 14 4-lanes $17.3 S54.5 

WA 4 

WA 6 

WA 109 

123 Major inp. 

125 Minor inp. 

11 Major inp. 

11 Major inp. 

29 Minor inp. 

9 Major inp. 

42 Minor inp. 

14 New 2-lanes 

14 Major inp. 

13 Minor inp. 

7 Minor iq>. 

SOJTHERN WASHINGTON SUBTOTALS 

$92.3 

S31 .3 

S33.0 

S8.3 

$7.3 

$6.8 

$10.5 

$28.0 

$10.5 

$13.0 

$1.8 

$212.8 

$101.3 

$37.0 

$7.7 

S4.8 

S5.0 

S5.2 

$9.3 

$60.0 

$6.8 

$9. 0 

S1.7 

S238.5 S37.8 

Local Economic Impact 
of Capital Spending 

(1st Five Years Only) 

Total Total 

Jobs Income 

C thous. ) CS mill.) 

2,046 

1, 723 

901 

1, 130 

3,754 

560 

$21.3 

$14.3 

$7.4 

$8.4 

$30.1 

S5.2 

Total 

Taxes 

cs mill.) 

$3.6 

$2.0 

$1.0 

$1.2 

S4.2 

S0.6 

Total 

Sales 

cs mill.) 

$187.3 

$43.3 

S33.5 

$18 . 2 

$95.0 

$33.5 

Other Loe a L Increases 

in Economic Activity 
(After Five Years) 

Total 

Local 

Economic 
Total 

Jobs 

(thous.) 

4,286 

1,019 

952 

341 

2,312 

675 

Total Total Benefit(3) 

Income Taxes (20 yr./10X) 

CS mfll.) ($mill.)($ mill.) 

$60.2 

$13.6 

$10.9 

S4.4 

$28.9 

$9.4 

$7.7 $364.9 

S1.6 S118.6 

$1.3 $79.3 

S0 . 5 S52.9 

$3.4 $250.8 

S0.9 $64.0 

(continued on next page) 
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TABLE 2 (co11li11ued) 

NORTHERN WASHINGTON COASTAL COUNTIES (7) 

WA 104 19 4-lenes $23.8 $29.0 

5 Hejor iq>. $3.8 $3.8 

NORTHERN WASHINGTON SUBTOTALS $74.4 $97.3 S12.7 193 $1. 7 $0.2 $18.5 388 $5.1 $0.5 $30.3 
WASHINGTON STATE TOTALS S287 .3 $335.9 $50.5 753 $6.9 S0.8 $52.0 1,063 $14.5 $1.4 $94.2 

GRAND TOTALS FOR 3·STATE AREA $2,292.5 $1 ,524.0 $412.2 6,553 $58.3 $8.6 $334.3 7,661 $103.5 $12.5 $709.9 

* The six county groups are the following: 

Northern California: Mendocino, Humboldt, and Del Norte 
Southern Oregon: Curry and Coos 
Central Oregon: The western portions of Douglas and Lane, plus 

Lincoln 
Northern Oregon: Tillamook and Clatsop 
Southern Washington: Wahkiakum, Pacific, and Grays Harbor 
Northern Washington: The western portion of Jefferson, plus 

Clallam 

Notes: 
1. All estimates are in 1986 dollars. 
2. User benefits include annual travel time savings and accident 

reduction benefits for twenty years discounted at 10%. For new 
highways, the benefits include vehicle operating costs and 
added road maintenance costs (as a negative user benefit). 

3. Total local economic benefits are the sum of the annual 
increases in local income from capital spending for the first 
five years plus the additional income from increased permanent 
economic activity for years 6 through 20, discounted at 10%. 

4. Includes the remaining rural non-freeway gaps not already 
programmed for improvement (except the proposed Eureka and 
Crescent City freeways). 

5. The costs and benefits for Hwy. 101 in Or. are split equally 
among the three county groups in the state. In wa., the costs 
are split 2/3-1/3 between the southern and northern groups. 

6. Proposed new state highway between Gold Beach and Grants Pass. 
7. Cost-benefit analyses of a new Puget Sound crossing and 

widening the Hood Canal Bridge were beyond the scope of this 
study. 

ported shares of transportation in each industry's cost struc
ture, from census data (12) . 

3. On the premise that. in the long run, transportation costs 
should track changes in accessibility, use the percentage change 
in accessibility to estimate the extent to which each industry 
should increase its future consumption of transportation and, 
hence, future output and employment. Based on past expe
rience with transportation cost and time elasticities, it seemed 
reasonable to assume that highly transportation-sensitive in
dustries would have elasticities (Y) of about -1.0, that 
transportation-insensitive industries would have Y = -0.15, 
and that moderately transportation-sensitive industries would 
have Y = -0.5. 

Besides numerous empirical studies that give remarkably 
consistent values for transportation elasticities, in the range 
suggested here, these assumptions are consistent with the find
ings of a recent interregional input-output modeling study for 
a Midwest navigation project. This project found an elasticity 
between transportation costs and economic output on the 
order of - 0.5 (13). 

Table 3 shows how this approach is applied in the case of 
a particular California county. The percentage travel time 
improvements from Table 1 are weighted by the expected 
destination market shares for each group of similar industries, 
and a weighted average accessibility increase is determined. 
The accessibility increase and the transportation elasticity for 
each target industry group are multiplied together to develop 
an industry group growth index. The growth indexes are then 
averaged in proportion to each industry group's weight for 
the county to produce an overall estimate of the percent em
ployment increase in the particular manufacturing sector (du
rable or nondurable goods). The sector employment increases 

are then distributed back to the groups of target industries in 
proportion to the products of their growth indexes and "in
dustry weights." The industry weight that reflects each in
dustry group's importance to the local economy is the product 
of the industry size, measured by 1984 employment, and the 
proportion of county manufacturing growth expected to come 
from each industry group, determined by judgment on the 
basis of target industry considerations. 

An important point about this approach is that all growth 
stimulated by transportation improvements is confined to the 
target manufacturing industries identified for the study area. 
This point probably understates the impact somewhat. This 
was done for convenience and with the understanding that 
the objective is not really prediction but rather to provide a 
systematic accounting of the consequences of reasonable as
sumptions. Because the economic growth that actually occurs 
will be shaped mostly by nontransportation factors, this sim
plification seemed appropriate. 

The overall results of the analysis showed immediate em
ployment increases in the manufacturing sectors varying from 
about 1 percent in counties near the Columbia River to around 
6 percent in Northern California, where transportation im
provements have the greatest relative impact. Through the 
three-state area, about 1,400 new manufacturing jobs would 
be created, with over 1,000 in the durable manufacturing 
sector. This growth is because the counties that enjoy the 
greatest accessibility increases happen to be those in which 
durable manufacturing is dominant. The industries showing 
the greatest immediate employment increases are manufac
turers of small metal and mineral products, furniture and 
fixtures, and packaged food products. 

A similar approach was taken in the case of increases in 
trade and services related to tourism and activities related to 
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TABLE 3 Sample Estimation of First-Round Employment Increases in the 
Manufacturing Sectors 

SIC Codes 

3299 

3441 3499 

2541 3533 3544 

2599 3535 3549 3732 394 

Re lat ive Ind . Si"tc .7 1.6 1.9 .7 .4 

HUMBOLDT, CA 

X Access. Increase 14.5 18.0 18.0 12.2 12.2 

Elasticity 1 .15 .5 .15 .5 

Ind. Growth Index 14.5 2.7 9 1.832 6.105 

Industry Weight .13 .31 .39 .15 

1986 Employment 

% Empl. Increase 

Empl. Increase 90 39 162 13 

retirement communities. Both of these industries are 
transportation sensitive, and new output directly stimulated 
by improved accessibility was therefore assumed to have an 
elasticity of Y = -1.0. Since the outputs in retail trade and 
services related to tourism and retirees are impossible to dis
tinguish in the available data from outputs consumed by other 
local residents, it was assumed that 100 percent of the outputs 
of hotels, motels, eating and drinking establishments, and 
recreational services are related to tourism, and that 50 per
cent of the outputs in health services and membership orga
nizations are related to retirees. Although these assumptions 
probably overestimate the effects involved, this overestima
tion is balanced by not considering the effects of tourism and 
retirees in other sectors and in other retail trade and service 
industries (e.g., purchases at stores and gas stations). The 
results of the analysis for retail trade and services show im
mediate employment increases varying between 1 percent and 
7 percent, with a similar geographic pattern as manufacturing. 
Through the three-state area, the estimate is that about 3,800 
new retail and service jobs would be created. 

Since the permanent employment increases described above 
are seen as occurring as the result of transportation infra
structure improvements, the analysis assumed a lag of 5 years 
before any such increases would be realized. Thus, the as
sociated benefits occur only in years 6 through 20 of the anal
ysis period. 

In addition to the immediate employment increases in the 
manufacturing, retail, and service sectors, there are also the 
short- term employment increases caused by the highway con
struction itself. It was assumed that 33 percent of the con
struction labor for these projects would come from the local 
area and that these effects would occur only during the first 
5 years of the analysis period. Also, a share of the direct 
expenditures on highway capital improvements enters each 
local economy in the form of local expenditures on materials, 
supplies, and related items. Construction expenditures were 
assumed to be 43 percent on structures (bridges, retaining 
walls, etc.), 36 percent on paving, and 21 percent on earth 
moving, as assumed by the Federal Highway Administration 
in developing its national highway construction cost index 
(14). 

.09 

25 

SIC Codes 

ALL ALL 

DURABLE 2022 2091 2851 NON-DUR. 

MANUF. 2032 2092 275 3079 MANUF. 

2.6 2.6 2.9 .6 

18.0 14.5 18.0 18.0 

.5 .5 .15 1 

9 7.25 2.7 18 

.65 .65 .72 .15 

4,983 1,592 

6.6 7.0 

329 43 35 14 20 112 

All of the above immediate (first-round) effects of trans
portation infrastructure improvements were used as input to 
the input-output model, customized for each of the six groups 
of counties within the coastal study area. The particular soft
ware used is the Port Economic Impact Kit (PORTKIT), 
developed for the U.S. Maritime Administration. A detailed 
description of input-output models in general and the PORT
KIT model in particular are available in the associated report 
(15). The full economic effects shown in Table 2 incorporate 
the effects of the local area economic multipliers, which ac
count for the second, third, and subsequent rounds of growth 
stimulated by the transportation infrastructure improvements. 
As expected, the multipliers derived for the six county group
ings are small compared with those of most input-output stud
ies, because the small size and relative homogeneity of these 
economies result in considerable income leakage outside the 
local areas. All of the multipliers are less than 2.0 and most 
fall between 1.0 and 1.5. 

CONCLUSIONS AND RECOMMENDATIONS 

The following are selected conclusions and recommendations 
reached by this study. Each is discussed in more detail in the 
study's final report. 

1. The greatest potential for growth among the basic in
dustries of the coastal study area lies in presently existing 
small enterprises and new small businesses started either by 
current residents or by persons who will move into the region. 
Adequate transportation is an important, but not a control
ling, factor in fulfilling this potential. On the other hand, 
improved transportation is one of the few points of leverage 
in local economic development that is controlled primarily by 
state and federal authorities outside the communities directly 
affected. 

2. A fundamental business problem in the study area
remoteness to large markets-will not be eliminated in the 
foreseeable future by new highway infrastructure. Fortu
nately, many basic industries can prosper in the coastal com
munities, despite their remoteness to major markets, pro-
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vided that necessary conditions exist. Among these is access 
to good-quality air transportation. 

3. Transportation infrastructure improvements can provide 
large user benefits and significant economic development ben
efits, although the magnitude of these benefits is not large 
enough to justify massive rural transportation infrastructure 
development on the scale of interstate freeway extensions. 

4. Aggressive local and state efforts are needed to help 
build a national coalition for national post-interstate highway 
and bridge infrastructure programs, as well as for comple
mentary state infrastructure programs with the flexibility to 
address variable local needs and with a greater commitment 
of resources than is available in current highway programs. 
It is important for rural political leaders to play an aggressive 
role to ensure that rural infrastructure receives an adequate 
share of future funding. 

5. Transportation agencies should devote more attention 
and resources to the need to compete for public resources 
and support, and they should assemble personnel skills and 
an organization reflecting market-oriented rather than tra
ditional engineering-oriented strategies. In other words, 
transportation agencies should learn to sell more effectively 
the benefits of their products. 

6. The potential for dramatic technological change in the 
interregional transportation system is important to consider 
in addressing the nation's long-term transportation goals. 

7. Finally, there is a critical need for additional basic re
search, to develop a better quantitative understanding of the 
relationship between transportation improvements and rural 
economic development. 
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Effects of Elevated Heavy-Rail Transit 
Stations on House Prices with Respect to 
Neighborhood Income 

ARTHUR C. NELSON 

There is debate surrounding the effect on the value of single
family homes of elevated heavy-rail transit stations in residential 
neighborhoods. Some contend that effects are adverse because 
transit stations impose noise, traffic, and other nuisances on 
neighborhoods , which reduces house values closer to these sta
tions. Others contend that stations improve accessibility of neigh
borhood residents to commercial activity centers, which results 
in increased house values closer to elevated transit stations. Both 
positive and negative influences can be present. One hypothesis 
is that transit stations will have a positive effect on the values of 
homes in lower-income neighborhoods because the benefits of 
transit station accessibility more than offset any nuisances. On 
the other hand, transit stations may have a negative effect on 
values of homes in high-income neighborhoods because the nui
sances of transit stations more than offset the benefits. Based on 
a study in Atlanta, Georgia, it is shown that elevated transit 
stations have positive price effects on homes in lower income 
neighborhoods and negative price effects on homes in higher 
income neighborhoods. Qualifications and policy implications are 
offered. 

ELEVATED TRANSIT STATION EFFECTS ON 
HOUSE VALUES 

Transit stations improve the accessibility of households to the 
central business district and other modes of urban activity. 
At first glance, single-family homes should be valued higher 
the closer they are to transit stations (1-8) . Alternatively, 
where transit stations are above ground or elevated they can 
be associated with nuisances such as noise and increased pe
destrian and automobile traffic near the station. Single-family 
house values can fall the closer they are to transit stations (9-
12). Burkhardt (13) and Dornbusch (14) report that residen
tial properties near San Francisco Bay Area Rapid Transit 
(BART) stations suffered value decreases because of nui
sances. Baldassare et al. (15) report opinion survey research 
showing that where transit stations are elevated above resi
dential areas there is reduced preference for living near those 
stations. 

According to Li and Brown (16), both views may be correct. 
Some kinds of land use activities can generate both positive 
and negative price effects on single-family houses . Only if one 
influence is greater than another would the observed effect 
be positive or negative. Where the benefit effects of acces
sibility offset the nuisance effects, the observed price effects 
will be positive, but the slope will be dampened by underlying 

City Planning Program, Georgia Institute of Technology, Atlanta, 
Ga. 30332-0155 . 

nuisance effects. Where the nuisance effects of accessibility 
offset the benefit effects, the observed price effect will be 
negative, but the slope will be dampened by underlying ben
efit effects. 

Lower income households may value differently than higher 
income households the accessibility to elevated transit sta
tions. Lower income households use public and rapid-rail transit 
systems more than higher income households (17). However, 
there is no empirical analysis of differential price effects of 
elevated transit station accessibility on single-family homes 
with respect to neighborhood income levels . This article helps 
close this gap in research . 

STUDY AREA 

To test the theory, there must be a study area in which the 
same transit station(s) can be evaluated for their price effects 
on the value of single-family homes in both lower and higher 
income neighborhoods. The study can further benefit from 
transit station planning and design that aims to minimize any 
adverse effects attributable to noise, traffic, lighting, safety, 
and general aesthetics or appearance. The conditions are met 
in one area of the Atlanta, Georgia, area: a portion of the 
"East Line" of the heavy-rail system run by the Metropolitan 
Atlanta Rapid Transit Authority (MARTA) (18,19) . 

The study area measures approximately 2. 7 mi east to west 
by 1.7 mi north to south. Major highways define the area. 
The entire study area is within DeKalb County. The study 
area is further divided into "north" and "south" subareas 
divided by the MARTA track. The north subarea is predom
inantly white, middle class , with affluent sections. The south 
subarea is predominantly black, lower middle class, with low
income sections. The study area is the largest contiguous seg
ment of the MARTA rail system accessing single-family res
idential neighborhoods with elevated transit stations. Three 
elevated stations serve this area. Those stations were con
structed and opened in the late 1970s. The study area is also 
reasonably homogeneous in terms of housing stock age and 
household socioeconomic characteristics aside from various 
income levels observed along both sides of the tracks. This 
allows for relatively uncomplicated analysis of station 
influences . 

Tables 1 through 3 illustrate north and south neighborhood 
socioeconomic, housing, and transit ridership characteristics. 
Table 1 shows that less than 10 percent of the population 
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TABLE I DeKalb County East Line Population and Household Profile 

Percent 
Side of 1980 1980 Black Percent Black in 

Tract MARTA Pop. Households Pop. Black Study Area 

202 North 2,024 1,150 66 3.26% 0.66% 
203 North 3,022 1,380 552 18.27% 5.50% 
204 North 2,268 1,163 303 13. 36% 3.02% 
Summary 7,314 3,693 921 12.59% 9.18% 

205 South 4,485 1,515 4,407 98.26% 43.90% 
206 South 1,509 539 1,500 99.40% 14.94% 
207 South 3,243 1,023 3,210 98.98% 31.98% 
Summary 9,237 3,077 9,117 98.70% 90.82% 

Source' 1980 Detailed ~opulation and Housing Census, Metropolitan 
Atlanta, Georgia, US Bureau of the Census. 

TABLE 2 DeKalb County East Line House Value and Tenure Profile 

Median Percent 
Mean Occupied Units 

Side of Family Unit Owner Renter Total Owner 
Tract MARTA Income Value Occupied Occupied Units Occupied 

202 North $33,380 $77,500 335 809 1,144 29.28% 
203 North $20,150 $42,900 846 576 1,422 59.49% 
204 North $14,912 $36,800 402 763 1,165 34.51% 
Summary $22,620 $48,673 1,583 2,148 3,731 42.43% 

205 South $12,569 $17,700 665 843 1,508 44.10% 
206 South $13,347 $16,800 176 362 538 32.71% 
207 South $11, 452 $18,600 406 618 1,024 39.65% 
Summary $12,334 $17,866 1,247 1,823 3,070 40.62% 

Source: 1980 Detailed Population and Housing Census, Metropolitan 
Atlanta, Georgia, US Bureau of the Census. 

north of the MART A tracks is black, whereas less than 10 
percent of the population on the south side is white. Table 2 
shows that although house values on the north side of the 
tracks are more than twice those on the south side, owner 
occupancy rates are similar. Table 3 shows that both sides of 
the tracks contribute equally to transit ridership, although 
slightly more members of the labor force residing in the south 
use public transit to commute to work. 

MODEL AND VARIABLE SPECIFICATION 

The study methodology involved collecting sales of single
family homes recorded by the DeKalb County tax assessor 
during 1986. The universe is composed of 286 arms-length 

sales of single-family homes with 170 in the north subarea 
and 116 in the south subarea. The empirical model used is 

where 

p1 market price of a transacted home (i); 
e1 vector of extraneous variables U) affecting each 

transacted home (i); 
TS1 value of distance of each transacted home (i) from 

a neighborhood transit station in 100-ft units; and 
w = the stochastic disturbance. 

The study evaluates the variation in detached single-family 
residential property prices with respect to transit station dis
tance. Other variables are considered part of the ei term, 
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TABLE 3 DeKalb County East Line Transit Use Profile 

Percent Percent 
Transit Transit 
Commuters Commuters 

Side of Labor Transit To Labor In Study Area 
Tract MARTA Force Commuters Force By Tract 

202 North 1,249 242 19.38% 16. 61% 
203 North 1, 626 266 16.36% 18.26% 
204 North 1,290 214 16.59% 14.69% 
Summary 4,165 722 17.33% 49.55% 

205 South 1,582 339 21.43% 23.27% 
206 South 483 113 23.40% 7.76% 
207 South 1,127 283 25 .11% 19.42% 
Summary 3,192 735 23.03% 50.45% 

Source~ 1980 Detail.ed Population and Housing Census, Metropolitan 
Atlanta, Georgia, US Bureau of the Census. 

including 

• Square footage of both house and lot; 
•Number of bathrooms and the number of stories; 
•Presence of basement and foundation, the number of 

fireplaces, whether the house was situated on a corner lot, 
the presence of central air conditioning, whether the house 
was adjacent to a park, and the location inside the city of 
Decatur; and 

• Household income and minority percent status at the cen
sus tract level based on the 1980 Census of Population and 
Housing. 

House and lot size are used as controls. A positive asso
ciation is expected. 

Distance to the nearest MART A station is measured in 
100-ft units. The nonlinear term for station distance is com
puted as the square of distance. The quadratic specification 
allows one to detect convex or concave relationships. For the 
south subarea, the functional relationship between transit sta
tion proximity and sales price is hypothesized to be concave; 
the first-order sign will be negative and the second-order sign 
will be positive. For the north subarea, the functional rela
tionship is hypothesized to be convex; the first-order sign will 
be positive and the second-order sign will be negative. 

Distance to the central business district is typically included 
in housing price equations as a measure of relative locational 
advantage (16). A variable of the distance to the central busi
ness district is not included here because the entire study area 
lies approximately 3 to 5 mi from downtown Atlanta, making 
differences between sites small and because the travel time 
between stations is only 2 to 4 min. 

Being adjacent to a park in this study area will be negatively 
associated with house value. The few parks in this area are 
large urban parks attracting thousands of users during sunny 
days. Parking, litter, loitering, and other nuisances affect 
adjacent homes. 

Various house attributes will have a positive association 
with house values, including the presence of basement and 
foundation, the number of fireplaces, whether the house was 
situated on a corner lot, and the presence of central air 
conditioning. 

Income is associated with minority status. In the study area, 
the higher the median household income of a census block 
group the lower the percent of households classified as mi
nority by the census for 1980. In the south subarea, census 
block group incomes ranged from a low of about $9,400 with 
nearly 100 percent minority households to a high of about 
$14,000 with seven-eighths minority households. For the north 
subarea, census block group incomes ranged from a low of 
about $13,000 with one-sixth minority households to a high 
of more than $30,000 with 1 percent minority households. 
Although income is a proxy for both income and minority 
status, both are considered. The writer hypothesizes that in
come will be positively associated with house price in both 
the north and south subareas, but that percent minority pop
ulation will have a negative association with house price in 
the north and a positive association in the south. Location 
inside the city of Decatur is used as a control, although most 
minority populations of the study area reside there. 

Ordinary least-squares regression is used. The linear spec
ification is used except that distance to MARTA stations is 
specified as quadratic and noninterval relationships are spec
ified as binary (1,0). Except for control variables, only vari
ables performing as hypothesized are used in final regression 
equations. 

RESULTS 

Regression results for south and north subareas are presented 
in Tables 4 and 5, respectively. All coefficients of non-control 
variables significant at the 0.10 level of the one-tailed t-test 
have the expected signs. 



TABLE 4 Regression Results and Equation of South Side Home Sales 

DEPENDENT VARIABLE: 
NUMBER OF CASES: 
MULTIPLE R: 
SQUARED MULTIPLE R: 
ADJUSTED SQUARED MULTIPLE R: 
STANDARD ERROR OF ESTIMATE: 
F-RATIO 

VARIABLE 

Constant 
House Size, square feet 
Lot Size, square feet 
Basement (1,0) 
Location in Decatur City 

COEFFICIENT 

-30543.674 
11. 446 
0.421 

6062.616 
10411.601 

Cens,~s Tract Income, 1980 ( S l} 0. 593 
Census Tract Mi.nor.ity i, 1980 590.018 
Distance from Station, 100 ft units - 1045.601 
Distance from Station, squared 15.559 

*Significant at 0.10 level of one-tailed test. 

Sales Price ($1) 
116 

0.622 
0.387 
0.342 

9444.472 
8.455 

STD ERROR 

39944.629 
3.241 
0.276 

2520.597 
3653.165 

0.307 
396.849 
227.434 

3.480 

T-Score 

-0.765 
3.531* 
1. 525* 
2.405* 
2.850* 
1.931* 
J.. 487* 

-4.597* 
4.471* 

TABLE 5 Regression Results and Equation of North Side Home Sales 

DEPENDENT VARIABLE: 
NUMBER OF CASES: 
MULTIPLE R: 
SQUARED MULTIPLE R: 
ADJUSTED SQUARED MULTIPLE R: 
STANDARD ERROR OF ESTIMATE: 
F-RATIO 

VARIABLE 

Constant 
House Size, square feet 
Lot Size, square feet 
Number of Stories 
Adjacent to Park (l.,O'I 
Fom1dation Present {1,0) 
Central Air Conditioning (1,0) 
Corner Lot (l,O) 
Number of Fireplaces 
Basement ( 1,0 .) 
Number of Full Bathrooms 
Location in Decatur City 
Census Tract Income, 1980 (Sl) 
Census Tract Minority %, 1980 
Distance to Station, 100 ft units 
Distance to Station, squared 

COEFFICIENT 

-4332.749 
16.604 

0.200 
17896.569 

-12051.036 
7113.912 
7563..525 

-7600.764 
3646.128 
3865.805 
4097.538 

-18050.796 
l..921 

-220.435 
965. 724 
-23.156 

*Significant at 0.10 level of one-tailed test. 

Sales Price ($1) 
170 

0.778 
0.605 
0.566 

16357.358 
15.701 

STD ERROR T-Score 

11823.430 -0.366 
4.212 3.942* 
0.192 1.045 

6673.252 2.682* 
5842.202 -2.063* 
.3619. 723 1. 965* 
5064.175 1.493* 
4245.001 -1. 791* 
2734. 720 l. 333* 
2995.300 1.291* 
2694.691 l. 521* 
4875.782 -3.702* 

0.437 4.398* 
126.083 -1. 748* 
633.330 1. 525* 
15.600 -1.484* 
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South Subarea 

The regression results for the south subarea show the variables 
performing as hypothesized. They are house size, lot area, 
house age, presence of a basement, census block group mi
nority percent, and census block group income. Distance from 
elevated transit stations is significantly associated with house 
value in the theorized manner. The farther a house is from 
an elevated transit station, the lower its value. The quadratic 
terms shows a concave relationship, as hypothesized. 

North Subarea 

The regression results for the north subarea show the variables 
performing as hypothesized. They are house size, number 
of stories, proximity to park, foundation, central air condi
tioning, location on corner lot, number of fireplaces, base
ment, number of full bathrooms, percent of census block 
group population that is minority status, and census block 
group income. Distance from elevated transit stations is sig
nificantly associated with house value in the theorized manner 
with respect to the first-order relationship. The farther a house 
is from an elevated transit station, the higher its value. The 
relation of house value to distance from an elevated heavy
rail station is convex, as hypothesized. 

INTERPRETATION AND POLICY IMPLICATIONS 

There are two interesting sets of interpretations. The first 
concerns the condition under which positive and negative price 
effects can be generated by the same transit stations on single
family homes in neighborhoods of varying income levels. The 
second concerns the relationship between neighborhood in
come levels and transit station accessibility in terms of price 
effects. 

Positive Price Effects 

Among homes in the south subarea, the results show that 
elevated heavy-rail transit stations have a positive price effect 
on houses. Where households depend on rail transit because 
of income, one could generalize these results to suggest that 
price effects will be positive. The extent to which the observed 
price effects are dampened by nuisance effects cannot be de
termined for reasons explained by Li and Brown (16). On the 
other hand, one must consider that nuisance effects may be 
minimized because of special design and planning by MART A 
to protect neighborhoods from adverse effects (18,19). 

Negative Price Effects 

Results for the north subarea show that transit station prox
imity is associated with negative price effects on home sales. 
The analysis suggests that among higher-income neighbor
hoods, transit stations may reduce values of nearby homes. 
It is possible that some or all of this effect is associated with 
distance from minority-dominated neighborhoods. This writer 
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cannot say for sure whether observed effects are related to 
transit station distance or distance from minority-dominated 
neighborhoods. On the other hand, a large number of control 
variables were employed, including census block group in
come and minority percent and location inside the city of 
Decatur. Moreover, results are as hypothesized. A final con
sideration is that both north and south neighborhoods con
tribute equally to public transit ridership. Nonetheless, more 
research is needed where interaction between neighborhoods 
of various minority composition can be controlled. This writer 
therefore suggests that, until such research is done, one cannot 
say for sure that results reported here can be generalizable. 

Policy Implications 

Elevated heavy-rail transit stations will have negative price 
effects on homes if they are associated with noise, traffic, and 
other forms of nuisance. They will have positive price effects 
if they are associated with improving the accessibility of res
idents to opportunities found throughout the urban area. In 
lower-income neighborhoods, the price effect will be positive. 
That is, the closer to a station a single-family home is located, 
the higher its sales price, all other factors considered. The 
benefit effects of accessibility more than offset any nuisance 
effects, at least among lower value homes in lower income 
neighborhoods. In higher income neighborhoods, transit sta
tion proximity may be associated with lower home value. 
Higher value homes may be more sensitive to nuisance effects 
than by improvements in accessibility. Rapid-rail transit au
thorities need to be aware of these differential influences to 
anticipate the effect of elevated heavy-rail transit stations in 
residential neighborhoods. 

A simple benefit-cost relationship can be constructed from 
the first-order coefficients on the distance-from-MART A
station variable. With the use of simplified assumptions and 
first-order coefficients, total estimated benefits accruing to 
the south subarea are about $10 million. This is the aggregated 
value created by improving accessibility through elevated heavy
rail transit. Total estimated losses accruing to properties in 
the north sub area are in the order of $9 million. However, 
until there is research that can better control for interaction 
effects between neighborhoods of varying minority compo
sition, these negative benefits must be viewed with skepticism. 

The research suggests that substantial social benefits may 
be realized by placing elevated heavy-rail transit stations in 
areas that will positively capitalize on the presence of the 
facility. 
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Modeling Spatial Impacts of Siting a 
NIMBY Facility 

MusHTAQUR RAHMAN, A. EssAM RADWAN, JONATHAN UPCHURCH, AND 

MICHAEL KuBY 

In the new era of environmental and growth management con
cerns, the task of locating a socially undesirable facility, such as 
a solid waste management (SWM) facility, encompasses not only 
minimizing cost objectives, but also minimizing the effects on and 
opposition from residential neighborhoods. Survey research on 
awareness of the existence of such facilities, contemporary atti
tudes toward solid waste management facilities and their impacts 
and preferences for various facility attributes, such as number 
and size, are discussed. In addition, a distance decay effect of 
people's attitudes toward both existing and to-be-built SWM fa
cilities is identified. These distance-decay results contribute to 
the literature on the spatial extent of perceived impact of and 
opposition to undesirable facilities, especially for previously un
studied transfer stations. The data collection and analysis methods 
selected for this study are discussed. Several binomial and mul
tinomial logit models were developed to model the spatial effects 
of siting SWM facilities. The most prominent effect of an SWM 
facility was determined to be the perceived threat to residential 
property value. Other perceived effects, such as quality of life, 
traffic accidents, and relocation, did not seem to have a major 
effect on people. 

A solid waste management (SWM) facility, popularly known 
as a transfer station, can be defined as a NIMBY (not in my 
back yard) or undesirable facility because people do not want 
them located nearby. A transfer station is a transshipment 
point between refuse collection points and final disposal sites. 
It has been demonstrated in past research (J) that a solid 
waste collection system can be made efficient by locating transfer 
stations within a city or region in which collection vehicles 
can transfer their loads to large-size transport vehicles. 

