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Foreword 

This volume contains papers dealing with topics related to transportation finance, economic devel­
opment, economic analysis, socioeconomic impacts, and the management and productivity of trans-

portation systems. 
The first paper provides a method for evaluating the allocation and distribution of takeoff and 

landing rights at airports while controlling noise pollution. 
Several papers deal with congestion pricing. One paper sets forth the rationale underlying con­

gestion pricing, and another proposes a system that requires an employer to provide a cash subsidy 
to employees who do not use employer-paid parking. A third deals with integrating driver infor-

mation and congestion pricing systems. 
Economic modeling is the theme of several papers. Using Monte Carlo simulation, one paper 

addresses the integration of financial and construction risks. Another uses a life cycle cost model 
to evaluate a proposed rural advanced traveler information system. A third uses a user cost model 
to measure the costs and benefits of a highway widening project. 

Two papers examine community impacts of transportation systems. One provides a methodology 
to measure the impacts of local and regional railroads on small communities in Kansas, and the 
second estimates the impacts of widening a highway in Texas. 

The final set of papers focuses on management and productivity issues. The issues considered 
include developing and implementing the Intermodal Surface Transportation Efficiency Act man­
agement systems; organizing, management, and financing in a highway agency; and gender bias in 

transportation management. 

v 
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Finance 





TRANSPOR'IATION RESEARCH RECORD 1450 3 

Airport Congestion and Noise: 
Interplay of Allocation and Distribution 

WAYNE BROUGH, EDWARD CLARKE, AND NICOLAUS TIDEMAN 

The history of airport takeoff and landing rights is discussed, focusing 
on how distributive concerns have dominated the resolution of allo­
cative issues. A mechanism is needed to separate allocation and dis­
tribution, to permit the simultaneous optimization of the use of scarce 
resources and minimization of the social cost of unintended redistri­
bution. From this perspective, two allocative mechanisms are com­
pared: a free market in transferable slots and an administered market, 
using compensated incentive compatibility (CIC), a version of the 
demand-revealing process. If the only concern is the efficient alloca­
tion of a specified number of slots, either mechanism will work. HO\~­
ever if the number of slots is to be optimized endogenously, CIC is 
needed. An additional important advantage of CIC arises from its 
capacity to provide optimal control of noise pollution. The CIC mech­
anism is useful not only for controlling public nuisances such as pol­
lution, for which the mechanism was originally developed, but also 
for allocating a private good such as airport slots, where the govern­
ment creates scarcity values in the process of controlling externalities 
such as noise and congestion. The conclusions extend to other settings 
in which allocation and distribution are intertwined and for which 
externalities need to be managed. 

The decade following airline deregulation sparked great contro­
versy over the role of the market, particularly in dealing with 
supply-side constraints (J). The growth in air travel put pressure 
on existing capacity and created increased congestion. 

IDSTORY OF SLOT MANAGEMENT 

The creation of a market in airport takeoff and landing rights 
(slots) in 1986 was viewed as a significant, albeit limited, first 
step toward relieving an important constraint on the supply of 
airline services and improving the efficiency with which scarce 
airport capacity is used. 

The slot trading (or buy-sell) program replaced a system of 
quotas for rationing capacity at some airports. The quota system 
was initially established by FAA in 1969 to allocate capacity at 
the four busiest airports-O'Hare, Kennedy, LaGuardia, and 
Washington/National. At these airports, the "high-density" rule 
established "slots" that represented the right to take off or land 
within an interval of typically 30 to 60 min. The high-density rule 
replaced a first-come, first-served rule that is still in effect at the 
majority of U.S. airports. 

At the four high-density airports, slots for trunk carriers were 
originally allocated by scheduling committees. The scheduling 
committees met twice a year and were required to reach unani-

W. Brough, Citizens for a Sound Economy Foundation, 1250 H Street, 
N.W., Washington, D.C. 20005. E. Clarke, Office of Management and 
Budget, 726 W. Jackson Place, N.W., Washington, D.C. 20503. N. Tide­
man, Virginia Polytechnic and State University, Department of Economics, 
Blacksburg, Va. 24061. 

mous agreement, or the FAA would step in and impose its own 
allocation. Both incumbent carriers and new entrants served on 
these committees; the result was often extremely protracted ne­
gotiations. Trades irt slots occasionally were possible, but gener­
ally only on a one-for-one basis for another slot at the same air­
port. In addition to inhibiting the most efficient use of existing 
slots, the quota system appears to have imposed considerable re­
straint on new entry. 

FAA introduced the buy-sell program when scheduling com­
mittees were no longer able to reach unanimous agreement. This 
program, which became effective in April 1986, "grandfathered" 
existing users by allocating to them the slots they were using at 
the four airports as of December 1985, The rule also permitted 
the holders of slots to sell them. 

INTERPLAY OF ALLOCATION 
AND DISTRIBUTION 

The evolution of the buy-sell program, a system of de facto prop­
erty rights in slots, illustrates the dominance of distributive con­
siderations in the choice of allocative mechanisms. The evolution 
of the buy-sell rule and the reasons why it was adopted in lieu of 
other approaches, such as auctions or congestion fees, is discussed 
by Riker and Sened (2). The evolution of this market also illus­
trates the conflicts among three competing principles for settling 
distributive questions: efficiency, equality, and distributive 
stability. 

When slots were not scarce, all three principles could be hon­
ored by allowing everyone who wished to do so to take off and 
land at airports, with charges only for the cost of managing the 
takeoff and landing process. However, when congestion and de­
lays developed, the principle of efficiency was sacrificed. Equality 
was preserved. Distributive stability was compromised. It contin­
ued to be possible for everyone who wanted to take off or land 
to do so, but only at a cost of waiting in line. 

The high-density rule of unanimously agreed quotas represented 
a compromise with all three principles. Unanimously agreed quo­
tas were probably more efficient than the earlier congesti<?n, but 
because only limited subsequent trading was permitted, slots often 
remained in the hands of carriers other than those that could use 
them most productively. A kind of equality was achieved by al­
lowing all carriers to participate in the scheduling committees. 
However, to the extent that participants believed that a deadlock 
would lead FAA to impose an unequal allocation, the bargains 
they reached reflected that inequality. Distributive stability was 
sacrificed to the extent that existing carriers were obliged to agree 
to the assignment to new entrants of some slots that they had held 
previously. 
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The introduction of the buy-sell rule in 1986 improved efficiency 
while preserving stability and sacrificing equality. The buy-sell rules 
permitted slots to be transferred to those carriers for whom they 
were more valuable, thereby promoting efficiency. The principle of 
stability was honored by setting initial allocation of slots according 
to usage at a time 4 months before the start of the buy-sell program. 
However, the assignment of slots only to those who had previously 
held them sacrificed the principle of equality. A variation on the 
buy-sell rules in which slots were initially auctioned would also 
have promoted efficiency while honoring the principle of equality, 
but would have sacrificed the principle of stability. 

One alternative to the buy-sell program is a program of rationing 
slots by rental auctions or some other administered market. This 
has the potential to be at least as efficient as the buy-sell program, 
and possibly more efficient, because it may be easier under an ad­
ministered market to vary the number of slots to take account of 
changes in the optimal number of takeoffs and landings. An ad­
ministered market can honor the principle of equality by collecting 
the value of slots socially instead of assigning it to the carriers who 
had been using slots. However, by requiring carriers to pay for what 
they had previously received for nothing, an administered market 
sacrifices the principle of stability. Alternatively, an administered 
market can honor the principle of stability and sacrifice the principle 
of equality, if market-clearing fees are collected and allocated 
among carriers in proportion to their previous use. 

The central distributive question with respect to slot management 
is as follows: When restrictions on takeoffs and landings are intro­
duced at an airport for the sake of efficiency, should the value of 
exclusive takeoff and landing rights go to the carriers who had been 
using the airport (thereby honoring the principle of stability) or to 
the public treasury (thereby honoring the principle of equality), or 
should there be some compromise between these two principles? 

The question may have no easy answer. We maintain that a his­
tory of use of common property does not create an exclusive right 
to privileged access when the opportunity to use such property be­
comes scarce. At the same time, it is reasonable to permit com­
mitments of slots to carriers for some span of time-for example, 
in exchange for the carriers' investments in developing schedules. 
Accordingly, there could be a transition, at a rate that was appro­
priate in view of previous commitments, from entitlements based 
on past usage to social collection of the scarcity value of slots. 

The important point here is that there is a tendency for distrib­
utive considerations to influence the choice of allocative mecha­
nisms. To be confident that an allocative mechanism is chosen 
well despite the tendency of distributive considerations to influ­
ence the choice, it is desirable that the distributive issue be. settled 
separately. For example, if the span of time for which existing 
carriers deserve special access is decided first, it is possible to 
assess alternative allocative mechanisms without the bias that · 
comes from potential distributive consequences. Then, after the 
allocative mechanism has been chosen, one can adapt it to reflect 
the previously chosen rights of existing carriers. 

ALLOCATION OF SWTS BY TRANSFERABLE 
OWNERSIDP 

We noted that the evolution of the buy-"sell rule was strongly in­
fluenced by concerns for distributive stability. Efficiency consid­
erations played an important role as well. The basic efficiency 
argument for the buy-sell program is that if the owner of a slot is 
unable to obtain as much value from it as some other carrier, then 
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self-interest will lead the owner to sell it. Because people are also 
concerned about distributive stability, to many it will seem natural, 
if slots are to be owned, that initial ownership be assigned to the 
carriers that have been using the slots. Both efficiency and sta­
bility are thus completely satisfied. 

This argument is valid for any specified number of slots, but it 
does not address the question of how many slots there should be. 
Allowing the wrong number of takeoffs and landings can be very 
costly. Morrison and Winston (3) have estimated that welfare 
gains of approximately $4 billion per year could be achieved by 
optimizing the number of takeoffs and landings. The attempt to 
schedule more takeoffs and landings in a given interval of time 
increases the expected delay for all of them. The number of slots 
in a given hour ~s optimal if and only if the rental value of a slot 
in that hour is equal to the cost of the expected additional delay 
that is caused by trying to squeeze one more slot into that hour. 
If the marginal delay cost were less than the rental value of a slot, 
then to achieve efficiency under a system of transferable owner­
ship of slots, the airport authority would need to create new slots. 
If the marginal delay cost were greater than the rental value of a 
slot, the authority would need to eliminate one or more existing 
slots to achieve efficiency. 

A need to change the number of slots can arise from a change 
in technology, a change in the number of runways, or a change 
in the estimate of the spacing required for safety. If carriers own 
slots,. any increase in the number of slots reduces the market value 
of the assets of carriers, leading to pressure not to increase the 
number of slots. If efficiency is to be achieved, it is important 
that such pressure not be effective. Any reduction in the number 
of slots requires airport authorities to acquire slots from carriers. 
This would produce financial losses for airport authorities unless 
there were some provision for taxing the owners of slots to finance 
required reductions in the number of slots. 

One of the consequences of takeoffs and landings is noise pol­
lution. The cost of this pollution varies by time of day, type of 
day, type of aircraft, and how the aircraft are flown. To achieve 
proper incentives for reducing the costs of such pollution, those 
who take off and land must be charged with these costs. Thus 
efficiency requires that possession of a slot not insulate carriers 
from noise pollution charges. 

To summarize, it is possible in principle to achieve efficiency 
through transferable slot ownership, but there are potential problems 
in adjusting the number of slots in each hour, in adapting to the 
redistributive consequences of changes in the number of slots in 
each hour, and in implementing efficient noise pollution charges. 
These problems are not insurmountable, but they demonstrate that 
transferable slot ownership has costs, which could be higher than 
the costs of an alternative allocative mechanism. An alternative 
mechanism could enhance allocative (and procedural) efficiency 
while making improved trade-offs between the principles of dis­
tributive stability and equality, in part by achieving a more effective 
separation between distributive and allocative issues. 

ALLOCATION OF SLOTS BY A COMPENSATED 
INCENTIVE COMPATIBLE PROCESS 

The origins of our proposal are Vickrey's concept (4) of a "second­
price auction" and Clarke's idea (5) of levying charges on individ­
uals for public goods according to the marginal social costs of ac­
commodating their stated departures from standardized demand 
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schedules, an idea to which Tideman and Tullock (6) gave the name 
"the demand-revealing process." The principal virtue of these 
mechanisms is that they motivate individuals to report their pref­
erences honestly, thereby permitting efficient allocations to be 
identified and implemented. Dolan (7) described the way in which 
the demand-revealing process could be employed to optimize the 
use of a congested facility. Economics, Inc. (8) recommended that 
FAA use a second-price auction to motivate accurate revelation of 
willingness to pay for slots. 

The authors' proposal involves a variation on second-price auc­
tions and the demand-revealing process that was developed by 
Tideman (9). This variation, called compensated incentive com­
patibility (CIC), optimizes the use of a public resource while sep­
arating allocative efficiency from the distribution of the revenues 
generated by efficient pricing (in this case, of slots). Our proposal 
can also be considered a variant of the .zero-revenue auction 
(ZRA) approach to emissions-rights allocation, which has ap­
peared in the environmental literature (10,11). 

In the remainder of this section, we introduce the CIC approach 
to slot allocation as a refinement of traditional auctions and ZRAs. 
We then introduce further refinements that take more precise ac­
count of congestion costs by better reflecting differences in pri­
ority status in a queue, building on Dolan's work (7). Finally, we 
develop a different application of CIC for dealing with the noise 
from takeoffs and landings. 