The undesirable characteristics of a transfer station pri
marily affect the individuals in the host community who are 
located near them. These effects include noisy and possibly 
dangerous movement of the collection and transfer vehicles, 
odor pollution at the transfer site, and reduced property value 
caused by negative perceptions of image or risk or both. These 
effects depend mostly on the design and operational char
acteristics of a particular facility. 

The location of transfer facilities presents spatial conflicts 
among the areas served by the facility. For example, a transfer 
station should typically be located near a given set of refuse 
collection points to achieve cost-efficiency. Simultaneously, 

M. Rahman, JHK & Associates, 16000 Christensen Road, Suite 304, 
Seattle, Wash. 98188. A. E. Radwan, Department of Civil and En
vironmental Engineering, University of Central Florida, Orlando, 
Fla. 32816. J. Upchurch, Center for Advanced Research in Trans
portation, and M. Kuby, Department of Geography, Arizona State 
University, Tempe, Ariz. 85287. 

it should be located far enough from the residential areas to 
minimize real or perceived population impacts and potential 
opposition. Clearly, these two objectives pose spatial conflict 
and thus require some trade-offs for finding a compromise 
location. Rahman (2) developed and implemented a model 
to resolve such facility location problems through the use of 
multiobjective programming. This paper reports on the part 
of that effort where distance-based logit equations were de
veloped from survey results, in part to provide input into the 
opposition-minimizing objective. 

This research contributes empirical results to an emerging 
paradigm in which public opposition is considered in location 
modeling through maximization of distance-related measures. 
Erkut and Neuman (3) recently published an invited review 
of the literature on models for locating undesirable facilities. 
These papers assume a variety of ways to make operational 
this concept of putting the facilities far from the residential 
population. Some maximize the average separation distance, 
some maximize the minimum separation distance, and others 
minimize the number of people within some critical distance 
or impact radius. Of the 64 modeling papers reviewed by 
Erkut and Neuman, none, so far as we know, bases their 
considerations on any empirical results regarding the spatial 
extent of negative effects around a NIMBY facility. 

A review of existing literature reveals that the empirical 
studies on the impact of undesirable facilities have thus far 
focused on estimating actual residential property-value de
preciation, with relatively little information concerning per
ceived effects and their spatial distribution. Also, the impacts 
of transfer stations have rarely been studied. Zeiss and At
water ( 4) reviewed 13 empirical studies to determine property 
value impacts around landfill and incinerator sites. Most of 
these studies investigated property sale prices around either 
landfills or power plants and then made comparisons of prices 
from control locations to identify any trend in property-value 
differential. One study mentions Price, as quoted in Zeiss and 
Atwater ( 4), and included transfer stations in an investigation 
of the property-value depreciation. The findings of these stud
ies are mixed and show no consistent trend of positive or 
negative effects on property values. In another paper dealing 
with incinerator impacts, Zeiss (5) reported weak correlation 
between the number of days required to sell properties and 
the distance from the incinerator. All these studies primarily 
dealt with the subject of actual property-value impact by in
vestigating actual property sale prices and did not study the 
perceived property-value impact. However, recent research 
(6) shows that perceived property value impacts exist among 
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host community residents, and monetary compensations often 
may not be enough for acceptance of waste disposal facilities. 
The research reported in this paper covered the topic of per
ceived property value impact and its spatial distribution. 

Some prior studies (7) investigated the spatial distribution 
of perceived risks and perceived benefits. However, these 
studies were associated with hazardous waste facilities and 
industries handling toxic materials. The findings were pre
sented in terms of cumulative percentages of persons willing 
to live at various distances from the hazardous facilities. No 
attempt was made to fit any distance-decay equations to the 
data sets. 

Another research direction in undesirable facility location 
modeling (8) has been the effect of facility scale on opposition 
and the related notion of risk sharing among many smaller 
facilities. In this paper, we present some preliminary, al
though inconclusive, empirical results relating to these ideas . 

RESEARCH OBJECTIVES 

The research reported in this paper was undertaken to gain 
a sense of contemporary attitudes toward solid waste man
agement facilities and to test some hypotheses on preferences 
for various facility attributes. The five main hypotheses tested 
in this research are as follows: 

1. People perceive negative impacts of SWM facilities re
lating to traffic accidents, property values, and quality of life. 

2. The negative attitudes people have toward SWM facil
ities decay with increasing distance from the facilities. 

3. Awareness of the existence of SWM facilities declines 
with increasing distance from the facilities. 

4. People would prefer small-sized SWM facilities dispersed 
in several communities over a single large facility. 

5. People would prefer temporary SWM facilities over per
manent ones. 

The second hypothesis listed above represents the focal point 
of this research and was intended to explore whether or not 
a distance decay effect existed for people's negative attitudes 
toward an SWM facility. The motivation came mainly from 
the need for an appropriate distance-based objective function 
for the location problem. 

Two attitudinal surveys were conducted to investigate neg
ative public perceptions surrounding an existing small-size 
(300 tons/day) SWM facility in the city of Glendale and to a 
to-be-built facility in the city of Phoenix. Two surveys were 
conducted to offer two tests of the hypotheses. 

The Glendale facility is located in the city's office yard and 
has been operational for the last 15 years. The selected site 
for the Phoenix SWM facility, known as the Southwest Trans
fer Station, is near the city's 27th Avenue landfill. Soon Phoe
nix will use its new landfill , 45 mi southwest of the current 
landfill. 

DATA COLLECTION 

The data for this study were collected in two telephone surveys 
conducted in Glendale and Phoenix, Ariz. The focus popu-
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lation group in Glendale consisted of those living close to the 
existing solid waste management facility. For the Phoenix 
survey, the focus was on those living close to the site on which 
such a facility was to be constructed about 1 year after the 
survey. Each survey covered six census tracts surrounding the 
facilities. A demographic profile of these census tracts is pre
sented in Table 1. 

The final sample sizes achieved were 294 for the Glendale 
survey and 254 for the Phoenix survey. These samples pro
vided estimates on population proportions with certain char
acteristics accurate to within 6 percent at 95 percent confi
dence level. 

Cole's reverse telephone directory (9) was used to generate 
the sampling pool. The sampling method used for this study 
can be termed "proportionate stratified sampling," in which 
a strata is a population subgroup defined over census tracts. 
The sample needed to be stratified by census tracts because 
separate lists are available in the Cole's Directory for each 
census tract, and it was easier to draw separate samples than 
to combine the lists . 

The items in the surveys can be categorized into the fol
lowing four groups: 

1. Awareness about the facility : one question to determine 
whether the respondent has previous knowledge of the facil
ity. 

2. Measure of potential opposition (MPO) for a new SWM 
facility: one question measuring perceived comfortable dis-

TABLE 1 Census Tract Statistics 

Census Median % Owner Median Total 

Tract Wealth Median #Persons Occupied Yrs in Res. Total 

No Rating Aee per H.H. H.H. School H.H. Business 

(a) City of Glendale 

926 50 2.3 53 12.1 911 317 

928 42 2.7 45 12.3 1,821 136 

923.02 4 39 2.9 79 12.9 3,264 160 

925 54 2.5 60 12.2 1,149 538 

923.01 42 2.4 57 12.6 3,999 297 

927.02 37 3.0 45 12.5 2,324 282 

All six 2.3 44 2.6 59 12.4 13.468 1,730 

(b) Citv of Phoenix 

1147 43 3.5 38 7.4 750 438 

1144 46 2.9 48 9.3 1,029 168 

1148 51 3,0 62 9.0 816 262 

1156 2 37 4.3 86 12.5 452 21 

1127 43 3.2 57 11.5 1,336 221 

1125.04 3 43 2.9 78 11.8 2,788 899 

All six 1.5 44 3.3 64 10.3 7,171 2,009 

SOURCE: COLE'S DIRECTORY. 1990 
NOTES: 
I. Weallh Ra1ing is based on a l 10 5 scale . 5 being lhe mos1 weallhy and I being lhe leosl. 
2. H H. is Household 
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tance (PCD) in miles for locating a new SWM facility. MPO 
was defined to be the square root of PCD [i.e., MPO = SQRT 
(PCD)). 

3. Attitudes: four attitudinal questions regarding how peo
ple have felt or experienced the actual effects of an SWM 
facility, or how people believe or perceive the effects of a to
be-built facility. 

4. Opinions: two opinion-type questions regarding people's 
preferences about size and dispersed location, and temporary 
versus permanent facilities. 

The questions were asked rather than read as statements. 
It was determined during pretesting of the questionnaire that 
if an item is written as a statement and read to the respondent 
and the respondent is asked about the extent to which they 
agree or disagree, then the respondents' understanding seems 
to be slower and more error prone. As a result, the attitudinal 
responses were recorded as binary data (yes or no), but pro
visions were made for enthusiastic answers such as "strong 
yes" or "strong no" and for neutral "don't knows." 

The response rates for the two surveys were moderate in 
various census tracts ranging from 20 percent to 47 percent. 
The average rates were 37 .8 percent for the Glendale survey 
and 41.1 percent for the Phoenix survey. The Phoenix survey 
was conducted after the Glendale survey. As a result, higher 
response rates for the Phoenix survey may partly be attributed 
to interviewer's learning curve and partly to familiarity oflocal 
people with the Phoenix project. 

The fourteen survey variables that were defined for the 
purposes of model fitting and data analysis are listed in Table 
2. Since the surveys included four questions about negative 
impacts (ACC, PVAL, QLIFE, and MOVE), three new var
iables were created by aggregating three of them (PY AL, 
QLIFE, and MOVE) in various combinations. These "po
tential opposition measures" (POMs) were created to ascer
tain a multifaceted attitude toward transfer stations as a func
tion of distance. POMl represents addition of all three variables 
together; POM2 represents addition of PY AL and QLIFE; 
and POM3 represents addition of QLIFE and MOVE. These 
three variables have multiple ordinal values ranging from 0 
to 3, where 0 means no negative attitudes toward an SWM 
facility, 1 means one negative response, and so on. The var
iable RDISTwas used as an independent variable in the model 
fitting process. This variable represented survey respondent's 
rectangular distance from the facility. The rectangular metric 
was selected for the RDIST variable to emulate the grid street 
network of Phoenix and Glendale. 

The response to the first question-previous knowledge 
of the facility-was used to divide the respondents into two 
groups. If the response is yes, answers to the attitudinal 
questions can be taken as attitudes based on some experi
ence with the SWM facility. On the other hand, if the re
sponse is no, answers can be taken as attitudes based mostly 
on perceptions about an SWM facility. In this paper, the 
complete set of respondents is designated ALL, whereas 
those with previous knowledge are called HB (heard be
fore) respondents, and those without previous knowledge 
are called NHB (never heard before) respondents. These 
two data sets further facilitated the investigation of the dis
tance decay effect on two population subgroups, classified 
based on awareness. 
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TABLE 2 Survey Variables 

Variable 
Name 

CT 

SEX 

AWARE 

ACC 

PVAL 

QLIFE 

MOVE 

DISPERSE 

TEMP 

PCDIM 

POMI 

POM2 

POM3 

RDIST 

Descriplion 

Census tract 

Gender of survey respondent 

I if respondent is aware of the facility, 0 otherwise 

I for a 'yes' response to the question whether traffic accidents will 
increase due to a transfer focility; 0 for a 'no' 

I for a 'yes' response to the question whether property value will 
go down due to a transfer facility; 0 for a 'no' 

I for a 'yes' response to the question whether quality of life will go 
down, 0 for a 'no' 

I for a 'yes' response to the question whether one would like to 
move away due to the facility; 0 for a 'no' 

I for a 'yes' response favoring dispersed small facilities over a 
single large one; 0 for a 'no• 

I for a 'yes' response favoring the concept of having a temporary 
or periodic or portable facility; 0 for a 'no' response or 
favoring a permanent facility 

Perceived comfortable distance in miles 

Potential opposition measure I deFined by aggregating the 
attitudinal responses to PY AL, QLIFE, and MOVE 

Potential opposition measure 2 defined by aggregating the 
attitudinal responses to PYAL and QLIFE 

Potential opposition measure 3 defined by aggregating the 
attitudinal responses to QLIFE and MOVE 

Rectangular or Manhattan distance of survey respondent from the 
facilit site 

METHODOLOGY 

Because the response variables were binary (0-1) and the 
POM variables were integer, logistic regression methods 
available in the SAS (10) statistical software was used. In 
logistic regression, a discrete variable is converted into a con
tinuous variable by using a cumulative probability function. 
For example, the discrete response to the property value im
pact question is converted into a continuous response by tak
ing the probability of getting a positive response. Thus, the 
main objective in logistic regression is to find an appropriate 
functional form to estimate this probability. The probability 
function of a logit model is called the logistic function. In 
logit models, the dependent variable is the log odds ratio that 
a particular event will occur given specific values of the ex
planatory variable. 

The logistic function is written as 

E(Y = llx) = p = exp{g(x)}/[1 + exp{g(x)}) (1) 

where 

E (Y = llx) = probability (p) that Y = 1, that is, the prob
ability of getting a positive response given the value of inde
pendent variable x; and g(x) = logit transformation or link 
function. 

The logit link function is written as 

g(x) = b0 + bt * x = ln[p/1 - p] (2) 
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where RESULTS 

In natural logarithm, 
The Glendale Survey 

bo constant coefficient, and 
bl slope coefficient of the independent variable. 

The Glendale response profile is give in Table 3. Note that 
In this research, several binomial and multinomial logit 78 percent of the respondents never heard about the facility 

models were estimated for various dichotomous and polyto- before, and only 22 percent of the respondents were aware 
mous response variables used in the attitudinal surveys . For 
most of the models reported here, appropriate logistic func- TABLE 3 Response Summary of Glendale Survey 

tions were used to determine probabilities of getting a positive Survey 

response to the attitudinal questions. Questions Percent of Respo nden ts' 

Once a particular logistic regression model is fitted using 
by Census Tract 

the maximum likelihood estimation (MLE) method, the next Response 

step in analysis is to assess the significance of the independent Categories 926 928 923.02 925 923.01 927.02 All 

variable in the model. This step is performed by checking the 111 [2] [3] (41 151 161 171 [8] 
When did you first 

p-values of two criteria: the 2 log likelihood, and the score hear aboul the 

test. These two criteria give statistics and tests for the effects facility? (85)' (54)' (81)' (23)' (24)' (26)' (293)' 

of the independent variable in the model (JI). In this paper, 
Today 68 82 83 91 79 77 78 

distance from the facility (RDIST) is the only independent Heard Before 32 18 17 9 21 23 22 
variable considered. 

How far in miles wou ld 
it have to be to fee l 

comfonable'! (85)' (54)' (82)' (23)' (24)' (26)' (294)' 

DATA LIMITATIONS 0< mi <;::] 28 14 16 13 13 16 19 
3< mi <= 10 35 59 43 48 34 50 44 
mi >JO 33 25 39 31 45 34 34 

The listing-based sampling usually generates noncoverage bias Don't Know 4 2 2 8 8 0 3 

caused by unlisted numbers or households without tele-
phones. This research assumed that noncoverage bias in the 

Do you believe that 
traffic nccidents 

surveys would not significantly alter the results. will incre;:ise? (85)' (54)' (82)' (22)' (24)' (26)' (293)' 

The survey questionnaires did not include any socioeco-
Yes 17 11 12 23 17 23 15 

nomic type questions for several reasons. First, the main ob- No 78 85 78 73 62 65 77 
jective of the survey was to complement the facility location Don't K now 5 4 10 4 21 12 8 

modeling process by exploring empirically the nature of a 
Is it likely that properly 

distance decay function representing people's opposition . Sec- values will decrease'! (85)' (54)' (82)' (22)' (24)' (26)' (293)' 
ond, the surveys were not intended to explore relationships 
of NIMBY attitudes with demographic variables. Finally , the Yes 47 52 5 1 50 63 54 51 

surveys were not intended to compare the Phoenix with the No 50 46 34 50 17 39 41 
Don'I Know 3 2 15 0 20 7 8 

Glendale case. As such, inclusion of demographic vari ables 
in the surveys was not vi ewed as very critical. However, for Do you think quality of 

interested readers, general demographic data on the two study life will go down? (85)' (54)' (78)' (22)' (24)' (26)' (289)' 

areas have been provided in Table 1. Yes 12 13 5 14 17 8 11 

The sample sizes of the Glendale and Phoenix surveys No 83 87 94 77 83 92 87 

provided estimates on population proportions with certain Don'l Know 5 0 9 0 0 3 

attitudes within an accuracy range of plus or minus 6 percent 
at 95 percent confidence level. However , two estimates had 

Wanl lo move nwny? (85)' (54)' (82)' (22)' (24)' (26)' (293)' 

a higher error range of plus or minus 10 percent because Yes 8 15 9 27 13 8 12 

of lower response rates for two specific questions. These No 86 85 89 73 87 92 87 
Don't Know 6 0 2 0 0 0 2 

two estimates are (a) population proportion in Glendale 
favoring dispersed small-sized transfer facilities and (b) per- Do you favor small 

ceived comfortable dist ance in Phoenix. These accuracy 
dispersed faciliti es 
or single large? (33)' (38)' (2)' (5)' (16)' (21 )' (11 5)' 

ranges are based on all surveys responding to a particular 
question. When the survey samples were divided into HB Dispersed Sm:.ill 55 79 50 80 31 29 56 

and NHB groups for regression analysis, the sample size 
Single L~ugc 24 8 50 20 38 38 23 
Don'l Know 21 13 0 0 31 33 21 

for the HB group was considerably smaller than that for 
the NHB group . As a result, the HB data sets are treated Are you in favor or 

temporary lypc facility 
separately from the NHB sets, then the error range in- or permanent'! (85)' (54)' (82)' (22)' (24)' (25)' (292)' 
creases to plus or minus 12 percent for the HB data sets 
and plus or minus 7 percent for NHB data sets at 95 percent Temporary 50 63 47 36 12 20 45 

Perrn:mcnl 23 26 25 50 71 64 34 
confidence level. These error ranges were thought to be Don't Know 27 11 28 14 17 16 21 
acceptable for this exploratory type research. Numbers in parentheses ore respective swnple sizes. 
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of the facility . Most Glendale respondents chose a range of 
5 to 10 mi for their perceived comfortable distance from an 
SWM facility . When asked whether traffic accidents will in
crease because of a transfer station, almost 77 percent of the 
respondents said no and only 15 percent said yes. On the 
contrary, when asked whether property values will go down 
due to a transfer facility, 51 percent said yes and 41 percent 
said no . For the quality-of-life and move-away questions, a 
clear majority (87 percent) said no, indicating no perception 
of stress or threat to their quality of life in the community 
because of an SWM facility. Glendale respondents preferred 
the idea of having temporary or periodic SWM facilities over 
permanent facilities by a 45 percent to 34 percent margin . 
Again, 56 percent of respondents were concerned about size 
of the facility and were in favor of small-size facilities dis
persed in many communities. Only 23 percent were in favor 
of a single large facility. 

The regression analysis produced a number of significant 
models . These distance-based logit models, estimated from 
the Glendale attitude data , are presented in Table 4. The 
table also presents the p-values of the two criteria of model 
goodness-of-fit, and the p-value of the slope parameter esti
mate of the regressor variable RDIST. Low p-value (less than 
0.05) for the parameter estimate indicates that the estimate 
is significant. Low p-values for the -2 log likelihood and the 
score statistic indicate that the effect of RDIST in the model 
is significant. 

The first two models presented in Table 4 correspond to 
the response variable PV AL and describe the probability that 
respondents will show concern regarding the impact of prop
erty value given information about the distance of their homes 
from the existing location of the Glendale transfer facility . 
The first model was estimated using the data set HB, and the 
second model was estimated using the data set ALL. Note 

TABLE 4 Logit Models Estimated from Glendale Data 

Survey Eslimalec..I p-va lue p-value p-value 
Dain or or or slope Response Regression 

No Vari;il>le Se1 Model -2 Log L' Score 
. Estim~1c0 

(a) Binominl l.ogil Models' 

1 PVAL HB' In (p/1 -p] = 0.2833 x RDIST 0.0401 0.0432 0.0498 

2 PVAL ALL' In [p/l-p] = 0.1336 x RDIST 0.0359 0.0364 0.0376 

ACC HB' ln [p/l-p] = -0.4236 x RDIST 0.005 0.0065 0.0102 

4 ACC NHBJ In (p/1-p] = -0.9489 x RDIST 0.0001 0.0001 0.0001 

AWARE ALL' In [p/ 1-pJ = -0.6305 x RDIST 0.0001 0.0001 0.0001 

6 QLIFE HB' In [p/1-p] = -0.9646 x RDIST 0.0001 0.0001 0.0001 

QLIFE NHBJ In [p/1-pJ = -1.4 16 x RDIST 0.0001 0.0001 0.0001 

MOVE HB' In [p/1-p] = -0.8623 x RD!ST 0.0001 0.0001 0.0002 

9 MOYE NHB" In [p/1 -p] = -1.1842 x RDIST 0.0001 0.0001 0.000 1 

CriH:rfo for assr:$~ina model goodnes.s-of·fit. 
b M:udmum like lihood cstim:lle or !he slope pamme1er or lhe logit link functi on 
c HB stands for 'Heard Before' referring 10 the d:u::i se1 which contains only those survey respondents 

who heard before about the transfer facility. 
d NHB s1ands for 'Never Heard Before' re ferring lo lhe d11 1a set wh ich con la ins only those survey 

rcspondcms who never heard before aboul lhe transfer facility. 
e ALL n:fcrs m 1hed;1~ se t which conl:$iflS all survey respondents.. 
r lnlcl"C't'J'H csl im.alt p·v:tlue. 
1 Prob:ibllhy cf n )'~ ou1 come is dcnu1cd by p. 
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that the first PV AL model has a larger slope coefficient (0 .2833 
vs. 0.1336) , which indicates that distance causes a higher rate 
of change in the property value attitude for the HB group . 
Observe that in both models, the estimated slope coefficient 
has a positive sign. The positive sign of association indicates 
that as distance from the transfer facility increases, so do the 
people's concern about the impact on property value. This 
association is an interesting finding because typically one would 
expect to see a negative association between distance and the 
impact on property value . A possible explanation for this 
unanticipated result is that most of the survey respondents 
who live close to the transfer facility either live in mobile 
trailer home parks or in low property-value areas and thus 
showed little concern about the property-value impact. In 
contrast , survey respondents who are far away from the fa
cility live in relatively high property-value areas and logically 
showed more fear or concern about the property-value impact 
associated with a transfer facility. This fact provides one ex
planation for positive association between the two variables 
PVAL and RDIST, but there may also be other reasons that 
could not be identified with the survey . 

The models for response variable ACC (increased traffic 
accidents) presented in Table 4 have negative signs on the 
slope coefficients, indicating a negative association between 
ACC and RDIST. The negative sign indicates that as the 
distance from the facility increases, the odds decrease of ex
pressing concern about the impact of accidents. This model 
along with other distance-decay models estimated from the 
Glendale survey data are plotted in Figure 1. It is evident that 
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FIGURE I Distance-decay models estimated from 
Glendale survey. 
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the traffic accident impact to the HB group is mostly signif- TABLE 5 Response Summary of Phoenix Survey 
icant within 10 mi of the facility, whereas for the NHB group Survey 

the impact is significant only within 4 mi. Beyond these dis- Questions Percent of Respondents' 

tance estimates, the accident impacts are relatively constant 
by Census Tract and small. Response 

The next hypothesis concerned how people's awareness about Categories 1147 1144 1148 1156 1127 1125.04 All 

the facility (AW ARE) varied by the distance (RDIST). The [!] [2] (3] [4] [51 [6] [7] [8] 

estimated binomial logit equation (presented in Table 4) shows 
When did you rirst 

hear about the 

that as distance increased, people's awareness seems to have facilily site? (56)' (46)' (33)' (31)' (39)' (48)' (253)' 

dropped. The public awareness about the facility faded away 
Todoy 82 67 85 74 80 71 76 beyond 6 mi from the facility. Heard Before 18 33 15 26 20 29 24 

The QLIFE and MOVE impacts are more significant for 
people who heard about the facility before than for those who Comfonablc wi1h the new 

sile at 271h Ave & 
never heard before. However, the impacts are not significant Lower Buckeye? (56)' (46)' (33)' (31)' (39)' (48)' (253)' 
beyond 4 mi from the facility. 

Yes 70 67 61 55 51 58 61 
No 30 33 39 45 49 42 39 

The Phoenix Survey How far in miles would 
it have to be lo reel 
comforlable? (17)' (IS)' (I 3)' (14)' (19)' (20)' (98)' 

The Phoenix response profile is presented in Table 5. The 
majority (76 percent) of respondents never heard about the 0< mi <=3 0 0 0 7 0 0 l 

Phoenix southwest transfer facility project, and only 24 per- 3< mi <=IO 18 27 8 36 10 0 15 
mi>JO 76 73 92 57 90 100 83 

cent were aware of the project. These statistics on facility Don't Know 6 0 0 0 0 0 1 
awareness are not radically different from those of Glendale. 
In contrast to Glendale, the Phoenix survey had a higher Do you believe thot 

traffic nccidcnls 
proportion of respondents who were in favor of a "single will increilse'! (56)' (45)' (33)' (31)' (39)' (48)' (252)' 

large" type facility, and only 18 percent were in favor of 
20 30 "dispersed small facilities." Also, in contrast to the Glendale Yes 31 35 34 25 28 

No 75 64 67 65 51 67 66 
survey, more Phoenix respondents favored the permanent Don'I Know 5 5 3 0 15 8 6 
type facility, and fewer liked the temporary concept. This 

ls it likely that propeny 
difference in opinion structure between the two survey areas values will decrease? (56)' (45)' (33)' (31)' (39)' (48)' (252)' 
might partly be attributed to Phoenix respondents' bias to-
ward the recent political decision by the City of Phoenix to Yes 52 73 55 61 59 56 59 

No 36 20 36 32 29 42 33 
have a single large facility. Other contributing factors may Don't Know 12 7 9 7 12 2 8 
well be the differences in demographics between the two cit-
ies, which were not investigated in the surveys, or lack of Do you think quality of 

understanding of the tradeoffs involved. The Phoenix re-
life will go down? (56)' (45)' (33)' (31)' (39)' (48)' (252)' 

sponses to the attitudinal questions were similar to those of Yes 9 16 12 7 13 19 13 

Glendale in the sense that most people singled out the prop- No 87 84 88 90 82 81 85 

erty value impact as the most negative feeling associated with Don't Know 4 0 0 3 5 0 2 

an SWM facility. Other factors, such as traffic accidents, qua!- Wanl lo move away? (56)' (45)' (33)' (31)' (39)' (48)' (252)' 

ity of life, and relocation desire did not prove to be major 
9 2 3 10 10 10 7 concerns to the majority of respondents. Yes 

No 89 96 94 90 87 88 91 
The Phoenix data were further investigated using logistic Don'l Know 2 2 3 0 3 2 2 

regression analysis to identify general associations between 
the survey attitudinal variables and RDIST. The logit models Do you fovor sm::1ll 

dispersed focilitics 
that were estimated from the Phoenix data are presented or single l:Jrge? (56)' (45)' (33)' (31)' (39)' (48)' (252)' 

in Table 6. The plots of these equations are presented in 
Dispersed Small 21 22 12 16 13 21 18 Figure 2. 
Single Large 45 47 58 48 46 46 48 

The first regression model presented in Table 6 describes Don'l Know 34 31 30 36 41 33 34 
log odds of PVAL as a function of the variable RDIST for 
the data set HB. Observe that the concern for the property Are you in favor of 

temporary type focilily 
value impact increases as distance from the facility increases. or penm1nent? (56)' (43)' (33)' (31)' (39)' (47)' (249)' 

This relationship among the Phoenix survey respondents is 
Temporary 29 21 21 29 18 19 23 similar to that among the Glendale survey respondents. The 
Pennanent 45 63 61 51 61 58 56 

second PV AL model was estimated from the data set ALL Oon'I Know 26 16 18 20 21 23 21 
and has a flatter slope compared with that of the first model. Numbers in porentheeee nre respective swnple sizee. 

The third and fourth regression models presented in Table 
6 describe log odds of the relocation impact (MOVE) as func-
tions of RDIST. The third model has a smaller negative slope 
coefficient than the fourth model, which implies that the prob-
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TABLE 6 Logit Models Estimated from Phoenix Data 

Survey Eslim::ilcd p-value p-value p-va1ue 
Response Da1a Regression of of 

a of slop< b 
No Variuble Set Model -2 Log La Score Estirn111c 

(al Binomial Logit Models' 

I PVAL HB' In [p/1-p] = 0.2583 x RDIST 0.0003 0.0006 0.0019 

2 PVAL ALL' In [p/1-p] = 0.11 x RDIST 0.0011 0.0013 0.0016 

3 MOVE HB' In [p/l-p] = -0.3655 x RDIST 0.0001 0.0001 0.0004 

4 MOVE ALL' In [p/1-pJ = -0 .7272 x RDIST 0.0001 0.0001 0.0001 

5 AWARE ALL' In [p/1-p] = -0.2506 x RDJST 0.0001 0.0001 0.0001 

6 QLIFE HB' In lp/1-pJ = -0 .2959 x RDIST 0.0001 0.0002 0.0008 

QLIFE NHB" In [p/1-pJ = -0.2959 x RDJST 0.0001 0.0002 0.0008 

(b) Multinomial Logit Models 

8 POMI HB' In lp/p
4

[ = -0.2564 x RDIST 0.0001 
In [p.,fp

0
J = 0.3746 - 0,2564 x RDIST 

0.0001 0.0004 
0.026' 
0.0001' In lr,;/p I = 2.163 - 0.2564 x RDIST 
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ability of relocation impact falls off more steeply with in
creasing distance among HB respondents than among NHB 
respondents. The probability of relocation impact is promi
nent within 10 mi of the facility for HB respondents, whereas 
it is only 5 mi for NHB respondents. 

The fifth model presented in Table 6 shows how awareness 
about the Phoenix transfer facility project varied with the 
respondent's distance from the facility site. It is evident that 
the Phoenix facility had a longer range of awareness than the 
Glendale facility. This result was expected since the Phoenix 
transfer facility project has been well publicized in the com
munity. 

The sixth and seventh Phoenix models describe the log odds 
of the quality of life impact given the distance from the facility 
site. The two models are related to two groups of respondents: 
HB and NHB. The impact on HB respondents is greater than 
on NHB respondents, and both decrease exponentially with 
an increase in distance from the facility. 

The last model presented in Table 6 is a multinomial logit 
model for the polytomous response variable POMl. The var
iable can have four possible values. Thus, three intercepts 
were estimated. Each equation in the model is called condi
tional logit and expresses the logarithm of odds of one out
come versus another as a linear function of the explanatory 
variable RDIST. Plots of these three conditional logit equa
tions are presented in Figure 2. The curve labeled High_ 
POMl depicts the distance effect on the conditional proba
bility of strong opposition (POMl = 3); Medium_POMl 
depicts the distance effect on medium opposition (POMl = 

2); and Mild_POMl displays the distance effect on mild op
position (POMl = 1). As expected, the strong opposition 
fades away sharply beyond 10 mi from the facility, whereas 
the medium opposition tends to be significant beyond 10 mi. 
Within 10 mi of the facility, the mild opposition is not likely 
to drop as sharply as that of strong or medium opposition. 
Other conditional logits can be derived algebraically from 
the given three logit equations. For example, ln(p/pJ = 

ln(p/p~) - ln(p2/p_1)· 

CONCLUSIONS 

This research explored empirically the spatial nature of per
ceived effects of siting solid waste management facilities in 
urban areas. The results of attitudinal surveys indicate that 
there are many negative perceptions toward SWM facilities, 
such as accident hazard and low quality of life and that these 
perceptions gradually decay over distance. 