Traditional Auctions 

Under a traditional approach to the. auction of slots, each carrier 
submits a demand schedule for slots (i.e., a statement of the quantity 
of slots that the carrier would wish to rent at each possible price). 
These individual demand schedules are added horizontally to con­
struct an aggregate demand schedule for slots. There is an exoge­
nous limit on the number of slots, set by legislation or regulation. 
If aggregate demand is less than this quantity at a price equal to 
the sum of noise and other external costs, then this price is the price 
of a slot. If aggregate demand is more than the limit at this price, 
then the price is such that aggregate demand is equal to the limit. 

The theory of just distribution that is incorporated in a tradi­
tional auction is that slots are public property, so that if they are 
scarce, any carrier that wants to use slots ought to pay for them 
according to their market price. 

A traditional auction is efficient if the number of carriers is so 
great that no carrier considers it worthwhile to take account of the 
effect of his reported demand schedule on the price. When the 
numbt!r of carriers is not so great, there is a modification of the 
traditional auction that is efficient. This is to require each carrier to 
pay for each slot it obtains according to the marginal social cost of 
that slot. That is, the price of a carrier's first slot would be the 
lowest price at which all other carriers had an aggregate demand 
for all but one slot, the price of the second slot would be the lowest 
price at which all other carriers had an aggregate demand for all 
but two slots, and so on. This method is an application of the 
principle behind Vickrey's second-price auction (4) and is the 
method of slot allocation recommended to FAA by Economics, Inc. 
(8). Because each carrier would pay for slots according to their 
marginal social cost, each carrier would have an incentive to report 
its demand schedule accurately. However, if the very considerable 
revenue that would be generated were to be returned to carriers, 
then there would be incentives to misstate demands. 
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ZRAs 

In a ZRA, a system administrator assigns each carrier a provi­
sional allocation of slots. As with a traditional auction, all carriers 
report their demand schedules. The intersection of aggregate de­
mand with an aggregate quantity constraint determines the equi­
librium price of slots. Each carrier's final allocation is its quantity 
demanded at the equilibrium price. Each carrier pays for slots at 
the equilibrium price and receives back an amount of money equal 
to the product of the equilibrium price and its provisional allo­
cation. Net payments for all carriers taken together are zero. The 
theory of just distribution that is incorporated in the ZRA proce­
dure is that each carrier has an entitlement to its initial allocation 
of slots, but this entitlement. is protected by a liability rule rather 
than a property rule: each carrier may be required to sell some of 
its slots to any other carrier that values them more highly. 

One problem with the ZRA procedure, noted by Hahn and Noll 
(10) and by others as well, is that when a carrier recognizes that 
it can affect the equilibrium price of slots, it will have an incentive 
to report something other than its true demand schedule. This 
problem can be remedied by the CIC method of auctioning slots. 

CIC 

Under CIC, a system administrator assigns each carrier a demand 
schedule as well as an initial quantity of slots. The assigned de­
mand schedule should be the best estimate of that carrier's actual 
demand that the administrator can make without using information 
supplied by the carrier itself. (The use of that information would 
generate an incentive for biased reports.) The administrator can, 
however, use information supplied by similarly situated carriers 
to estimate any given carrier's demand. As with the other auction 
methods, carriers report their actual demand schedules. Assign­
ment of slots to those who value them most highly leads to real­
locations of some slots. But for any carrier whose assigned de­
mand schedule is perfectly accurate, these reallocations occur 
without harm or benefit. 

The amount that a carrier pays for its final allocation of slots 
is shown in Figure 1. Here D 1 is the administrator's estimate of 
the carrier's demand schedule, and D2 is the schedule that the 
carrier actually reports. The schedule labeled S is the carrier's 
"derived supply schedule of slots." The quantity on this schedule 
at any price, p, is found by first determining the total number of 
slots that can be supplied to all carriers at a marginal social cost 

Marginal 

Value of 

a Slot 

Number of Slots 

FIGURE 1 Compensated incentive compatibility. 
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of no more than p. (For the case of a regulated number of slots, 
one would simply use that number.) One then subtracts the quan­
tities demanded at a price of p by all carriers other than the one 
whose demand is shown in the figure. The result is the quantity 
of slots that can be supplied to this carrier at a marginal social 
cost of no more than p, and the schedule of all such quantities is 
the derived supply schedule of slots for the carrier. The carrier's 
initially assigned quantity of slots is labeled q0 • The quantity of 
slots that the carrier would receive if it had reported a demand 
schedule of D 1 is labeled q1• The quantity of slots that it actu­
ally receives, given that it reports a demand schedule of Di. is 
labeled qz. 

The fee that is charged to the carrier whose demand is shown 
is the shaded area in Figure 1. This price is the sum of the integral 
of the carrier's assigned demand schedule from q0 to q1 and the 
integral of the carrier's derived supply schedule from q1 to q2 • 

Either integral can be negative, in which case it represents a par 
ment to rather than a payment from the carrier. 

The reason that two different schedules are used to price dif­
ferent parts of one carrier's reallocation of slots is as follows: The 
movement from q1 to q2 is induced by the deviation of the carrier's 
reported demand schedule from its assigned schedule. To motivate 
an honest statement of the schedule, this movement must be priced 
according to marginal social cost, that is, according to the derived 
supply schedule. The movement from q0 to q1 is induced by the 
fact that q0 is not the quantity of slots that would be efficient to 
assign to the carrier if it had reported that its assigned schedule 
were accurate. Using the assigned schedule to price this movement 
reduces unintended redistribution for this movement to the mini­
mum amount feasible. 

If the administrator were to estimate all demands perfectly and 
to assign quantities correspondin_g to the market-clearing ones, 
then each q0 would equal the corresponding q1 and q2• Thus, there 
would be no charges on any carrier. The theory of just distribution 
that is incorporated in this approach to the allocation of slots is 
that every carrier has a right to receive, without charge, the quan­
tity of slots that it would demand at a market-clearing price. 

An efficient variant of ZRA is created by using CIC with any 
initial allocations of slots that sum to the total available quantity. 
At the other extreme, if all carriers are assigned quantities of zero 
and demand schedules that have zero quantity at all prices, then 
CIC reduces to the efficient auction procedure described above. 
But every intermediate distributive outcome can also be achieved 
efficiently through CIC. If one's theory of just distribution says 
(as the authors' does) that carriers have a temporary but not a 
permanent right to their initial usage of slots, this can be incor­
porated into the CIC approach by starting with initial allocations 
that correspond to prior usage and then reducing the initial allo­
cations to zero quantities, either gradually or all at once after some 
chosen period of time. 

In general, CIC does not achieve budget balance. To achieve 
the budget balance that must obtain in the end, the budget deficit 
or surplus could be allocated among carriers in proportion to their 
assigned quantities. This would induce a slight incentive for mis­
statements of demands, but· it would be difficult to know what 
misstatements would be profitable. To eliminate the incentive for 
misstatements all but infinitesimally, the budget surplus or deficit 
could be assigned to the general funds of the government. 

Noise pollution charges can be incorporated into the CIC sim­
ply by announcing the charges and asking carriers to report their 
demands given those charges. To incorporate the distributive 
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premise that carriers are entitled to continue all or part of their 
past noise for some span of time, one would supplement the noise 
pollution charges with credits corresponding to those entitlements. 
With further refinements, priority status within queues could be 
incorporated as well. 

CIC with Priority Pricing 

Dolan (7, p. 432) developed a slot allocation method that incor­
porated congestion costs defined in terms of the demands of car­
riers (or passengers) for a guaranteed arrival or departure time or 
a higher priority in a queue. His static queuing model showed that 
the priority prices that would minimize congestion were equiva­
lent to the taxes generated by a demand-revealing process. A cor­
responding modification of CIC is to ask each carrier to state, for 
each slot in which it expresses an interest, not just the amount of 
money that it is willing to pay for the slot, but rather the schedule 
of amounts they would be willing to pay for different priority 
status. The system administrator would assign not just initial 
quantities and demand schedules, but a priority status for each 
slot in each carrier's initial allocation and a priority demand 
schedule for each slot in which each carrier might have an interest. 
The final allocation would be the set of slot allocations, each with 
assigned priority status, that maximized aggregate reported value, 
subject to the constraints of available capacity. As with the earlier 
version of CIC, each carrier would pay, according to its assigned 
schedules, for the movement from its initial allocation to the al­
location that it would have had, had it reported that its initial 
allocation was accurate. It would also pay the net cost to all other 
carriers that· resulted from the deviation of its reported schedules 
from its assigned schedules. 

MANAGING NOISE POLLUTION BY USING CIC 

Properly set noise pollution charges will motivate carriers to in­
vest efficiently in quieter airplanes, to operate them in such a way 
as to minimize noise, and to operate at times of the day when 
noise is less costly. The allocation of noise pollution fees to those 
who are adversely affected by the noise can neutralize unjustified 
redistribution that would otherwise result from variations in the 
level of noise. But what is the right level of charges for noise? 

Noise is a "local public bad." That is, the harm that one person 
suffers from noise does not add or detract from the harm that his 
neighbors suffer from the same noise. But as with local public 
goods, the effect abates with distance from the source. The total 
cost of airplane noise is the sum of the harm experienced over all 
persons who are harmed by the noise. A CIC process can be used 
to motivate those who live in the vicinity of an airport to report 
this harm accurately and motivate carriers to economize on that 
harm. At the same time, the CIC process also manages distributive 
effects of airport noise within a prescribed theory of just 
distribution. 

To manage noise, one must begin with· a technology for mea­
suring noise. A good measurement technology should achieve car­
dinally meaningful measurements. That is, if one plane is mea­
sured to produce twice as much noise as another at a given 
location, then all persons in that location should experience twice 
as much noise from the second plane as from the first. We will 
assume that such a measurement technology exists·. We will also 
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assume that it is easy to know how much noise any plane produces 
in any place. 

To create a noise management system, one begins by dividing 
the total area that is affected by noise into subareas that each can 
be treated as experiencing a uniform level of noise for any pattern 
of airplane operation. One must also divide the week into time 
intervals in which noise has uniform costs. Let the number of 
subareas be S, and let them be indexed by s. Let ls denote the set 
of individuals who are affected by noise in subarea s. Let the 
number of time intervals be T, and let them be indexed by t. Let 
there be J carriers, indexed by j. 

In each subarea, s, in each time interval, t, there is a marginal 
social cost of noise: 

(1) 

where C, is the cost of noise to subarea s at time t and f;, is a 
function that expresses the ith person's marginal cost of noise for 
time interval t as a function of Q.," the amount of noise in subarea 
s in time interval t. If noise has neither economies nor disecon­
omies of scale, then the functions /;1 will be constant functions. 
But these functions can also have regions over which they are 
increasing or decreasing. 

The noise level in any subarea in any interval of time Qs, is the 
sum of the amounts of noise produced by individual carriers qjsi· 
That is,· 

J 

Qst = L qjst (2) 
j;l 

Each qjsi is a function of the matrix of prices of noise in all 
times and places: 

(3) 

where P is a matrix whose stth component is the marginal price 
of noise in subarea s in time interval t. 

The efficient pricing rule is that the carrier operating any plane 
must pay the incremental noise costs that are caused by its plane. 
That is, 

(4) 

The practice of charging carriers the marginal costs of their 
noise will motivate them to economize efficiently on the produc­
tion of noise. But it is also important to motivate individuals who 
are harmed by noise to report that harm accurately and to econ­
omize on the harm they experience. Economizing on harm can be 
achieved, for example, by insulating houses or, if people are par­
ticularly sensitive, by moving away from the airport area. Both 
the goal of motivating accurate reports and the goal of inducing 
efficient cost-reducing activity are accomplished by charging in­
dividuals for the net marginal costs to all others of the harms that 
they report. Such a net cost is the difference between the costs to 
carriers of reducing the amounts of noise they produce and the 
benefits to other individuals of the reduced amounts of noise. 

What has been described so far is an example of an intricate 
but nevertpeless standard appliGadon of the demand-revealing pro­
cess. By' ~tilizing the CIC, indi~iduals can also be given entitle-
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ments to nonzero valuations of noise reduction. One reasonable 
way of doing this is to define those with entitlements as the pos­
sessors of land, with entitlements proportional to the assessed 
value of their land. (Landlords would have an incentive to take 
account of the concerns of tenants.) The entitlement to noise con­
cern can then be defined as an entitlement to the median cost of 
noise per dollar of assessed value of land, in each interval of time. 
Each individual is then charged or credited for the concern he 
expresses by first computing the reduction in noise that results 
from the departure of his preferences from median preferences per 
dollar of assessed value of land. The cost of this reduction in noise 
to carriers (or benefit in the case of less-than-median concern) is 
computed, and from this the value of the noise reduction to other 
individuals is subtracted (or the cost of the increase in noise is 
subtracted from the benefit to carriers). 