Both the Phoenix and Glendale surveys supported several 
hypotheses regarding attitude effects associated with SWM 
facilities. Several perceived or actual impacts of an SWM 
facility seem to be affected by people's distance from the 
facility. These distance effects were successfully modeled us
ing several binomial and multinomial logit equations. Most 
of the survey variables (awareness, perceived threat of acci
dents, quality of life, and the combined potential opposition 
measure) showed statistically significant distance-decay. 
However, anomalous results were found showing perceived 
threat to property values increasing with distance, which might 
be discounted as a result of not controlling for socio-economic 
variation of various distances from the facility. 
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In a subsequent stage of this research (not reported here) 
the distance-decay equations were used for modeling the pub
lic opposition objective for the transfer facility location prob
lem. These equations are an important contribution because 
this methodology can be used by SWM planners in locating 
facilities in such a way as to minimize perceived negative 
effects and, by assumption, opposition. These kinds of curves 
can be used directly in a location model, as in minimizing the 
systemwide average probability of perceiving any one of the 
impacts. Alternatively, they can be used indirectly by using 
them to empirically determine the perceived "impact radius" 
for a model that minimizes the number of people within the 
radius. 

A majority of Glendale respondents expressed concern about 
the scale of a facility; they preferred the idea of having tem
porary SWM facilities dispersed in many communities. How
ever, a majority of Phoenix respondents were in favor of a 
single, large-type permanent facility. It is suspected that this 
difference in opinion between the two survey areas can partly 
be attributed to Phoenix respondents' bias toward the recent 
political decision by the city of Phoenix to have a single large 
facility. Other contributing factors may well be the differences 
in demographics between the two cities, which were not in
vestigated in the surveys. These results are interesting because 
they relate to the tradeoffs between cost and opposition that 
SWM facility planners must consider. Recently, Ra tick and 
White (8), among others, have argued strongly that equity 
should be considered when planning for systems of undesir
able facilities, where equity is considered to be a function of 
how many other places are also host sites for undesirable 
facilities. The survey results presented in this paper do not 
unequivocally support the notion that people prefer systems 
of a greater number of dispersed facilities, at least not for 
transfer stations. Further empirical research is needed to iden
tify people's attitudes toward equity and risk sharing. Also, 
the ideas of political placation and welfare distribution by use 
of facility packages (12) are fruitful directions for future sur
vey research. 

This paper has been concerned primarily with statistical 
modeling of distance decay effects of siting an SWM facility. 
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Therefore, it has made no attempt to discuss the many wider 
and complex issues that must be confronted in an actual siting 
process of a NIMBY facility. 
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Growth at Rural Interchanges: 
What, Where, Why 

DAVID T. HARTGEN, ]ANET E. O'CALLAGHAN, WAYNE A. WALCOTT, 

AND JANE 0PGENORTH 

Unlike in metropolitan areas, the effects of the Interstate system 
on economic growth in rural areas are not well understood. There, 
Interstates have improved accessibility of farm-to-market ship
ments and significantly increased job opportunities for rural res
idents wishing to commute to metropolitan regions. In many of 
these areas , congestion has been reduced and business has im
proved, whereas in other areas, businesses have deteriorated and 
economic growth has slowed or declined . Growth at interchanges 
typically has been limited to a narrow band along the cross streets, 
or no growth has occurred. The development potential of each 
of the 22 interchanges on Interstate 40 from Raleigh to Wil
mington in North Carolina was assessed. Using a "model-by
analogy" approach, observed growth at presently developed in
terchanges in North Carolina is related to background data on 
traffic, site, and situational characteristics. These relationships 
were applied to the new Interstate 40 interchanges, allowing fore
casts for future development pressure. Growth equations were 
developed using regression, with separate equations constructed 
for various services and establishment types. Findings indicate 
that each intersection within the Interstate 40 corridor will ex
perience a different economic pressure. The greatest growth po
tential is at interchanges near large urban areas and at high
volume roads along the corridor, which have sewer and water 
service and are near a regional town . Communities and businesses 
in the corridor must work together to identify appropriate de
velopment patterns for each exit, make decisions about utilities 
provision, and take cooperative action to develop services along 
the corridor as a group. 

Without question, the United States interstate highway sys
tem, now completed after over 40 years of construction, has 
significantly increased accessibility and changed the nature of 
the U.S . economy. Essentially , the interstate system has pro
duced an integrated economy on the mega-geographic scale . 
It has tied the regions of the nation together, and has provided 
for unprecedented availability of consumer goods and prod
ucts. Without the interstate system it would be difficult to 
imagine the present modern United States. 

The effect of the interstate system on changing travel pat
terns in metropolitan areas is well documented. Virtually every 
large city in the country has prepared transportation plans 
and forecasts using elements of the interstate system as key 
components ?f their highway system. The effects of the in
terstate system on suburban growth and on commuter patterns 
in metropolitan areas is therefore well understood. 

Not nearly so well understood are the effects of the inter
state system on economic growth in rural areas. There, the 
interstate system has improved the accessibility of farm-to-

Department of Geography and Earth Sciences, University of North 
Carolina at Charlotte, Charlotte, N .C. 28223. 

market shipments and has significantly increased job oppor
tunities for rural residents wishing to commute to metropol
itan regions. The system has also diverted traffic from other 
routes, bypassing communities and generating substantial 
changes in the local business structure. In many of these areas, 
congestion has been reduced and business has improved. In 
others, businesses have deteriorated and economic growth has 
slowed or declined. Typically , growth at rural interchanges 
has been limited to a fairly narrow band along the cross streets, 
often extending not more than half a mile on either side of 
the intersection. At many interchanges, no growth has oc
curred. In cases in which the interstate passed close to a small 
town, strip-like developments have often grown up between 
the community and the interstate exit. 

INTERSTATE 40 COMPLETION 

After years of planning, study, and construction, the final 
120-mi link of Interstate 40 connecting Wilmington, North 
Carolina , to Interstate 95 and Raleigh, North Carolina, is 
finally complete (Figure 1). Officially opened on June 27, 
1990, this section of interstate links the Wilmington area, its 
port, and N.C. beaches to the rest of the state and nation. 
Along the corridor, there are reports of land speculation at 
interchanges, rumors of new industrial development, and a 
belief that the corridor will see new and rapid growth. 

The N.C. Division of Community Assistance, in coopera
tion with the Interstate 40 Steering Committee of local gov
ernments and businesses, has initiated a study to determine 
the effects of Interstate 40 and to develop actions for coping 
with the expected effects of Interstate 40. The study has sev
eral elements, one of which is to assess development potential 
at each of the Interstate's 22 interchanges . The method used 
here, essentially "models by analogy," (i.e., observed inter
change growth at other presently developed interchanges in 
North Carolina, is related to background data on traffic, the 
site, and situational characteristics). The relationships are then 
applied to the new Interstate 40 interchanges, and forecasts 
for future development pressure are made. 

LITERATURE REVIEW 

From the literature, certain variables appear to be critical in 
determining growth along highways. Eagle and Stephanedes 
(J) noted that there are four ways that highways may affect 
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c 1-40 Exits 

FIGURE 1 Interstate 40 corridor. 

economic development, including 

1. Residential location, 
2. Work place location , 
3. Enterprise location resulting from change in labor sup

ply, and 
4. Enterprise location resulting from decreased transpor

tation costs. 

Investigators have found that counties with interstate high
ways have an advantage over other counties with regard to 
popu'Jation and employment growth, but only for counties 
within 25 mi of a metropolitan area. These employment effects 
are primarily related to industries servicing highway users 
(e.g., service stations, restaurants, and motels) and are not 
related to manufacturing or wholesale operations. 

Few studies have found a strong correlation between high
way and economic development. Wilson (2) maintained that, 
beginning in the late 1960s, efforts to link transportation in
vestments directly to economic growth rarely have been suc
cessful. He concluded that the economic development process 
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is far too complex and the role of transportation is not dom
inant enough for causal relationships to be established. Other 
studies suggest that economic development would occur in 
relation to highway investment only if certain other criteria 
were met. Huddleson and Pangotra (3) stressed that net gains 
from highway investments will occur only if resources (human 
and otherwise) that were previously not utilized or under
utilized are employed . A report from the University of Iowa 
( 4) stated that results of industrial location analysis have in
dicated that investing in better highways will not foster eco
nomic growth if other critical factors are not present. Other 
authors have found that a significant relationship exists be
tween highways and economic growth. Bohn and Patterson 
(5) examined population changes for all U .S. counties be
tween 1960 and 1970 and related them to a number of vari
ables. They found that an interstate had a substantial rela
tionship with relative population growth. Stephanedes (6) 
stated that transportation investments could have an influence 
on the location of firms, community patterns, and how re
sources are developed. Later analysis by Eagle and Stephanedes 
(1) indicates that the correlation between highway expendi-
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tures and employment is explained by two factors: (a) higher 
employment levels attract higher levels of highway expendi
tures, and (b) during the year of construction, employment 
levels increase. 

Another body of literature deals with the locational deci
sions of firms. These do not generally ascribe much effect to 
transportation variables. Harrison and Kanter (7) concluded 
that labor costs and availability of appropriate physical space 
were most important to firms making business location de
cisions. In a survey of Fortune 500 firms, Schmenner (8) found 
the top factors to be quality of labor, climate, and proximity 
to markets (which could be directly related to transportation 
accessibility). More recently, concern for location has focused 
on the levels of labor skill and public education and on train
ability (9). 

Several studies focus directly on interchange growth. Stein 
(JO) discovered that a large portion of development near pre
dominantly rural interchanges consists of highway-oriented 
businesses such as motels, service stations, and restaurants, 
and that there was rapid growth in apartments, churches, 
schools, shopping centers, and industrial parks near predom
inantly suburban interchanges. Moon (11) found that four 
variables were important in explaining development patterns 
at interchanges: (a) traffic volume, (b) distance to the nearest 
city, ( c) amount of development before interchange construc
tion, and ( d) distance to the nearest interchange. Epps and 
Stafford (12) found that only those interchanges previously 
designated as complete and unrestricted attracted any appre
ciable amount of economic development. Within this set, traffic 
volume and distance to regional centers were key variables 
influencing the amount of development. 

The literature states that highway development will have 
an impact on the regions through which they run, although 
there is much disagreement over the type and intensity of the 
impact. Six variables are believed to have an impact on the 
amount of development at an interchange (11,12): 

1. Average daily traffic (ADT) on interstate highway, 
2. ADT on crossroads, 
3. Location and population of communities within 10 mi of 

the interchanges, 
4. Distances to the nearest major urban center, 
5. Amount of development before the interchange con

struction, and 
6. Distance to the next interchange. 

In sum, the relationship among factors influencing growth 
at interchanges is complex. Generally, the amount of business 
activity observed at an interchange depends on traffic-related 
factors, particularly traffic volume and truck mix on the in
terstate and traffic on the cross street. Also likely to be im
portant are locational factors, such as the distance from the 
interchange to major cities, the distances to the next inter
change in each direction, the proximity to rest areas, and 
competition from other interchanges. Site factors also play a 
role, particularly sewer and water service, zoning, visibility, 
ease of access and egress, slope, and advertising. Given the 
constantly changing nature of such items, it is difficult to 
predict a growth pattern for a specific interchange in the 
absence of a complete picture of its site, traffic area, and 
locational situation. 
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METHOD 

The procedure used in the analysis consists of four steps: (a) 
a field survey of economic activity at interchanges on North 
and South Carolina interstates; (b) development of equations 
relating interchange activity to background factors; (c) ap
plication of these equations to characteristics of the intersec
tions on Interstate 40; and (d) forecasting future development 
pressure at Interstate 40 exits. 

The field survey consisted of visits to 103 interchanges on 
six North Carolina interstates and on two South Carolina 
interstates, which were completed during the summer of 1990. 
Because the North Carolina interstate system contains over 
270 interchanges, a representative sample with varying ter
rain, urban-rural traffic, and spacing were surveyed. 

A simple field sheet was used to record information on each 
interchange as well as information describing the location of 
the interchanges on the system. The interchange survey had 
36 items, including distances to towns, the nearest regional 
center, and rest areas and the distance to other interchanges 
and other interstates. Also included were traffic counts, avail
ability of water and sewer utilities, and visibility of the inter
change from the interstate. Development was categorized as 
residential, motel, gas station, fast food, sit-down restaurant, 
truck stop, office, church, bank, and mall. The data were 
entered into an Excel spreadsheet and uploaded to a main
frame computer data base for further analysis. 

Equations for growth were developed by using stepwise 
regression, with separate equations constructed for residential 
development, gasoline stations, motels, fast-food and sit-down 
restaurants, and total interchange. In general, it was found 
that equations with three or four variables performed 
satisfactorily. 

A careful review of the data showed that growth patterns 
on Interstate 95, a nearby route, are likely to be most appli
cable to the Interstate 40 situation. Interstate 95 is a major 
connector route along the eastern seaboard, connecting the 
northeast and southeast portions of the country. The section 
of Interstate 95 running through North Carolina passes through 
several rural counties and has been complete for nearly 20 
years. On opening day 20 years ago, Interstate 95 probably 
looked the way Interstate 40 looks today. There was little or 
no development at its interchanges and both interstate and 
cross-street traffic volumes were only a fraction of what they 
are today. Twenty years ago it was hard to imagine that some 
of these interchanges would contain 20 or more units of de
velopment. For example, when Interstate 95 first opened, the 
Highway 53/210 (Fayetteville) interchange was practically 
empty; today there are nine hotels, two fast food restaurants, 
six gas stations, and four sit-down restaurants. As Figure 2 
shows, development along Interstate 95 ranges from a low of 
two units to a high of 23 units, with the heaviest development 
concentrated primarily at major towns or crossroads with the 
heaviest volumes. Similar development potential exists at some 
of the Interstate 40 interchanges, provided that certain ele
ments are present. 

Growth equations along Interstate 95 were found to best 
reflect the Interstate 40 situation. Table 1 shows the equations 
selected. These equations relate development to sewer and 
water utilities, distance to other interstates and other inter
changes, and traffic on the cross street. Generally, the equa-
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FIGURE 2 Actual versus estimated development on 1-95 interchanges in North Carolina, 1990. 

tions explained 60 to 70 percent of the variation in observed 
development. Figure 2 shows that these models generally pre
dict quite well present development on Interstate 95. If the 
Interstate 40 situation can be described as similar to Interstate 
95 20 years ago, then the equations would predict Interstate 
40 growth development potential equally well. These equa
tions can be interpreted best by using an example: the de
velopment pressure for motels (Table 1) at an interchange is 
equal to - .34, plus 0.18 motels for every 1,000 cars on the 
cross street, plus 1.6 motels if the exit has poor visibility, plus 
4.53 motels if a sewage system serves the exit, minus .07 
motels for every mile of distance from rest areas. 

FACTORS AFFECTING DEVELOPMENT 

Motels 

Locations favoring motel development are those with water 
and sewer systems, moderate (not high) visibility, cross-street 
traffic over 4,000 ADT, and proximity to intersecting inter
states and rest areas. Sewer availability is the key: on average, 
sewer availability will generate potential for an additional 4.5 
motels. Highly visible sites are more suitable for gas stations 
and fast-food activities. Cross-street traffic above 4,000 ADT 
is important, and the exit should be no more than 20 mi from 
the next interstate or highway's end. 

Cross-street traffic seems to be more important to motel 
development in rural areas and less so in more developed 
areas. This traffic reflects the motels' need to attract other 
customers in addition to those that the interstate generates. 
Motels are also affected by the presence or absence of water 
and sewer systems but are not as strongly affected by visibility 
factors. In fact, locations somewhat removed from the inter
state itself (but still near the interchange), yet not visible from 
the interstate, seem to be favored. This factor is probably 
related to noise from the interstate, or perhaps because of 

opportunities for site development at locations slightly re
moved from the interstate. The analysis also shows that, where 
there is some variability, interchanges occupying relatively 
flat land tend to have a better chance of attracting motel 
facilities than those occupying steep slopes. 

Gas Stations 

Gasoline station clusters are best suited to interchanges with 
high cross-street traffic volumes (greater than 10,000 ADT) 
that may require cloverleaf-type interchanges, have good water 
systems, and are close to both nearby towns and interstate 
rest areas. For a diamond-shaped intersection, a cross-street 
volume of at least 5,000 ADT, water service, and a location 
within 3 mi of town are needed for successful operation. A 
diamond interchange 10 mi from town on a low-volume cross
street can support at best one to two stations. Since most 
stations depend on local and interstate traffic for success, they 
must be close to nearby communities, yet easily accessible 
from the interstate. 

Fast-Food Restaurants 

Fast-food restaurants favor sites with high cross-street traffic 
and water service that are close to intersecting interstates but 
relatively far from other exits. Essentially they thrive on both 
local traffic and interstate traffic, particularly at exits isolated 
from other exits. Sites with water service and traffic above 
7 ,000 ADT and that are more than 10 mi from other exits 
can support two to three restaurants. 

Sit-Down Restaurants 

The analysis found that sit-down restaurants favor high local
traffic sites close to intersecting interstates. No strong rela-
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TABLE 1 Equations of Development Along 1-95 in North Carolina 

Intercept -0.34 

Traffic: 
mainline traffic (000) 
cross-street traffic (000) +0.18 

Visibility: 
visible 
partially visible 
not visible +I.60 

Terrain: 
flat 
hilly 
steep 

Utilities: 
water system 
sewer system +4.53 

Intersection type: 
diamond 
cloverleaf 

Locational: 
d istancc to town 
distance to reg. center 
distance to next 

interchange 
distance to rest area -0.07 
distance to intersec ting 

interstate -0.046 

R-Square .65 
n 24 

tionships with other variables were noted . Sites with high 
volume on cross streets (>10,000 ADT) and within 5 mi of 
another interstate or the highway's end can support one to 
two such services. 

Single-Family Residential Developments 

The least satisfactory of the equations tested were those for 
residential development. From the analysis, it appears that 
residential development is not a particularly viable activity at 
interchanges. Generally, development that does occur tends 
to be clustered. A negative relationship was found between 
residential development and traffic on both the interstate and 
the cross street. Residential development was found to be 
particularly negatively related to cross-street traffic: cross streets 
with heavy volumes (>20,000 vehicles per day) were found 
to have only half the residential development of low-volume 
cross streets. Most low-volume interchanges can be expected 
to have some residential development, particularly if they are 
close to town. Also, contrary to development patterns else
where, residential development near interchanges is not strongly 
associated with other suburban dev~lopments, such as malls 
and hotels. Residential development is more likely in the 1 
to 2 mi band beyond the immediate exit. 

Notably absent from these relationships are distance to re
gional centers and interstate traffic volume. The presence of 
gas stations and fast-food restaurants was found not to be 

Type I![ lkx:~llllllll~D I 
Gas Fast FO(ld Sit-down 

6.76 -0.34 .64 1.07 

+0.097 +0.15 +0.23 -0.021 

+J.42 +1.054 

-3 .50 

-0.175 

+0.114 
-0.069 

-0.018 -0.024 

.67 .67 .58 .39 
24 24 23 24 

seriously affected by interstate traffic counts. This finding 
reflects the fact that, along most stretches of the interstate 
system, there is generally enough traffic to support these fa
cilities. Without exhibiting any variability from one place to 
another this is not going to be a factor in siting gas stations 
and fast-food restaurants. Cross-street traffic, on the other 
hand, is fairly important in those places in which development 
activity is lacking (i.e., rural areas) and, as with interstate 
traffic counts, not very important in more urbanized areas in 
which development is more dense . Other factors that are 
important , especially for the fast-food restaurants , are the 
presence of water and sewer systems and, for both gas stations 
and fast-food restaurants, a degree of interchange visibility 
from the interstate. Finally, interchanges not requiring ex
tensive grading tend to have more gas stations and fast-food 
development than those requiring extensive grading. 

In contradiction to previous findings of other researchers, 
there are no strong relationships between shopping devel
opment and distance either to the nearest small town or to 
the nearest regional center. Again, traffic along the interstates 
has become sufficient in and of itself to make such businesses 
viable enterprises, even in the absence of large or small pop
ulation clusters nearby. The only circumstance in which these 
distance variables seem to be important is, again, in more 
rural areas, where distance to a small town has some minor 
impact. These results appear to contradict some of the findings 
of earlier studies [e.g., Epps and Stafford (12)). But these 
earlier studies were based on data collected early in the life 
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TABLE 2 Correlations Among Interchange Measure of Development: 1-95 in North 
Carolina 

Gas Truck 
Mmets Sta1ions Sio11~ 

Motels -
Gas S rations . 67 - . 

Truck Stops -.03 -.OJ -
Fast Food Rest. .60 .53 . 09 

Sit Down Rest. .86 .58 .07 

Malls .46 .61 -.17 

Churches .14 .06 .45 

Banlcs .01 .24 .45 

Residential -.34 -.15 .07 

n = 25 

of the Interstate system, when main-line traffic levels were 
generally lower and the system was incomplete. Development 
on Interstate 95 through North Carolina and beyond is now 
more extensive and traffic levels are higher, making other 
factors more critical. These findings mean that most counties 
along Interstate 40 need not wait for rising interstate traffic 
to "float the boat" of interchange development: if the services 
are otherwise justifiable, development can be planned now. 

There also was considerable correlation between various 
development types at North Carolina interchanges (Table 2), 
indicating a symbiotic effect between various kinds of activ
ities at any major interchanges. Motels, gas stations, and fast
food and sit-down restaurants tend to develop together, with 
sit-down restaurants more closely aligned with malls. All are 
strongly negatively associated with residential development. 
Truck stops are generally not correlated with either of these 
groups, but there is some correlation with certain businesses 
(banks and churches). 

ST AGES IN INTERCHANGE DEVELOPMENT 

The typical sequence of development at an interchange would 
seem to be as shown in Table 3. Initially, a rural interstate 
passes through generally undeveloped lands, some of which 
may be in agriculture or other light use (Stage 0). There may 
be a strip residential development along the cross street, par
ticularly if (as is often the case) it is close to a small com
munity. If traffic is low (less than 2,000 ADT), more resi
dential development may occur (Stage 1). 

Depending on circumstances, the interchange may then 
evolve in several ways. A prerequisite for nonresidential eco
nomic growth is cross-street traffic volume: traffic levels greater 
than about 4,000 ADT are needed to support even minimal 
development (Stage 2). If the interchange has 4,000 ADT on 
the cross street, is a diamond design, has moderate or good 
visibility, and is within 10 mi of a small town and an interstate 
rest area, it will likely be able to support one gas station and 
one small motel (Stage 2A). The addition of water service 

Fast 
Food 
Res t 

. 

-
-

.71 

.56 

. 02 

.28 

-.32 

Sit 
Down 
Rest 

. 

. 

-
-

.64 

.04 

.04 

-.62 

Mnlls Churches Ilank.~ 

- -
- -
. - -
- - -
-
. -

-.20 . 
-.03 . 30 . 

-.41 .08 .08 

will increase gasoline service development to two to three 
stations. This pattern could be described as "light tourist" 
because it serves family travel needs. 

More extensive economic growth creating a small island of 
development (Stage 2B) can also develop from light tourist 
services. This pattern, termed "economically competitive" 
often occurs when cross-street traffic is greater than 8,000 
ADT, both water and sewer service is available, the nearby 
town is within 3 mi of the site, and the exit is at least 5 mi 
from nearby exits and has good visibility . In these circum
stances, typical deveiopmem would include two to four gas 
stations, one to two fast-food restaurants, and two or more 
motels. This development can challenge businesses in or closer 
to the small community, creating some tension. 

For interchanges closer than 2 mi to the community and on 
heavy-volume streets (> 12,000 ADT), "economic integra
tion" (Stage 2C) can occur, which eventually consolidates the 
activities of the interchange with those of the community. 
Development strips are most likely to evolve along such con
necting streets, particularly if they are widened to four or 
more lanes. In these circumstances, typical development would 
include four or more gas stations, three or more fast-food and 
motels, and two or more sit-down restaurants. Residential 
development would generally be pushed out by rising prices 
and traffic. In extreme cases, malls and other businesses can 
join this development. 

A "heavy tourist-oriented" focus can evolve if circum
stances are special: the intersection must be close to inter
secting interstates or beltways with cloverleaf intersections, 
have both water and sewer service, be within 2 to 3 mi of a 
town, and have moderate visibility. In these circumstances, 
there is potential for six or more motels, three or more sit
down restaurants, three or more fast-food restaurants, and 
three or more gas statiops (Stage 3A), depending on traffic 
volume. 

Truck stops, a special activity, generally require sites at 
least 3 mi from a town, at least 20 mi from intersecting in
terstates, lower cross-street traffic volume ( < 6,000), and good 
visibility. Usually one to three stops can be supported in a 
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TABLE 3 Stages in Interchange Development 

S1agcs 

0. Minimal development 
forest 

• agriculture 
• agric.-residential 

1. Residential 
• Single family homes 

medium sized lots 

2.A. Light tourist services 
I+ gas station 

• 1 small motel 

2.B. Economically Competitive 
2-4 gas stations 

• 1-2 fast-food rest. 
• 2+ motels 

2.C. Economic Integration 
• 4+ gas stations 
• 3+ fast-food rest. 
• 3+ motels 
• 2+ sit-down rest. 
• no residential 
• other business/malls 

3 .A. Heavy Tourist 
6+ motels 
3+ sit-down rest. 

• 3+ fast-food rest. 
• 3+ gas 

3.B. Truck Stop 
3+ gas stations/truck stops 
1-2 fast-food rest. 
no malls 
1-2 motels 

100-mi stretch of interstate. At such sites, one typically finds 
three or more gas stations and truck stops, one to two fast
food sites, no malls, and one to two smaller motels. 

POLICY ANALYSIS 

The findings from the previous section were used to estimate 
interchange development pressure along Interstate 40, con
centrating on the section between Wilmington and Raleigh 
(Figure 1). Some of these interchanges have been opened a 
number of years, and others have just recently opened (in 
1990). A baseline estimate of 20-year development pressure 
was prepared assuming existing site and physical and utility 
conditions and 1989 traffic. In addition, the effect of selected 
policies, particularly those relating to sewer and water service 
and future traffic is shown. Table 4 summarizes the findings 
by site; Figures 3 through 5 show the data graphically. 

Estimates of development pressure~ould be viewed cau
tiously: deve lopment pres ure is not . edictio.n of what will 
happen , but instead a relati ve priori tizing of the po sible de
velopment on each interchange because of its circumstances. 
Local governments often have the power to change, control, 
or accelerate actual development through a variety of policies. 
This analysis is intended to show which interchanges are likely 

Regulrcmepls 

Initial setting; 
no requirements 

• traffic <2000 ADT 
• not close to town 
• rural setting 

• traffic >4000 
• water service 
• moderate visibility 
• within 10 mi. of town 

and rest area 
• diamond design 

• traffic >8000 
• water and sewer 
• town<3 mi. 
• more than 5 mi. from next ex.its 

traffic > 12000 
water and sewer 
town <2 mi. away 

• water and sewer 
• 2-3 mi. from intersecting 

interstate 
• moderate visibility 

• 3-5 mi. from town 
• 20+ mi. from intersecting 

interstate 
• water service 
• 1-2 per int. segment (100 mi.) 
• traffic <6000 
• visibility good 

to come under pressure for future development so that gov
ernments will have information for planning. 

The analysis shows that the intersections on Interstate 40 
between Raleigh and Wilmington each have different devel
opment pressures. Some have potential for significant devel
opment because of their unique present locations, possibilities 
for sewer and water, and cross-street traffic, whereas others 
appear to have less development potential. 

In the upper end of the corridor, just south of Raleigh, 
there are two exits, the first of which (SR-303) has moderate 
to low development potential. Residential development is more 
likely because of the close proximity to Raleigh. The second 
(U.S. 70) interchange has high development potential, with 
30 or more units of development potential by the year 2008, 
if the sewer is extended to the entire intersection (currently 
water and sewer service some of the interchange). This in
terchange is especially well-suited for gas stations, fast food, 
and mall and motel development. U.S. 70 has high traffic 
volume, which is projected to increase substantially over the 
next 20 years. An economically integrated development form 
is likely. 

Further south, interchanges at N.C. 42 and N.C. 210 have 
already begun to experience some growth: currently there are 
two gas stations with other sites in development. The site 
pressure was estimated at about four units, under present 
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TABLE 4 Twenty-Year Development Potential and Character of 1-40 Interchanges 

Gamer SR 303 
Garner NC 70* 

Clayton NC 42 

Sm ithfield NC 210 

Benson SR 1356 
Benson 1-95 
Benson NC 96 

Newton Grove NC 50-55* 
Newton Grove US 701* 
Newton Grove SR 1722 

Faison NC 403 

Warsaw NC 24 
Warsaw NC 117 

Magnolia NC 903 
Rose Hill SR 1102 

Tin City NC 11 
Wallace NC41 
Willard US 117 

Burgaw NC 53 
Rocky Pt. NC 210 

Castle Hayne 
NC 132 

• - water only available 
RES - Residential 
LT - Light Tourist 
HT - Heavy Tourist 
CE - Competitive Economy 
EI - Economic Integration 
T - Truck-stop Focus 
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FIGURE 3 Twenty-year development pressure at 1-40 exits, 1989 traffic levels. 
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FIGURE 4 Twenty-year development pressure at 1-40 exits, 2008 traffic levels. 
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FIGURE 5 Twenty-year development pressure at 1-40 exits, 1989 versus 2008 traffic. 

circumstances. If sewer and water service is provided, there 
is a good possibility that the interchanges will experience ad
ditional growth. 

There are three Interstate 40 interchanges in the Benson 
area (SR-13S6, Interstate 9S, and N.C. 96). Interstate 9S 
carries a large volume of traffic, but, as with most cloverleaf 
interstate-to-interstate intersections, it does not allow for 
direct development; the interchanges nearby could receive 
development in tead (see Table 3,~ge 3A). State Road 
13S6 is also suited to serve traffic coming from Inter rate 
9S, since sewer and water are extended to this location . An 
estimate of development pressure at the Interstate 9S/In-

terstate 40 location, about 23 units, will show up as in
creased development pressure at the Interstate 9S Benson 
exit. The exit at N.C. 96 appears to have only light devel
opment pressure. 

Toward the corridor center, the Newton Grove area is served 
by three exits: N.C. SO/SS, U.S. 701, and SR-1722. The N.C. 
SO-SS and U.S. 701/13 exits appear to have some development 
potential. North Carolina SO-SS has water but not sewer; thus 
a major element for development is already in place. It is 
estimated that the interchange could be developed into a stand
alone economically competitive site, with perhaps eight or 
more units of development. At the U.S. 701 exit, similar 
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development potential exists. At SR-1722, south of Newton 
Grove, development potential is light. 

The N.C. 24 interchange has considerable development 
pressure. Water and sewer main lines are in place. The in
terchange could be developed into a medium tourist site, with 
the potential to expand to an economically competitive node 
for the communities. This intersection's rest area enhances 
its development potential , although visibility may be a prob
lem. Some signing might be required. 

There is moderate economic development pressure at N.C. 
53 and N.C. 210, with the edge going to N.C. 53. Either the 
Burgaw or the Rocky Point exit probably could be developed 
into a competitive economic node if sewer and water were 
provided. Development may not be cost-effective for the 
Rocky Point site. If sewer and water cannot be provided, then 
development would probably remain limited to light tourist 
service. 

North of Wilmington, the exit for Castle Hayne (SR-1002) 
appea rs to have quite high development pres ure. According 
to the analy'si. , SR-1002, which has no sewer or water , has 

~~~~illJ~J!?,Otentia l for ga station development . orth Carolina 
r5'1'f1C1f, p nal end of Inter rate 40, has higher deve lopment 
potent'ial';t•it i~ heavily re idential in haracter now. Both in
tersections benefit from their close proximity to Wilmington. 

This analysis concludes with a number of general points. 
First, the importance of providing sewer and water services 
in both controlling and encouraging development at intersec
tions should be noted . Without sewer and water, the devel
opment pressure on most interstate intersections is limited; 
conversely, with sewer and water services provided, devel
opment pressure will be considerable. Provision of sewer and 
water can generally double the development pressure for most 
interchanges. Local governments need to understand this link
age and use it in conjunction with other planning tools to 
encourage the kind of development they seek . 

Second, although traffic growth will improve the compet
itiveness of some intersections , traffic increases alone are not 
likely to significantly increase development pressure. It was 
found that development pressure depends more upon site 
characteristics and the locational positioning of the intersec
tion with respect to its community and the corridor , than it 
does on traffic . 

Most exits in the corridor will not be able to support un
limited economic growth. Since the total economic potential 
growth for the corridor is limited, communities must work 
together to plan comprehensively for reasonable expectations 
at specific interchanges as well as a solid development pattern 
for the entire corridor. 
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In summary, it was found that each of the corridor's inter
sections will experience a different economic pressure, which 
can be used effectively by local communities and the corridor 
as a whole . The communities and businesses in the corridor 
need to work together to identify appropriate development 
patterns for each exit, make decisions with respect to the 
provision of utilities, and take cooperative actions to develop 
the services along the corridor as a group. Such a cooperative 
process can lead to an environment that is both economically 
active and aesthetically pleasing and that provides appropriate 
services at appropriate points. 

REFERENCES 

1. D. Eagle and Y. J. tephanede . Dynamic Highway lmpacl on 
Economic Development. In Tra11spona1ion Research Record 1116, 
TRB , Na tional Research Council , Wa hington, D . . , 19 9. 

2. G. W. Wilson . Economic Analysis of Transportation: A Twcnty
Five Year Survey. Transportation Journal, Vol. 26, No . 1, 1986, 
pp. 33-44. 

3. J. R. Huddleson and P. P. Pangotra. Regional and Local Eco
nomic Impacts of Transporta tion Investments. Presented at An
nual Conference of Associa1ion of Collegiate Schools of Planning, 
Buffalo, N .Y ., 1987 . 

4. Road Investment to Foster Local Economic Development . Public 
Policy Center, University of Iowa , Iowa City, May 1990. 

5. R. A . Bohn and D. A. Patterson . Interstate Highway and the 
Growth and Distribution of Population . In Proc., American Sta
tistical Association, 1971. American Statistical Association , 
Washington , D. .. l972. 

6. Y. J. Stephanedes. /11fl11e11ce of Transpor1atio11 on Economic De
velopme111 . Departmcnl of Civil and Mineral Engineering, Uni
versity of Minnesota , Minneapolis, 1985. 

7. B. Harrison and S. Kanter. The Political Economy of States Job 
Creation Business Incentives. Journal of the American Institute 
of Planners , Vol 44, No . 4, Oct. 1978 , pp . 425-435 . 

8. R. W. Schmenner. Making Business Location Decisions . 
Prentice-Hall , Inc., Englewood Cliffs, N .J., 1982 . 

9. A. S. Stuart, D. T. Hartgen, and J . Clay . Locational Character
istics of Manufactures: A Survey . University of North Carolina, 
Charlotte, 1990. 

10. M. M. Stein. Highway Interchange Area Development-Some 
Recent Findings. Public Roads, Vol. 35, No. 11, December 1969, 
pp. 241-250. 

11. H. E. Moon, Jr. Interstate Highway Interchanges Reshape Rural 
Communities. Rural Development Perspectives , Vol. 4, No. 1, 
October 1987, pp . 35-38. 

12. J. W. Epps and R. B. Stafford. Interchange Development Pat
terns on Interstate Highways in South Carolina. In Transportation 
Research Record 508 , TRB , National Research Council, Wash
ington, D.C. , 1974. 

Publication of this paper sponsored by Committee on Social and 
Economic Factors of Transporlation . 

•• 



TRANSPORTATION RESEARCH RECORD 1359 151 

Impact of State Highway Investment on 
Employment Along Major Highway 
Corridors 

KosTAS G. ZoGRAFOS AND YoRcos J. STEPHANEDES 

Prioritization and selection of highway projects may be based, in 
part, on the expected impact of a proposed investment on th.e 
regional economy. Previous studies have shown that the magni
tude and significance of the impact of highway investment on a 
regional economy may be affected by the nature .of the economy 
and the spatial distribution of socioeconomic act1v1ty. The ques
tion of how highway proximity influences the impact of h1ghw.ay 
investment on the economic activity of 87 Minnesota counties 
was examined. The analysis is based on highway construction 
expenditures and county employment data in con.junction with 
vector autoregression structural plots and causality tests. The 
results suggest that. in response to highway expenditures abov.e 
the trend. counties containing major highway corndors expen
ence a small. statistic<illy significant. increase of their total and 
manufacturing employment. In contrast. counties not containing 
major highways experience a small, statistically significant re
duction of their total employment. 

Urban, transportation. and economic planners often face de
cisions on the prioritization and programming of highway in
vestments. Decision-making criteria in the evaluation process 
of state highway construction projects are based, substan
tially, on benefit-cost analysis. Incremental roadway user sav
ings, measured in terms of vehicle operating cost and travel 
time, are the project benefits and are compared against the 
investment cost of highway projects . Although all project 
benefits are included in the roadway user savings, highway 
investments have a broader regional economic impact. For 
quantifying the latter hypothesis. an appropriate criterion is 
the expected impact of a proposed investment on the eco
nomic well-being of the region in which the project is located . 

Linkages between economic development and transporta
tion network expenditures have been established in a number 
of studies (1-4). These studies have demonstrated that high
way infrastructure investments can affect the level of eco
nomic activity of a region by inducing changes in residential 
location (1), work place (2), and enterprise location (3 ,4). 
Furthermore, the relationship between proximity to interstate 
highway corridors and population and employment growth 
have been studied in England (5) and in the United States 
(6,7). 

The objective of this paper is to empirically examine the 
effect of highway construction expenditures on the employ
ment level of various sectors of the economy in the state of 

K. G. Zografos, Department of Civil and Architectural Engineering, 
University of Miami, Coral Gables, Fla. 33124. Y. !· St~phaned~s, 
Department of Civil and Mineral Engineenng, Umvers1ty of Mm
nesota, Minneapolis, Minn. 55455. 

Minnesota. In particular, we seek to determine whether there 
are differential effects of highway construction expenditures 
on the employment of a region as a result of proximity of that 
region to major highway transportation corridors. 

The rest of this paper is organized as follows. The second 
section of the paper presents an overview of previous related 
work . The third section describes the proposed methodolog
ical framework for determining the relationship between high
way construction expenditures and employment. In addition, 
this section summarizes the input data of a case study used 
to illustrate the proposed methodology. The results of the 
case study are then discussed and are followed by concluding 
remarks. 

PREVIOUS RELATED WORK 

Traditionally. the prioritization of highway construction ex
penditures has been based, to a large extent, on the consid
eration of roadway user benefit-cost analysis. A limitation of 
this approach is that it does not explicitly consider potential 
effects of highway expenditures on the overall economic well
being of the geographic region in which the investment takes 
place. Nevertheless. in the United States, 36 departments of 
transportation consider the economic impact of highway con
struction expenditures in their project prioritization and se
lection process (8). Further. work in the area of prioritization 
of highway investments for low-volume rural roadway net
works has suggested that low-volume roadway investments 
should be viewed in the context of regional economic inte
gration and development (9-14). 

Koch et al. (9) proposed a multicriteria framework for the 
socioeconomic evaluation of rural road projects. The study 
used the following five criteria for the appraisal of rural road 
projects: (a) economic benefits. (b) economic costs, (c) distri
bution, (d) accessibility to social services. and (e) employ
ment. Leinbach and Cromley (10) introduced a goal pro
gramming formulation for the evaluation of rural roads in 
Indonesia. Among the considered criteria are total population 
served by the projects. area of the agricultural land served, 
connectivity to major corridors, daily market distance , and 
nature of facilities served. A study of rural road accessibility 
and development of agriculture and social infrastructure in 
Ghana (11) concluded that improved accessibility resulted in 
increased social development of rural communities. Analysis 
of the relationship between the structure of the rural roadway 
network and accessibility of public facilities (12) revealed that 
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improvements in the travel times of crucial roadway segments 
can reduce the number of health care facilities required to 
effectively serve a given geographic region. However, im
proved accessibility can also increase the extent of disparities 
in the local economy (14). 

The relationship between transportation network invest
ments and level of economic activity has been the subject of 
a number of empirical studies. However, the results of these 
studies are inconclusive and often are not in agreement with 
the hypothesis that the improvement of the transportation 
infrastructure is a prerequisite to economic development in a 
region (13). For instance, a study of the Ozark region in 
Arkansas found little correlation between highway invest
ments and economic development (15). Further, a study con
ducted in the Atlantic region of Canada found that invest
ments in the area's transportation infrastructure would attract 
few industries (16). 

Sheppard (14) and Stephanedes (17) suggest that the in
conclusive and occasionally contradictory conclusions on the 
relationship between transportation and economic develop
ment are the result of three major factors: (a) variability in 
the geographical scale across studies, (b) use of methods that 
are not appropriate to determining the direction of the 
relationship between the two variables (i.e., the level of 
economic activity and highway construction expenditures), 
and (c) failure to consider the hysteresis involved in 
transportation-economy interactions. 

Therefore, in evaluating the impact of highway investments 
on economic development, it is necessary to use analytical 
methods that can determine directional effects between the 
involved variables and account for the time lag between the 
highvv'ay investments and the level of economic activity. 
Stephanedes (13) proposed vector autoregression, causality 
tests, and structural plots as the most appropriate analytical 
methods, and these are also adapted in this study. 

METHODOLOGY AND DATA SOURCE 

The vector autoregression (VAR) formulation for this anal
ysis consists of two equations-one explaining highway ex
penditures and one explaining employment. Equations 1 and 
2 represent mathematically the VAR. 

+ bu E;.r-1 + b12 E i.r - 2 + · · · + b,qEi,r - q + E;,r 

(1) 

E;,r "11 + ll21 H;,r-1 + ll22 H;,r- 2 + • • • + ll2q Hi,r - q 

+ b21 E;,r - 1 + b 22 E ;,r- 2 + · · · + b2q Ei,r - q + 11;,r 
(2) 

where 

H;,, = highway constru"tion expenditures in county 
i during year t, 

E;,, = 
a,b, and 'Y 

E and 11 = 

employment in county i during year t, 
coefficients , and 
error terms. 
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Two sets of data are necessary for the implementation of 
the VAR method. The first set represents the distribution of 
highway construction expenditures over time, whereas the 
second represents the time evolution of employment level. 

For this application, state trunk highway expenditure data 
on the 87 Minnesota counties were obtained from the Min
nesota Department of Transportation for the period 1957-
1982. Because the objective was to determine whether there 
is a differential effect of highway proximity on the relationship 
between highway investment and economic development , the 
87 Minnesota counties were divided into two groups. The first 
group includes the Minnesota counties that contain a major 
highway transportation corridor; all other counties are placed 
in the second group. For the purposes of this study, a major 
corridor was defined by an interstate or one of the most heav
ily traveled state trunk highways. 

Employment data were obtained from the County Business 
Patterns, spanning the period 1964-1982 for the same 87 
Minnesota counties. A study of the distributional effects of 
state highway investment on local and regional development 
has shown that, in diversified economies, highway invest
ments affect to a different extent the employment level of 
various economic sectors (17) . For instance , the employment 
impact of highway investments may appear first in the man
ufacturing sector, and the impact on other sectors (e.g., retail 
and wholesale) follows. Therefore, it was deemed necessary 

Service 
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for this study to examine the effect of highway investments 
on total employment as well as on sectoral employment levels. 
For the sectoral employment analysis the following employ
ment categories are used: (a) manufacturing, (b) service, (c) 
wholesale, (d) transportation, (e) finance insurance and real 
estate (FIRE), (f) retail, and (g) construction. 

Following filtering of panel data (17), time series analysis 
and causality tests were performed for the two groups of 
counties and the eight employment sectors. Since long-term 
effects are of primary interest, a 5-year lead was used in the 
VAR analysis. Furthermore, a 5-year lag was used in VAR 
to capture the inherent delay in transportation-economy in
teractions [see work by Stephanedes (13) for a detailed de-
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scription of the method]. The results of the time series analysis 
are summarized in Figures 1 and 2 in the form of structural 
plots, and the causality test results are summarized in 
Table 1. 

DISCUSSION OF RESULTS 

In this section we discuss the results of the structural plots 
and the causality tests. First we consider the effect of highway 
investments on total employment for the two categories of 
counties; the discussion of the sectoral effects follows. The 
structural plot of each sector indicates the expected effect of 
a one-time 10 percent increase in trunk highway expenditures 
on the employment of that sector. 

Total Employment 

The employment effect varied between the two county groups. 
The data demonstrate that, in counties containing major free
way corridors, money spent on improving highways causes an 
increase in total employment above the normal trend. From 
Figure 1, a one-time 10 percent increase above the trend in 
highway expenditures may induce a 1.9 percent short-term 
increase in total employment. The peak of this increase is 
observed in the second year. The immediate employment 
changes that are due to expand business activities during con
struction last approximately 4 years. This short-term increase 
is followed by a sharp drop in total employment to its initial 
level. However, a positive long-term effect of highway in
vestment on the employment of these counties is also indi
cated over a period of 15 years. From the causality test (Table 
1), this impact is statistically significant at the 18.7 level. 

For the counties that do not contain major highway cor
ridors, the structural plot of Figure 2 indicates that a 10 per
cent increase in highway expenditures results in a 2.2 percent 
decrease in total employment. A long-term reduction in total 
employment is also manifested over a period of 15 years. In 
this case, the results of the causality test suggest that the 
decrease in total employment is significant at the 10.2 percent 
level. 

The total employment results are in agreement with those 
of other empirical studies (6,7), which found that highway 

TABLE I Effect of Highway Expenditures on Employment 

Employment Counties with Counties without 
Major Highways Major Highways 

Sectors 
Significance F-Test F-Test Significance 

Level (%) Level (%) 

Service 16.1 >30 

Transportation >30 >30 

Retail >30 >30 

Construction >30 >30 

F.I.R.E .' >30 6.7 

Manufacturing 0.7 >30 

Wholesale >30 >30 

Total 18.7 10.2 

*F.I.R.E. Finance Insurance Retail Employment 
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infrastructure investments have a positive effect only on the 
localities in the vicinity of major corridors. The results also 
indicate that most of these gains are balanced by employment 
losses in the counties that are further away. Since regional 
centers tend to be situated along major corridors, this finding 
is also in agreement with those in earlier studies (13 ,17) that 
showed that highway investments benefit such centers over 
other counties. 

Manufacturing Employment 

The manufacturing employment structural plot (Figure 1) sug
gests that an increase in highway expenditures causes a 2.9 
percent short-term increase in employment in the counties 
containing a major highway corridor. The peak of manufac
turing employment is observed in the third year. The long
term gains in manufacturing employment are substantial. This 
pattern is common to the manufacturing, wholesale , and FIRE 
sectors, as well as to the total employment of the state. From 
the causality test, the effect of highway investment on man
ufacturing employment of counties containing major highway 
corridors is highly statistically significant at the 0.7 percent 
level. 

In contrast, the structural plot of manufacturing employ
ment for the counties that do not contain major highway 
corridors indicates a decrease in employment. The short-term 
decrease is 2. 7 percent and the impact extends over a period 
of 15 years. 

Construction Employment 

A 4. 7 percent increase in construction employment is indi
cated by the corresponding structural plot of Figure 1. This 
increase lasts for 3 years after the highway expenditures. This 
result suggests that the construction of the highway creates 
short-term employment opportunities in the counties located 
in the vicinity of the highway corridor. This positive effect 
diminishes after the completion of highway construction, as 
expected. Further, the results of the causality tests indicate 
that the overall effect on construction employment is not 
statistically significant. 

Other Sectoral Employment Effects 

The structural plots for the service, wholesale, retail, and 
FIRE employment sectors suggest that highway expenditures 
have a positive effect on the employment level of these sectors 
in the counties containing major highway corridors. The mir
ror image of this general pattern (i.e., decrease in employ
ment) is indicated for the counties that do not contain major 
highway corridors. For the counties without major highway 
corridors, a FIRE employment short-term decrease of 2.4 
percent is statistically significant at the 6.7 percent level, in
dicating the lack of opportunities in this sector when major 
corridors do not facilitate interactions with major urban areas. 
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CONCLUDING REMARKS 

In this paper we have examined the time-dependent effect of 
highway funding on county economic development with an 
application to the counties in the state of Minnesota. For 
determining this effect, VAR analysis, structural plots, and 
causality tests were used with data from trunk highway expen
ditures and total and sectoral employment . The hypothesis 
tested is that , in terms of employment gains, counties con
taining major highway corridors are the primary beneficiaries 
of highway investment. 

When total aggregate employment data were used, it was 
found that there is a small, positive, long-term effect of high
way expenditures on the total employment of counties con
taining major highway corridors. On the other hand , counties 
without major highway corridors experienced a small, long
term, statistically significant reduction in their total employ
ment despite the increase of highway expenditures. 

When the data were disaggregated to reflect employment 
for eight sectors of the economy, it was found that sectoral 
employment increased for all employment categories in the 
counties containing highway corridors. Further, the increase 
in the manufacturing sector proved to be highly statistically 
significant. For the counties not containing highway corridors, 
highway investment had a small, negative, not statistically 
significant impact on the employment level of all sectors . The 
negative effect was significant in the FIRE sector. Although 
there was a lack of significance, the pattern of long-term 
employment losses was similar across most economic sectors. 

The finding that improved highways tend to help the econ
omy of counties in which the major highways are located but 
may hurt other counties should not be surprising. In partic
ular, counties that act as regional economic centers tend to 
be located on major highways, and it has already been sug
gested in the literature (17) that those counties stand to ben
efit the most from highway expenditures . Counties that are 
located far from major highways tend to depend on employ
ment opportunities provided by regional centers; better high
ways allow the residents of these counties to conduct more 
of their economic activities in nearby centers . These counties 
can improve their economy if local firms can take advantage 
of better transportation to expand their activities and improve 
their competitiveness in the marketplace. 
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Methodology for Estimating Economic 
Impacts of Highway Improvements: 
Two Case Studies in Texas 

JESSE L. BUFFINGTON, LAURENCE M. CRANE, BURTON CLIFTON, 

AND JOHN SPEED 

A methodological procedure that can be used by practitioners in 
estimating the economic impact of proposed highway improve
ments is outlined. The methodology is followed in measuring the 
impact of proposed improvements to U.S. Highway 287 in Wich
ita Falls and State Highway 199 in Tarrant County. Both have 
alternative routes that were evaluated. U.S. Highway 287 had 
two existing route alternatives. elevated and depressed express 
freeway lanes, and three bypass freeway route alternatives. State 
Highway 199 had one existing route freeway alternative and two 
bypass freeway alternatives. The State Highway 199 alternatives 
would affect Tarrant County and four to five cities. including Fort 
Worth. A summary of the results from these two case studies is 
reported. Benefit-cost ratios are calculated for the nonuser effects 
and the user effects measured in dollars. The objective was to 
estimate the economic effects resulting from implementing each 
alternative for each proposed highway improvement. The effects 
estimated are (a) impact on businesses. distinguishing between 
traffic-serving and other types of businesses; (b) impact on prop
erty values; (c) impact on new development; (d) impact on re
location and employment, including that caused by construction 
expenditures and loss of clientele; (e) impact on municipal tax 
revenues, and (f) impact on highway users. Data from previous 
studies, secondary sources, the Texas Department of Transpor
tation, and the study areas, are used to make these estimates. 
The results will be used as supporting data in the environmental 
impact statements that will be presented at public hearings. 

Highway improvements, whether for new highways or for 
existing routes, create changes in the local economy and how 
it functions. Some of these changes are temporary, lasting 
only during the construction period ; others are long term 
because they result from the characteristics of the new facility. 
Rarely is an economic effect clearly all positive or all negative 
within a community. 

PROBLEM STATEMENT AND BACKGROUND 

Fort Worth 

The Texas Department of Transportation's (TxDOT) District 
2 is evaluating the proposed improvement of State Highway 

J. L. Buffington and L. M. Crane, TII/CE Building, Suite 609, Texas 
Transportation Institute , The Texas A&M University System, Col
lege Station, Tex. 77843-3135. B. Clifton , Texas Department of 
Transportation, P.O. Box 6868, Fort Worth, Tex. 76115. J . Speed. 
Texas Department of Transportation, P.O. Box 660, Wichita Falls. 
Tex. 76307-0660. 

199 in northwestern Tarrant County, Texas. This highway 
passes through four small "satellite" cities (Lakeside, Lake 
Worth, Sansom Park, and River Oaks) as it leads into Fort 
Worth and terminates at Interstate Highway 30 near down
town. Presently. the highway is a four-lane facility with un
divided and divided at-grade sections having no access re
strictions. The proposed facility is a full limited-access freeway 
with or without service roads. Three alternate routes are stud
ied, and all three will affect four satellite cities plus Fort Worth 
and rural Tarrant County. 

The following are the route alternatives: (a) Central Route
follows the existing route consisting of a sizeable strip of 
commercial development sprinkled with random vacant land. 
This alternative would require the acquisition of additional 
land, located primarily on only one side of the existing right 
of way. (b) North Route-would bypass Lake Worth and 
Sansom Park almost completely and pass mostly through un
developed land and partially through several residential 
neighborhoods . ( c) South Route-would bypass most of Lake 
Worth and pass through a large portion of vacant land and 
several residential neighborhoods. Most of the northern route 
and nearly half the southern route would pass through the 
city of Fort Worth. 

Wichita Falls 

TxDOT's District 3 is evaluating the proposed improvement 
of U.S. Highway 287 through the midtown of Wichita Falls. 
The highway segment under study is composed of two, one
way urban arterials in the midtown district. seven blocks long. 
controlled by a series of sequenced traffic lights at each block. 
U.S. 287 is improved as a freeway on both ends as it leaves 
the midtown area. creating a "design gap" in the primary 
arterial system. 

Improvements are proposed to alleviate an unacceptable 
congestion and accident rate. Accidents are attributable to a 
violation of driver expectation as freeway traffic approaches 
the urban street section. There is a need for a continued 
freeway section for through traffic that will allow only access 
traffic on the urban section. 

To alleviate these traffic problems. several facility options 
and alternative routes have been proposed. Three of the im
provement alternatives are bypass routes. Although these new 
routes would follow existing streets where possible. extensive 
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right-of-way acquisition displacements would be required. Two 
of these bypass routes would follow along portions of State 
Highway 240 (Eastside Drive), whereas the third would be a 
new location. The other two primary improvement alterna
tives would be to construct either a split elevated or a split 
depres ed one-way ·ection on Holliday and Broad Streets to 
carry through traffic, leaving a portion of existing roadway to 
carry local traffic. The elevated section alternative is sepa
rated into three secondary alternatives that deal with access 
ramps to cross streets and the alignment of the project on the 
north end. 

STUDY OBJECTIVE 

The study objective is to estimate the economic effects of the 
proposed route and/or design alternatives for State Highway 
199 in Forth Worth and for U.S. Highway 287 in Wichita 
Falls. The following effects are to be estimated: 

1. Impact on existing businesses, distinguishing between 
traffic-serving and other types of businesses, 

2. Impact on new development, 
3. Impact on employment, including that caused by con

struction expenditures and loss of clientele, 
4. Impact on municipal tax revenues, and 
5. Impact on highway users. 

DAT A SOURCES 

The primary data source is the transportation economics lit
erature (J-37). Also, data were collected by TxDOT's Dis
trict 2 and 3 personnel and the Texas Transportation Insti
tute's (TTI) personnel through personal interviews and mail 
questionnaires. Limited data were used from the U.S. Bureau 
of Census, Texas Almanac, chambers of commerce, and city 
offices. 

The literature also contains general studies that estimate 
the r lationship between highway construction expenditures 
and e mployment (38-40). Findings from the general tudies 
supplement and further support the case study findings . 

GUIDELINES FOR ASSESSING 
ECONOMIC EFFECTS 

There are several important guidelines to follow for assessing 
the effects of highway improvements: 

1. Consider all the relevant highway and area characteris
tics in assessing the economic impacts. 

2. Decide which of the above characteristics are significant 
variables in measuring economic impacts. 

3. Consider the techniques available for estimating eco
nomic impacts. 

4. Collect sufficient data on the characteristics of the pro
posed highway improvement to use in e lecting the most com
parable finding· of prior studies to estimate economic effects. 
At a minimum, data from previous studies must be compar
able in the following ways: 
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•Type of highway improvement (design and route lo
cation), 
• Dominant abutting land use, and 
• Stage of land development in area (percent developed). 
When ideally c mparable case study findings can't be 
found, the highway planner is forced to use subjective 
judgment in adjusting the impact estimates based on the 
findings of available studies. 

5. Adjust the findings of previous case studies to fit the 
proposed improvement area and route characteristics. 

IMPACT ON BUSINESS ACTIVITY 

A review of literature was conducted to compile a range of 
effects experienced by the busines communities in various 
Texas cities where highway improvements have been made. 
Factors compiled from the comparable literature, such as per
centage of changes in the number of businesses, amount of 
gross sales, and uses and values of property were used to 
estimate the various effects (J-35). Two types of effects needed 
to be identified: (a) those that occurred during the construc
tion period, and (b) those that occurred after construction 
was completed and the new highway facility was operational. 
These two factors affect businesses differently, depending on 
both location and business type classifications. The effects 
differ according to the proximity of the business to the con
struction zone and also to whether the business is primarily 
a traffic-serving or other type of retail or service business 
(J-19, 36, 37). 

The methodology most often used in the literature to mea
sure these effects is the before-after approach. Briefly, this 
procedure analyzes an area under an original set of conditions, 
constructs a highway improvement, and then reanalyzes the 
area to determine the impact of the improvement. In the 
reviewed studies, the before period includes a period 2 to 7 
years before construction of the highway. To minimize the 
effect of factors external to the highway construction, a con
trol area is often used to measure the general economic effects 
that are occurring, independent of the construction. 

Table 1 is a summary of percentage effects on gross sales, 
as reported in the literature, that resulted fr m either up
grading or bypassing an ex i ting highway sy tem. This table 
shows that there is considerable variation between effects 
among comparable studies. Because the studies considered 
were not all closely comparable, it was concluded that the 
comparative weighted mean value was an appropriate mea
sure to use in calculating the estimated gross sales change. 
The comparative weighted mean is based on a scaled judg
ment of the characteristics of the types of businesses involved 
on each route and how they compare with the cases cited in 
the literature. 

An important component of the business analysis was to 
determine the number of businesses that would close, be dis
placed either partially or totally, or would open. Table 2 is a 
summary of business status changes compiled from reviewing 
published reports. This table was used to estimate the number 
of businesses that would close or remain open. 

No clear procedure was addressed in the literature with 
regard to determining how many of the opening businesses 
were new construction as opposed to existing businesses that 



TABLE 1 Summary of Abutting Business Gross Sales Impact as Reported in the Literature 

PERCENTAGE CHANGE OF IMPACT BY TYPE OF IMPROVEMENT 

UPGRADING EXISTING HIGHWAY SYSTEM BYPASSING EXISTING HIGHWAY 

BUSINESS ACTIVITY 

Bypassed 

Traffic serving 

Other retaillservice 

Remaining 

Traffic serving 

Other retail/service 

Partially 

Traffic serving 

Other retail/service 

Abutting 

Traffic serving 

Other retail/service 

Closed 

Traffic serving 

Other retail/service 

New 

Traffic serving 

Other retail/service 

DURING BEFORE VS. AFTER DURING 
CONSTRUCTION CONSTRUCTION CONSTRUCTION 

Weighted Weighted Weighted 
Range Mean Range Mean Range Mean 

NIA NIA NIA NIA NIA NIA 
NIA NIA NIA NIA NIA NIA 

-46to+l5 -11 -26 to +27 -6 -46 to + 15 -11 

-32 to + 10 -5 -39 to +19 -5 -32 to + 10 -5 

-4310+17 -12 -23 to +5 -11 -43 to +17 -12 

-35 to +31 -4 -97 to +73 -2 -35 to +31 -4 

-45 to -11 -25 to +18 -9 -45to+16 -11 
+16 

-34 to +19 -5 -67 to +48 -4 -34 to +19 -5 

NIA NIA -43 to + 17 -12 NIA NIA 
NIA NIA -35 to 31 -4 NIA NIA 

-43 to + 17 -12 -23 to +5 -11 NIA NIA 
-35 to +31 -4 -97 to +73 -2 NIA NIA 

TABLE 2 Comparative Analysis of Change in Status of Businesses Previously Studied 
by Route Location' 

PERCENT OF BEFORE CONSTRUCTION BUSINESSES 
Business T~~ Range Weighted Mean 
OLD ROUTE 
Traffic Serving 

Remaining 64-100 82 
Closing 0-36 18 
Opening 3-33 17 

Nontraffic Serving 
Remaining 75-100 87 
Closing 0-25 13 
Opening 0-86 34 

NEW ROUTE 
Traffic Serving 

Remaining 0-3 .4 
Closing 0-3 .4 
Opening 0-27 11 

Nontraffic Serving 
Remaining 0-8 1 
Closing 0-8 1 
Opening 0-17 6 

COMBINED ROUTE 
Traffic Serving 

Remaining 64-100 82 
Closing 0-36 18 
Opening 7-60 29 

Nontraffic Serving 
Remaining 75-100 88 
Closed 0-25 12 
Opening 0-88 40 

1 Based on following Texas Transportation Institute by studies: 4,5, 7,8,9, 10, 14 and I.~ . 

BEFORE VS. AFTER 
CONSTRUCTION 

Weighted 
Range Mean 

-65 to +39 -11 

-15 to +55 +10 

-13 to +49 +9 

-13 to +49 +9 

-23 to +5 -11 

-97 to +73 -2 

-19 to +26 -2 

-43 lo +66 +6 

-13 to +49 +9 

-13 to +49 +9 

-13 to +49 +9 

-13 to +49 +9 
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were closed but that began operating after the commencement 
of the study period. Thus, it was assumed that existing busi
nesses that were closed remained closed throughout the study 
period. The only exception is for those businesses that were 
vacant or closed at the commencement of the study that would 
be totally displaced during the construction period. These 
closed businesses were subtracted from the after closed busi
ness totals. Those that were opening were truly new business 
constructions and not merely existing closed business that 
began operations or existing businesses that changed 
ownership. 

The findings from the literature review, as summarized in 
Tables l and 2, and data from the sources described in the 
data section were used to estimate the 1989 gross business 
sales. The estimating methodology contains several steps: 

1. Classify the businesses in the study according to business 
type based on standard industrial classification (SIC) code. 
Business type refers to whether they were primarily traffic
serving, or nontraffic-serving retail and/or service-oriented 
businesses, independent of the proposed routes. 

2. Classify each business according to its location, and de
termine its comparability to the case studies in the literature. 
This was done for each proposed route alternative. The status 
of each business is determined according to each route 
alternate. 

3. Estimate the average gross sales per business for all busi
nesses of each SIC code. This was done by using 1989 gross 
sales data obtained from the State Comptroller's Office. 

4. Multiply the number of businesses by type and status, 
as determined in Steps l and 2, by the average gross sales per 
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business of the corresponding type, as determined in Step 3, 
to generate the total gross sales of all businesses of that type 
and status. 

5. Adjust the gross sales amounts and number of businesses 
to account for closing businesses and new opening businesses; 
also for those businesses either totally or partially displaced. 
The data summarized in Tables 3 and 4 were used to estimate 
these effects. The number of new businesses generated were 
allocated according to existing sales volume and adjusted ac
cording to the lengths of the old and new highway segments. 

6. Apply the appropriate percentage change amounts from 
Tables 1 and 2 to the gross sales figures calculated in Steps 4 