In the same way that individuals are given entitlements to noise 
concern, carriers could be given entitlements to produce noise. An 
initial level of entitlement could be determined as the level 
achieved when they have made the transition, for example, to all 
Stage 3 fleets. Departures from this status quo for further changes 
in the mix or level of operations would reconcile localized benefits 
with the costs to carriers expressed through a CIC process. Of 
course, except as a transitional accommodation, it can be argued 
that this would generally compromise the principle of equality and 
give carriers an unjustified .privilege. The egalitarian application 
of CIC would be to give carriers entitlements to the amount of 
noise that the median person wishes to experience, which would 
be none. 
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Freeway Congestion Pricing: 
Another Look 

HERBERT S. LEVINSON 

The rationale underlying congestion pricing is set forth. The level of 
congestion charges is based upon the freeway speed-flow curves con­
tained in the 1985 Highway Capacity Manual and its 1994 update. 
Dollar values for the time costs incurred are developed on the basis 
of an annual household income of $33,000 and actual motorist studies 
using a time value of 15 cents per minute. The calculation results in 
congestion costs of about $0.35 to $0.87 per vehicle-kilometer ($0.61 
to $1.40 per vehicle-mile) on the basis of the 1985 HCM speed-flow 
curves and about $0.04 to $0.06 per vehicle-kilometer ($0.06 to $0.09 
per vehicle-mile) on the basis of the 1993 updated curves. Finally, 
some of the practical concerns associated with implementing freeway 
congestion pricing programs are discussed. 

Growing congestion on urban transportation facilities has focused 
national efforts on congestion management-the management of 
both supply and demand to minimize congestion. Congestion pric­
ing has received renewed attention as one means of rationalizing 
the use of congested roads by requiring motorists to pay for the 
costs they impose on others. 

The concept of congestion pricing has been proposed by econ­
omists for more than three decades. Early studies by Vickery and 
Walters, among others, provided a conceptual and theoretical 
framework and attempted to quantify the levels of congestion 
charges through econometric analysis (1-3). More recent discus­
sions, such as those set forth in TR News (4), describe the role, 
rationale, and limitations of congestion pricing. 

The analysis and discussion that follows deals with one key 
aspect of congestion pricing: quantifying the actual congestion 
charges associated with freeway travel. The paper (a) presents the 
overall rationale underlying congestion pricing, (b) defines the ba­
sic concept of marginal (social) cost pridng, (c) quantifies the 
marginal costs on the basis of established speed-flow curves for 
freeways, and (d) sets forth emergent implications. 

BACKGROUND AND RATIONALE 

Congestion pricing has been used in several sectors of the econ­
omy for many years. Electric utility companies have set lower 
prices for off-peak use. Telephone calls are less expensive at night 
than during the day. Restaurants provide less expensive ''early 
bird'' specials. 

There are also a limited number of examples in the transpor­
tation sector. The Washington Metro system has lower fares in 
off-peak periods. The Metro-North Commuter Rail system has 
lower off-peak round-trip fares (although the monthly commuta­
tion fares actually discount peak trips). Singapore has an auto­
mobile licensing scheme around its central area that involves 

40 Hemlock Road, New Haven, Conn. 06515. 

charges for certain groups of road users during peak travel pe­
riods; its long-range plans call for an islandwide electronic road­
pricing system. 

Several public policy and economic reasons underly congestion 
pricing: 

• Higher charges during peak travel periods can manage de­
mand by reducing or spreading peaks or by shifting some travelers 
to other routes or modes. 

• Peak travel demands require additional investmen.ts in trans­
port capacity. 

•Peak-hour travelers (especially automobile drive.rs) add to 
congestion and thereby impose congestion costs on the general 
traffic stream. 

• Revenues obtained can be used to improve the transportation 
system. 

MARGINAL COST PRICING 

A key concern in congestion pricing is determining the appropriate 
level of congestion charges. People in vehicles on congested roads 
both incur and impose delays. Charging people for both of these 
counts would amount to double charging. Economic theory, there­
fore, calls for setting the congestion prices at levels that reflect 
the social marginal costs, that is, the marginal social costs imposed 
on others. 

The various marginal costs concepts are shown in Figure 1 for 
a 1-km (0.62-mi) section of road. Volumes are shown on the X 
axis and costs (i.e., travel times) on the Y axis. At low volumes, 
up to V0 , there is no increase in travel costs (times) as volumes 
increase. Beyond this point, average costs increase with increasing 
volumes. Thus, for volumes 1 and 2, respectively, the average cost 
increases from C0 to C1 and C2. 

The marginal cost curve is designated by M(V). This curve is 
always above the average cost curve when the average cost curve 
is increasing. This curve represents the increased cost per traveler 
resulting from an increase in the number of vehicles using the 
road, liC/ Ii V. Thus, the addition of a Vth user imposes costs on 
all users, because all users travel at the reduced speed. The M(V) 
curve exceeds the C(V) curve by the amount of the increased costs 
imposed on other travelers by the Vth entrant. These differences 
are denoted by a" and a2• The total marginal costs, MC (i.e., a~ + 
b1 or a2 + b2) are as follows: 

(1) 

(2) 



Levinson 

... 
0 

y 

~ 
~ 

EM, 
~ L----~---l-~-------or--?"'-t-----,IT~ 
I 

~ M,1---==-'-="-=~lLl--------<--=--1 

'? C, 11--'.:A'-'--'VE::::RA°"'G-"-E _::_CO::o.::Sc:.._T .i.:V.,,__-4--------.-.."'7--'---t--~r 
~C.~..:.::.:.:'.::=--=::~'L---J---..~'-=-'"'-------,,~ 
?ii C0 .__:A_::VE:::.:RA~G=..._E .=.-CO:'.::'.S.'.__T ~(V,!.!._) _--l-=:::::::--- b2 
0 
u 

v. 
VOLUME 

V, v, 

FIGURE 1 Average and marginal cost curves. 

or, more generally, 

MC = _!::.C_, = _v_,c_, _-_V_;-_1_C_;-_1 
/::.V V, - V,_1 

where 

V;_ 1 = initial volume, 
V; = final volume, 

C;-1 =costs (or time) at V;_" and 
C; = costs (or time) at V;. 

MARGINAL 
SOCIAL 

COST 
x, 

MARGINAL 
PRIVATE 

COST 
b, 

x 

(3) 

The social or external marginal costs represent the costs im­
posed on other vehicles by the additional traffic. These costs are 
noted as X on Figure 1. They can be defined as follows: 

!::.tVz t~ - f1 
MSC = x = Av = ----

u V2 - V1 
(4) 

A simple numerical example illustrates its application: If the initial 
volume is 1,500 vph and the final volume is 2,000 vpm, then the 
change in volume is = 500 vph; and if the initial travel time is 
0.74 min/km (1.2 min/mi) and the final travel time is 1.24 min/ 
km (2.0 min/mi), then the change in travel time is 0.50 min/km 
(0.8 min/mi). Then 

x = (0.5) (2000) 
500 

2.0 min/km (3.2 min/mi) 

QUANTIFYING MARGINAL COSTS 

Marginal costs associated with freeway traffic congestion depend 
on how travel speeds decline as traffic flows increase. Such speed­
flow relationships vary by facility and ·location. Generalized re­
lationships, assuming ideal conditions, are set forth in the 1985 
Highway Capacity Manual (HCM) (5, Table 3-1) and in an update 
(6, Table 3-1). 

Accordingly, the marginal social costs associated with freeway 
travel were .quantified on the basis of established speed-flow 
relationships, assuming a 1-km road section. The costs based on 
the 1985 HCM speed-flow data are shown in Table 1 (5). The 
costs based on the approved revisions to the HCM are shown in 
Table 2 (6). 
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TABLE 1 Marginal Social Costs for Basic Freeway Sections, 1985 
HCM (5) 

Marginal 

Minutes Social 

Vehicles per Cost 

per Lane Vehicle V2 At 

LOS per Hour {V) AV Kilometer (t) At AV 

112.6-KPH (70-MPH) Design Speed 

A 700 .62 
400 .03 .08 

B 1100 .65 
450 .04 .14 

c 1550 .69 
300 .12 .74 

D 1850 .81 
150 .43 5.73 

E 2000 1.24 

96.6-KPH (60-MPH) Design Speed 

B 1000 0.75 
400 0.05 0.17 

c 1400 0.80 
300 0.09 0.53 

D 1700 0.89 
300 0.35 2.33 

E 2000 1.24 

80.5-KPH (50-MPH) Design Speed 

c 1300 0.87 
300 0.06 

D 1600 0.93 0.32 
300 0.40 

E 1900 1.33 2.53 

The following should be kept in mind: 

•Data are given for 112.6-, 96.5-, and 88.5/80.5-kph design or 
operating speeds. These correspond to 70-, 60-, and 55/50- mph 
design or operating speeds, respectively. 

•A 1-km section of road is assumed. 
• Costs are given in terms of travel time for a 1-km section of 

road. 
• Entries are presented for each break in the levels of service. 

The marginal social costs, expressed in minutes per vehicle­
kilometer, increase as the number of vehicles per lane per hour 
increases. The increases reflect the shape of the speed-flow curves 
(expressed in minutes per kilometer). The highest marginal social 
costs generally are experienced as freeway volumes approach or 
exceed 2,000 vehicles per lane per hour as usually happens when 
the level of service (LOS) changes from D to E. This is the point 
at which congestion normally occurs, as defined by both traffic 
engineers and driver perceptions. 

The boundary between LOS D and LOS E describes operation 
at capacity. Any disruption to the traffic stream, such as vehicles 
entering from a ramp or changing lanes, can cause other vehicles 
to give way to admit the vehicle. This can establish a disruption 
that propagates throughout the upstream traffic flow. The traffic 
stream has no ability to dissipate; even the most minor disruption 
or incident can be expected to produce a serious breakdown in 
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TABLE 2 Marginal Social Costs for Basic Freeway Sections, 1994 
HCM Update (6) -

Marginal 

Minutes Social 

Vehicles per Cost 

per Lane Vehicle v Llt --
LOS per Hour (V) LlV Kilometer (t) Llt LlV 

112.6-KPH (70-MPH) Free Flow Speed 

A 700 0.53 
420 0.00 0.00 

B 1120 0.53 
524 0.02 0.06 

c 1644 0.55 
371 0.04 0.22 

D 2015 0.59 
185 0.03 0.36 

E 2200 0.62 

96.6-KPH (60-MPH) Free Flow Speed 

A 600 0.62 
360 0.00 0.00 

B 960 0.62 
480 0.00 0.00 

c 1440 0.62 
384 O.Q3 0.14 

D 1824 0.65 
476 0.05 0.23 

E 2200 0.70 

88.5-KPH (55-MPH) Free Flow Speed 

A 550 0.68 
330 0.00 0.00 

B 880 0.68 
440 0.00 0.00 

c 1320 0.68 
440 0.00 0.00 

D 1760 0.68 
440 O.o7 0.35 

E 2200 0.75 

traffic flow and extensive queuing. Maneuverability becomes ex­
tremely limited, and the level of physical and psychological com­
fort afforded the driver is extremely poor (5). 

Accordingly, the marginal social costs associated with operation 
at LOS E were assumed to best reflect congestion costs. These 
costs are summarized in Table 3 for various free-flowing speeds 
and speed-flow relationships. They define the limits for setting 
congestion prices. In summary: 

•Congestion costs, based on the 1985 speed-flow curves, range 
from 2.33 to 5.73 min per vehicle-kilometer (3.80 to 9.33 min per 
vehicle mile). [The 5.73 min per kilometer figure is based on a 
sharp decline in the speed-flow curve as occurs when volumes 
increase from 1,850 to 2,000 vph for 112.6-kph (70-mph) free­
flow speeds.] 

• The updated speed-flow curves are much flatter than those for 
1985: The 'fiattening reflects factors such as greater driver .famil­
iarity with freeway driving a~~ improved freeway designs. Con­
sequently, the resulting congestion costs are considerably,''iess, ap­
proximating 0.4 min per vehicle-kilometer (0.6 min P,i/ vehicle 
mile). ,_,. · ' ·· '-
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TABLE 3 Comparative Marginal Social Costs for 
Freeways 

Free-Flowing Speed 

112.6 KPH (70 MPH) 
96.6 KPH (60 MPH) 
80.5-88.5 KPH (50-55 MPH) 

Maximum Flow 
Conditions, 
Speed-Flow 
Curve 

1985 1993 

5.73 0.36 
2.33 0.23 
2.53 0.35 

Note: Measurements given in minutes per vehicle kilometer. 

The dollar costs of freeway congestion were estimated by as­
signing dollar values to the time costs incurred. The actual value 
of time depends upon the location involved and the proportion of 
commuter trips made for work purposes. Thus, there is wide vari­
ation in congestion costs from area to area. 

The values of time were estimated by two basic methods: (a) 
allocating varying proportions of the national average household 
income to peak-hour travelers and (b) applying values of time 
actually used in toll road financial feasibility studies. 

Median household income in 1990 reportedly was approxi­
mately $30,000. Assuming a 10 percent growth to 1993, results 
in an annual median household income of $33,000, about $.26 
per minute. This value then was discounted to reflect nonwork 
travelers in the peak hour traffic (i.e., 25 to 50 percent). 

Table 4 presents the 1993 values of time used in recent toll 
road studies. The final weighted value of time ranges from about 
$0.14 to $0.20 per minute. 

The resulting dollar costs of congestion are set forth in Table 5. 
A time cost of about $0.15 per minute, a value commonly used 
in toll road studies, results in congestion costs of about $0.38 to 
$0.86 per vehicle-kilometer ($0.57 to $1.40 per vehicle-mile) on 
the basis of the 1985 speed-flow curves. The 1994 speed-flow 
curves yield costs of about $0.03 to $0.05 per. vehicle-kilometer 
($0.06 to $0.09 cents per vehicle-mile). 

IMPLICATIONS 

Congestion prices derived reflect assumed values of time, and, 
above all, the shape of the speed-flow curves. Moreover, the 
speed-flow curves represent idealized conditions that rarely exist 
on most urban and suburban freeways, especially those with de­
sign and operating problems. 

Lane drops, grades, points of route convergence, arid areas of 
heavy merging or weaving will tend to result in congested oper­
ations at volumes considerably less than those identified in the 
idealized relationships. For these reasons, many older freeways 
such as the Long Island Expressway and I-95 in Southwestern 
Connecticut have peak-hour speeds of less than 55 kph (about 35 
mph). In such cases, congestion costs average 2.2 to 2.5 min per 
kilometer (3.5 to 4.0 min per mile), or about $0.37 per vehicle­
kilometer ($0.60 per vehicle-mile). 

Thus, in reality, the speed-flow curves will vary from freeway 
to freeway and along different sections of the same freeway, re­
sulting in a range of facility-specific congestion prices. Therefore, 
the actual operating conditions of an¥ freeway should be taken 
into account in establishing appropriate congestion prices. 



TABLE 4 Value of Time Comparisons 

Project/Location: 

Year of Study: 

Median Househol.d Income 
in Primary Area of 
Demand: (estimated in 
current 1993 dollars) 

Unweighted Value of 
Time: (cents per 
minute) 

Final Weighted Value 
of Time: (cents per 
minute) (A) 

Ao;sumptions Related To 
Final Weighted Value: 

Sumner/Callahan Tunnel 
Boston, Massachusetts 

1992 

$34,662 

25.1 

19.8 

I. Average annual household 
worker hours assumed at 
2,300 hours/year 

2. Trip Purpose Distribution: 

a - To/from work = . 750 
b - During work= .150 
c - Soc./Rec./Other = .100 

S.R. 91 Riverside-Orange County 
California 

1992-93 

$64,800 

(B) 

Peak: 
Single Occupant Vehicle - 20.0 
Multiple Occupant Vehicle - 28.8 

I. Average Annual Household 
worker hours census derived 
2,300 hours/year 

2. Peak Hour Trip Purpose 
Distribution: 

a - To/from work= .700 
b - Other work= .100 
c - Non work = .200 

Creek Turnpike Extension­
Tulsa, Oklahoma 

1993 

$27,558 

23.8 

14.0 

1. Average Annual Household 
worker hours assumed at 
2.080 hours/year (ASHTO Standard) 

2. Trip Purpose Distribution: 

a -To/from work= .321 
b - During work = .182 
c - Soc./Rec./Other = .497 

SOURCE: Jeff Byer, Wilbur Smith Associates, New Haven, Connecticut 
NOTES: (A) Final weighted value of time reflects trip purpose distribution and path choice factors. Path choice 

factors range from 0.4 to 0.8 for work, 1.0 during work and 0.4 for other purposes. 
(B) Median Household Income not used. Method of calculation based on Stated Preference Survey Methodology. 

Conway Bypass, Horry 
County, South Carolina 

1993 

$30,560 

25.0 

Seasonally Calculated: 
Winter - 15.0 
Summer - 19.0 

I. Average household worker 
assumed at 2,080 hours/year 
(ASHTO Standard) 

2. Trip Purpose Distribution: 
Summer 
a - To/from work = .182 
b - During work - Negligible 
c- Soc./Rec./Other = .818 
Winter 
a - To/from work = .340 
b - During Work= .164 
c - Soc./Rec./Other = .496 
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TABLE 5 Estimated Marginal Social Costs of Freeway Congestion 
(Dollars per Vehicle Kilometer) 

Dollars/Hour 
Cents/Minute 

Design/Operating 
Speed 

1985 HCM 

112.6 KPH 
(70 MPH) 
96.6 KPH 
(60 MPH) 
80.5 KPH 
(50 MPH) 

1994 HCM 

112.6 KPH 
(70 MPH) 
96.6 KPH 
(60 MPH) 
88.5 KPH 
(55 MPH) 

$33,000 
Annual 
Household 
Income 

Percent of Hourly Wage 
Rate Applied 

50 75 100 

7.94 11.90 15.87 
13.22 19.84 26.45 

Actual Costs 

0.76 1.14 1.52 

0.31 0.46 0.62 

0.33 0.50 0.67 

0.05 O.o7 0.10 

0.03 0.05 0.06 

0.05 O.o7 0.09 

Toll 
Road 
Studies 

9.00 10.20 
15.00 17.00 

0.86 0.97 

0.35 0.40 

0.38 0.43 

0.05 0.06 

O.o3 0.04 

0.05 0.06 

Peak-hour speeds can be used as a basis for determining ap­
propriate congestion prices: 

•If peak-hour speeds exceed 70 to 80 kph (about 45 to 50 
mph), the 1993 speed-flow curves can be used, resulting in a con­
gestion cost of about $0.06 per vehicle-kilometer ($0.10 per 
vehicle-mile). 

•If peak-hour speeds are under 65 kph (about 40 mph), the 
1985 HCM speed-flow curves [for 96.6 and 80.5 kph (60 and 50 
mph) operating conditions] can be used resulting in congestion 
costs of about $0.37 per vehicle-kilometer ($0.60 per vehicle­
mile). 

These are the congestion prices suggested by economic theory. 
However, because of the magnitude of the costs involved [daily 
charges of $1.00 to $6.00 per 16-km (10 mi) trip], downward 
adjustments may be needed in practice to minimize adverse im­
pacts on the journey to work. 

The practicality of implementing congestion pricing is another 
issue. Two important concerns must be addressed: (a) political 
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acceptability and (b) a practical means of collecting tolls, that is, 
the technology issue. The first concern might be minimized by 
dedicating the collected revenues to highway transportation im­
provements. Use of improved automatic vehicle identification sys­
tems would probably address the technology issue. 

Other key concerns that must be recognized include (a) possible 
shifts of traffic to city streets, thereby transferring problems; (b) 
encouragement of locational shifts in economic activity to the det­
riment of particular communities; and (c) clear definition of the 
extent and periods of operation. Finally, there is the equity issue 
- the cost of the journey to work would increase. This is partic­
ularly important in corridors where there is no viable public trans­
portation alternative. 

Consequently, other approaches may be more practical from a 
policy perspective, at least in the short run. These include (a) 
elimination of commuter discounts and possible institution of 
some form of congestion pricing on existing toll bridges, tunnels, 
and highways; (b) peak period parking surcharges; (c) land use 
controls that limit office developments away from transit corri­
dors; and (d) ramp metering and related actions to reduce recurrent 
congestion. Finally, a program to eliminate key bottlenecks on 
urban freeways would further reduce the ex.tent of congestion, 
and, in turn, the level of appropriate congestion charges. 
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Integration of Financial and Construction 
Risks: A Simulation Approach 

ALI TOURAN AND PAUL J. BOLSTER 

A general approach for quantifying construction and financial risks of 
a major capital transit project was developed. The methodology relies 
on Monte Carlo simulation. The technique was used to estimate the 
probability of time and cost overruns in construction projects. The 
value of integrating both financial and construction risks into such an 
analysis was emphasized because these risks are interrelated and, in 
many cases, cannot be separated. When the two sources of risk are 
examined in isolation, there is the possibility that some risks at the 
intersection may be omitted or double counted. With an integrated 
approach, however, the potential impact of project cost overruns can 
be assessed consistently and completely. The proposed methodology 
can be used by the planners and owners of capital transit projects to 
help them decide on the levels of funding needed to meet construction 
and design costs, given various uncertainties. Rather than providing 
a safety factor to guard against unfavorable scenarios, the simulation 
approach allows the planner to define a consistent confidence level in 
regard to achieving project objectives. The approach is illustrated with 
an example involving a hypothetical capital transit project. 

Cost and schedule overruns are common in large construction proj­
ects. Thompson and Perry report that out of 1, 778 projects financed 
by the World Bank between 1974 and 1988, 63 percent experienced 
cost overruns (1). In the United States, cost overruns have been 
common in large, complex projects such as power plants. Major 
capital transit projects are not an exception in this regard. For ex­
ample, Pickrell studied 10 large transit projects and found that 9 
out of 10 of these projects suffered from budget overruns. The 
amount of overrun ranged from 11 to 106 percent (2). 

Several parameters are responsible for such huge overruns. 
Scope changes, optimistic scenarios yielding low estimates of 
costs and high estimates of benefits, estimation error, incomplete 
information about project objectives, faulty design, and delay of 
the construction start date are some of the more important factors 
contributing to overruns. Whereas some of these parameters are 
strictly technical in nature, others depend on the political atmo­
sphere surrounding the decision makers and the condition of the 
economy. Although these political and social factors sometimes 
prove to be the most important, we do not deal with them in this 
paper. Instead, we focus on developing guidelines to incorporate 
technical difficulties and economic uncertainties into project 
budget estimating. 

On the basis of research and discussion with FfA experts, we 
believe that project uncertainties can be divided into two main 
categories: design and construction and financial. Hence, risks as­
sociated with either of these broad categories are either design 
and construction risks or financial risks. Design and construction 
risks relate to the process of construction and to the parameters 

A. Touran, Department of Civil Engineering, Northeastern University, 420 
Snell Engineering Center, 360 Huntington Avenue, Boston, Mass. 02115. 
P. J. Bolster, College of Business, Northeastern University, 413 Hayden 
Hall, 360 Huntington Avenue, Boston, Mass. 02115. 

that affect the construction budget or schedule. Financial risks 
tend to affect the project at a more macro level; they may include 
unfavorable changes in interest rate, the state of the economy and 
its impact on project financing, or uncertainty regarding a project's 
cash flows. An example of a risk checklist tailored to transit pro­
jects can be found elsewhere (3). 

The traditional approach in calculating the impact of cost un~ 
certainties has been to add a contingency of between 5 and 15 
percent of the estimated cost of the project to the budget (2). Most 
of the time, the calculation of this contingency is based on incom­
plete data or on the intuition of experts. In some cases, an overall 
contingency rate is calculated and added without due analysis of 
project details. The accuracy of cost estimates is directly related 
to the clarity of the project's scope and the amount of infomiation 
available at the time of the estimate. Figure 1 shows this situation. 
Horizontal bars show the steps required in FfA planning and en­
gineering phases and their average duration (3); Distributions are 
used to show that a lack of knowledge of project details in the 
early phases of a project, leads to larger uncertainty in the budget 
estimates (1). Therefore, it makes sense that, in the earlier phases 
of a project, the contingency sum tends to be larger than the con­
tingency estimate in later phases. The larger contingency estimate 
is needed to provide the same level of confidence. 

In more recent projects probabilistic risk analysis has been ap­
plied. In such cases, the expected range for each major parameter 
contributing to the project's uncertainty is input into a computer 
program. A Monte Carlo simulation analysis is conducted for sev­
eral hundred to several thousand iterations, and a cumulative dis­
tribution function (CDF) is calculated for the total project cost. 
Using the CDF, the planner can choose a probability of cost over­
run with which he or she is comfortable. In other words, the plan­
ner may choose a budget for which the probability of actual cost 
exceeding that level would only be, say, 20 percent ( 4). 

INTERRELATIONSHIP BETWEEN FINANCIAL 
AND CONSTRUCTION RISKS 

A contractor of a transit system is interested in construction risks. 
The owner or the sponsor is interested in financial risks, design 
and construction risks, and the combined effect of these risks on 
the project. Financial and construction risks are interrelated. If the 
construction phase suffers schedule overrun (quite common for 
large public projects), that adversely affects the project budget. 
An increase in project cost will influence the level and cost of 
financing. The owner develops a financial plan by considering a 
reasonable construction budget. If the budget's financial contin­
gency is not sufficient, the owner faces the uncertainty of lining 
up additional financing at a potentially unfavorable rate and time. 
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FIGURE 1 Change of project uncertainty with level of information. 

Hence, an owner or sponsor of a project must consider the impact 
of design and construction risks on a project's financing picture 
as well as· uncertainties related to the cost of project financing. 
Availability. of financing will be directly influenced by expecta­
tions of future . sources of revenues, in_terest rates, and financial 
markets. The authors emphasize an integrated approach to dealing 
with these risks and provide a simple approach for evaluating a 
project's financial plan and budget. . · 

INTEGRATION OF FINANCIAL AND 
CONSTRUCTION RISKS 

A better understanding of a project's overall risks can be gained 
by_. incorporating financial and construction risks into a single 
analysis. Whereas separate analyses of financial and construction 
risks can pinpoint specific problem areas, an integrated analysis 
shows the p~oject's overall chance. of success. The approach is 
especially useful from a project sponsor's or owner's point of 
view because it evaluates the adequacy of funding and the impact 
of a potential shortage of local funds and increases in construction 
costs on the project. The use of a probabilistic risk assessment 
approach in contingency calculation is advocated because it allows 
a planner to define a consistent confidence level in regard to 
achieving project objectives. 

· The Monte Carlo technique for arriving at the statistical distri­
butions of objective functions was used. Whereas an analytical 
solution to the problem of calculating the cost distribution is at­
tractive, the complexity of its derivation under general conditions 

. remains a major obstacle. Widespread use of the Monte Carlo 
technique in simµ_ar applications has increased users' familiarity 
with the method. Also, a former obstacle to performing Monte 
Carlo analysis; lack of access to expensive hardware and software, 
has been removed. Several powerful software packages, designed 
as add-ins to popular microcomputer spreadsheets, have facilitated 

the use of Monte Carlo, especially in cost estimating and financial 
applications-areas in which spreadsheets have long been used. 
In the following example, we have used @RISK by Palisade, 
which works with a Lotus 1-2-3 spreadsheet and allows the user 
to generate random numbers from a host of different statistical 
distributions (5). A detailed discussion of the benefits and the 
shortcomings of the Mon~e Carlo approach, along with the typical 
cost models used in construction, is presented elsewhere ( 4). 