and 5. The result of these calculations is the estimated per
centage changes and estimated actual amounts that would 
occur both during and after construction. This step was re
peated for each business classification, alternative route, and 
status classification. 

IMPACT ON LAND USE, DEVELOPMENT, AND 
PROPERTY VALUES 

There is a close relationship between land uses and land val
ues. If land values change, land use usually changes later. 
Previous studies have shown that a new freeway in an area 
will change the accessibility to abutting or nearby properties. 
Increased accessibility causes a change in the during- and 
after-construction period land values, thereby changing the 
land uses. The speed of a change will largely depend on the 
types of abutting and nonabutting use and how densely they 
are developed. The presence of an adequate cross street or 

TABLE 3 Summary of Before- and After-Construction Period Nonuser Effects, and 
User and Nonuser Benefits and Costs of Proposed U.S. Highway 287 Improvement 

NON-USER IMPACTS ALT. 1 ALT. 2 ALT. 3 ALT.4 ALT.52 

Business gross sales ($ mil) +8.5 +5.9 +17.1 -1.9 +1.2 

Improved properties (%) -3.0 -4.0 +18.0 +8.0 +12.0 

Land value ($ mil) +35.4 +32.9 +37.3 +39.6 +41.7 

Tax Revenues ($th) +209.0 + 191.0 +247.0 +189.0 +240.0 

Relocation (II) -45.0 -50.0 -14.0 -6.0 -7.0 

Employment (11th) +5.4 +7.1 +6.2 +4.0 +2.3 

Income to economy ($mil) +407.0 +550.0 +468.0 +298.0 +224.0 

BENEFITS AND COSTS 

Users3 

Benefits ($mil) 728 658 624 952 952 

Costs ($mil.) 114 159 125 78 42 

Benefit/Cost Ratio 6.4 4.1 5.0 12.2 22.7 

Non-Users4 

Benefits ($mil) 451 590 523 435 267 

Costs ($mil) 114 159 125 78 42 

Benefit/Cost Ratio 4.0 3.7 4.2 5.6 6.4 

I Impacts of abutting properties, businesses and residents, and the general impacts resulting 
from highway construction expenditures. Nonabutting impacts are not estimated. 

1 An average of alternatives SA, SB, and SC. 

J Benefits accruing directly to highway users. 

' Combined dollar impact on abutting business sales, land values, tax revenues, and 
income to economy. 
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TABLE 4 Summary of Before- and After-Construction Period Nonuser Effects, and 
User and Nonuser Benefits and Costs of Proposed State Highway 199 Improvement 

NON-USER IMPACTS CENTRAL NORTH SOUTH 

Business gross sales ($mil) -14 +32 +27 
Improved Properties (%) -48 +4 -19 
Land value ($mil) +14 +10 +12 
City/County Tax Revenues ($th) +68 +185 +212 
Relocation (#) -302 -166 -385 
Employment (#th) +6.1 +7.7 +7.0 
Income to Economy ($mil) +473 +581 +528 

BENEFITS AND COSTS 

Users2 

Benefits ($mil) 582 545 668 
Costs ($mil.) 146 177 176 

Benefit/Cost Ratio 4.0 3.1 3.8 
Non-Users3 

Benefits ($mil) 473 624 568 
Costs ($mil) 146 177 176 

Benefit/Cost Ratio 3.2 3.5 3.2 

I Impacts of abutting properties, businesses and residents and the general impacts resulting 
from highway construction expenditures. Nonabutting impacts are not estimated. 

2 Benefits accruing directly to highway users. 

3 Combined dollar impact on abutting business sales, land values, tax revenues, and 
income to economy. 

road system that frequently interchanges with the new facility 
will heavily influence the distance from the improved highway 
that land values and land uses will be affected. 

District right-of-way personnel furnished an estimate of the 
amount of right of way ihat wouid be needed for each aiier
native, and what'property improvements that would be taken 
by type of improved property. Prior studies were used to 
estimate the number of new improved properties of each type 
for each alternative. Most of these studies are summarized in 
other publications (11,13 ,21). 

The land value analysis uses the same study strip for each 
route alternative as defined in the land use analysis. The 
estimated value of the existing abutting property serves as the 
base for estimating the proposed route effects on property 
values and represents the value of the abutting property im
mediately after the taking of right of way. It is assumed that 
the land uses and values of the new abutting property are the 
same as those of the existing abutting property. The value of 
the property that would be taken for right of way is estimated 
separately and subtracted from the before-construction value 
of the newly abutting strip of properties. It is difficult to 
determine the after-taking use and value of the newly created 
abutting properties, especially since some of these properties 
will be remainders of partial takings. 

Accordingly, the following procedural steps are used to 
estimate the existing/new abutting property effects of each 
route alternate being studied: 

1. Estimate the present land value of the existing/new abut
ting strip of land along each side of the proposed route and 
the corresponding bypassed portion. The width of the abutting 
strip is assumed to be 150 ft for residential use and 300 ft for 
all other uses. The estimated square-foot values of abutting 

land in each use are based on a compromise between the 
right-of-way cost estimates made by the district personnel and 
estimates made by several private appraisers and/or real estate 
sales persons. The before-construction abutting land values 
are caicuiated by muhipiying the totai square foornge of iand 
in each use by the corresponding compromise square-foot 
values. 

2. Estimate the present value of improved properties in 
each route alternative's abutting strip of land defined in Step 
1. These estimates are based primarily on the district's esti
mated whole taking building values of each land use along 
each route alternate. The average value of the improved whole 
taking properties for each land use and route alternative is 

. multiplied by the total number of properties of the corre
sponding land use group and route alternative to arrive at the 
estimated total value of the improvements of the property 
within the study strip. 

3. Estimate the total before-construction period value of 
the abutting strip of properties along the proposed routes and 
the corresponding bypassed portion of the existing highway 
by adding the total value of the land calculated in Step 1 to 
the total value of improvements calculated in Step 2. No 
adjustment is made for possible damages to small irregular 
partial takings. 

4. Estimate the value of the new improvements for each 
alternative by type of land use. The average value of existing 
whole taking improvements estimated in Step 2 is multiplied 
by the number of new businesses to arrive at an estimated 
total value of buildings to be occupied by the new commercial/ 
industrial businesses. For new commercial/industrial busi
nesses, it is assumed that such a value is a compromise be
tween the value of a new building and a renovated existing 
building. Probably 50 percent of these new businesses would 
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locate in existing renovated buildings. The estimated number 
of new residences is multiplied by the average whole value of 
existing residential improvements to be taken to arrive at a 
total value of all new residential improvements. 

5. Estimate the increased value of the vacant land where 
the new improvements will be placed. It is assumed that only 
one-half of the new commercial/industrial businesses will need 
a new lot in which to place a new building. It is also assumed 
that the size of a commercial lot is 100 ft wide and 300 ft 
deep. The differential value per square foot between vacant 
land and commercial land estimated in Step 1 is multiplied 
by the total lot square footage and then multiplied by the 
number of new businesses needing a lot, to arrive at the total 
value of the newly created commercial land. The estimated 
value of the new residences is assumed to include the lot value. 
Therefore, no increase in lot value is calculated for new res
idences. For new public/nonprofit organization buildings, the 
assumption is made that all will need new buildings and thus 
need new lots that are 100 ft wide and 300 ft deep. Again, 
the differential square-foot value between vacant land and 
the value of public land is multiplied by the total square foot
age of each new lot and then multiplied by the number of 
new public/nonprofit lots to arrive at a total value of new 
public/nonprofit lots. 

6. Estimate the total value of new improved properties by 
adding the total value of the buildings estimated in Step 4 to 
the total value on the increased value of the land needed for 
the new buildings estimated in Step 5. 

7. Determine the appropriate percentage changes to be used 
in estimating the expected, before versus after, construction 
period property values. The results from previous studies were 
evaluated and the results from the most comparable studies 
were used to arrive at appropriate range and mean values in 
which to choose a percentage to use to estimate the before
versus-after effects. These percentages are based primarily on 
the Texas studies referenced under each table. Most of these 
studies are summarized in other publications (11,13 ,21). These 
studies represent a construction period of about 3 years and 
an after-construction period of from 5 to 8 years. All the 
chosen percentages, based on the findings of these studies, 
seemed reasonable and are based on a general comparison of 
the specific characteristics of each route alternative in relation 
to the percentage range obtained from the most comparable 
prior studies (23 ,33). 

8. Estimate the total before (instead of after) construction 
period property effects of each route by multiplying the ap
propriate percentage change by the total before value of the 
property abutting the proposed route and/or bypassed portion 
of the existing route. It is assumed that only one-third of the 
total impact would occur in the during-construction period. 
The value of the proposed right-of-way takings is subtracted 
from the total after-period property value, and the value of 
the new property is added to the total. 

IMPACT ON TAX REVENUES 

An indirect benefit to communities whose land values and 
gross business sales have been increased because of highway 
improvements is the subsequent effect on the tax base and 
tax revenues. However, during the construction period, when 
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business accessibility may be adversely affected, the sales tax 
revenues could be decreased. Also a community's long-term 
sales tax revenues could be permanently affected if the high
way improvement permanently decreased the volume of tax
able sales within their boundaries. This report does not ac
count for possible increases in demand on tax revenues caused 
by increases in growth and development. Consequently, the 
tax effects in this report are gross impacts. 

The data used to estimate the gross taxable sales base are 
the same as those used previously to generate the gross sales. 
The percent of gross sales that is taxable was obtained from 
the state comptroller's office for each SIC code. The gross 
sales for each business was multiplied by this percentage rate 
to arrive at the amount of retail sales that were taxable. This 
amount of taxable retail sales can then be multiplied by the 
tax rates for the city to estimate the dollar amount of tax 
revenue. The same procedure is used to calculate the sales 
tax revenue generated from the wholesale and manufacturing 
firms operating within the parameters of the study routes. 

A similar procedure is followed in estimating the property 
tax revenues. The data for the property tax calculations are 
the same as those used to calculate the impact on property 
values. To estimate the property tax revenue, the property 
tax base is multiplied by the property tax rate for the city. 

IMPACT ON RELOCATION EMPLOYMENT 
AND INCOME 

This section covers the impact of the proposed routes on 
relocation of businesses and residents and changes in em
ployment and personal income. Each of these types of effects 
can have a significant effect on the businesses and residents 
in the study area, especially those abutting the existing or 
proposed routes. They are discussed separately below. 

Relocation Impact 

Relocation costs and effects on those displaced by the right
of-way takings of any highway project are of major concern 
and need to be considered in the decision process. The esti
mated effects of relocation are obtained from several previous 
relocation studies done in Texas (21-23, 36, 37). 

Employment Impact 

Each proposed route alternative would have a significant em
ployment effect on the area under study. As part of the total 
impact, a portion would be because of the net change (existing 
businesses before construction less displaced businesses, plus 
new businesses after construction) in employment by busi
nesses located abutting the existing and proposed routes. An
other portion would be employment resulting from expendi
tures by the highway contractor to build the new facility and 
from expenditures by building contractors to build new or 
renovate old businesses and residences. The abutting busi
nesses and residences are considered to have chosen their 
locations because of a new highway route (38-40). 
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Estimating Methodology 

To estimate the impact on business employment, the following 
steps were taken: 

1. Separate the affected firms (existing, displaced, or new) 
into two groups: commercial firms and industrial firms. In
dustrial firms usually have more employees than commercial 
firms, thus the employment of both groups is estimated 
separately. 

2. Estimate the number of employees of the two groups of 
firms for the before- and after-construction periods. Use the 
average number of employees per firm, for each group of 
firms operating in the city, for each route. Compute this from 
the latest U.S. Bureau of Census data. 

3. Add the estimated number of employees of commercial 
firms and industrial firms by city for each route. 

To estimate the employment impact of highway, residen
tial, and commercial/industrial building construction, the fol
lowing steps should be taken: 

1. Estimate the total construction cost for each route and 
the total construction cost of commercial/industrial buildings 
and single-family residences for each route. The route con
struction cost estimates are broken down based on the miles 
of each route in each city. For building costs, only whole 
building values are used to calculate an average building value 
for commercial/industrial buildings and for single-family res
idences. It is assumed that half the n~w businesses will occupy 
renovated buildings, and half will occupy new buildings. 
Therefore, the average of whole existing structures is a rea
sonable compromise value for the buildings occupied by the 
new businesses. All new residential buildings are assumed to 
be single-family structures. 

2. Estimate the number of employees that might be gen
erated because of each type of construction. The latest (1989) 
input-output model estimates of the "full-effect" employment 
multipliers are obtained from a report published by the Texas 
Comptroller of Public Accounts (39). These multipliers are 
adjusted to 1986 values by the Consumer Price Index. The 
appropriate adjusted multiplier, which represents the number 
of employees generated by each 1 million dollars of construc
tion expenditures, is then multiplied by the corresponding 
total construction expenditures to obtain the estimated num
ber of employees employed. Caution should be exercised not 
to assume that all the construction employment effects esti
mated by using the input-output multipliers will occur in the 
local area. If all the funds for these expenditures come from 
outside the local communities involved and are spent in those 
communities to hire local labor and buy locally produced 
materials, then most of the employment effects may occur in 
the local area. The employment effects from locally generated 
funds for building construction are more difficult to measure 
and trace through the economy. 

Construction Expenditure Output Impact 

Construction expenditures to build highway improvements 
and buildings for businesses and residences produce not only 
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an employment impact but also an output, or total demand 
effect. Total output multipliers have been developed by the 
Texas Input-Output Model to estimate these effects (39). As 
this construction money circulates through the local, state, 
and even national economy it may produce three levels of 
effects: (a) the direct impact of the actual expenditures, (b) 
the indirect impact in supply industries, and (c) the induced 
impact of increased consumer spending. If the source of the 
employment impact expenditures is from outside the local 
area, most of the final-demand output effects may be realized. 
The amount of the output impact received locally depends on 
how much is spent for local labor, services, and supplies. The 
appropriate multipliers are multiplied by the amount of each 
expenditure type to yield the final output estimates. 

IMPACT ON HIGHWAY USERS 

Users of a highway system experience what is called highway 
user costs. These costs are classified into three types: (a) time 
or delay costs, (b) vehicle operating costs, and (c) accident 
costs. One way to justify improving a segment of an existing 
highway or bypassing the existing segment with a new segment 
is to show that the money required to pay for and maintain 
the improvement will produce an even greater dollar amount 
of user cost savings. The third version of Highway Economic 
Evaluation Model (HEEM-III) is used to estimate the user 
cost savings (41). 

SUMMARY OF FINDINGS AND 
ACCEPTANCE BY TxDOT 

The summary of findings for the case studies shows how es
timates of the various nonuser impacts (effects other than 
those affecting motorists) can be helpful in deciding which 
route alternative should be selected. They show the extent to 
which nonuser impact estimates agree with the user, or mo
torists impact estimates, in selecting a route alternative. The 
findings for the two case studies are summarized separately 
below. They are presented in greater detail in the full reports 
(42,43). 

Wichita Falls 

Table 3 shows the estimates of the nonuser construction ef
fects and the total net benefits and costs for user and nonuser 
effects for each proposed route alternative for U.S. Highway 
287. Alternative 2 would produce the most positive employ
ment and income impact. Alternative 3 would produce the 
most positive business sales and improved property and tax 
revenue impact. Alternative 4 would produce the least relo
cation impact, and Alternative 5 would produce the most 
positive abutting land value impact. 

The user benefits are divided by the highway improve
ment costs to arrive at a benefit-cost ratio for each alternative. 
The same procedure is followed for the nonuser benefits. 
There is considerable agreement among the two sets of 
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TABLE 5 Estimated Nonuser Benefits to Affected Municipalities and Benefit-Cost Ratios from 
Proposed State Highway 199 Improvement 

CENTRAL NORTH SOUTH 

MUNICIPALITY BENEFIT RATIO BENEFIT RATIO BENEFIT RATIO 

Lake Worth ($mil) 65 2.2 31 NIA 88 2.8 

Sansom Park ($mil) 88 3.1 67 3.8 104 3.2 

Fort Worth ($mil) 232 4.1 417 3.4 263 3.3 

Tarrant County ($mil) 53 2.7 57 2.5 55 6.8 

River Oaks ($mil) 19 2.8 33 4. 1 35 4.3 

Lakeside ($mil) 18 3.9 19 9.1 22 3.9 

Combined dollar impact on abutting business sales, land values, tax revenues, and income to economy. 

benefit-cost ratios (i.e., those representing highway user ef
fects and those representing nonuser effects). The same route 
alternative, Alternative 5, has the largest benefit-cost ratio 
for each type of effect. Also Alternative 2 has the smallest 
ratio and Alternative 4 has the next highest benefit-cost ratio. 

Fort Worth 

Table 4 shows the estimates of the nonuser construction ef
fects and the total net benefits and costs for user and nonuser 
effect for each proposed alternative of State Highway 199. 
Not all nonuser effects select the same alternative. The north 
bypass alternative would produce the most positive or least 
negative impact on five of the seven nonuser effects estimated. 
The central route alternative would most positively affect 
abutting land values. The south route alternative would most 
positively affect city and county tax revenues. 

User benefits and costs for the south route alternative would 
produce the most benefits of the three route alternatives. but 
since the central route alternative would produce the second 
highest benefits and would cost the least to build, it would 
yield the highest benefit-cost ratio of the three route alter
natives. The north route would produce the lowest benefit
cost ratio. Although it would cost the most to build, the north 
route would produce proportionately more benefits than the 
central or the south route alternative. 

Since both analyses use the same costs (i.e., right-of-way, 
relocation, and construction costs), the differences in the mag
nitude of the user versus the nonuser benefits are responsible 
for the two analyses having a different route alternative with 
the highest benefit-cost ratio. 

Table 5 presents the results of the nonuser impact analysis 
on the municipalities affected and the combined dollar ben
efits and the nonuser ratios of benefits to costs for each pro
posed route. The cities of Lake Worth, Sansom Park, River 
Oaks, and Lakeside would be most positively affected by the 
south route. The city of Fort Worth and Tarrant County would 
be most positively affected by the north route. The central 
route alternative would not positively affect any of the mu
nicipalities. The south route alternative would produce the 
highest benefit-cost ratio for the cities of Lake Worth , Sansom 
Park, and Lakeside. The north route alternative would pro
duce the highest benefit-cost ratio for the city of River Oaks 
and Tarrant County. The central route alternative would pro
duce the highest benefit-cost ratio for the city of Fort Worth. 

CONCLUSIONS AND COMMENTS 

The following are conclusions reached from a review of the 
findings of the two case studies: 

1. The findings of the Wichita Falls study support the se
lection of an existing route, Alternative 5, for improving U.S. 
Highway 287. The Fort Worth study supports the selection 
of a bypass alternative, specifically the north route alternative, 
to improve State Highway 199. 

2. The number of business and residential displacements 
along the existing route significantly affected the magnitude 
of the effects of existing route alternatives. The existing route 
alternatives for the U.S. Highway 287 improvement would 
displace very few businesses and residents. The existing route 
alternative to improve State Highway 199 would displace more 
businesses and residents combined than either of the bypass 
alternatives. 

3. The final selection of a route should emphasize mini
mizing the total number of displacements, especially business 
displacements. 

4. If the proposed improvements are approved for con
struction, it is recommended that each project be studied to 
determine the actual construction and after-construction eco
nomic affects. 

The following are some comments from the two districts: 

1. The Wichita Falls District has accepted the findings and 
conclusions as meeting the criteria necessary for inclusion in 
the environmental assessment for the U .S. Highway 287 proj
ect. The only concern about the methodology has been the 
difficulty in determining the number of businesses that would 
simply relocate to an improved route, as opposed to entirely 
new businesses locating along a new route. This concern is 
more applicable in an economy like that of Wichita Falls, 
which is relatively small, isolated, and without significant long
term growth. The findings appeared to be consistent, overall, 
with observed patterns in the existing Wichita Falls economy. 

2. The Fort Worth District is incorporating data from the 
economic study into the Environmental Impact Statement for 
the State Highway 199 project . Final selection of the preferred 
alternative for a project should be based on full and careful 
comparison of the pertinent data on social, economic, envi
ronmental, and engineering considerations related to the proj
ect. A choice must be made, and the governing considerations 
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are a matter of judgment for each specific project, but the 
process should con ·ider these factors . Engineering con ·id

eralions are brought into the study during formulation of each 
alternative, since no tentative alternative would be considered 
further unless it met minimum engineering requirements. This 
economic study has provided valuable data on which to base 
comparison of the alternatives . The conclusions from the eco
nomic study may not coincide with the ultimate project con
clusions, but the economic data will have a strong influence 
on the route selection. 
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Transportation Engineering and 
Planning Education in Europe 

C. J. KRISTY, s. LELEUR, J. G. LAURSEN, W. BRILON, 

AND F. Fuzy 

The role of tr11nsport<ttion engineering and planning education in 
Eu rope and the likely direction it might take in the future are 
described . The experience of rive academics 1 rovide information 
about tran. p rtacion education in Denmark, Germany. and H~n
gary with the objective of providing a pectrum of trnn porta t1011 
education in Europe that should be of inte rest to North American 
educators and practitioners. Comments and broad comparison , 
as they relate to programs in North America are discussed. The e 
comments may help educators on both sides of the Atlantic to 
modify futu re programs within the constraints of prevailing 
socioeconomic and ucademic conditions . 

Since the e nd of Wo rld War ll . we have witne sed profound 
changes associated with the transportation of good and peo
ple world-wide, but particularly in E urope and North Amer
ica. The professional skills required to plan. build, operate, 
and maintain these extensive transportation ystems were de
veloped over the years through educational program. in a 
vari ty of disciplines, including transportation engineering and 
planning. European and No rth American have each . in their 
own sphere, moved to the cutting edge of technological ad
vancement and inn vation. North Americans have e njoyed 
the benefits of their more-experienced E ur pean counterpart 
wh have dealt with such areas as the problem of urban blight, 
scarce resources, and high energy costs. Europeans have, in 
a similar way. gained considerably from their American coun
terparts with solutions to such problems as transportation 
systems planning, computer applications, signaling systems, 
and traffic flow theory. Both European and North American 
advancements in transportation are technically driven, and 
universities on both sides of the Atlantic have contributed 
considerably in many ways toward this success. In this new 
decade, the North Americans are carefully scrutinizing their 
transportation needs and goals, and there appears to be a new 
energy at the state and local levels to move ahead . In 1992, 
Europe is facing a radical change, when the frontiers of its 
transportation system are being united in a single internal 
market . 

In North America, we know a great deal about our univer
sities through extensive literature published in recent years, 
e.g., transportation education in the United States (J). Com-

C. J. Khisty, Department of Civil Engineering, Illinois Institute of 
Technology (IIT Center), Chicago, Ill. 60616. S. LcL?ur a~d J " G . 
Lauren. [Mtitute of Ronds. Transp rt. and Town Planmng. 1 cchn1cal 
Univer ityor Denmark . DK-2800 Lyngby, Denmark. W. Brilon . De
partment or Traffic Engineering. Ruhr University Boch um . Univer
sity Str. 150. Postfach I02148. 4630 Bochum. Germany. F. Fuzy, 
Technical University or Budape t, Trnnsport atioo Engi neering, Ber
talan, Lu. 2-4. Hllll Budapest, Hungary. 

paratively little is known about European universitie . par
ticularly in the a rea of transportation education. This paper 
combines the exp rience of five ed ucator to provide a pec
trum of transportation ed ucation in Denmark. Germany, and 
Hungary that should be of intere 't to orth American prac
titioner and educators. It i not the intention of the authors 
to suggest whether any of th custom . practices, o r proce
dures followed by E uropean universitie sho uld be adopted 
by North American universitie . T he comment and compar
i!lons offered by ch author. indicate some of the advant'age 
of the E uropean universitie that may have a bearing on orrh 
American unive rsities within the constra ints of the prevai ling 
socioecono mic and academic climate. 

TRANSPORTATION ENGINEERING EDUCATION 
IN DENMARK 

General Information 

In Denmark , transportation engineers are educated at the 
Technical University of Denmark {TU), Lyngby, and at the 
University Centre of Aalborg (AUC). T hese ar the two places 
where a Master of Science (M.S.) degree in engineering can 
be obtained . Minor differe nce · ex i .t bel'\veen the education 
at TU and AUC. The following concentrates on the education 
at TU in Lyngby. 

TU Denmark was fo unded in 1829 as '"Den Polytekniske 
Laereanstalt," known today as "Den Tekniske Hoj kole," in 
clo e associa tion with the Univer ity of openhagen. The 
degree awarded to candidates was th at of civilingenior to dis
tinguish them from the military engineers, as the army until 
then was the only place where engineers were educated. Cur
rently , TU still awards a civilingenior degree in chemical, civil, 
mechanical, and electrical engineering, which is equivalent to 
the master's degree in North America. 

Student · who want to enroll in the education pr gram at 
TU Denmark must have entrance qualifications equivalent to 
those a t the intermediate le el in the Danish upper-secondary 
chool. uch as the abitur examination from Germany; the 

General 'ertifica te of Education from the United Kingdom 
in at least five diffe rent subjects with mat hematic and phy ics 
at the A-levels· or a high school diploma from the United 
State , followed by at least 2 years of a 4-year university 
program in mathematics and physics. 

The number of new students every year is close to 1,000. 
The studies for an M.S. degree normally take 5 years. A 
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modular structure has been adopted, which makes it possible 
for individual students to compose their own curriculum, within 
certain restrictions, from a total of approximately 800 courses 
at TU . A course equivalent to one module consists of 50 to 
60 lesson hours in class and 60 to 70 hours of homework. 
Transportation engineering is one of the subjects covered by 
several courses. To fulfill their studies, students must pass 
approximately 50 courses, with 4 compulsory courses in math
ematics and 3 in physics. Out of the 50 courses in the basic 
sciences (mathematics, physics. applied mathematics, and 
chemistry) students must select 6 optional courses. The study 
ends with the student writing a thesis with a workload equiv
alent to that of six courses and a duration of 4 months . Prac
tical training is not a necessary part of the studies at TU 
Denmark. However, at a period late in their studies, some 
students may get part-time employment related to their en
gineering subjects. 

Since the courses are taught in Danish, a working knowl
edge of Danish is necessary . Non-Nordic students must take 
a Danish test. English-speaking students, however, can be 
accepted for Master 's thesis projects, for some of the spe
cialized courses, and for postgraduate work. The studies are 
free of tuition fees, but books and study equipment must be 
purchased by the students themselves (2). 

Current Program at TU Denmark 

The transportation subjects are, with a few exceptions (e.g., 
vehicle mechanics and internal transport in factories), offered 
by the Institute of Roads, Transport and Town Planning. 
Divided into three equally sized divisions, the Institute com
prises a faculty of 11 persons. The Transport Division is staffed 
by a professor and three associate professors . 

Courses are not divided into undergraduate and graduate 
courses as there is really no bachelor degree program. Also . 
situated on the campus in Lyngby is the Engineering Acad
emy, which offers a program similar to a bachelor's degree 
program. Students wanting to change from the TU to the 
Academy or vice versa may do so in accordance with certain 
rules. This exchange possibility has limited the need for de
veloping a bachelor program within the TU. 

Transportation courses within the civil engineering branch 
are "Town and Traffic Planning" and "Highway and Traffic 
Engineering." For several civil engineering students these will 
be the only transportation courses they will take if they are 
specializing in other fields. In "Highway and Traffic Engi
neering," students go through a lot of simplified numerical 
exercises in planning and designing a highway: traffic analysis 
and evaluation, capacity calculations. road geometry. pave
ment design, earth work calculation. and traffic economic 
assessment. 

Of the 100 to 120 students taking the introductory courses 
each year, approximately 20 to 25 will continue with a course 
entitled "Transport Systems Analysis ." This course empha
sizes transportation engineering and planning methodology. 
Some of the major subjects are transport system character
istics; transport modeling; transport networks and flow the
ory; estimation; assessment of various transportation effects, 
such as accidents, noise, air pollution, and energy consump
tion; and transport project evaluation and decision-making. 
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Students can specialize in various transportation subjects if 
they wish to. Courses offered at the specialized level are "Road 
Traffic Engineering," "Public Transport by Rail, Road, and 
Air," and "Urban Traffic, Problems, and Solutions." Trans
portation problems especially related to third-world countries 
are treiited in "Highway and Traffic Engineering in Devel
oping Countries." 

In addition to the above-mentioned semester courses, stu
dents also follow more project work-oriented courses covering 
a 3-week period. These 3-week courses offer students an in
depth study of specific topics and enable them to deliver their 
results and findings in small professional written reports. Often 
the students work together in two- or three-person groups, 
which serve as a preparation for teamwork later on in their 
professional lives. 

The final thesis work is the center of much attention from 
students, teachers. and possible employers and professionals. 
Much effort is put into the search and selection of an inter
esting, relevant, and suitable subject. Some recent M.S. theses 
have been related to developing countries. such as the Phil
ippines and Indonesia. Around five students per year com
plete their M.S. theses in transportation . About 1 out of every 
10 continues on for a Ph.D. The research topics of the Trans
port Division are on bicycle traffic. urban transport environ
ment, city and intercity goods traffic, highway capacity and 
flow studies. safety studies, and assessment of social effects 
of transport projects. 

All transport engineering candidates in recent years have 
been employed soon after finishing their studies. most of them 
by major Danish consulting firms. some by ministries and 
directorates. and others by municipalities and small consulting 
firms. 

Characteristics of the AUC Program 

Although the Technical University at Lyngby may be seen as 
a "supermarket" of various courses within the modular struc
ture, AUC has a project-oriented, group-work-based study 
program with various topics, following a 1-year basic course. 
Both bachelor's and master's degrees can be obtained. A 
major characteristic here is the emphasis on group work. 
whereas the study at TU Denmark is more individualistic. 
The project work of groups is evaluated at the end of the 
semester. and the report is delivered as an end product of the 
process. 

The Future 

The transportation programs at TU Denmark, because of 
their affiliation with the Institute of Roads. Transport. and 
Town Planning. have a strong connection with town planning 
and highway construction. In many instances. faculty from all 
three divisions contribute to the same course. This exchange 
is felt to be a strength of the transportation program. and this 
integration is expected to be preserved within the ongoing 
development of the program. 

At this time. an ongoing discussion is in the process at TU 
Denmark about the future development of civi/ingenior ed
ucation . One of the issues debated is whether a restructuring 
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of the four-branch structure-mechanical. chemical, electri
cal, and civil engineering-should be considered. With regard 
to civil engineering, there is a possibility that a construction 
branch and a planning/environment branch may be estab
lished. In this case, each of these branches might associate 
with existing institutes that at the moment are not part of the 
civil engineering department. This restructuring may open up 
possibilities for new courses and recommended sequences 
of courses tailored specifically for transportation planning/ 
environment engineers . 

Part of the reorganization is also to put a greater emphasis 
on international relations by getting involved in exchange 
programs. This is especially important for the transportation 
program as many of its candidates already are currently em
ployed in part- or full-time jobs outside Denmark (3). 

TRANSPORTATION ENGINEERING EDUCATION 
IN GERMANY 

General Information 

In Germany, every student needs the abitur as a basic re
quirement for the admission to a university. This abitur is the 
final examination that qualifies a student from a Gymnasium. 
A student needs 13 school years to be admitted to this ex
amination, which is conducted by the state. Therefore, a stu
dent entering the university is at least 19 years of age. The 
German abitur is equivalent to 2 years of a North American 
4-year university program. The universities in Germany do 
not conduct any entrance examinations. 

Programs at the Technical Universities 

The full-scale universities or Technische Hochschule (tech
nical university) provide a sequence of studies over eight terms 
plus one term for the diploma thesis. Most students, however, 
need at least 5 years to finish their studies. Having passed all 
examinations successfully, the student gets the degree of "Dipl. 
Ing." ( diplome engineer), which is comparable to a master's 
degree in North America. The examinations must be passed 
in two stages. After four terms, the student has to apply for 
prediploma status, consisting of a series of examinations in 
the basic courses. No special degree is awarded after the 
student passes these examinations. Therefore, the prediploma 
is not regarded as a qualification of its own. Its main purpose 
is to eliminate unqualified students from the university and 
it is the precondition for continuation toward the main di
ploma examinations. 

In Germany, the universities are operated by the state. This 
system has two consequences: (a) Studies are free of charge 
for all students; in addition, students from low-income fam
ilies are subsidized by the state. (b) The general quality level 
of courses, lectures, and curricula is more or less the same in 
all universities. However, professors may put special emphasis 
on some of the courses they offer. At the university level, a 
transportation and traffic engineering course is taught within 
the department of civil engineering. Students are free to select 
their lectures and their courses and they are also free to attend 
lectures or not. This freedom allows them to take responsi-
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bility for their own careers at a very early stage. Lectures by 
the professors are accompanied by ungraded exercises that 
the students perform on their own. 

Since transportation is a part of civil engineering, all stu
dents have to start their studie ' with such basic subjects as 
physics ( 4 credit hours), surveying (2 hours), geometry (5 
hours), chemistry (2 hours) and ery comprehensi e courses 
in mathematics (19 hours) and mechanics (16 hours). After 
the prediploma is completed, special subjects of civil engi
neering are taught, including courses such as statistics (6 credit 
hours), concrete construction (8 hours), steel cons·truction (6 
hours), materials (7 hours), construction opera ti ns (6 hours), 
soil mechanics (8 hours), hydrology, water supply, water con
structions, sewage treatment (11 hours), and transportation 
and traffic engineering (12 hours). The latter normally is com
posed of courses on transportation planning, design of high
ways and railways, and traffic engineering. These are the 
fundamental courses for all students of civil engineering. 

During the last two terms of their studies, students can 
choose specialized studies and courses . Each faculty of civil 
engineering provides special courses in construction engi
neering, water resources, transportation, and environmental 
engineering. For specializing in the transportation field, courses 
are provided in land use planning, city and regional planning, 
transportation modeling, methods of analysis and prognosis, 
road and highway design and construction, traffic engineer
ing, railway systems, air traffic and waterway operations, op
erations research, and environmental issues. The emphasis 
depends on the specialization of the professors and other 
teaching staff. Experts from out. ide the universities are brought 
in for teaching courses on specialized subjects. 

One of the most important objectives of the university courses 
is to educate ·tudents to understand the scientific background 
behind the theory and practices. During the ir studies, the 
students have to work on a variety of thesis topics/projects 
that are designed individually for every student. Sometimes, 
these theses are closely connected with re earch projects being 
performed by the university institutes . Many students are fi
nancially supported at university institutes on research proj
ects, and this cooperation contributes significantly to their 
training as researchers. 

After gaining the final diploma, students normally get a 
job. Only a few of them stay on al the university as full-time 
research or teaching assistants, and this step is the basis for 
working toward a Ph.D. dissertation. The Ph.D. is not based 
on coursework, but on a close cooperation with the professor 
on some highly specialized research project. On the average, 
the completion of a Ph.D. takes about 5 years. Transportation 
engineering and planning can also be areas taught outside the 
civil engineering department, for example, through the de
partment of mechanical engineering, economics, aeronautics, 
and psychology. 

The Future 

The present market for traffic and transportation engineers 
is excellent. There is a constant demand for such engineers 
by the state administration and city councils, consulting firms, 
and private construction enterprises. Because a high per
centage of people in the professional field are over the age 
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of 45, there is an increasing demand for younger professionals. 
On the other hand, a shortage of students in transportation 
in recent years has resulted in the opening up of the field of 
transportation to nonengineers as well. This development has 
made quite popular nonengineering solutions in transporta
tion in the last couple of years, particularly with problems 
concerning deficiencies in transportation systems and the en
vironmental and socioeconomic effects caused by traffic. One 
can hope that this public awareness will increasingly attract 
qualified people to the professional field of transportation 
engineering, particularly now that a unified Germany has 
emerged (W. Briton, personal communication, June 1991). 

TRANSPORTATION ENGINEERING EDUCATION 
IN HUNGARY 

General Information 

The education of transportation engineers is organized at two 
levels. One level is similar to the B.S . degree awarded at the 
Szechenyi Istvan College of Technology (SICT) and the other 
is the M.S. (called "Engineer") at the Technical University 
of Budapest (TUB). Although both programs educate trans
portation engineers, the two institutions have different ob
jectives, durations, and curricula. 

Technical University of Budapest 

The education of transportation engineers at TUB h as been 
developed within the civil engineering program. The trans
portation engineering program originally was set up in 1951 
at the Hungarian University of Szeged and was linked to 
railway operation. In 1969 its faculty merged with the Tech
nical University of Budapest, where a new Faculty of Trans
portation Engineering was established, absorbing vehicle de
sign from the Faculty of Mechanical Engineering. In 1978 a 
review of the courses was undertaken; it included the fun
damental principles of transport operations, system manage
ment and informatics, irrespective of mode. The structure of 
education is based on transportation technology and trans
portation system management. Today, the faculty offers two 
degrees: one in Vehicle Engineering and the other in Trans
port Engineering. 

College of Technology 

The education of transportation engineers at the engineering 
techn('.)]ogy level has been developed with an emphasis on 
road construction, vehicle operation, transport technology , 
telecommunication technology, and management. The Col
lege of Transport and Telecommunication of Budapest was 
established in 1968. Its establishment in the city of Gyor was 
undertaken between 1974 and 1977 and named after Istvan 
Szechenyi since 1986. In 1990 a new curriculum was intro
duced, including courses in economics and information en
gineering. Today the College offers eight degrees. 
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Admission Requirements 

The admission requirements are similar for all technical higher 
educational institutes. All applicants must have a high school 
certificate and pass an entrance examination. The entrance 
examination generally includes a written and verbal part in 
two areas-mathematics and physics. At TUB the capacity 
is 200 full-time students per year , and in 1990 the number of 
qualified applicants was 1.7 times the capacity. One-third of 
this enrollment is in transport engineering. SICT has a ca
pacity of 480 full-time students per year, and in 1990 the 
number of qualified applicants was 1.9 times the capacity. 
One-fourth of the enrollment was for the field of transpor
tation. 

Educational Process 

Technical University of Budapest 

The objective of the transportation section is to provide en
gineering specialists who can design , organize, control, de
velop, and research transportation systems and processes. The 
aim of the new structure was to reduce the number of com
pulsory subjects and to give more opportunity to choose a 
number of electives in the field of transportation. The course 
is modular, allowing students to select from a wide choice of 
courses in transportation engineering. The structure of mod
ules is as follows: 

1. The general module includes social sciences and foreign 
languages. 

2. The basic module covers the general engineering subjects 
and an introduction to transportation. The general and basic 
modules are mandatory for all students. 

3. The main module covers the engineering and scientific 
aspects of traffic engineering and provides the basis for choos
ing electives. There are two separate main modules: trans
portation planning and vehicle engineering. Students choose 
one of the two modules. 

4. The side modules provide the special courses offered in 
the sixth through ninth semesters, covering the predominant 
modes of transport, such as railway, road, water, air, and 
freight transportation . 

5. Submodules are special engineering modules that are 
offered in eighth and ninth semesters. The list of side modules 
for the transport planning section are development of trans
portation technology, transportation control informatics, ur
ban transportation, transportation logistics, informatics of 
transportation control, shipment, water transport, railway au
tomation and vehicles, and vehicle technology. 

6. In the last semester students concentrate on their special 
work. The degree thesis is an exercise based on real-world 
problems provided by consulting companies and institutions 
linked to the faculty. During the last semester, students also 
undertake an 8-wk work experience module with consulting 
companies. The distribution of modules is given in Table 1. 

There can be up to six examinations at the end of each 
semester. To complete the course, students must also pass a 
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TABLE 1 Distribution of Modules 

Module Distribution (%) 

I. General module 18 
II. Basic module 42 
III. Main and side module 24 
V. Sub module 8 
VI. Thesis 8 

state examination in a foreign Language. Two practical training 
periods are included in the curriculum. The first is after the 
fourth semester at any company, and the second after the 
eighth at a chosen transportation enterprise. Students who 
have completed their study at SfCT can join the TUB program 
in the fifth semester. Four year ago the faculty started a new 
program for foreign students (in English) based on the same 
format as that for Hungarian students. This program has been 
very successful and the interaction most useful. 

The faculty offers a number f po ·tgraduate study options 
in Transport Engineering and Engineeri·ng Economics. The 
postgraduate program covers four semesters. A doctoral de
gree from TUB can be conferred on students after a period 
of 3 year full-time study beyond the M.S. degree by the 
Hungarian Academy of ciences. 

Istvan Szechenyi College of Technology in Gyor 

Istvan Szechenyi College introduced a new course structure 
in 1989. Presently eight programs are available for engineers, 
economists, and technical teachers. Engineering courses cover 
architecture and informatics and civil, mechanical, transpor
tation, and electrical engineering. 

The objective of the education provided by the Transpor
tation Engineering program is to provide engineering tech
nology specialists who can direct the solution of technological, 
organizational, and economic problems in transportation and 
telecommunication. Although this objective is generally close 
to what TUB has, it emphasizes the practical applications and 
needs of transportation. The thrust is similar to the B. Tech 
programs in North America. 

The length of study is 3 years, which is structured into two 
semesters per year of 15 wks each. The course is modular 
too. The structure of the modules is as follows: 

• "A" level is a general module, covering a foreign lan
guage, social sciences, economics, and law. 

• "B" level is a basic module that includes general engi
neering subjects. 

• "C" level is a main module in transportation, which cov
ers both engineering and economics courses and is compulsory 
for all transport students. 

• "D" level is a side module covering a specialization in 
transportatio,n. The list includes roads , railways, transporta
tion, transport packing, shipping forwarding, and postal man
agement . 

In the last semester, students continue their study at the 
College and work on their theses. This work is on a special 
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TABLE 2 Distribution of Time and Effort 

Level Distribution(%) 

A 18 
B 22 
c 29 
D 31 

Total 100 

transport problem provided by companies and institutions 
linked to the College. Students have extra consultations and 
practical training at the company. The time and effort distri
bution is shown in Table 2. 

Practical training after the fourth semester i organi<:ed by 
the Department of Transport and Logistics. The tran port 
program offers postgraduate courses over a length of four 
semesters in such fields as shipment, railway operation, com
puter techniques, and railways. 

Organization of Institutes 

The Faculty of Transportation Engineering at TUB consists 
of two institutes and five departments in basic subjects and 
mechanization. The number of the academic staff is about 
130. The Institute of Transport Technology and Management 
is responsible for the tran port section. It contains three de
partments: Transport Automation, Transport Economy, and 
Transport Operation. At the Szechenyi Istvan College of 
Technology there are six departments and six divisions. The 
number of the academic staff responsible for the transport 
ection is composed of divisions of Road Tran port. Railway 

Transport, Postal Management, and Transport Economic . 
The faculty in both institutions teach and research. Almost 
all of the research comes from consulting companies and gov
ernment institutions. 

Supply and Demand of Transportation Engineers 

At the Faculty of Transportation Engineering at TUB the 
total number of students is about 850, of which 40 to 50 
graduate as transportation engineers out of a total of 150 
graduates per year. Also, about 20 to 30 postgraduate students 
finish their studies. At the Szechenyi Istvan College of Tech
nology, the total number of students is about 2 ,000. The yearly 
number of transportation technology engineers in the whole 
college is about 150 out of a total of 520 undergraduates. 
Before 1990, the demand for transportation engineers was 
always higher than the supply; however, the situation has 
changed since, and the demand has declined somewhat. 

Transportation engineers are employed at central and local 
governments, authorities, municipalities (transport and road 
departments); planning and research institutes, transport 
companies (Hungarian Railways, Budapest Transport Com
pany, regional bus and freight transport companies, the Hun
garian Shipping Company, Hungarian airlines, etc.) or at other 
companies with significant transport needs (construction com
panies, delivery services, trading companies, etc.) (4,5). 
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The Future 

There appears to be a need to maintain the two educational 
levels for transportation engineering. The system has to pro
vide tran p rtation engineer. with a wide ba. ic knowledge 
·upplemented with a specialization in a wide variety of fields. 

COMMENTS AND BROAD COMPARISONS 

Having given a brief description of programs in Denmark. 
Germany, and Hungary, we now give some personal ob·er
vations, comments, and comparisons. 

In general. the ed ucation of transportation engineers and 
plann rs in uropc ha evolved over evernl hundreds f year 
well before the label of .. tran portation " wa. attached to en
gineers and technici rms. In more recent times the Eur pean 
universities established institute and faculty in verkerhs1vesen 
(traffic engineering). In North Americn. particularly in the 
Un ited tale ·. the education of tran. portation professionals 
was closely related to the growth and development of its trans
portation system. 

Students in European universities do not necessarily have 
to attend formal lectures as is expected of students in North 
America. The former have the freedom to choose only those 
lectures they wish to attend. Exercises set by faculty are com
pleted on ly if a. tudent fee ls it will help him or her understand 
the ·ubject. On the other hand . large course project in senior 
course covering both theory and profes ional practice are the 
usual methods of introducing students to full-scale design in 
European schools. 

The minimum time required to gain the Dip!. Ing. degree 
(M.S.) is 8 semesters or 4 years. This is really equivalent to 

6 years of study, in North American terms. becau e entrance 
t the university is achieved by passing the nbi111r examination, 
which is equal to 2 years of college. In actuality, the Dip!. 
Ing. takes anywhere from 5 to 6 years to complete, so the 
equivalent in North American terms is about 7 to years. 

Table 3 provides a rough breakdown of the distribution of 
course clusters, both at the pre- and final diploma level in 
German technical universities. The Danish system is not sig
nificantly different from its German counterpart. Note that 
the transportation cluster comprises about 25 percent of the 
total time and is introduced as early as the fifth semester. 

The Hungarian system of educating transportation engi
neers is quite different from the German or Danish system. 
Ahhough a ociated cl sely with ivil engi neering. the trans
portati n program by it e lf comprise. about 40 percent of the 
program. All in all , the European curriculum expo e · tudent. 
to a much broader spectrum of content material in transpor
tation than does the North American counterpart, and the 
level of coverage is deeper . 

Letter grades (e.g., A,B,C, etc.) generally are not awarded 
to students at the end of each semester in European schools 
but are awarded at the time of the prediploma or final diploma 
examination. This system forces students not to "put the 
knowledge gained in a course behind" but to prepare for a 
set of examinations covering a wide variety of subjects at the 
end of the year. In contrast to the North American student, 
the European student is exposed to a set of more compre
hensive and integrated problems. 
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TABLE 3 Effort Needed to Complete the German 
Dipl. Ing. Degree (MS) 

Prediploma (4 semesters) 

Physics 
Surveying 
Graphics 
Chemistry 
Mathematics and sta tistics 
Mechanics 

Final Diploma (4 semesters) 

Concrete construction 
Steel construction 
Materials 
Construction operation 
Soil mechanics 
Hydrology , water. sewage 
Transportation 

Thesis research (2 
semesters) 

Distribution(%) 

10 
5 

10 
5 

40 
30 

100 

10 
lO 
10 
10 
15 
20 
25 

100 

JOO 

There is no question that major engineering universities in 
North America with transportation engineering programs are 
ahead of their European counterparts in computing and 
equipment facilities. European universities are driven to achieve 
the best they can. keeping cost and quality in mind. 

Although European univer itics hire students as research 
assi ·tan ts, their primary responsibility is to c nduct research 
and not to complete their degree requirements; thus. students 
pursuing a Ph .D. may find it somewhat more difficult to attain 
their degrees in a reasonable period of time. The Ph.D. pro
gram doe · not require prescribed course work. and the degree 
is awarded based on original research work in a highly spe
cialized area. Several years after gaining a Ph.D. instructors 
(or engineers) must take an oral and written examination 
called a Habilitation dissertation to qualify them to lecture in 
the university . This qualification reinforces the fact that can
didates are able to apply their knowledge to a wide variety 
of theoretical and practical problems . 

As in North America, faculty in Europe have ample op
portunity to e ngage in consulting work, but the general feeling 
is that teaching and research claim a higher priority over 
consulting. In some cases a percentage of a professor's con
sulting fees may be retained by the university. Industry
sponsored re ·earch is becoming common in European univer
sities in recent years. 

CONCLUSIONS 

European universilie have a highly -pecialized and focused 
transportation engineering and planning program that leads 
to the onh American equivalent of a ma ter ' and Ph .0 . 
degree. Becau ·e f their long tradition in tcchnic<1l education. 
the emphasi . al least in the early stages of their program . 
i · to pro ide a th()rough grounding in mathematic · and ph ~
ic • buttres cd further with course in statistic . prob, bility, 
and operations research . Although universitic in Europe and 
North America hwe almost identical objectives in educating 
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the transportation engineer, European-educated engineers are 
more scientists/engineers than their North American coun
terparts. This is more obvious at the doctoral level. 

In view of the impending single European Economic Com
mission in 1992, Europe is curre ntly going through a series 
of rapid and radica l changes at all level • sponsored by the 
European onfe rence of Tran portation Ministers and tbe 
International Road Transport Union. In many areas , their 
technologies and techniques are equal to, if not ahead of, 
ours . There is a wonderful opportunity for North Americans 
and Europeans to derive the po tential benefits of learning 
from the research and technological advancements of one 
another. 
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Managing the Technical Aspects of a State 
Transportation Research Program 

DAVID L. HUFT 

During the past 3 years. !he oath Dakorn Department of Tran -
portation ha modified its re earch procedure ignificantly. The 
Department has adopted procedure intended to idenlify it. most 
important re earch problems and conduct well-de igned studie 
to addre s them. Under these procedures large number of De
partment personnel participate in management or conduct of con
tract and in-hou e research. Organizational adjustments have been 
made ro accommodate che new procedures. The Department's 
Office of Re arch u ·es a nonhierarchical staff orga11izarion that 
include engineer from evcra l disciplines. Lines of authority are 
defined wir.hin t.he context of individual st udie rather than by 
permanent assignment. Individual engineer · work with employ
ees of other Department office to complete in-house re earch 
projects and to manage both in-house and conlTact studies. Th 
revised organization and procedures have allowed the Depart
ment to improve technical management of its research effort, 
even a it has greatly expanded u1e number of active studies. 

The South Dakota Department of Transportation (SD DOT) 
conduct research to accelerate adoption of new technology 
to improve its transportation services to the public at reduced 
cost (J). The Department has increased significantly its em
phasis on research during the past 5 years, as transportation 
departments generally have recognized the importance of re
search and development. The Department's actions are con
sistent with the recommendations of the American Associa
tion of State Highway and Transportation Officials Standing 
Committee on Re earch (2, p . 6-1): "Member depanmenl 
research activities should be expanded to provide for more 
effective problem solving at the state level." 

The Department's greater emphasis on research is dem
onstrated tangibly by increased staffing and expenditures. 
Equally important, the Department has become more willing 
to address technical problems through concerted research ef
forts and to adopt research findings in its policies and pro
cedures. As the Department has begun to rely more on re
search products, their technical validity has become more 
important. 

This paper will describe the organization and procedures 
that the Department has adopted to promote the technical 
success of its research program. Many of the ideas are not 
new; they were taken from other states and modified to fit 
the Department's specific requirements. Some procedures are 
still evolving, as perhaps they always should. This discussion 
is presented in the hope that some of these ideas will prove 
useful to research managers in other states. 

South Dakota Department of Transportation, 700 East Broadway 
Avenue, Pierre, S.D. 57501-2586. 

RESEARCH ADMINISTRATION 

The Department's re earch effort is administered by its Office 
of Research which has immediate re ·ponsibility for the man
agement and conduct of research. To ensure that research is 
responsive to the Department's needs, the Research Review 
Board, composed of managers from throughout the Depart
ment, oversees the total research effor(. Employees of other 
offices within the Department assist as members of technical 
panels that manage individual research projects. 

Research Review Board 

The Research Review Board's responsibilities include advis
ing the Office of Research, setting research priorities, and 
approving funding for studies. The Board's member hip is 
broad and include the following Department and local gov
ernment representatives: 

• Secretary of Transportation, 
•Deputy Secretary of Transportation, 
• Director of the Division of Planning, 
• Director of the Division of Engineering, 
•Director of the Division of Operations, 
• Materials and Surfacing Engineer, 
• Research Engineer, 
• Research Staff Engineer, 
• Field Operations Representative, 
• City Government Representative, and 
• County Government Representative. 

T he Director of the Division of Planning chairs the Board, 
and the research engineer act a its secretary. The city county, 
and field operation representatives erve 2-year term be
ginning January 1 of even-numbered y a r . The other repre-
eotatives serve as long as they hold their respective positions . 

Office of Research 

The Office f Re earch i · re ponsible for performing the work 
directed by the R e earch Review Board. rts re ponsibiliti 
include development of annual re earch progra m adm inis
tration of research projects, conduct of in-house research, and 
technical advice to other Department offices . The office is 
staffed by the research engineer, a secretary, and seven other 
engineers from several disciplines, including chemistry, civil 
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engineering, computer science, electrical engineering, and 
geotechnical engineering. 

Technical Panels 

Individual resea.rch projects are managed by sma ll panels of 
experts in the rese, rch topic. Each panel' membership is 
drawn from the Department's c ntral and ri Id office and, 
occasionally, from other public or private organizations. The 
panel's responsibilities include 

• Developing project statements, 
• Recommending study funding and duration, 
• Recommending in-house or contract research, 
• Evaluating research proposals and work plans, 
• Selecting research contractors, 
• Monitoring research progress, and 
• Recommending research implementation. 

Every panel is chaired by an Office of Re earc.:h tafl' person, 
whose respon ibili tie. include schedul ing panel me ting , 
main tai ning ontact with re earchers, and moniroring contract 
compliance. The research staff member is immediately re
spon ·ible fo r en uring the technical validity of rh re earch 
project. 

ANNUAL PROGRAM 

In 1989, SDDOT adopted an annual research selection pro
cess. With the exception of emergency research needs, the 
Department intend. to select ail research iopics and to award 
all research contracts according to the pr ce s summarized in 
Figure 1. 

Task By whom 

Solicit Problems Research Office 

Compile Problems Research Office 

Prioritize Problems Research Board 

Assign Tech Panels Research Office 

Define Projects Technical Panels 

Approve Program Research Board 

Develop RFPs Research Office 

Distribute RFPs Research Office 

Develop Proposals Researcher 

Evaluate Proposals Technical Panels 

Award Conlract Research Board 

Develop Agreement Research Office 

Conduct Research Researcher 

Monitor Research Technical Panel 

Report Findings Researcher 

Recommend Action Technical Panel 

Review & Comment Divisions & Regions 

Recommend to Secretary Research Board 

Authorize Action Secretary of Trans. 

FIGURE I Annual research program. 
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Research Problem Statements 

Each May and June, the Office of Research solicits research 
suggestions from the Department's central and field offices 
and from the academic and consultant communities. Sugges
tions are made on research problem statement forms, which 
name the problem and describe it briefly. Research problem 
statements suggest research objectives, how those objectives 
might be achieved, and how the research results might be 
implemented. The statement provide enough information to 
allow the Research Review Board to appreciate the signifi
cance of the problem, but they do not elaborate on details. 

The Office of Research compiles the research problem 
statements, then presents them to the Research Review Board 
in early August. The Board evaluates the statements and 
prioritizes them on the basis f ben fit to the Department, 
likelihood of success. urgency. and probable funding require
ments. Studies that are deemed of highest priority are ten
tatively included in the following year's re earch program. 
The others are retained for po ,sible reconsideration in a later 
year. 

Research Project Statements 

Management staff from the Office of Research and the De
partment appoint technical panels to manage each of the se
lected research problems . Panel member hip typically con ists 
of four to six persons knowledgeable of the research topic. 
To encourage a diversity of viewpoints, field and central office 
personn l of various classifications and rank are encouraged 
to participate. In some ca es. members are appointed from 
outside the Department. 

A panel's first responsibility is to develop a more specific 
statement of the research problem. In the Research Project 



Huft 

Statement the panel defines the scope of the research prob
lem and recommends whether research is justified. lf research 
is deemed necessary , the panel specifies the study' objectives, 
identifies task es ential to the study's succes ful completion 
defines the product tlrnt the research should produce , and 
sets the tudy' budget and duration . The paJ1el also recom
mend whether the research should be performed by contract 
or in house. 

The panels submit their research project statements to the 
Research Review Board, which decides which should be re
tained in the annual research program. If in ufficient funding 
is available to fund all studies, the Board decides which studie 
should be canceled or postponed until another year. 

Contract Research Proposals 

For each study approved for contract research, the Office of 
Research develops a request for proposal (RFP) based on the 
technical panel's research project statement. RFPs are dis
tributed to prospective researchers, including univer ities, 
consultants, and gov rnment agencies, around December 1. 
Proposals are due in mid-February. 

In March, each technical panel reviews the proposals sub
mitted for its research project. The panel selects a research 
contractor to perform the work on the basis of 

• The proposer's demonstrated understanding of the prob
lem; 

• The merit of the proposed research approach; 
•The probability of success in achieving the project's ob

jectives; 
• The proposer's record of accomplishment in related prob

lem areas; 
• The adequacy of research staff and facilities; and 
•The proposer's past record of performance for SDDOT. 

The importance of the written proposal cannot be overem
phasized; it is the panel's only means of selecting the re
searcher to conduct the study. The proposal must be concise, 
clear, and complete. Most importantly, it must convince the 
panel that a sound research project will follow. 

If the panel identifies specific weaknesses in the selected 
proposal, it may ask the researcher to address them. This 
negotiation process must produce a modified proposal that is 
mutually acceptable to the panel and the researcher. Other
wise, another researcher will be selected or the study will be 
postponed. When the panel and the researcher are comfort
able with the proposal, the panel presents its recommendation 
to the Research Review Board, whose approval is required 
for project funding. 

After the contractor selection is approved, the Office of 
Research develops a formal agreement for the work. The 
agreement specifies the standard t~rms for research funded 
by federal Highway Planning and Research funds. In certain 
cases, SDDOT may elect to fund research with state funds. 
The agreement for state-funded research is essentially iden
tical, except that SDDOT retains the right to inventions and 
discoveries. The agreement incorporates the researcher's pro
posal by attachment. 
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After the agreement is executed, the Office of Research 
notifies the researcher that work may proceed. Generally, a 
May 1 starting date is possible. The researcher then performs 
the research in accordance with the agreement and his or her 
proposal. 

In-House Research Work Plans 

If a study is approved for in-house research, the research 
engineer directly assigns an Office of Research staff member 
as principal investigator. The assignment is made on the basis 
of the staff member' experti e, experience, and other work
load. Co-investigator may al o be assigned to complex proj
ects but this i not often done. 

The principal investigator must respond to the research 
project statement in much the same way as a consultant re-
pond to a reque t for propo al. By February 1, the inves

tigator must prepare a work plan analogous to a consultant's 
proposal. The plan must demon trate a good understanding 
of th problem and outline a research methodology appro
priate to its olution. The study' technical panel evaluate 
the work plan a it would a propo al and uggests improve
ments if necessary. When the panel and res archer have agreed 
on a sound work plan, the researcher may begin work . 

Research Investigation 

The study's technical panel monitor the research (both con
tract and in-house) throughout its duration. It reviews prog
ress report submitted by the researcher a well as any interim 
reports pecifically required. The panel may require meetings 
with the re earcher to review progress or provide technical 
guidance. If de ired , the panel may visit the site where lhe 
research is being done. It is the panel's re ponsibility to ensure 
that researchers fulfill their obligations and that the research 
objectives are met. Before conclusion of the research, the 
panel reviews the draft final report and advises the researcher 
of any changes that are required. 

Implementation 

Upon completion of the study, the project's technical panel 
advises the Department how the research findings may be 
implemented. The panel evaluates the validity of the research 
and recommends any changes in policy, procedures, or prac
tice that should be adopted. As specifically as possible, the 
panel defines what actions should be taken and identifies 
which offices in the Department should be responsible for 
their completion. The panel's recommendations may include 

• Specification changes, 
• Policy changes, 
• Design changes, 
•Training, 
•Construction, and 
•Additional research. 

The Office of Research distributes the panel's recommen
dations to the Secretary of Transportation and the Depart-
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ment's Region and Division offices for comment. Then the 
Research Review Board considers the rec mmendations of 
the researcher and Lhe technical pan I and review comments. 
The Board recommends to the ecretary of TransportaLion 
to what exten t the panels recommendations hould be adopted. 
The ecreta ry of Transportation evaluates the Bo<1rd's rec
ommendation and directs appropria te division and region f
fices to accomplish necessary actions . When the implemen
tation plan is effected, the project's technical panel is dismissed, 
and the project is considered complete. 

TECHNICAL MANAGEMENT 

The Department adopted its present research organization 
and procedures to promote the technical quality of its re
search. Specifically, the Department strove to improve its 

•Project selection, 
•Project definition, 
• Project design, 
• Project execution, and 
•Research adoption. 

Project Selection 

Good project s lecti n is technically important to any re
search progrnm . Above all , projects must address the needs 
of the ·pon ring agency. Projects that satisfy real need · will 
be accepted and will earn support for the eniir program . 
Furthermore, projects must fit the agency's willingness to 
accept risks and change. 

Before adoption of the Department's current procedures, 
research studies were initiated either in response to an emer
gency r at a re carchcr's reque ' t for sponsorship. Useful 
studie. were performed. but many of the Department's sig
nificant needs were ne\ler addressed. oless a problem reached 
crisis proportions or a researcher took particular interest in 
a topic , it might never be addres ell. 

The pre. ent procc . which inv Iv s ac tive ·oliciration of 
problem statements within and ut. id the Department. i 
more re ponsive to the Depanmem's needs. All of the De
p<irtment' central and region office staff are in ited to ubmit 
suggestion for research . In addition. raff of th Office of 
Research visit the region and mo t of lhe cen tral ffice man
agers to discuss research needs and encourage ubmis ion of 
the re earch problem statement. If nece a ry. ffic of Re
search staff members prepare writt'en . tarements from per
sonal interviews. Every effort is made to encourage sugges
tions·from every part of the Department. 

Researchers from the academic and consultant communities 
also have the opportunity to propo ·e innovati e olution to 
perceived transportation problem . Every prospective re
earcher on the Department ' mailing list i invited to ·ubmit 

research problem statements. which rcceiv the . ame con' id· 
eration as statements ubmiued from within the Department. 

Final selection of research topics rests with the Research 