HYPOTHETICAL EXAMPLE 

To illustrate the probabilistic approach to evaluating project fi­
nancial a~d construction risks a hypothetical transit project was 
used. It was assumed that feasibility studies and alternatives 
analysis phases were complete and that a sponsor had decided to 
go forward with construction of a fixed guideway transit project 
consisting of 19.3 km (12 mi) of elevated tracks and related sta­
tions and equipment (3). 

Construction Costs 

Total project cost is modeled as the sum of several cost items, 
some of them random variables. Obviously, if one wants to con­
sider cost variations in every small cost component that goes into 
a detailed estimate, the approach would be impractical. Because 
of this, only cost items that have a significant impact on the total 
project uncertainty are modeled as random variables. In a large 
project, most of the total cost variation is due to the variability of 
a limited number of components. 

Monte Carlo simulation can be used for modeling cost items 
with a high potential for variability as random variables and for 
generating random numbers according to their assumed cost dis­
tributions. These items are added up, the fixed costs are added to 
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these, and the total project cost is computed. The procedure is 
repeated at least several hundred times, and every time a value 
for the total cost is computed. A histogram and, later, a CDF can 
be constructed for the total cost. The CDF can then be used to 
estimate the probability of completing a project at or below a 
certain budget and to arrive at a reasonable contingency sum for 
the project. 

The process of identifying major risk items in a transit project, 
choosing a proper statistical distribution for modeling the data, 
and developing an appropriate cost function for the total costs is 
the subject of another research project by the authors (3). There 
is considerable literature on the choice of distribution for various 
cost components. It appears that niost cost variables may be mod­
eled using a unimodal, unsymmetrical distribution, preferably with 
confined positive limits ( 6, 7). Another mathematical complexity 
involves modeling of correlations that exist between cost vari­
ables. It has been shown that many construction cost items are 
correlated (7). Correlations between economic factors, such as 
interest rates and inflation, have been established. An analyst can­
not disregard correlations, because in general they tend to affect 
the variance of the total cost and this, in many cases, underesti.:. 
mates the risk of cost overrun. Generating correlated random num­
bers is possible, but the analyst has to be aware of mathematical 
constraints. Developing joint density functions is generally diffi­
cult, and if data are not normally distributed, it is not always 
feasible. Many Monte Carlo simulation software packages use 
rank correlations. This allows generation of correlated random 
variables, even when marginal distributions are not normal (8). It 
should be noted that each of these issues deserves extensive dis­
cussion in its own right. This paper emphasizes the interaction 
and integration of financial and construction risks. 

Assume that, in the present example, the project's budget (or 
target estimate), including escalation factors, is estimated at 
$1,205 million. Further assume that the project's critical cost corn~ 
ponents with potential for large variation have been identified, 
their distributions and parameters specified, and a Monte Carlo 
simulation conducted to compute the total cost. A CDF for the 
project was developed and is presented in Figure 2. It shows that 
there is almost a 50 percent chance that the project cost will ex­
ceed the target estimate of $1,205 million. If the owner is not 
comfortable with that confidence level and prefers one of 80 per­
cent, for example, then the budget required would be approxi­
mately $1,300 million. In other words, a $95 million contingency 
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reserve is needed to assure, with a level of confidence of 80 per­
cent, that the project will not suffer cost overrun. 

The project spans a 5-year period, and the overall cost has been 
distributed over t.hese years using the project schedule (see spread­
sheet provided in Table 1 ). It was assumed that each of the annual 
budgets follows a lognorrnal distribution and that for every year 
a contingency budget would be calculated, such that the prob­
ability of cost overrun would be kept to less than one-third (33 
percent). The total project contingency is $97.5 million (8.1 per­
cent of target estimate), providing a confidence level of 81.7 per­
cent against cost overrun. In other words, there is one chance in 
six that a cost overrun will occur if the total budget considered is 
$1,205 million + $97.5 million, or $1,302.5 million. 

Project Financing 

The project would be financed through three primary sources: fed­
eral grants, excise tax revenues, and proceeds from bond issues. 
The amount derived from federal sources is assumed to be certain 
and is distributed as indicated in Table 1. It is assumed that FfA 
will provide $765 million distributed over a period of 5 years, or 
about 60 percent of the total construction estimate plus contin­
gency. The ratio appears to be reasonable given current circum­
stances. The serial bonds issued are revenue bonds; $490 million 
is planned to be raised by issuing a series of them. The sales tax 
revenues are assumed to service the repayment of principal and 
interest of the bonds issued. These revenues are assumed to grow 
at a mean annual rate of 2.5 percent. Growth rates are drawn from 
a truncated normal distribution with a mean of 2.5 percent, stan­
dard deviation of 2.5 percent between -2.5 percent and 7.5 per­
cent. The growth rate reflects assumptions regarding the income 
of the underlying regional economy, population trends, and ex­
pansion of the regional job base. 

Interest Rates 

Interest rates are modeled as the inflation rate plus a time premium 
that increases with the bond's maturity. The inflation rate itself is 
assumed to follow a truncated normal distribution with a mean of 
3.25 percent and a standard deviation of 3.25 percent, truncated 
between 0 and 6.5 percent (9). Mean interest rates for the serial 
bond issues used in this example are given in Table 2. Another 
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TABLE 1 Capital Financial Plan 

YEAR 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 TOTAL 

FUNDING: 

Ff A 120.00 175.00 175.00 175.00 120.00 765.00 

Sales tax 45.00 47.62 50.40 53.34 56.45 59.74 63.23 66.91 70.81 74.94 79.31 667.77 

Interest Income 3.63 4.74 5.66 7.84 8.86 9.92 9.18 9.21 8.01 5.38 3.00 75.44 

Bond Proceeds 100.00 200.00 190.00 490.00 

TOTAL REVENUES 268.63 227.36 431.07 236.18 375.31 69.66 72.40 76.13 78.83 80.33 82.32 1998.21 

COSTS: 

System Contract 90.00 325.00 230.00 255.00 225.00 80.00 1205.00 

Contingency 2.50 16.00. 23.00 26.00 22.00 8.00 97.50 

Bonds Debt Service 5.26 5.26 15.43 15.43 20.05 40.05 49.10 97.60 113.80 169.18 105.50 636.65 

TOTAL COSTS 97.76 346.26 268.43 296.43 267.05 128.05 49.10 97.60 113.80 169.18 105.50 

NEf SURPLUS/DEFICIT 170.87 -118.90 162.64 -60.24 108.26 -58.39 23.30 -21.47 -34.97 -88.85 -23.18 

Beginning Cash Balance 0.00 170.87 51.97 216.61 154.36 262.62 204.24 227.54 206.06 171.09 82.25 

Additions to cash 170.87 -118.90 162.64 -60.24. 108.26 -58.39 23.30 -21.47 -34.97 -88.85 -23.18 

Ending Cash Balance 170.87 51.97 214.61 154.36 262.62 204.24 227.54 206.06 171.09 82.25 59.06 

Debt Coverage Ratio 9.24 9.95 3.63 3.97 3.26 1.74 1.47 0.78 0.69 0.47 0.78 



TABLE 2 Debt Service Schedule for Project Bonds 

Bond Series Bond Amount Bond series 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 
($millions) 

l(a) 20.00 20.00 
4.75% 0.95 0.95 0.95 0.95 0.95 0.95 

l(b) 30.00 30.00 
5.00% 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

l(c) 50.00 50.00 
5.63% 2.81 2.81 2.81 2.81 2.81 2.81 2.81 2.81 2.81 2.81 2.81 

2(a) 80.00 80.00 
4.75% 3.80 3.80 3.80 3.80 3.80 3.80 

2(b) 70.00 70.00 
5.25% 3.68 3.68 3.68 3.68 3.68 3.68 3.68 3.68 

2(c) 50.00 50.00 
5.38% 2.69 2.69 2.69 2.69 2.69 2.69 2.69 2.69 2.69 

3(a) 100.00 100.00 
4.63% 4.63 4.63 4.63 4.63 4.63 

3(b) 90.00 90.00 
4.75% 4.28 4.28 4.28 4.28 4.28 4.28 Totals 

Principal 20.00 30.00 80.00 100.00 160.00 100.00 490.00 
Total Issued 490.00 Interest 5.26 5.26 15.43 15.43 20.05 20.07 19.12 17.62 13.81 9.18 5.50 146.65 

Debt Service 5.26 5.26 15.43 15.43 20.05 40.05 49.10 97.60 113.80 169.18 105.50 636.65 



20 

relevant interest rate is the rate the owner can achieve from the 
surplus cash balances generated during the project's life. This rate 
is modeled as the inflation rate plus 1.0 percent. 

Timing of Bond Issues 

In this example, three serial bond issues are provided in 1995, 
1997, and 1999. The issues are timed to provide positive cash 
flows during the construction phase of the project. Bonds are is­
sued according to the schedule in Table 2 and have a total face 
value of $490 million. Interest rates for the bond issues are tied 

· to their issue dates and to variations in inflation rates. The model 
assumes an upward-sloping yield curve, the prevailing structure 
in 11 of the past 16 years and one described by current interest 
rates (10). This means that longer-term bonds carry a higher in­
terest rate than shorter-tetm bonds. However, the model is suffi­
ciently flexible to allow an alternative yield curve definition (flat 
or inverted, for example). This flexibility is important, because 
the owner may choose to alter the timing of market financing on 
the basis of the prevailing term structure of interest rates. Tax 
revenues are not large enough to provide sufficient financing dur­
ing construction. After construction, bond principal and interest 
are offset by sales tax revenues. The cash flows that result from 
this financing strategy are robust in early years and sufficient in 
later years. In practice, more complex bond issues would be used 
to minimize the surplus cash balances in early years. However, 
the simplified financing structure in this model captures the es­
sence of cash-flow management reasonably well. 

Simulation Analysis 

Several items in Table 1 have potential for chance variations. Con­
struction expenditures for every year are modeled according to 
lognormal distributions, as discussed earlier. Sales tax is a func­
tion of growth rate and inflation; interest income and debt service 
are modeled as functions of interest rate, which itself is a function 
of inflation. Because the inflation and growth rates are modeled 
probabilistically, sales tax, interest income, and debt service be­
come probabilistic variables too. 

A Monte Carlo simulation analysis was conducted on the 
spreadsheet. This was accomplished by generating random num­
bers according to specified probabilistic models for 2,000 itera-
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tions. The number of iterations chosen was sufficiently large to 
allow the simulation results to converge to their theoretical values. 

Analysis of Results 

There are several important issues that have to be studied in Table 
1. First, planners have to make sure that the construction budget 
is sufficient and the contingency reserve is large enough to meet 

· unexpected cost variations. Second, the ending cash balances 
should be positive throughout the spreadsheet. A negative value 
in any year means a cash shortfall that can create financial hard­
ships and complications,. either in the construction process or in 
meeting financial obligations to lenders. Simulation helps to as­
sess the probability of having negative cash balances at any time 
in the project. 

Figure 3 shows a distribution summary graph for the ending 
cash balances. Table 3 provides summary statistics for this param­
eter. The probability of having a negative cash balance increases 
in the later years. This is expected because of the modeling ap­
proach used in the example. For every iteration, a random value 
for inflation and growth rate is generated for the first year. In 
subsequent years, the values generated for the previous year will 
serve as the mean of the normal distribution used to model growth 
rate and inflation rate. In other words, the value of the growth and 
inflation rates will depend on their values in the previous year and 
will show a variance around the previous year's value. Tax rev­
enues, interest income, and bond proceeds are updated in every 
iteration on the basis of the generated growth and inflation rates. 
More complicated models based on probabilistic treatment of pop­
ulation trend, local income, and so forth also can be conceived. 

As indicated in Table 3, there is a 33.6 percent chance that the 
project will sustain a cash shortfall in 2005. This probability is 
26.4 percent for 2004. For earlier years, the probability is signif­
icantly lower and never exceeds 9.4 percent. The planners could 
respond to this problem in several ways, depending on their tol­
erance for risk. One option is to issue more bonds. That option 
should be considered only in conjunction with the local 
economy's ability to repay the debt. An alternative is to increase 
the sales tax rate. Either option could be pursued before the project 
is undertaken or as funds are needed. 

The growth of sales tax and its variations is another item of 
interest. Because sales tax is the major funding source for ser­
vicing the debt in this example, the project's sensitivity to varia-
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TABLE 3 Ending Cash Balances Statistics for Various Years 

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 
IR.esult of 2,000 Iterations 

Maximum Result 191.31 154.87 427.85 394.77 600.67 577.40 632.56 645.53 637.45 574.94 512.15 

fvfinimum Result 150.27 -84.15 -117.76 -213.04 -147.05 -208.12 -197.37 -240.76 -296.60 -402.99 -443.93 
Chance of Positive Result 100.0% 90.6% 99.6% 94.2% 98.7% 95.7% 96.8% 94.9% 90.8% 73.6% 66.4% 
Chance of Negative Result 0.0% 9.4% 0.4% 5.8% 1.4% 4.3% 3.2% 5.1% 9.2% 26.4% 33.6% 
Standard Deviation 6.28 38.20 61.05 93.69 109.01 114.08 118.00 122.90 128.64 135.13 142.74 

NOTE: All figures except percentages are$ millions. 
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tions in cash inflows from this source should be studied. That can 
be done two ways. One method involves changing the values of 
growth rate and studying the impact on the project's viability. 
Another method involves a sensitivity analysis that can be con­
ducted while assuming a probabilistic model for the growth rate. 
The second model, though a bit more complex, is more realistic 
because it provides a measure of uncertainty for every scenario 
studied. 