Review Board. which evaluates all research suggestions in 

·terms of potential value to the Department. Because the Board 
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includes top managers from various Department offices, the 
selection reflects priorities of the entire Department. City and 
county representation on the Board encourages an even broader 
perspective and helps ensure that the topics included in the 
Department's annual program address significant transpor
tation problems. In practice, this process has broadened the 
range of investigations. In the past, research focused primarily 
on materials and design topics, but more recently the De
partment initiated investigations on information processing, 
local roads needs, public transportation, and maintenance 
safety. 

Selected studies have involved various levels of risk. Al
though many of the studies address immediate problems, such 
as chip seal performance and guardrail design procedures, 
some address more esoteric topics with less certain payback. 
Recent topics of investigation have been development of ce
ments that would not promote alkali-silica reactions, field 
applications of voice-input computers, development of a non
corrosive deicer, and pres tressing of bridge decks with com
posite fibers. The mix of low- and high-payback studies is 
healthy because products are consistently delivered at the 
same time that more exciting projects are under way. 

Although it is generally successful, the project selection 
process has one weakness that will require attention. The 
annual selection process does not of itself encourage multiyear 
research strategies. Unless special efforts are taken to en
courage long-term perspective, the process can focus exces
sively on short-term projects with lower potential. Projects 
requiring several sequential phases may not be selected. 

Project Definition 

Proper definition is essential to the success of every study. 
The definition establishes the sponsoring agency's expecta
ti ns for the . tudy and communicates them Lo the re earcher. 
Unless the ·tudy s scope is clearly defined and its objective 
are clearly stated the srudy will accompli h little and will on ly 
disappoint its sponsor. 

The Department's project definition process relies on the 
technical panel'. breadth f knowledge and experience. T he 
panel include both field and central office pers nn I with 
variou. areas of responsibility. A panel as igned to a bridge 
. tudy , for example, may include a design engineer, a bridg 
in pector , a mai ntenance foreman, a geotechnical engineer, 
and an instrumentation peciali t . Whenever pos iblc , per
sonnel of various classifications serve on the panel, but during 
the panel's activities, rank is explicitly disregarded. The in
tention is to ensure that all essential aspect of the re earch 
pr blem are c n ·idered. 

Starting from the brief research problem statement, the 
technical panel develops a detailed research project tate
ment. which must define a ·ound re earch study. A the panel 
refines the problem de cription, it may expand, shift, or nar
row the scope of the inve ligation a. it ee · fit. Thi privilege 
i founded in the a umption that a technical panel comp ed 
of several members will understand the problem more com
pletely than the individual who first proposed it. Usually, 
the person who originally propo ed the study is also a panel 
member. 
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After the problem is defined, the panel sets objective that 
will address the problem ancl then identifies tasks essential to 
achieving the objectives. The probl m. bjectives, and tasks 
must follow a logical progression to ensure that the work that 
is performed actually add resses the stated probl ··m. At the 
same time, the panel allows room for the re. earcher's inno
vation. In general, the panel specifies what is to be accom
plished, but not how. 

Project Design 

After the technical panel has defined a pr blem, e tabJished 
re eurch objectives. and id ntifi ecl es e n1i <1 l research tasks. 
re ponsibility shifts to the re. ea rcher. who must propo ·e a 
method of ·o lu ti n . T he researcher·s plan mu. t demon. Irate 
a good understanding of the problem and related scientific 
knowledge and principles. It must also describe a well
considered plan of action. 

Research con ultants must ubmit forma l proposals ex
plaining how the re. carch will be accomplishe I. Similarly. in
house researchers must prepare a comprehcn. ive work plan . 
Research r prepare proposal. and work plan according to 
publi hed guidelines (3) that specify propo ·al standard format 
and e se111ial contact. The guid lines require the re earcher 
to provide 

• A title page idemifyi ng the project and researcher ; 
•A table of contents for the proposal or work plan: 
• A pr blem stateme nt thac not only expresses the technical 

panel's deCinition of the problem but al. o pro ides in ight into 
the re earcher' understanding of it; 

•A ba kground summary, which places the pr blern in a 
broader ontext and ex1 lains the significance of other · re
search on the topic; 

• A statement of obj tives for the study. If objectives 
other than those specified by the panel are proposed. they 
must be ju ·tifi cl; 

• A statement of benefits that can be expected from com
pletion of the study; 

• A detailed research plan outlining the tasks and meth
odology that will be used; 

• A list of research products that will be delivered, includ
ing reports, software, manuals, data bases, presentations or 
audio-vi ual materials; 

• An implementation plan envisioned to promote adoption 
of research re ults; 

• A chedu le showing order and duration of research tasks; 
• A description of the ·1affing that will be assigned to the 

project; 
• An assessment of the researcher's facilities essential to 

the study; 
• A description f DDOT involvement necessary , . uch as 

traffic contro,I, inf nnation , and materials sampling; 
• A detailed budget Ii ting by major expenditure category 

and fiscal year. 

The guidelines are u ·eful to both the re earcher preparing the 
propo a.I or work plan and the technical panel ev;iluating it. 
The panel judges the propo al or work plan agaj nst the guide
lines, the original re earcb problem ·tatement. and a set of 
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questions designed to force thorough evaluation ( 4) of the 
re earcher's under tanding and commitment of resources and 
effort. [f the panel identifies specific weaknesses. it reque ts 
necessary modifications t the propo al or work plan. 

Although the entir panel works to nsure the proposal's 
t chnica l quality, there is some difference bet\ een the re
sponsibility of the Office of Research staff member who chairs 
the panel and the responsibility of other panel members. Be
cau e they have training and experience in re earch, taff 
member have primary re ponsibility for evaluating the pro
posed research methodology. Th ther members are con id
ercd to be expert. in the topic l,>ut not nece ari ly knowl
edgeable of research principle., . o they contribute more on 
the gen ra t topic and less on re earch methoclology. However. 
a. panel members gain experience by serving on several panels , 
thi di tinction i · becoming le s pronounced. 

Inviting competitive proposals has dramatically strength
ened contract re earch pr p sals. Most ·tudies attract at least 
one or two excellent proposals, as well as other workable 
proposals. ince adoption of the Department' proc dures, 
researchers have worked co improve their propo nl kill . The 
result has been proposals that tare with a better appr ciation 
f the re earch problem and that present a more comprehen

sive plan f r the problem' · olution . 

Project Execution 

After a tudy is initiated. the technical panel 's continued in
volvement i es ential to its successful c mpletion. At a min
imum. the I anel revi ws progress reports that the r earcher 
ubmit · quart rly or more often for bort projects. U ually. 

panel involvement is much greater. 
· xperience ha. sh wn chat a meeting f the re earcher and 

the technical panel immediately after the study b ins i ver 
productive. A face-to-face di cu. ion clarifie the panel' ex
pectation · from the project and solidifies the rc, earchcr' 
commitment 1 the work. T he meeting open communication 
between rhe panel und re earcher, les ening !he probability 
that the . tudy will di from misdirection or neglect. On- ite 
visit to the resear her· facility increa e the panel's interest 
in and under. tanding of the work. improving the probabiJit 
f uccessful implementation. 
Up n completion of the research. the technical panel re

views the re ·ear her' work to en ure that th · tudy's objec
tives were in fact accomplished. The panel may dir ct the 
researcher to addre omi sions in the work or to better ub-
tantiace conclusion -. Thi ngoing rev.iew i intended to chal

lenge the work and ultimately contribute to lhe best possible 
research product. 

Research Adoption 

Because Lhe Department involve so many people in the re
search management proces . the chance of ·ucces ful imple
mentation are great. Four LO ·ix per on. ·erve on each tech
nical panel · other may a ·si t with in-hou e research tudies: 
top Department managers occupy Research Review Board 
po ition . Jn all. between 80 and 100 of the Department' 
1,200 employees participate in an annual re earch program. 
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Technical panel members con tribute mo t to ucces ful im
plementation. The same member wh defined the study and 
monitored its progress are best able t evaluate the work and 
judge its significance to the Department. Becau. e the panel 
members were originally appointed by their upervisors, the 
panel' recommendation enjoy good credibility. Further
more, members probably occupy positi.on in tbe Department 
in which implementation will occur. which make it easier to 
market the results. 

The Research Review Board's role is also significant. Be
cause the Board is composed of many of the Department's 
top manager , the Board's endor ement of research recom
mendations is persuasive. The Board member who recom
mend implementation steps to the Secretary ofTrnnsportati · n 
are in mo. t cases the ame manager who will be called on 
to accomplish them. 

INSTITUTIONAL ISSUES 

Effective use of the Department's re earch organizati n and 
procedure. depends on adequate in titutional uppo1t. With· 
out sufficient funding and trained taff . . ound technical man
agement of multiple research projects is impossible. 

Research Staffing 

The Department's Office of Research staff totals nine per
sons-a secretary and eight engineers, one of whom manages 
the office. This unusual classification mix deserves explana
tion. First, the staff contains no technicians. Engineers fill 
every available position to maximize the office's total tech
nical resources. Every position is occupied by a person who 
can both manage and perform research investigations. Al
though this arrangement permits the greatest number of active 
projects, it would be untenable if other Department offices 
did not contribute support personnel for in-house studies re
lated to their areas of responsibility. 

For example, technicians in the Office of Materials and 
Testing frequently team with an engineer from the Office of 
Research on studies related to materials. The engineer. acting 
as principal investigator, supervises the technicians, acting as 
co-investigators, to accomplish the study. Clearly, this ar
rangement depends on mutual appreciation of the study's 
value and good working relationships between the Offices of 
Research and Materials and Testing. Certain benefits are ob
tained, however. The technicians' research activity can level 
seasonal workloads, enhance job quality by stimulating in
terest in new technology. and actually begin the process of 
implementation. 

Second, the engineers in the Office of Research are not all 
civil engineers. At present, the staff consists of a chemist, a 
chemical engineer, two electronics engineers, a physicist. and 
three civil engineers with different emphasis areas. Several 
have some graduate-level educational experience. All are 
computer users and most can write software in multiple lan
guages. This diversity in background has strengthened the 
office's ability to apply innovative approaches to research 
problems. It has encouraged application of principles and 
technologies from other disciplines to the solution of problems 
in civil engineering. 
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The third nontraditional aspect of the office's staffing is its 
rganizational structtu·e. Only the office engineer has per

manent supervisory authority. All of the ther engineers func
tion a head o f Le hnical panels and principal investigators 
on as igned studic . Authority is project specific. i. .• one 
engineer may head a technical panel directing another engi
neer' investigation; on that project, the fin engineer ha 
authority over the second. n another project, the engineers' 
roles may be re er ·ed . 

The nonhierarchical organization i reflected in the engi
neer ·classifications. lassifications are as igned on the ba i. 
of technical re pon ibility. not organizationa l tructure. If the 
engineers perform identical technical f1111c1ion . . they occupy 
identical classifications . Furthermore. the technical complex
it}' of the engineer · dut ie justifie high-level cla ification . 
Thi cone pt nflic1s with the li ne-of-authority orientation 
typical f. tate government cla sification systems but lrns been 
successfu lly adopted within the Office of Re·ear h. The De
partment· Office of Per onnel has recognized the technical 
demand. associa ted with research inve tigati n and manage
ment. 

Other advantages re ult from thi orga nizationa l structu re. 
Befor it ad ption, junior engineers tended to assist senior 
engineers' ·tudie . They often performed specific support task 
and generally did not have re ·pon ibility for entire project . 
Thi underutilization f kill prevented th - Offic f Re
search from addre sing th large number f topics in need of 
research and wa · detrimental to taff morale . Under th ne\ 
structure, indi idual engineers are responsible for comple te 
tudies. They may enli t ·ea onal workers and per ·onnel from 

other offices to · ist them and may obtain special ized t ch
nical a istance from other Office of Research staff, but the 
ul timate responsibility for the study is their own . taff mem
bers have ha I to improve their project management skills to 
functi n in thi manner, but all have welcomed the challenge. 

Training 

Becau. e the Department's tedmical panels exercis ·o much 
authority over a tudy. adequate training for the panel's Office 
of Re earch staff member is essential. The taff member must 
d al ne-on-one with research consultants and Department 
managers to coordinat ac tivity on resear h project . The 
per on must be able to intelligent! evaluate research pro
posals and reports and maintain credibil ity with academic . 
con ulrants, and peer · within Lhe Department. On rnr oc
casions when academ ic have challengeu the qualifications of 
project manager , a ·trong defense has been essen tia l. Like
wi e, when staff members perform research themselves. they 
mu t be a le to devel p a sound work plan and carry it t 
completion. They mu t understand and apply scientific and 
tatistical principles to en ure that the research activity i not 

wa ted. Their work mu ·t with tand the crutiny f the De
partment's technical panels and Re earch Review Board . 

To these end , the Office of Research obtains training in 
management sk ills. resear ·h me thods. and specific t chnical 
subjects. Th office ensed an acute need fo r a re earch meth
odology course and. in the fall of 1991. en ro lled its entire 
staff in a two-and-one-half-day cour e entitled ''Tran ·porta-
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tion Research Methodology." Some other Department em
ployees who serve on multiple technical panels also attended. 

Department Support 

The commitment of the Department's top management to 
research is absolutely vital. Without management's support, 
no technical accomplishments are likely. Even if they occur, 
they will be wasted . Transportation department research man
agers often ask the question: "Where should the research 
office ideally be located in the Department?" In some de
partments, the research activity is closely associated with the 
materials group. In others, including the South Dakota De
partment of Transportation, it is tied to the planning division. 
Many maintain that the research office should not be a part 
of any group, but rather should report directly to the chief 
administrative officer. 

The Department's experience indicates that location of the 
office is not particularly important , if the entire Department 
is involved in its direction. Although its Office of Research 
is located in the Division of Planning, studies equally address 
subjects belonging to the Divisions of Engineering and Op
erations and recently the Division of Finance. Broad partic
ipation in the Research Review Board and technical panels 
have generated good support, not only among managers, but 
also among working levels throughout the Department. 

Continued support depends on successful delivery of re
search products . In this context , success is not defined as 
development of a miraculous new idea or product; rather, 
success means that a research investigation was well designed 
and accomplished a set of worthwhile objectives . When man
agers are informed of a study's objectives and agree to them, 
they are entitled to a successful project according to this def
inition . Recently, some have argued that productive research 
requires large sums of money with minimal restrictions on 
how it is used (5). This may be true of some projects in some 
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environments. In the context of a state transportation de
partment, however, well-defined projects with well
understood levels of risk and realistic promises of benefits 
will better encourage long-term support for research . 

CONCLUSION 

The organization and procedures adopted by the South Da
kota Department of Transportation have enabled the De
partment to significantly expand its research activity and 
broaden its scope of investigation . The Department certainly 
did not invent most of the concepts described here ; rather , it 
selectively borrowed and modified others' procedures when
ever possible . 

Adoption of formal research procedures has improved the 
credibility and productivity of the Department's research ef
fort. Because the procedures rely on broad participation of 
the entire Department , research results are more readily ac
cepted and Department support is strong. 
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Managing a Collaborative State 
Department of Transportation-University 
Research Program in Washington State 

G. SCOTT RUTHERFORD AND MARTIN D. PIETZ 

The administrative functions of a state department of transpor
tation (DOT) research >ffice arc oullined and the wny a collab
orative. university-based re t.:<1rch program internet with those 
administrarivc functions is nddrnssed . Al o addressed is h w a 
pr ductiv re lati n hip ha ce11 est<iblished in Wu hing ton . he 
major administrative function are brok n down into fun ling. 
progn1m cle ve lopmclll , program management. and implementa
tion nnd technology transfer. ls uc~ as~ociated with u collabo
rative resea rch program between a state DOT and university arc 
identified . D Ts are principally int •rcstcd in prnctical , imple
mcnl'abl result. from a tight ly munngcd progra m and rewgnition 
for their <1gcncie ·. nivcr ities are interested in upporting stu
de111 . . obtaining m:ccs to operating transportation focilitic~. 
publi. hing in recognized academic journal:. and funding for hard· 
to-obtain equipment, truvel. and other benefit ·. With propt:r 
com111unic<11ion amJ interaction be tween technical personnel and 
universit research r . both e ntities can benefit subst, ntially from 
;1 joint relati nship. he university gains funding. tudcnts. equip· 
mem . and publicution . The DOT gain research re. ult · . cechnical 
ussisrancc. and training. Because there i. subsrnntinl common 
interest and benefit from a collaborative. long-term program. 
increased emphasis in research at the national level will likely 
produce additional interaction in the future. 

Inside a state department of transportation (DOT), a research 
program sometimes occupies a rather tenuous position. At 
times, budget cuts and shifting priorities have caused some 
states to limit or nearly eliminate their research programs. as 
recently happened in the state of Alaska. Within this envi
ronment, a collaborative research program between a state 
DOT and a university presents additional challenges and, at 
the same time, many opportunities. Collaborative research 
programs involving state DOTs and universities require com
promises on both sides. However, once a strong relationship 
has been developed, the state DOT and university can receive 
value far beyond the research program. The Washington State 
DOT (WSDOT) has developed a strong. collaborative rela
tionship and has avoided swings in budget support for research 
programs noticed in some state DOTs. 

The state DOT-university research program puts additional 
burdens on the administrative aspects of the overall research 
effort. This paper looks at the administrative functions of the 
WSDOT program and explores how its relationship with two 
universities fits into the overall management structure of this 
research program. 

G. S. Rutherford. Department of Civil Engineering. University of 
Washington. Seattle. Wash. 98195. M.D. Pietz. Washington State 
Department of' Transportation. Olympia. Wash. 98504. 

UNIVERSITY-DOT COLLABORATIVE EFFORTS 

Shuldiner and Collura (J) studied collaborative research be
tween state highway agencies and universities in 1986. Their 
findings can be summarized as follows: 

The most successful programs were characterized by the follow
ing features: 
a. joint participation by both the university and the highway 

:.gene in the Initial development of the collubo.rntive pro· 
gram; 

b. a willing commitment by both parties to make the program 
work; 

c. a truly collaborative rather than arms length relationship; 
d. lots of time, trust. and patience. 

On the face of it, universities and state DOTs are very 
different organizations, staffed by people with different mis
sions. A survey conducted in 1983 by WSDOT showed that 
of the 50 states and the District of Columbia. 29 preferred to 
have their research conducted somewhere other than univer
sities, and 22 preferred to have their research conducted at 
universities (2). At that time, about 33 percent of the funding 
that states spent on research as a whole was conducted by 
universities (3). Although this survey indicated that not every 
state DOT has seen value in developing a strong relationship 
with a university, states such as California and Texas have 
developed long-term, noteworthy collaborative programs. The 
creation of the University Centers program from the Surface 
Transportation Act of 1987 has enhanced the contacts and 
the development of joint projects, if not programs between 
states and universities. 

WSDOT-UNIVERSITY PROGRAM 

WSDOT and Washington's two state research universities, 
Washington State University and the University of Washing
ton, have for years had a research relationship. In 1983, 
WSDOT management decided to enhance its research pro
gram and build much stronger relationships with it state re
search universities. The Washington State Transportation 
Center (TRAC) had been formed in 1981 to help foster these 
relationships, and in 1983 additional emphasis and funding 
moved the two organizations much closer. At that time, DOT 
appointed a faculty member from the University of Wash
ington to be its research director on a contract ba is. This 
r e1 on was also director of the Transponation Center. This 
relationship lasted for 4 years, after which the size of both 
programs justified full-time management. However, this joint 
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directorship provided a unique period during which each group 
could more clearly under tand the others' needs and de · ircs 
for a re earch program. As part of these change , a new 
research program development proce wa adopted. It in
clud d university faculty participaiion in writing prop als, 
many times jointly with WSDOT per- nnel· evaluation f 
proposa ls by technical committees· and management of 
research projects in close collaboration with WSDOT 
personnel. 

Key to the succe. of a cooperative program of any nature 
is the concept of partner hips. In Washington tate , this con
cept i ·expressed first through rhe univer ity center director' 
awarene of DOT needs and concerns and the DOT re earch 
director' aw~rene s of university needs and concerns. These 
individuals believe in tbe benefit of lhe partnership and relay 
that belief to DOT technical and perational staff and uni
ver ity faculty. This leader hip enforce the second level of 
partnership between rhe individual faculty member and 1he 
DOT teGhnical monitor, who is normally a member of a tech
nical staff (e.g. , Bridge Office). Further tbc DOT research 
director and the univ r ity director/deputy director encourage 
the join t author hip and owner hip, of the pe ific research 
by the part.icula1· faculty and DOT technical monitor. Thi.s 
concept adds immeasurably to the usefulness of the research 
products and to the support of the cooperative programs at 
both campuses. 

ADMJNI TRA TIVE FUNCTIONS 

An NCHRP syntbesis provide a review of re. earch pr grams 
wichin tate DOTs (4) . Many of the findings f !hat d cument 
have been incorporated into the Washington tale Deparl
ment ofTrMsportation's research program (3) . The W DOT 
conducted a nationwide survey of re earch program to a ·
certain their structure , mode of operation , and other admin
istrative aspects to help restructure it · own program (2). The 
NCHRP ynthesi · and tbe W DOT tudy, although some
what out of date, provide excellent background for an ex
amination of typical admini tra!ive activities carried ul within 
state DOTs. 

The following di cussion de cribes the administrative func
tion of the collaborative W DOT-university re. earch pro
gram. Program funding development" management. and im
plementatfon and technology transfer are addre ed. 

Program Funding 

The mo t traditional . ource of research funding for state DOTs 
i · FHWA Highway Planning and Research Program (HPR) , 
matched with stat fund . Some state choose to use all stale 
funds for re earch and use the HPR fund tric1ly for planning. 
The e tates presumably feel Lhat they decrease their admin
i traLive burdens by reducing federal over ight of spending 
for re earch. Some states add state money to their HPR re-
earch plans and aggres ively seek additional re earch fond· 

from agencies sucb a FHWA and the former Urban Ma .. 
Transportation Administration (UMTA) (now FTA). W DOT 
research funding wa , for many years , based on HPR fund . 
state match, and limited state fundingsupplemeot . However. 
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in the last 4 year the Late has added ·ignificantly more state 
funding to the HPR money and has obtained additional FHWA 
and UMTA funds to augment its research effort . 

One major advantage of the DOT-university collaborative 
effort i that DOT can tap university expertise in leveraging 
re earch funds to enhance the re earch program. University 
faculty are adept at writing proposal for funding. With coop
eration from the state DOT matching funds, and other DOT 
experti e or equipment, univer ity faculty can develop strong 
prop sal that are Jikely to be funded by federal agencie . 

One example in Wa hington state i an UMTA grant for a 
study of the private development of park-and-ride lots. WSDOT 
provided state fund and in-kind support from staff and in
kind matching was obtained from a I cal transit operator (Se
attle Metro) . UMTA provided the remaining 0 percent of 
the funding . The proposal wa prepared by rhe university 
principal inve tigator. This project illustrate the leveraging 
o'f state fund p ' ible through collaborative effort ·. 

The tate DOT research program also needs a c nstituency 
that will help figh1 for it budget. This effort is enhanced if 
key managers within the DOT view components of the re
search program a their own and becom trong advocates. 
Within the W DOT, this advocacy i facilitated by the munner 
in which the re earch program is developed and admini tered. 
Research topic are identified, discu sed and prioritized in 
technical committee comprising WSDOT functional taff 
universiiy faculty , re earch office ·raff, and FHWA xperts. 
This process. described in more detail in 1he followings ct ion. 
build an understanding of re earch need and priorities among 
1·he DOT participants, both in the functional-technical staff 
and with the executives who participate in ach workshop. 
These executives and technical staff then become advocate 
for re earch funding in theiI area and a 'Si tin as uring funding 
continuity of the WSDOT research program. The collabo
rative conduct of 'lhe re ·earch, with WSDOT technical mon
itor directly involved, further enforc 1he concept of own
ership by other outside the re earch office. 

lt is e pecially important that univer itie be given enough 
advance notice to attract high-quality graduat siudents, who e 
role on re earch projects can hardly be overstated. to work 
on the project . Although it i difficult to program and select 
projects far enough in advance to recruit graduate smd nts 
on a regular ba is, some type of commitment between the 
univer ity and the tate D T can encourage the recruitment 
of quality tudents. 

ln the WSDOT example, this problem i. addre sed by the 
esrabli hment f a 2-year research program 7 to 9 month 
before the tart of the next school •ear. This timing assures 
a 7- to 9-montb notice to university faculty in 1he odd
numbered year. and allow ub tantial advance plunning for 
even-numbered year . By triving ~ r predictable funding and 
election of priority project as early as po siblc, 1he WSDOT 

pro ides an opportunity for the universities to maximize plan
ning and thereby maximize the potential for a ·atisfactory 
re earch product. 

Program Development 

Program development ncompasses several factors . The mosl 
successful DOT re earch program, begin the program devel
opment proce with . ome type of broad, grass-roots call for 
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research statements or problem . The NCHRP synthesis ( 4) 
presented a dilemma a follows: ' ·Experience ha. ·hown that 
operational people often do not find the articulation of their 
re earch need an easy matter. Without the olicitation of 
problems for research, ei ther formally or informally , the re
search progrnm truly respon ive t:o department needs may be 
difficult to develop .' In other word , although operations 
people may have trouble expre sing their needs, it is impor
tant for their needs to be addressed in a meaningful way. One 
advan tage in an ongoing DOT-university collaborative pro
gram is tha't faculty and graduate tudents who specialize in 
certain areas can ac t with practitioners to develop project 
statements that e rve the need of tbe departmeot and are 
also achievable from a re earch standpoint. T his collaboration 
assi ts the practitioner in articulating their need and assi t 
the researchers in understanding those needs. 

Th WSDOT program involves university faculty in pro
gram development. Faculty are part of the call for problem 
tatements early in the program development proce. sand are 

encouraged to contact department personne l to deve l p col
laborative problem statements· in fact, they are told that with
out a department ponsor for their statement. the likelih od 
i small that the research will be funded . Thi proce ·s provides 
the necessary communications links and al o initiates a re
lationship between the faculty and DOT technical per onnel. 

The next step in the program development proces is the 
eva luation of the project statements. The CHRP synthesis 
(4) points out that most states take advantage of some kind 
of technical committee to elect research projects. At WSDOT 
there are separate technical committee for each major area 
in the department (e.g. , bridge and structures, materials. traffic 
operations , design . marine operations. and planning). Each 
technical committee ha as its chair a department manager 
who is responsible for that program within DOT (e .g., the 
bridge engineer or materials engineer). The district offices 
are gene rally represented on the e commi ttee , as is a cross 
section of relevant technical per onnel. Also included on the 
committees a re one or more university facu lty members whose 
primary expe rtise is the relevant subject area. and an FHWA 
repre entative . T hese groups, consist ing of approximately 10 
people, rank the list of proposed projects within their tech
nica l areas and recommend funding levels for each project. 
At WSDOT, as at most other state DOTs, management ha 
final approval of the research program. 

Program Management 

In a collaborative re earch program, management i needed 
at both the research office at the tale DOT and at the uni
versity, typically at a universi ty tran portation center. The 
program management function of these organizations mu t 
be closely integrated , but they have specific duties and func
tions as follows. 

Research Office 

Contract administration becomes a major actlVlty of a re
search office that has a collaborative program with a univer
sity. Contract administration breaks into four areas: 
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1. Review, approval, and contracting for a detailed re-
search plan, 

2. Progress monitoring and reporting, 
3. Expenditure management, and 
4. Contract change processing. 

Numerous steps can be taken in a collaborative effort to re
duce the burden of contract administration. Standardized for
mats and review processes , editing and clerical support through 
the university center, and a streamlined but complete con
tracting process greatly facilitate project initiation. Progress 
reports that are quarterly rather than monthly, budgets with
out a burdensome number of line items to manage, and a 
process that expedites contract changes all help the research 
office and the researchers concentrate on the quality of the 
product rather than on contract admini tr'1tion . The re earch 
office has primary respon ibility for maintaining a liai n be
tween DOT and the university to assure that contacts are 
maintained and that misunderstandings do not develop. Be
cause these programs are established on a long-term basis, 
individuals who cannot or will not participate in good faith 
can be easily identified and prevented from becoming a con
tinuing problem. 

Another important role that the research office can play is 
to broker relationships between the DOT-university research
ers and FHW A and other government agencies. Research 
offices are one main point of contact with federal agencies, 
and through contacts and the promotion of particular ideas, 
the research office can assist the university in gaining federal 
funding. 

University Centers 

T he transportation center at the univer ity if funded pre
dictably, can provide a stable professional staff that. can be 
counted on to monitor budgets, maintain high-quality reports 
a sist in reporting requirements , monitor progres and expen
ditures , and enhance contact between univer ity people and 
DOT. 

The university center director' role i. to direct the center' 
staff and function and , more importantly, ro represent the 
collaborative program at the university. This involves contin
uing the liai on with facul ty; explaini ng DOT need ; recruiting 
faculty to participate in DOT-spon ored research · explaining 
the requirements of the co.l laborative program and contract 
research; and solving problems that occasionally arise. 

The di rector must a lso maintain a liaison with the DOT 
research office and technical monitors to be awa re of their 
need. and f any potential problems that may be developing. 
The di rector's advice to DOT on productive research pro
posal and opportunitie , program balance, and university 
relations is also essential. 

The center· word processing, editing, and graphics support 
staff can provide ub tantial ervices to individual research 
faCLLlty , making the contract research with DOT more at
tractive to the faculty . The support taff also can provide 
significant assistance in budget monitoring and progress re
porting, to the ben fit of both the univer icy re. earcher and 
DOT. Joint funding of the cen ter taff, by the university and 
DOT. as ures that both partie wi ll support and utilize the 
center's services. 
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WSDOT-TRAC COLLABORATIVE BENEFITS 

Once a solid relationship has built up between the university 
program and the state DOT, opportunities arise that never 
would have presented themselves in the absence of that re
lationship. For example, WSDOT recently decided to elim
inate a bridge along Interstate 90 in the central part of the 
state. The bridge was no longer needed because of a railroad 
abandonment. This bridge presented a unique opportunity 
for a full-scale test of its earthquake resistance. Collaborative 
effort allowed re earchers at the University of Washington to 
conduct earthquake experiments shortly before demolition of 
the bridge. This project required that contract execution , project 
design, and implementation proceed io an extremely ·horl 
time so that the project would not impede the contractor' 
progres . This project could not have been completed without 
the long-standing, solid relationsh.ip that existed between the 
Washington State Transportation Center and the WSDOT. 

The long-term existence of the university center and DOT's 
participation with that center has facilitated the involvement 
of a larger number of broader-based faculty at both state 
research universities. Intelligent vehicle-highway systems 
(IVHS), environmental legislation, intermodalism , and tran
sit issues are now being productively explored to a much 
greater degree , building on the ucce sful partner hips estab
lished over the years in material , structure . and traffic op
erations. This broadening of the WSDOT research program 
ha occurred as university facu lty have involved their col
leagues in their work, have introduced colleagues to WSDOT 
research and operational staff, and have ·een transportation 
research productively pur ued by their peers. WSDOT ex