SUMMARY 

Cost and schedule overruns are common in large construction 
projects. In this paper, the process of measuring and analyzing 
construction and financial risks in construction were described. 
Probabilistic methods for estimating project contingency and for 
modeling financial factors affecting project budgets were re­
viewed. Emphasis was placed on the integration of financial and 
construction risks and on analysis of the impact of their interaction 
on a project's successful completion. The methodology used was 
based on Monte Carlo simulation. A hypothetical project was used 
to illustrate the modeling concepts and the process of risk quan­
tification. It was shown that one can quantify the impact of vari~ 
ations in construction costs and financial fluctuations on the end­
ing cash balances of project funds. Also, problem areas in the 
financial plan were pinpointed and the extent of their impact was 
quantified. 
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Cost-Benefit Analysis of a Rural Advanced 
Traveler Information System 

KAZI ULLAH, WENDE A. O'NEILL, AND A. BRUCE BISHOP 

A life-cycle cost model is developed to evaluate a proposed rural 
Advanced Traveler Information System (ATIS). Costs used in this 
model include capital investment (in equipment and facilities as well 
as installation), operation, and maintenance costs. A cost-benefit 
analysis is reported. System benefits are equated to potential reduction 
in the number of accidents that occur while the ATIS is in place. 
Sensitivity analysis is performed on both its costs and benefits. The 
approach is useful for evaluating Intelligent Vehicle Highway System 
applications as well as for exploring trade-offs among proposed tech­
nologies for the application. 

The Advanced Traveler Information System (ATIS) is one com­
ponent of the Intelligent Vehicle Highway System (IVHS) appli­
cations currently sweeping the nation. The !VHS program's goal 
is to improve the efficiency and safety of surface transportation 
(1). ATISs are information-based applications designed to provide 
roadway users with accurate and timely information on travel con­
. ditions. A major assumption underlying these systems is that this 
information affects a person's decisions as to where, when, and 
how to travel. The purpose of ATIS is to mitigate traffic conges­
tion problems by either (a) informing an en route driver of traffic 
incidents ahead and suggesting alternative routes or (b) allowing 
pretrip travel information to prompt someone to delay· trip starts 
or to choose alternative routes or modes of transportation. ATIS 
applications have been made primarily in urban areas, where con­
gestion and traffic delays are major cost factors. Rural applications 
of ATIS, on the other hand, focus on single corridors of travel 
(usually a section of Interstate) that have high accident rates or 
other operational problems. 

Design of ATIS incorporates several technologies that (a) col­
lect data on current traffic conditions, (b) interpret the information, 
and (c) communicate it to the public. The most common technol­
ogies for these applications include video, satellite, radio, and 
computers. These hardware components are combined with spe­
cialized software into an integrated traveler information system. 
Most rural systems are designed to provide information to a mo­
torist on weather, road, or traffic conditions downstream from his 
or her location, using visibility sensors, pavement sensors, and 
variable message signs (2). 

PROBLEM STATEMENT 

This paper focuses on evaluating proposed technologies and ap­
plication of a rural ATIS. The prototype system differs from other 
rural applications of ATIS in the following ways: 

K Ullah and W. A. O'Neill, Department of Civil and Environmental En­
gineering, Utah State University, Logan, Utah 84322-4110. A. B. Bishop, 
College of Engineering, Utah State University, Logan, Utah 84322-4110. 

• The system is designed for a regional application, incorpo­
rating a network of rural roads. 

• Pretrip information is important. 
• Improved safety is the primary concern; however, an addi­

tional benefit associated with improved statewide maintenance 
management is realized. 

• Roadway environment, as well as weather conditions, influ­
ences design parameters for the system. 

This system differs from other rural weather information sys­
tems in that real-time data are collected for the entire region and 
along each road traveled by maintenance crews. Data from point 
source systems are less reliable in mountainous areas because con­
ditions change as frequently as the roadside environment. Re­
search conducted in Wyoming for the I-80 corridor indicates that 
weather and road information from point source systems rarely 
coincides with motorists' perceptions of the conditions (3) . 

Rural canyon roads in Utah have high traffic volumes in the 
winter because they provide access to several ski resorts and rec­
reational areas used for Nordic skiing, snowmobiling, sledding, 
hunting, and ice fishing. Average annual daily traffic (AADT) for 
two of these canyons is shown in Figures 1 and 2. Traffic acci­
dents during the winter months are a major problem in rural Utah. 
The magnitude of winter weather accidents is described in detail 
later in this paper. Not only is there a heavy cost associated with 
loss of life and property damage, but also many hours are wasted 
by stranded motorists waiting for tow trucks to help them back 
onto the road. 

An ATIS is proposed that monitors roadway conditions and uses 
dynamic mapping techniques to communicate the information to 
the public. The potential market for this system is as follows: 

• Tourists who stay in the urban areas and drive to different 
resorts during their vacation, 

• Resort workers who commute from the city to the resorts 
because they cannot afford the high cost of living in the resort 
communities, 

• Private shuttle services from the airport to resorts, 
• Rural school bus operators, and 
• Anyone using t~e rural road system for work, recreational, or 

sustenance-related reasons. 

The proposed system basically operates as follows: 

• Maintenance vehicles involved with plowing and salting ac­
tivities are equipped with vehicle-tracking devices. 

• Location information is sent to a central traffic control center 
where it is processed and integrated with other information (data 
on fog, wind, avalanches, accidents, etc.). 
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• Roadway condition information is communicated to the pub­
lic via television, telephone, radio, and interactive display termin­
als placed at strategic locations (resort lobbies, hotel lobbies,. car 
rental agencies, and employment and shopping centers). 

A substantial financial investment is required to impleme1,1t this 
system. In addition, a long-term financial commitment is required 
tci maintain and operate the system. A decision must be made on 
whether the potential benefits of this system are worth the cost. 
One way to answer this question is described below. · 

COST MODEL 

The exact cost of the proposed system is difficult to determine. 
However, a cost estimate can be derived on the basis of a few 
simple assumptions. The cost of high-technology eqµipment and 
software . changes from year to year. As ·the· number of high­
technology applications and users grows, instrument costs should 
continue to decrease 1n the :future. The dollar value of future 
equipment and s~rvices is not the same as it is in the present. .To 
acc~unt for this behavior in our cost estimation model, future year 
costs are di~counted to present value equivalents, called prese.nt 
worth of cost (PWOC), A discount rate of 7 percent is used in 
calculating PWOC. Instrument life is ~ssigned a value of 10 years. 
Finally, the proposed ATIS is expected. to operate during the win­
ter months, from November to March. · 

PWOC is calculated from the following equation (4-6): 

PWOC = I + ! A PW] ~ T PWn. (1) 
j=l 

where 

I= initial cost = (~!,1 /Ck), and /Ck is the initial cost of 
item k; 

A = annual cost = (~~=1 ak), and ak is the: annual cost of 
item k; 

T;:;; salvage value; and 
PW]= present worth factor for year j = 1/[(1 + rY], and r is 

the discount rate (7 percent) and j varies from 1 to 10 
years. 

Cost analysis of the proposed ATIS considers both global posi­
tioning system (GPS) and .radio tec_hnology for tracking locations 
of maintenance vehicles. 

Nonrecurring Costs 

. . . . . .. . 

The first step in estimating the cost of .the proposed system is to 
determine the initial investment or: nonr.ecurring ( on_e-time) .costs. 
All costs associated with installation of equipment and preparation 
for its operation are included ~s a ,part ot" this i.Ilve~tment. One­
time costs include ~uch. items as system design, programming, 
system testing, "equipment acquisitiqn, and trair~ing. 'f4e costs may 
occur at any time during the life cycle-of the system. For the sake 
of simplicity~: an assumption l.s m~Qe that nonrecurring costs occur 
only during the first year ~f the cycie. Table_ l gives initial cost 
estimates for this model., The foll()wfug assumpti.ons are made in 
deriving these figures.'. · . 
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· TABLE 1 Nonrecurring Costs 

COST ITEM NOTATION AMOUNT 

Construction/Renovation of Roadway IC1 $ 12,000 
Management Center (RMC) 

Hardware/software for location finding I<; 
GPS $100,800 
Radio $ 84,000 

RMC Hardware IC:J $ 8,000 

Remote site hardware (60 sites) IC4 $192,000 

RMC data transmission modem IC5 $ 200 

Remote site modems IC6 $ 12,000 

Display software at remote sites IC, $ 60,000 

Interactive hardware at remote sites ICg $ 20,100 

Cost of Roadway Management Center 

A centralized roadway management center (RMC) will be used to 
receive, collect, and monitor information sent from maintenance 
vehicles. This information will be integrated with accident and 
weather information, then dispatched to remote sites for use by 
the public. This center will also produce maintenance data for 
monitoring and tracking maintenance activities. Initial cost for this 
center includes construction or renovation fees. In this study, con­
struction of a one-room addition to the existing regional mainte­
nance headquarters is assumed. Cost depends on the size of the 
extra room as well as internal· plant requirements (temperature 
control, additional floor support for mainframes/equipment, etc.). 
Construction _cost is estimated to be approximately $12,000 for 
this purpose. 

Cost of Location Finding (GPS/Radio) Instrumentation · 

This is one of the largest costs for the proposed system. 1\vo 
technologies have been _investigated, namely GPS and radio com­
municatfon networks. GPS equipment, with mobile satellite com­
m~nication for tra.cking, costs about $1,200.00 for each mainte­
nance vehicle. It is assumed that these systems provide one-way 
communication only, since the vehicles are already equipped with 
two-way radio communication. 

A radio-based tracking system requires small, in-vehicle mobile 
data terminals or PCs interfaced with a vehicle's radio modem. 
The cost of this equipment is $1,000 for each maintenance vehi­
cle. This· cost is based on· the assumption that a sufficient radio 
network has been· established by private industry in the region. 
Companies currently marketing this technology are focusing on 
large urban market areas. Even though this technology seems less 
expensive to implement, a delay of several years can be expected 
before it is available in' rural areas. 

Eighty-four state maintenance vehicles provide service to the 
study area. Total cost of in-vehicle location-finding equipment is 
calculated by multiplying the number of vehicles by the cost per 
vehicle. 

Hardware and Software Costs 

To send data files from the RMC to remote sites for use by the 
public, the following equipment is needed: 
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• IBM, Intergraph 6000, or equivalent work station with a c400 
processor in the RMC (the initial cost is estimated as $8,000); 

• One IBM 486 PC having a memory of at least 30 megabytes 
at each remote site for graphic display of road conditions; 

•One 9,600- or 14,400-band modem at the RMC and one at 
each other location, each costing $200; and 

• Micro-station 32 software and some custom C programs to 
show the paths of maintenance vehicles using locational data re­
ceived in the RMC. Location data are placed in a graphic control 
file. Once sent to remote computers, it is ready to be displayed. 
Software costs should not exceed $1;000 per site. 

There are more than 60 hotels and motels in and around Salt 
Lake City where visitors may stay during winter months. If PCs 
are used and 50 of them and 10 information centers (resorts, malls, 
employment centers; etc.) are considered for display of roadway 
conditions during snowy weather, at least 60 PCs would be re­
quired for this study. (It is not possible to sell this system as a 
service to these remote sites because information is being gathered 
by the state and is therefore public.) Cost is calculated per unit 
site. Each 486 PC costs about $3,200, including a monitor. 

Other Equipment Costs 

Video converters may be used to display roadway conditions on 
a large screen instead of a small computer screen in each location. 
Different types of equipment can be used for this purpose. One 
approach is to use a projection monitor connected to the computer 
and a projection screen. For a color display, the cost of this equip­
ment is $2,800~ Another approach uses a videoconverter hooked 
to the computer and a color television to show the map display 
on a large TV screen. The cost of this equipment is $399, ex­
cluding the TV. So the total cost will be $2,100 including a large 
television, which is less expensive than the previous approach 
mentioned. Another method that provides an interactive system 
uses touch-screen equipment instead of a keyboard. A touch 
screen is affixed to the computer monitor and then plugged into 
the computer. The equipment is considered in the present study. 
Touch-screen interactive capabilities add approximately $335 to 
the cost of each remote-site monitor. 

Recurring Costs 

The second step in the cost-estimation process is to determine 
recurring costs (annual costs), those associated with maintenance 
and operation of the system. Data communication costs, personnel 
services, space occupancy, supplies, and utilities are examples of 
recurring costs. Table 2 contains information on recurring costs 
used in this model. The following assumptions are made in de­
riving these figures. 

Operating and Maintenance Cost of RMC 

An assumption is that the RMC will operate with two staff per­
sons. Both people are paid a gross salary of $3,000 per month in 
the first year. A 5 percent increase in the salary is assumed for 
subsequent years. 
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TABLE 2 Recurring Costs 

I COST ITEM II NOTATION I AMOUNT I 
Roadway Management Center Staffing al $ 72,000 
(first year, 5% annual increase) 

Spatial database maintenance 82 $ 2,000 

Satellite use fee 83 $ 50,400 
Radio access fee $ 10,080 

Telephone fee for remote sit~ a4 $2,304 

Maintenance cost at remote sit~ as $ ()(),000 

Purchase Cost of Road Network Data Base 

A graphic-based system is proposed that uses maps to convey 
road-condition information as well as accident and weather infor­
mation. This spatial data base must contain roads in the region to 
accommodate interactive queries .by users on optimal routes. An 
updated road network data base may be purchased from a private 
organization each year due to constructfon of new roads or closing 
of existing roads. The Utah Department of Transportation (UDOT) 
itself may be able to supply these data, so base map update costs 
could be insignificant. However, it is ~ssumed that $2,000 is re­
quired each year to purchase these data. 

Access Fees for Vehicle-Tracking Equipment 

In the current market, an access fee of $10 per vehicle per month 
is estimated for a radio-based system. If more than 200 position 
fixes per vehicle per month are required, a higher cost will be 
incurred. An extra cost of $50 per vehicle per month may be 
necessary when using satellites for data communication. This cost 
is based on estimates from freight companies using this technol­
ogy as well as vendor price quotes. 

Telephone Fee 

Data files are sent through existing telephone lines. The service 
fee is comparable to a monthly telephone bill. Fees depend on 
time of day (highest during peak hour, lowest duririg off-peak 
hour) and length of time needed to send data files. In the proposed 
study, maintenance vehicles are assumed to work early in the 
morning in most cases. But this varies depending on the weather. 
A plowing period may not be more than 2 hr, because it is Utah's 
policy to clear snow from roads within 2 hr. However, in case of 
continuous snow, this period may be much longer. 

In the present study, a snow removal period is taken as 8 hr a 
day. There are 152 days from November through March. A 10-
year weather history from the Utah Climate Center indicates that 
it snows more than 1

/ 2 in. in the study area for an average of 24 
days during this· period. Maps at remote sites are updated every 
15 niifl. In an 8-hr period, data transmission occurs 32 * 60. times. 
Assuming 15 sec per site to send information, it will take 480 
min per day: Using a cost of $0.20 per minute, the total cost per 
day is $96; that is, $2,304 per year. 
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Maintenance Cost at Remote Sites 

Each· facility where current roadway conditions are shown has 
potential maintenance needs, related to hardware failure or van­
dalism·, for example. The maintenance cost is estimated to be 
$1,000 per year. 

Additional Model Assumptions 

Salvage or terminal value is defined as the expected value of hard­
ware and software at the end of its useful life, which is 10 years 
in this study. This value is denoted as T in Equation 1. To deter­
mine the salvage or terminal value, the most important criterion 
is whether the item will be sold, reused, or continue in operation 
for another cycle. If the asset' is sold or reused, the value is the 
actual market value less the cost of sale or redistribution. If an 
asset is to be scrapped, the only value is the scrap value less costs 
of dismantling and selling. For the sake of simplicity, in this study 
all hardware and software is considered to be dismantled after 10 
years. Hence, salvage value of the proposed ATIS is considered 
zero after 10 years, as a conservative approach. 

During the 10-year life, new technology is expected to become 
available that can be incorporated into the system. The ATIS de­
scribed here : may become obsolete by that time; however, with 
the addition of some new features the basic principal will remain 
the same. 

In doing a cost analysis of both GPS and radio technology for 
the next 10 years (from 1993 to 2002), all cost estimates for each 
year were expressed in current dollar value. A discount factor of 
7 percent is applied to convert future· dollar value into present 
value. The value of this factor varies from project to project and 
is based on good judgment. Studies have shown that a 6 to 10 
percent rate is practical in most cases ( 6, 7). 

Results of the Cost Analysis 

PWOC for ATIS using GPS and radio-based technology is given 
in Table 3. The number of remote sites receiving this service is 
assumed to be 60 in this analysis. Radio technology will cost 
slightly less than GPS technology over a 10-year period. However, . 
the cost figures do not take into account the cost associated with 
delayed implementation of the system using radio technology. 
GPS design may be implemented almost immediately, whereas a 
sufficient radio network must be installed before implementing a 
radio-based tracking system. 

BENEFITS ANALYSIS 

IVHS is supposed to provide various benefits, such as reductions 
in congestion, pollution, energy consumption, and accidents, as 
well as improved mobility. An additional benefit of ATIS is im­
proved data for winter maintenance management; however, to fol­
low a conservative approach, only benefits due to reductions in 
accidents are considered. 

Accident data for different roads leading to ski resorts are used 
in the analysis. Only accidents that occurred during winter months 
or snow and icy, wet conditions are selected from the data base. 
A shortcoming of the data is that they did not provide information 

TABLE 3 Cost Analysis of ATIS over 
10 Years 

Cost of Cost of 
GPS-based Radio-based 

System System 

Year 1 579,590 525,108 

Year 2 166,219 131,002 

Year 3 158,430 125,517 

Year 4 151,094 120,334 

Year 5 144,180 115,433 

Year6 137,664 110,798 

Year 7 131,519 106,410 

Year8 125,723 102,256 

Year 9 120,253 98,321 

Year 10 115,090 94,593 

I TOTAL I $1,829,761 I $1,529,770 I 
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on delays of stranded motorists (waiting for tow trucks) stuck in 
heavy snow during bad weather. In such incidents, there is typi­
cally no damage to vehicles or drivers, although lost time and 
towing expenses can result. Historic trend information is used to 
estimate the number of future accidents that would occur in the 
study area if the proposed technology is not implemented. 

Accurately estimating the benefits of this technology is 'difficult 
because of drivers' potential responses. . 

1. Some drivers will not use information supplied by the sys­
tem. Many drivers currently do not call designated telephone num­
bers for up-to-date road and travel information. Some people will 
choose not to activate in-vehicle devices or observe information 
kiosks in hotels or e~ployment centers.· Accident potential for 
drivers ignoring travel information is the same after implemen­
tation of the systein as it is before. 

2. Some drivers will ignore system information received, be­
cause of the importance of their trip or their lack of confidence 
in the system or technology. Technology breakdowns may lead 
people to disregard available information in tlie future. Secondly, 
if inaccurate or outdated information is presented, drivers may 
come to distrust all such information in the future. Such drivers 
will then be classified in Category 1. Accident potential for drivers 
in Category 2 will not change. 

3. Finally, some drivers use the information provided by the 
system. Studies indicate that informed drivers travel rriore cau­
tiously and are more likely to cancel trips (3,8). In this case, the 
following three conditions may result (a) Drivers will proceed 
cautiously or avoid hazardous routes, reducing accident potential. 
(b) Drivers will delay trips; these drivers' chance of becoming 
involved in an accident is reduced, but it is difficult· to estimate 
the potential accident reduction. (c) Drivers will cancel their trips. 
In such cases, there will be no accidents. However, cancellation 
of trips may result in a loss of revenue at the intended destination. 

To better understand driver acceptance of ATIS, surveys on 
driver response to ATIS should be conducted in hotels and at other 
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appropriate locations. Such surveys were not conducted in the 
present study because of resource limitations. 

The prototype system is evaluated by assuming different per­
centages of accident reduction and calculating corrresponding 
benefits. These benefits include reductions in the number of fatal 
accidents, personal injuries, and property damage only (PDO) ac­
cidents on roads within the study area. Percentage of accident 
reduction in relation to the cost-effectiveness of the system is eval­
uated later in this paper. 

Analysis of Data 

Accident data for the 5 months, November through March, during 
a 5-year period from 1987 to 1991, were analyzed. During this 
period, only accidents occurring in snow were considered in the 
analysis in order to relate the number of accidents with the ef­
fectiveness of snow-removal activities. 

Despite the availability of data from UDOT, there was a problem 
with data quality and completeness. Accident data files must be 
integrated with traffic and road inventory data for the analysis. No 
data were available for three roads in the study area for 1987. Un­
fortunately, AADT data on some roads were not consistent at all. 

Other research using accident data bases indicated that other 
problems with the data could occur. Foi instance, not all accidents 
are reported, particularly in urban areas where PDQ accidents of­
ten are not reported. In general, the more severe an accident, the 
more likely it is that the accident will be reported. Also a multi­
vehicle accident is more likely to be reported than a single-vehicle 
accident of equal severity. Accidents are probably less likely to 
be reported during bad weather than during good weather (9). 

The interrelationship of various accident causal factors makes 
data analysis and interpretation difficult. Usually, the number of 
road accidents should have some relation to traffic volume. Sev­
eral studies show that this relation is more complex than a simple 
proportion (10). In this study area, AADT is analyzed separately 
both for rural and urban roads for the last 5 years, from 1987 to 
1991. Each road studied is found to have several sections with 
different AADT. The percentage change in AADT for each section 
is calculated. Weighted change in AADT is then calculated by 
considering the change in different sections and corresponding 
lengths. The percentage change in AADT for the last 4 years is 
determined separately both for rural and urban roads. No general 
pattern is identified from these calculations. This may be because 
of bad data or the uncertain behavior of travelers along those road 
segments. Because of the lack of trend in AADT change, only the 
number of accidents is analyzed for the purpose of prediction of 
accidents. 

Accidents on rural and urban roads are analyzed separately be­
cause the manner of occurrence of traffic accidents varies greatly 
in these areas. Accidents can be classified into various categories 
depending on severity, cause of accident, type of collision, for 
example. Accidents have been classified into five types based on 
severity for an FHWA study (11): 

1. PDO: those accidents in which only damage to the vehicle 
or roadside property results; 

2. Minor injury: those injuries that require minor treatment, 
such as treatment for abrasion, pain, nausea, or hysteria; 

3. Medium injury: those which may include a lump on head, 
minor lacerations, bruises, or crushed finger, for example; 
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4. Serious injury: any injury other than fatal injury that prevents 
a person from walking, driving, or performing normal activities; and 

5. Fatal injury: any injury that results in death within 30 days. 

A variety of methods exist to quantify accidents, such as accident 
rate per mile, accident based on population, accident rate based 
on vehicle-miles of travel, number of accidents based on severity. 
In the present case, analysis is done according to number of vari­
ous types of accidents based on severity. Table 4 summarizes the 
number of PDQ, minor injury, medium, serious, and fatal injury 
accidents on rural urban roads during snow or snowstorms during 
winter months, for the past 5 years. Whereas there is no uniform 
pattern for the number of accidents on separate road segments, an 
increased pattern is observed for total accidents within the last 5 
years. 

On average, a 10 percent increase in accidents occurred in the 
past 5 years on rural roads. The percentage is used to estimate 
any increase in future accidents on rural roads. On average, a 31 
percent increase in accidents on urban roads occurred over the 
past 5 years. In this study, an average, conservative increase of 
10 percent is applied to predict future urban accidents. 

Table 5 gives percentages of different types of accidents with 
respect to total accidents for rural and urban roads. A one-way 
analysis of variance test was conducted to determine whether the 
percentages of various accident types among different years w~re 
similar or not. A conclusion from this test is that the percentage 
of accidents by type does not vary significantly from year to year. 
On average, 72.84 percent of accidents are PDQ, 12.64 percent 
are minor, 7.5 percent are medium, 6. 75 percent are serious, and 
0.28 percent are fatal injury accidents for rural areas. For urban 
roads in the study area, it is assumed that 71.64 percent of acci­
dents are PDO, 15.33 percent minor, 7.55 percent medium, 5.24 
percent serious and 0.24 percent are fatal injury accidents. 

Assuming a 10 percent annual increase in the number of acci­
dents in the study area, total accidents for the next 10-year period 
may be calculated (Table 6). 

Analysis of Safety Benefits 

Safety benefits vary from year to year throughout the service life 
because of variation in the dollar value assigned to different types 
of accidents. Benefits are converted to present value using a dis­
count rate for comparison purposes. Present Worth of Benefit 
(PWOB) is calculated as follows (4-6): 

10 

PWOB = L B,.PWn 
n=I 

where 

Bn = benefit varying from year to year, 
PWn =present worth factor = 1/(1 + ry, and 

r = 7 percent. 

Safety benefit Bn is estimated from the following formula (4): 

5 

Bn = N1 L P;S;C; 
i=I 

where 

N1 = total number of expected future accidents, 
P; = percentage of accidents of type i, 

(2) 

(3) 
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TABLE 4 Total Accidents During Winter Months and Under Snowy Conditions 
Within Study Area 

I 
Rural Roads in Study Area 

Property Damage Only 

Minor Accidents 

Medium Accidents 

Serious Accidents 

Fatal Accidents 

I TOTAL 

Urban Roads in Study Area 

Property Damage Only 

Minor Accidents 

Medium Accidents 

Serious Accidents 

Fatal Accidents 

I TOTAL 

S; = expected reduction in type i accidents, and 
C; = average cost of type i accidents. 

I 1987 

307 

47 

54 

25 

0 

I 433 

336 

86 

31 

13 

0 

I 466 

Now the problem boils down to estimating the expected reduc­
tion in PDQ, minor, medium, serious and fatal injury accidents. 
Until the system is installed and used for an extended period of 

I 

I 

I 

1988 I 1989 I 1990 I 1991 I 
452 328 356 401 

83 46 60 84 

40 23 32 42 

31 33 39 42 

2 2 3 0 

608 I 432 I 490 I 569 -1 

860 551 571 622 

118 130 137 158 

55 60 76 88 

64 46 38 54 

3 1 0 6 

1100 I 788 I 822 I 928 I 

time, a reasonable estimate of accident reduction is difficult to 
make. The expected reduction may depend on the various drivers' 
reactions as mentioned before. It may vary for different types of 
accidents and result in greater reduction in fatal accidents than 
PDQ accidents. To simplify the estimate, therefore, accident re­
duction is considered to be uniform for all types of accidents. 