ecutives have also seen the benefits of research in traditional 
areas and have encouraged their subordinates to pursue re
search in less traditional areas. 

Implementation and Technology Transfer 

Perhaps the easiest and mo t effective way to implement re
search projects i to involve DOT personnel early in the de
vel.opment of the research program and often during it exe
cution. At WSDOT, where trong relation hips have been 
developed between individual faculty and DOT technical peo
ple , re earch project have been conducted successfully and 
with a high degree of implementation . The e relationships are 
beneficial to both DOT and the univer ity because little time 
is lost in defining the projects and a trong program continues 
to build. Implementation may take place before the re uh 
of a project have been formally distributed in a research re
port, newsletter, or other technology transfer device. A pro
gram manager or engineer who has identified a problem and 
worked actively with internal or external research personnel 
to solve Lhat problem is far more likely to adopt t11e project's 
conclusions than a per ·on told to adopt a totally external 
product. This has often been referred to as the "not-invented
here" syndrome. Further, the literature concerning organi
zational change and innovation contain numerous reference 
to the importance of fully understanding the creative (re
search) process to effectively use the innovation. 

However, the technology transfer process goes beyond the 
selection and administration of high-quality research projects. 
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It must also include the normal array of information devices 
such as report distribution, newsletters, seminars, videotapes, 
and conference presentations. 

Once again, universitie can assi t in the implementation 
and technology transfer process. Because their primary mis
sion i education, universities have facilitie available to help 
in the production and distribution of technology transfer prod
ucts. In a collaborative program, faculty and DOT personnel 
can be encouraged to co-author technical paper presented 
at national conferences. This joint authorship provides rec
ognition for the contribution of DOT people and als con
tributes to their professional development. 

Short courses and other means of training have been a 
common outcome of this relution hip . The training and short 
courses have related to both specific research project and 
other academic subjects in which the WSDOT ha an interest. 
WSDOT personnel have served on Ph.D. and master's stu
dent committees as referees. This service has enhanced the 
educational process. WSDOT has also located several of its 
technical personnel at the Transportation enter, where !'hey 
participate join tly with faculty and TRA employees oo 
WSDOT research projects and other federal project· that 
have been developed. WSDOT personnel have taught grad
uate and undergraduate cla e in transportation in the Civil 
Engineering Department at the University of Wa hington. 
They have also been guest lecturers in graduate and under
graduate classes. WSDOT has provided the universities with 
field trips for students, enhancing their education while gain
ing valuable research products. 

University faculty provide ongoing technical assistance to 
WSDOT, the Washington State Transportation Commission. 
and legislative committees . The University has conducted 
conference for the WSDOT. Other technology transfer ac
tivities have included the development of videotapes and 
new Letters and the operation of techn l gy transfer vans in 
rural areas of Washington, Oregon, and Idaho. 

WSDOT and the University of Washington have also de
veloped a fellowship program with the cooperation of Trans
portaLion Northwest (TransNow) , a federally ·upported, re
gional transportation center at the Univer ity of Washington. 
This fellowship program ha ' ent as many as ten people per 
year to the univ.ersity to obtain ma rer' degrees in transpor
tation planning and traffic engineering. These activities all 
have been direct outgrowths of the relationship built up through 
the collaborative research program. The activities have stretched 
far beyond the research projects to many other areas in ed
ucation, training, and technical assistance. 

WSDOT Executive Involvement 

WSDOT executive are not involved in the day-to-day con
duct of research , yet their knowledge of, and support for, the 
research effort is essential to program continuity. WSDOT 
and TRAC spon or eminars on emerging is ue and on on
going WSDOT-university research. The day-long seminars 
feature nationally recognized experts in particular research 
fields , University of Washington and Wa hington tate Uni
versity faculty , and WSDOT technical staff. Al ·o invited to 
the seminars are the university deans for engineering and 
research and interested private-sector individuals from such 
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transportation companies as Boeing, PACCAR, and Con
crete Technology. 

These ·eminars are an important aspect of providing con
tinuing support for the collaborative research programs and 
of keeping WSDOT executives current on emerging issues, 
research needs, and re earch re ·uJts. The university admin
i trators and faculty g11in insight into ne\ work th r than 
their own , and the re ultant discussion · of issue · bctw en the 
W D T and fac ulty enhance the mutual tru t necessary for 
cooperative program . Jn addition, the private- ector experts 
gain an understanding fWSDOT' problems and of its efforts 
to resolve the e problem through technical research. 

WSDOT executive. al review and approve the biennial 
re arch progre f projects . An internal committee, chaired 
by W D T's deputy secretary and c ns i ting f three other 
headquarters executive plu a di ·tric1 admi nistrator, review 
the 2-year program of project . The DOT research director 
and the university center director j in1ly pre. ent the program, 
illu ·1rating the balance am ng functional areas and de ·cribing 
each propo al project. Significant chan cs propo ·cd to the 
program arc a lso approved by thi committee. 

ISSUES IN ESTABLISHING AND OPERA TING A 
UNIVERSITY-DOT RESEARCH PROGRAM 

As mentioned previou. ly , universities and state DOT · hav 
very different mi i ns and <tre driven by different goal and 
objective . . The following cction ex·unine the point · of vie' 
of the state and the uni ersity. Thi disct1s ·ion is n >l meant 
to be universally applicable to ;Ill states or all univer. ities but 
is merely illustrative of the compromises that must rake place 
to build a strong relationship. 

State Perspective 

State DOTs often assert that they need practical research 
results that can be implemented and are useful within their 
organization. The missi n statement of the W DOT Research 
Office specifically says that the research goal is to " .. . in-

rease the eff cti vene:s of transportation system and pro
gram. in the tace ... . " Implementation i often accom
pli. hed at the end of several multi-year re ea rch project by 
asking th e project' · principal inve tigator 10 drart change 10 
the DOT design manual. This forces the re. earcher and DOT 
to agree on the true meaning f the research results. and 
although it can be a very painful process. it can also be a very 
practical one. It ;tlso helps to demonsira.te that the re$ea r h 
is being utilized . 

Another item of importance is to ensure that everybody 
involved in the process receives some credit. WSDOT tech
nical reports alway identify on the cover with the authors 
the DOT per n who was re ponsible for project oversight. 
The encouragement for collaborators to write co-authored 
technical paper~ also helps build relationship-. DOT pers n
nel . ometimes ex pres. fru -u·a1ion at n t being able to maintain 
telephone and face-to-face cont<tct with rese•1r hers. Thi i 
a probk:m of which all panic need 10 be aware. and the 
solution nrny be us ·imple as installing ele tronic voice mail 
or fax machines to ensure that technical people can reach 
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each other when necessary. Project schedules can be difficult 
i · ues in an organization such as DOT. which i · v ry chedule 
driven . Research project do not always march to the ame 
drummer. DOT may have to be flexible about research pr j
ect schedule t gain the highe t qoality produce.. Often the 
rea on for delay are our idc the re earcher's control. Again. 
clo e contact and communication among the technic·il mon
itor , the research office , and the researcher is essential. 

DOTs may complain that final reports are of poor written 
and visual quality- not up to the ame ·tandards that DOTs 
have bee me accu~tomed to with private consultants. This 
problem can be ovcrc me by an ongoing relationship that 
all w. rh transportation center to maintain continuity in it 
ta ff by hiring editor • illustrator • word proces or , and other 

per onnel necessary to develop profe · ional product . Inev
itably , in a rclad.on ·hip between a univ r ·ity and D T, a 
facul ty member at the university will be in a po irion to cri t
icize the peration or ome other aspect of DOT management. 
This <tlway cau e · a strain on the relationship , which can be 
overcome on ly by the overa ll strength of the re lationship it
·el . All must understand that problem will arise that have 
to be ignored or overcome in some other way for the rela
tionship to work. 

University Perspective 

University faculty are drive n by the need t atlract research 
support. which funds graduate s tudents and produces publi
cation in academic journal ·. Faculty gain tenure and pro
motion through the ·e activities. and DOT need to und r
stand the reward structure in the university to under land 
faculty behavior. For many facu lty, a grant from the National 
Science Foundation (NSF) is considered to be of higher value 
than a contract with the local DOT or other agency. However, 
N F pr vides few grnnl in the Iran portation area, which ha 
had the effect of pu bing faculty to look for o ther funding 
·ources. including ·rate DOTs. T he need to upport studen ts 
and eq uipment that is normall.y n t provided by the univer ·ity 
and to travel to conferences is important. 

Further. the graduate ·tudents ' education is often signifi
cantly enhanced by working clo ly with DOT practiti ners. 
The 'llldents begin lO ·ee how their academic trainin can be 
applied in th field. in addition to conu·ibuting to problem 
solutions and advancing the state of knowledge. Facult can 
also gain in. ight into new. productive area of re earch by 
interacting with the DOT practitioner · in the field. DOT 
have facilitie and other inf rmation that arc important to 
university re ·earchers. The attraction of these facilities, such 
as 1he bridge 111 ntioned previously. can provide strong mo
tivati n f r faculty to interact with state DOTs. 

CONCLUSION 

This paper examines the administrative a pects of a collab
orative DOT-university research program and addresses the 
mutual benefits of this collaboration. In Washington state, 
researchers from two universities work collaboratively with 
technical staff in the Washington State Department of Trans-
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portation to develop programs, conduct research, and imple
ment research and technology transfer. This long-term rela
ti nship, establi hed in 1983 and refined since that time, has 
yielded products with a high potential for implementation. 
The direct involvement of personnel from the WSDOT tech
nical staff offices has resulted in an appreciation for the ben
efits of research; these people have in turn become advocates 
for continuing or enhancing research J rngrnm funding. W D T 
execu tives a re involved in the re. earch program. 1 hi ch. com
bined with the success experienced in traditional areas . has 
<Ill'' ed the research to expand further into emerging area • . 
uch a · intermodalism. IVHS, and environmental and tran ·it 

issues. This expansion has involved new faculty and students 
at the universities. WSDOT needs practical research results 
that can be implemented. The universities are interested in 
supporting students, having access to operating tran ·p n ation 
facilitie , and publishing and funding. The D T and the 
universities have made substantial efforts to understand the 
needs and motivations of the others and to be sensitive to 
those needs. Both parties have gained substantially from a 
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long-term relationship that has fostered interaction among 
faculty, students, and WSDOT professionals. 
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Marketing Transportation Technology and 
Programs 

RAY G. GRIFFITH AND MARTHA M. SONEIRA 

The mad and tran portation indu try In 1he Unired late has a 
long hi tory of seeking 0111 new and innovative technology for 
the dcvelopin rrnnsporiation infrastruc1ure. Ac tive federal up· 
pon for the improvemelll or trnnsportnt.ion sy ·cem date from 
1he late 19th cenlllr . Assi tance from the fodcrn l government 
facilitated acce. s ro new 1echnolo >ies and created opportuni1 ie · 
for as imitation . Early-111 >del programs of technology demon-
trntion. tccl11Jica l a sistance. and training have remained effec

tive tool of technology Iran ·fe r ro the highway community 100 
years later. New strategies are required. however. t keep pace 
with the increasing rate lH which new technology and product 
have becomi.: av<1ilal le. In 1990. the Federa l Highway Admin· 
i trarion defined n marketing process through which highway pro
grams and technologies cou ld be more effectively developed. pro· 
moted. implemented. and deployed. The marketing appro;ich 
incorporate user need ·. atiitudes . and pcrcep1ions in to devel · 
opment or new re earch product . ucce sful promotion and timely 
deployment of innovative lechnology rrn<l program~ are al o de
pendent on the interest und participation of our panners in th 
highway community. An historic overvie' of highwa technol g 
transfer in the Uni tt:d tate and a description of the evolving 
marketing program designed t en hance the process are provided. 
II has been found th·n succe . ful technology trnn fer depend on 
the involvement and support of partners in 1he uurnestic and 
internatiomil highway community who help shape the highway 
program throughout the marketing process. 

The pro perity of our m1tion has depended on the progressive 
evolu tion of its transportation infrastructure: a product of 
partnerships. b th private and public. and application f proven 
technology. both national and internation·1l. From the e<H'ly 
road · tha t used succe sful Eu ropean pavement technique , to 
the sophisticated ribbons of interstate highways built with 
cooperative effort, the Americ<1n transportation system re
flects an evolution of federal and state roles and application 
of innovative technology from a multitude of sources. 

Early federal involvcmellt in tran ·portation helped the 
economy grow by linking commercial activities of the states. 
Thomas Jefferson signed the first federal highway program 
into law in 1806, creating the National Road (now called U.S. 
Route 40 in upper Maryland). which connected Ohio to the 
Eastern seaboard (1. p. 1). 

The United States led the "turnpike movement" (2, p. 11), 
coordinating the construction of privately financed publi work 
to link up with the National Road. Devel pmcnt of th is art 
road network captiva ted Eur pean intere t a nd inve tment 
capi ta l a. well as U . . dollar ·. !ates worked cooperatively 
with each other and private firms to operate toll roads in 
support of road maintenance. 

Office of Technology Applications, Federal Highway Administration, 
U.S. Department of Transportation, 400 7th St. , S. W. , Room #6322. 
Washington. D.C. 20590. 

Although early highway pr grams were mo tly state func
tions. a few forms of federal a · isrance were Lil place in the 
l9th century. Federal tT op · opened up the We tern Terri
l rie with primitive road . . The federa l governm nt also granted 
free righc-of-wny for state public road ver unre. erved public 
lands. 

The Good Roads Movement of the 1890s shaped the role 
of state aid for roads and pressured Congress to define a 
measure of federal assistance. As a result, the Office of Road 
Inquiry was established in 1893. Throughout this scenario, 
the focus had been "farm-to-market," lea ling with agricul
tural concerns and rural roads. The new office. within the 
U .S. Department of Agriculture. collected :mu dis. cminated 
informati non roads. priniarily ser ing in an ed ucatio nal and 
promoti nal capacit . Lat r re ponsibilities expanded t in
clude "object less n roads ... which demonstrated u ces "ful 
roa<I c nstrucrion techniques. and experimcnrn l roads. n· 
site assistance, and training. 

It soon became evident that an enormity of road problems 
needed to be addressed on a national level. The Federal-Aid 
Road Act of 1916 addressed the growing responsibilities of road
builders beyond construction: considerations of the economy. 
social and cultural needs. the environment. natural resources. 
and international relations, where appropriate (2. p. 202). 

The Bureau of Public Roads. as it was called in 1919. es
tablished its role as one of encouragement. leadership. and 
protection of the national interest. The newly formed Amer
ican Association of State Highway Officials (AASHO) com
plemented Lhi role in partnership witb federal efforts, on
·ulting on hjghway construction. legislation. and ·tate is ue, . 

The need for a nation<il program f highwa research was 
add ressed thro ugh the Highway Research Bo<1HI (later n, med 
the Transportation R earch B ard). The program coordi
na.teu activities in industry. academia, and o ther organizations 
for dissemination of information about research to the high
way community. These early believers in the open discussion 
of research also recognized that technical information is "of 
no value to anyone unless it is learned and put to use by the 
technical man (2, p. 209)." 

As the automobile revolutionized transportation technol
ogy, the thru t of highway technology shifted a long with the 
populati n to add re s concerns of urban center . A new ision 
f cu 'ed on developing a highw;iy system to improve national 
defen e capabilitie and link the network of manufacturing 
centers. 

With an increased pace of technological innovation came 
a greater denrnnd for spe ialized knowledge and skills. The 
highway p.rogrnm expanded, interacting with other federal 
programs and the general public. 
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Among the significant actions in the Federal-Aid Highway 
Act of 1956 was development of rhe Interstate Highway Sys
tem under the jurisdiction and guidance of th Bureau of 
Public Roads then io the Department of Commerce. A the 
Interstate con tructi n program got under way, the Federal 
Highway department decentralized for more effective local 
project management. The interstate system is nearing com
pletion under srewardship of FHWA within the Department 
of Transportation. 

The end of the lllterstate con truction era provide an op
portunity to redirect the focus of FHWA activities and define 
its leader hip role in di seminating transportation technology. 
An era of ystem development ha been replaced by an era 
of system perfo rmance (T. Larson , unpubli hed data , FHWA , 
1991). The mature highway ystem now require preservation , 
improvement, and enhancement. Increa ·ed motor carrier ac
tivity and a growing commuter public coMribute to conges
tion, pollution , and loss of economic productivity. The Na
tional Transportation Policy (.J) addresses these i ues and 
propose new trategie for lhe 21st century. Budget restraint 
and deficit reduction , changing demographics and the urge 
to innovate are driving future action . The pol.icy reaches 
beyond the traditional role of rhe federal government to in
volve all parties with a vested interest in transportati'on and 
qua lity of life - tate and .loca l government ac"'1demic in ti
tutions, the private sector. and the driving public-to work 
together to improve the safely and efficiency of our tran -
portatio11 ystem. 

The FHW A plays a significant role in the mission to im
prove the transportation system and to revitalize the domestic 
economy through its programs of highway resea rch , devel
opmem, and technology transfer. FHWA has the opportunity 
to participate in act ivitie of the international highway come 
munity. bringing the be ·t of foreign technology and tech
niques to the United rates. A marketing approach not only 
directs resea rch and refines product deve lopment bu t al ·o 
enhance the process of technology tran fer through trategie 
planning of activi.ties. 

FHWA TECHNOLOGY TRANSFER PROGRAM 

Technology transfer is the um of activitie by technology 
sp nsor .. developer , and user leading to the adoption of a 
product or procedure ( 4 p. 1). The traditional technology 
transfer program srart with a resea rch product or program 
and devdops a stra tegy of delivery to the appropriate u. er in 
the highway community . The program define p tential users, 
barriers, opportunities, and tools for moving techno logy from 
the implemenler to the user. · HWA has succe. sful ly u ed its 
techno logy transfer program since the 1970s to link technol
ogie ·and procedure with practical application in the high
way community. Service · included hands-on demonstrntion , 
workshop., technical as ·i rnnce , p ciaJ studies, and training 
courses. Other upport included di tribution of manuals, films 
and tapes to appropriate personnel at the late level and de
velopment of technical procedures and guidelines. Technol
ogy transfer specialists coordinated activities at the regional 
and division leve ls and u ed personal contact as the trategy 
for successful communication. 
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However , one-to-one contact i not alway- an appropriate 
tactic at every lev 1 of the transfer proces . Effective tran fer 
is complicated because of the multijurisdictional nature of the 
highway indu try and the need to transfer this technology to 
users at variou · level (5, p. 2). Various groups with distinct 
capabilities, responsibilities, and agendas require a range of 
unique technology transfer activities. Highway program often 
need political vi ibility and benefit from participation in co
operative activities with highway organizations to rally public 
support. 

A program revi w tudy (6, p. 7) found that many useful 
products coming out of research tudie were item not pre
dicted in early stages of resea rch. Oftentimes the e new prod
ucts or solu tions to problems were lo t by the inability to 
move them out of the laboratory and into u e. The 1990 
FHWA report , " Marketing Hjghway Technology and Pro
grams, ' establi heel a marketing process by which FHW A 
could more effectively develop, promote, and implement the. e 
useful highway products and program . 

A MARKETING PHILOSOPHY 

Marketing involves an exchange of values that can be tangible, 
such as money exchanged for groceries, or intangible, such 
as the use of seat belts exchanged for passenger safety . To 
understand how marketing applies to government technology 
transfer, it helps to explain its evolution as a business phi
losophy (7, p. 37). Business management can be distinguished 
by four orientations that evolved during significant economic 
eras in the United States. 

A product orientation follows the " better mousetrap" the
ory: that the major task of an organization is to put out prod
ucts perceived as good for the public. The public may not 
need or want a better mousetrap or an Edsel automobile, for 
that matter. The producer is confident that the product meets 
the company objectives and does not feel obligated to modify 
the product to meet customer needs. Historically, this product 
orientation developed at the turn of the century and high
lighted such great products as the electric light, the radio, and 
the automobile. 

According to this approach, research done "for the sake of 
research" is justified because it creates new knowledge (8) : 
"If the knowledge is there a use will be found for it." A 
product not developed for a specific purpose leads to an ad 
hoc process of technology transfer, with a product searching 
for a user. 

A production orientation focuses on efficiencies in pro
duction and distribution within an organization. Innovations 
in service and assembly-line production (exemplified by Henry 
Ford and his first automobiles) often bent the needs of the 
consumer to fit the system. "You can get this automobile in 
any color as long as it's black" reflects assembly-line thought. 
This philosophy is reflected in some government technology 
transfer efforts as well. To get a new technology in use on 
the highway, sometimes a product is released before it is 
thoroughly tested and evaluated. Hot thermoplastic pavement 
striping is an example of a highway technology not fully de
veloped before release. Although demonstration test sections 
were already being applied, it was found that further refine-
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ments to application techniques needed to be made for proper 
performance. Giving a new product such a faJ. c tart creates 
a skepticism about tbe value of future impr vem nts. 

A sales orientation is often mi taken for a marketing ap
proach. It centers on using persuasion techniques to push a 
particular product or technology through advertising or per
sonal salesmanship. This approach developed in the Depres
sion era of the 1930s when production exceeded demand. With 
a gl ut of mass-produced item. on the market, the key to 
company success (or 1rvival) was salesman hip: convincing 
the consumer to buy its product over that of a competi tor. 
The term "Madi · n Avenue appr ach" is used often to con
vey a less-than-flattering image of aggressive sales tactics and 
advertising. 

This philosophy goes against the grain of traditional gov
ernment thought (typically product-oriented), which supports 
the notion that a useful product sells itself without resorting 
to glitzy promotion. But good salesmanship is one character
istic of an effective technology transfer agent that is empha
sized in FHW A literature on successful technology transfer 
(5, p.8). An outgoing personality and ability to network with 
the right users are still important and valid characteristics. 

A customer, or market, orientation can alleviate the need 
for aggressive sales tactics. As the U.S. economy rebounded 
in the 1950s, consumer wealth increased. The demand for 
high-quality products grew and consumers no longer settled 
for products pushed on them. This "consumer-centered': phi
losophy is evident in promotional campaigns for airlines ("the 
friendly skies") and in improvements in service (solicitous 
sales personnel at Nordstrom's retail stores). 

This systematic study of customer needs, wants, and per
ceptions can be applied to technical innovation activities in 
the highway and transportation community. By determining 
user needs early in the research process and developing the 
product around those needs, a technology can sell itself to 
the right users. The product format, promotion and style will 
be appropriate because these are geared to benefit a particular 
segment of the user community. 

Marketing Highway Technology 

A restructured approach to technology transfer was formu
lated through extensive outreach to the highway community 
and coordinated by FHW A. Four premises frame the actions 
of this program (9). First, both public and private highway 
agencies must commit resources to develop and evaluate in
novative research and technology in a timely manner. Mar
keting techniques can streamline this technology transfer pro
cess, proving the commitment of personnel, funding, and 
equipment to be a cost-effective investment. 

Second, marketing techniques must be incorporated into 
the program activities of FHW A. Employees involved in 
product development and outreach programs should become 
familiar with the "tools of the trade" described in the mar
keting process, such as segmenting markets (grouping users 
by need) and developing marketing plans. 

Third, successful marketing efforts are based on involve
ment and participation of partners in the highway community. 
Federal and state agencies, local governments, industry, aca-
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demia, and international groups must all have a role in the 
marketing process. All these groups should be included in the 
identification of needs, design of research, and product de
velopment. This cooperation ensures that the right issues are 
addressed in a timely manner and that opportunities for in
novation are recognized and acted upon. 

The fourth premise incorporates the first three into a stra
tegic process that ultimately links a technology product or 
program with targeted user groups and tracks its implemen
tation. This marketing process starts with the identification 
of needs and extends through the deployment, implementa
tion, and evaluation of products developed to meet those 
needs. 

Marketing Process 

" Re earch wi thout implementation is akin to go d ·tnnegy 
without execution" (5) . here is no return on inve rm nt if 
a pr duct stays on the shelf. To facilitate implemenlati n , the 
FHWA nwrkcting proces depend on earl ' input from out
side groups to guidt: research and nurture a receptive audience 
for a product or program as it develop . . 

The marketing proces begin · with identification of needs. 
Problem area. and definition of research programs are dis
cu. sed with partners in the transportati n community to guide 
rhis mo t critical e lement. In a marketing approach research 
is proactive rather than reactive . CLLStomer need . wants, and 
perception are an ticipa ted and tracked. 

Th proce s continues with product development and mon
itoring. This i noi a discrete step , but a ontinu u flow f 
feedback from program of.fices and partners to ensur that 
research is on track an<l i · addre ing the original i sue . Field 
personnel have a "feel' ' for h w a material can perform (JO). 
The goal at rhis stage is lo quantify that feel and feed i.t back 
int th product development. The Na1ional ocietyof Profes
·ional Engineer. developed a similar pr ce s for eva luating 
technology U I ) that calls for incremenrnl evaluation and re
definilion of the problem as required. 

Product analysi i an exten ion of pr duct development, 
asse sing th need for further testing and refinement, maki.ng 
modification recommended by potentia l u. ers to enhance 
implem ntation. Market ana lysis i also an ongoing part of 
the proce r lating product development to evolving mark t 
needs. II defines level of use and ob tacl s to overcome in 
getting a technology on the market and identifies opportu
nities Lo enhance acceptance. 

The ·e step · c11n be pre · nted graphically on a techn logy 
life cycle , which relates product d velopment to stt\ge of th 
marketing proces (/2) ( ee igure l). The proce is envi
sioned as a now of information and po ·itioning rather than 
discrete steps. 

The FHW A life cycle associates with steps in the marketing 
proces . Guardrail development for example. i. at a mature 
!age o( its life cycle. umerous styles of guardrail nre n w 

available . Within the marketing process, ongoing product and 
market analysis determine the need for c ·t-effective guard
rai l irnpr vemencs. for affordabi lity . new feature adapt 
tandard guardrail component . Ongoing ne d a es ·ment 

re. ults in engi neering modification for improv d safety . Mar-
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t . J!l>1~0~!a1Fo0HWA Marketing Process •••m11111111111111a•111111111111••••1111111111111111111111.i1a 
2. Product Developmenl and Mon~oring ---------------------------------

3. Market analysis ----------------------------------
4. Product Analysis ---------------------------

5. Development and implementarion ----------------
of mark.etin lans 

FIGURE I Technology life cycle. 

keting activities include targeting appropriate levels of users 
to communicate benefits and information about improved 
guardrail features. 

A marketing plan documents this process of product de
velopment and market analysis. The written plan serve to 
relate the strategic fit of agency goa l ·, re ource · , and market 
conditions to developing products and programs. It defines. 
for a specific planning period, how to allocate resources to a 
program and how to evaluate performance and effectiveness 
(13, p. 90). Although they may be perceived of as "more 
paperwork," plan · serve an important function in the appli
cation of technology. 

A formal plan link research with program facilitators 
and the ultimate user. It coordinates deci ion making. sets 
a timetable for program activiti es , and establishe a ,;critical 
path" so necessary step are not missed. The primary func
tion of a plan is to improve communication among top man
agement , program office and other players in the program. 
It systematically pre ents analysis, assumptions expected 
developments, strategy alternatives, and resource need . 

This level of planning enables FHWA to focus on its goals 
and objectives and keep its activities within the scope of 
the marketing plan. 

The Office of Technology Applications (OTA) works with 
the program offices to generate marketing plans for high
priority products and programs. OTA was established in the 
fall of 1990 to consolidate and strengthen the outreach activ
ities of demonstration projects, experimental projects, the 
Rural Technical Assistance Program , and technology transfer 
efforts of the former Office of Implementation. OT A has 
three divisions-Technology Management, Engineering Ap
plications·, and Safety and System Applications. 

OT A provides a coordination function within FHW A for 
funding and managing technology. The office also provides 
technology transfer expertise in key technical areas through 
technology assessment and applications activities. Responsi
bilities of OT A include 

• Identifying and assessing technology requirements in the 
highway community; 
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• Assessing new products identified through research and 
other sources; 

• In conjunction with program offices, developing and im
plementing marketing plans for new technology and pro
grams; 

• Evaluating the effectiveness of the technology transfer 
proce ·s; and 

• Coordinating and planning a national and international 
marketing program to facilitate adoption of technology prod
ucts from the Strategic Highway Research Program. 

OTA developed formal training in marketing for FHWA tech
nology transfer per onnel at headquarters and regional and 
division offices. In coordination witb the National Highway 
Institute (NHI) , this training under modification for contin
ued presentation to technology transfer counterpart in state 
and local highway agencie and personnel at rate univer ity
based technology transfer cen ters . 

This combinarion of technical expertise and marketing skills 
at FHWA enhances agency credibility and streamlines pro
gram evaluation. Developing marketing skill at every level 
of technology transfer ultimately . peeds technology to the 
user. 

Application of the e marketing skill belp organize com
plex program uch as incident management. Incident man
agement involves coordinating and mobiljzing a respon e team 
of police , fire, and medical vehicles , and tow trucks, among 
others, to clear vehicle collisions and other blockage of traffic 
in a timely manner. The program requires coopera tion and 
teamwork among diverse groups with firmly established roles 
in traffic operation . Ao effective program of incident man
agement addre e the need to redefine these traditional roles. 

An incident management marketing program can provide 
a structure for sharing re.sources with states and local gov
ernmenrs. Demonstration p.roject , reports , and technical a. -
sistance can be sched uled in the action pla11 with FHWA 
program office as igned re ponsibility for delivery of asso
ciated activities . The activities and information package de-
cribed in the program plan can be used to create individual 

marketing plans tailored to the need of particular commu
nities. Establi hed incident management programs vary widely 
in nature, depending on the jurisdictional con ·traints and co
operative opportunities particular to an area. 

FHWA addres es the need of its constituency by working 
with its partners to develop and prioritize useful product · and 
innovative technology for the highway community. Some
times the innovation is just a new way of doing business 
involving minor changes in operating procedure , or providing 
a video for instructional purposes rather than a report. A 
trong marketing orientation in the field attune tran fer agents 

to the right communication trategie for getting a technology 
understood, accepted and in use. The Rurnl Technical A -
sistance Program establi ' hed a decentralized network of tech
nology Iran fer centers for this purpose. The centers translat 
technology into useful formats for the local highway organi
zations and then pull technology from all ·ource to solve 
specific problems. 
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CONCLUSION 

I~corporating innovation int the traditional tructure of tech
nology transfer required both a philo ophical and phy ·ical 
re ·trncture of FHWA. Adoption of a marketing philo ophy 
acknowledges a change from the traditional inward, product 
focus to a broad, multifaceted con ·umer focus. Whereas our 
origi nal technology tTan ·fer program focused on the state as 
the ultimate target of activitie , product and program devel
opment now include a wide ba e of concerns, from tho ·e of 
the driving public at the local level to interests of tJ1e inter
national community at large. 

The goal of marketing in this enviro.nrnent is to a sist the 
surface transportation community in seeking innovative so
lutions to transportation problem · through focused research 
and to en ure that th se olution get put into practical ap
plication. All decisions toward this goal should be made in 
reference to needs of the highway community. FHWA has 
committed resources to developing a strong marketing ori
en tation among its personnel in the program offices and the 
field . It has reorganized its technology transfer function to 
provide a marketing management resource at the headquar
ter level. Although th se internal developments are signifi
cant, the succes ful application of innovative tech.nology ul
timately depend on the involvement and supp rt of partner 
in the highway community who help hapc the highway pro
gram throughout the marketing process. 
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