TABLE 5 Percentages of Accidents by Type and Year on Rural and Urban Roads in 
the Study Area 

I I 1987 I 1988 I 1989 I 1990 I 1991 I 
Rural Roads 

Percent Property Damage Only 70.9 74.3 75.9 72.6 70.5 

Percent Minor 10.9 13.7 10.7 12.2 14.8 

Percent Medium 12.5 6.6 5.3 6.3 7.4 

Percent Serious 5.8 5.1 7.6 8.2 7.4 

Percent Fatal 0 0.3 0.5 0.6 0 

Urban Roads 

Percent Property Damage Only 72.1 78.2 69.9 69.5 67.0 

Percent Minor 18.5 10.7 16.5 16.7 17.0 

Percent Medium 6.7 5.0 7.6 9.3 9.5 

Percent Serious 2.8 5.8 5.8 4.6 5.8 

Percent Fatal 0 0.3 0.1 0 0.7 

NOTE: Numbers are rounded to the nearest tenth. 
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TABLE 6 Estimated Number of Accidents During Winter Months and Under Snowy 
Conditions on Rural and Urban Roads 

01·92 I ·93 I ·94 I ·95 I ·96 

Rural 626 683 740 797 854 

Urban 1021 1114 1206 1299 1392 

To further complicate the analysis, methods used to determine 
costs for different accident types are not yet standardized. The 
average cost of the various types of accidents varies according to 
different organizations. Cost estimates are composed of various 
components, such as wage loss, medical expenses, insurance ad­
ministration costs, and motor-vehicle repair or replacement" costs. 
According to the National Safety Council (12), estimated costs for 
different types of accidents in 1992 are as follows: 

• Fatal injury, $450,000; 
• Serious injury, $42,400; 
• Medium injury, $10, 700; 
• Minor injury, $3,300; and 
• PDO accident, $1,100. 

These costs are used in the benefit analysis. Given the assumptions 
and data described above, the safety benefit is calculated such that 
S; =Si for i and j. Safety benefits and corresponding PWOB for 
both rural and urban roads are calculated using several values for 
percent of accident reduction, namely 1 percent, 2 percent, and 3 
percent, as indicated in Table 7. 

Another type of benefit achieved by this system is improved 
data for budgeting and planning maintenance operations. The sys­
tem will help the maintenance division keep track of road mileage 
plowed or salted and other pertinent information. Improved de-

. cision making may result in more efficient planning routes for 
snowplow crews as well as in better inventory practices. The sys­
tem should help achieve lower costs for maintenance work and 
provide improved service to the public. The system may also be 
used, during other seasons, to track the maintenance crews during 
their routine work. It is very difficult to quantify this type of 
benefit, and it is not considered in the study. 

SENSITIVITY ANALYSIS 

Net present value (NPV) and benefit/cost ratio are used to evaluate 
the proposed systems. NPV and B/C ratio are calculated as 
follows: 

NPV = PWOB - PWOC 

B/C ratio = PWOB/PWOC 

TABLE 7 Safety Benefits for Various Accident 
Reduction Values 

I PWOB I S; = 1% I S; = 2% I S; = 3% I S; = 4% 

Rural $391,453 $ 782,907 $1,174,360 $1,565,813 

Urban $561,615 $1,123,231 $1,684,646 $2,246,461 

Total $953,068 $1,906,138 $2,859,206 $3,812,275 

I 

I '97 I '98 I ·99 I 2000 I 2001 I 2002 I 
910 967 1024 1081 1138 1195 

1485 1578 1670 1763 1856 1949 

Table 8 gives the value of these statistics for the proposed sys­
tem at different accident reduction rates. NPV is positive and the 
B/C ratio is greater than one when the accident reduction rate is 
2 percent or more. The break-even period for different accident 
reduction rates is indicated. With a 2 percent reduction in acci­
dents, the GPS-based ATIS would pay itself off in 9 years. The 
amount decreases significantly with a 3 percent accident reduction 
rate. 

Costs are based on estimates of different equipment costs, fees, 
and so forth and often represent best judgment. To compensate 
for uncertainty, sensitivity analysis was done to evaluate the im­
pact of changes in data. 

The variables considered in the sensitivity analysis are (a) staff 
salary, (b) GPS instrument cost, (c) telephone fee for data trans­
mission, and (d) the discount factor. The relative sensitivity of 
these variables for ±20 percent variation is in Figures 3 and 4 for 
2 percent and 3 percent accident reduction, respectively. Both fig­
ures indicate that staff salary is the most sensitive factor. Other 
factors are relatively insensitive. 

CONCLUSIONS 

A prototype ATIS for a rural regional application is proposed to 
improve winter weather safety. The system provides pretrip in­
formation to travelers during snowy weather in the winter. Infor­
mation on current road conditions allows drivers to make their 
own decision about their trip or alternate routes. Other informa­
tion, such as wind speed or pavement temperature, can be sent to 
the RMC depending on the technology used in the future. How­
ever, this is not considered in this study. 

In the study, both GPS and radio systems are found to be cost­
effective when the accident reduction is as low as 2 percent for 

TABLE 8 Cost/benefit Statistics for 
Proposed ATIS 

System NPV B/C Break even 
Ratio point 

1 % Accident Reduction 

GPS -876,693 0.52 N.A. 

Radio -576,701 0.62 N.A. 

2% Accident Reduction 

GPS 76,376 1.04 8.85 yr 

Radio 376,368 1.24 5.61 yr 

3% Accident Reduction 

GPS 1,029,444 I 1.56 3.26 yr 

Radio 1,329,436 I 1.86 2.48 yr 
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FIGURE 3 Sensitivity analysis at a 2 percent accident 
reduction rate. 

all types of accidents. Sensitivity analysis of the cost variables 
indicates that the NPV is still positive with more expensive hard­
ware than what was used in the study. 

Only benefits related to accident reduction are considered here. 
However, there are other nonmonetary benefits of this system that 
are difficult to quantify. The proposed ATIS has a great impact on 
planning and budgeting maintenance operations, as mentioned be-

. fore. It will save time for estimating maintenance cost each year 
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and provide improved data for effective forecasting and decision 
making. The system would be more cost-effective than what was 
shown here. 

A survey on travelers' behavior should be conducted to under­
stand their perspective if this type of system is implemented. This 
survey would help to estimate the percentage of travelers using 
system information to change their route or delay trips. Such be­
haviors may offer better data with which to estimate the percent­
age reduction in accidents. 

A better method for predicting future accidents is needed. Other 
factors such as population change, vehicle registration, employ­
ment activity, road surface condition, and law enforcement in the 
surrounding area of each road also 'need to be considered to better 
estimate the number of accidents in the future. 
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Applying the Cashing Out Approach to 
Congestion Pricing 

PATRICK DECORLA-SOUZA 

Congestion pricing is extremely difficult, perhaps impossible, for the 
public to accept in the form in which it is currently bein:g proposed, 
for a variety of reasons. First, there are too many people who perceive 
themselves as big losers under congestion pricing. Second, congestion 
pricing is viewed by some as "just another tax increase" that will 
lead to bigger government. Third, others perceive congestion pricing 
as having a disproportionate impact on low-income groups, taking a 
larger share of their incomes. Interestingly, all of these objections to 
congestion pricing may be overcome and pricing made more accept­
able by taking the cue from recent developments in parking pricing. 
Pricing of commuter parking has been made more acceptable through 
policies that ''cash out'' employer-paid parking subsidies (i.e., if an 
employer offers a parking subsidy to an employee, the employer is 
required to give the employee the option to receive, in lieu of the 
parking subsidy, the fair market value of the parking subsidy in cash). 
The "cashing out" concept could ·be extended to peak period road 
pricing, either to an entire regional system or to a specific corridor or 
bridge location. It would work as follows: Peak period tolls would be 
imposed on free roads, and all peak period commuters would be pro­
vided with a credit or a "smart card," which they could .use to pay 
tolls during the peak periods. The value of the credit or the amount 
encoded on the smart card would be equal to the peak period toll each 
commuter would be required to pay each month after congestion pricing 
is implemented. Credits or smart cards ~ould be exchanged for transit 
farecards or cash, thereby providing an inducement to solo drivers to 
carpool and pocket the cash· or to take transit. Noncommuters, who 
would not be eligible for "free" credits or smart cards, would provide 
sufficient funds through their toll payments to fund all cash payments. 
Discussed are various implementation aspects of such a policy and its 
probable. impacts on travel demand.· It is demonstrated that sufficient 
funds would be received from noncommuters to pay those who want 
to "cash out" their credits. Fairness issues are discussed. Finally, a 
method to test the concept on a limited basis on an existing congested 
toll facility is suggested. · 

Recently, interest in congestion pricing has increased in the United 
States (1). The interest stems from three recent developments: (a) 
the recognition that, because of funding and environmental limi­
tations, urban areas will not be able to ''build their way out of 
congestion''; (b) the emphasis ori reductions in vehicular travel 
demand, environmental considerations, and economic efficiency 
in recent federal legislation, such as the Clean Air Act Amend­
ments of 1990 and the Intermodal Surface Transportation Effi­
ciency Act (ISTEA); and (c) electronic toll collection (ETC) tech­
nology, which eliminates the need for toll booths and allows tolls 
to be collected without the vehicle having to stop or slow down. 

In spite of the increase in interest, however, only one urban 
area (San Francisco) is proceeding to implement congestion pric­
ing on roadways or bridges. In November 1992, FHWA solicited 
congestion pricing projects for funding with 100 percent federal 
funds under ISTEA' s Congestion Pricing Pilot Program, but only 

FHWA, 400 Seventh Street, S.W., HEP-22, Washington, D.C. 20590. 

one project met the eligibility criteria that FHWA had set. Most 
of the projects submitted for consideration did not propose to in­
crease the price of travel on congested mixed-flow traffic lanes or 
bridges, and therefore little or no change iri motorist behavior 
could be expected. The only acceptable ·project was one that in­
volved increasing ~olls .on the. San Francisco Bay Bridge during 
peak periods. 

WHY CONGESTION PRICING IS 
CURRENTLY UNACCEPTABLE 

It is not surprising that only one project involving true congestion 
pricing was proposed. This is because, in spite of 'its many eco­
nomic and environmental benefits, congestion pricing is extremely 
difficult and perhaps impossible for the public to accept fo the 
form in which it is currently being propose~, for a· variety of 
reasons. 

First, there are too many people who perceive themselves as 
big losers were congestion pricing to go into effect. The very few 
who perceive themselves as winners do not see themselves gain­
ing much. Only a few high-income travelers and commercial road 
users value the time savings from reduced congestion somewhat 
more than the toll price. Second, congestion pricing is viewed by 
many as "just another ta~ increase" that will le<td to bigger gov­
ernment. Third, many are against congestion pricing because it is 
perceived to have a disproportionate impact on low-income 
groups, taking a larger share of their incomes. Finally, it is difficult 
to tell the commuting public that they will be charged for some­
thing that they currently get free, especially when they have al­
ready made long-term decisions, such as where to live, on the 
basis of the current price structure for transportation. 

MODEL TO FOLLOW IN 
OVERCOMING OBJECTIONS 

Interestingly, the preceding objections may be overcome and con­
gestion pricing made more palatable by taking the cue from recent 
developments in parking pricing. Currently, well over 90 percent 
of U.S. commuters receive free or subsidized parking from their 
employers. Pricing of commuter parking has been made more pal­
atable through an ingenious idea developed by Donald C. Shoup 
of the University of California at Los Angeles (2). Shoup pro­
posed a policy to cash out employer-paid parkiiig subsidies. The 
policy was passed into law by California recently. Under the law, 
if an employer offers a parking subsidy to an employee, the em­
ployer is required to give the employee the option to receive, in 
lieu of the parking subsidy, the fair market value of the parking 
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subsidy in cash. (Recently, the Clinton Administration has pro­
posed revision to the U.S. tax laws to encourage employers to 
provide cash out options to their employees, as part of its plan 
to reduce emission of greenhouse gases and combat global 
warming.) 

There are no major losers from the cash out policy. The em­
ployer does not spend any more than before, but simply pays the 
employee who chooses not to drive the amount previously paid 
the parking operator. Employees who continue to drive do not pay 
any more than they did before. 

However, there are many who gain: (a) employees who decide 
to switch to a carpool get extra cash in their pockets; (b) employees 
who switch to transit have all or part of their fares subsidized; and 
(c) the government gets additional tax dollars, because cash pay­
ments to employees are taxable as income. The benefits to those 
who switch are progressive, that is, the poor who take cash get a 
larger percentage increase in their incomes. 

CASHING OUT FREE ROADS 

Shoup's idea can be extended to peak-period road pricing, through 
a concept that may be called "cashing out free roads." One study 
(3) has shown that future public highway infrastructure costs to 
serve peak-period travelers range from 12.5 to 19.8 cents per peak 
period vehicle mile of travel (VMT), whereas user taxes and tolls 
average only 2.0 cents per VMT. Thus the subsidy to peak period 
travelers amounts to 10 to 18 cents per VMT, or $2.00 to $3.60 
for a 20'."mi round-trip during peak periods. This subsidy, like 
parking subsidies, could theoretically be cashed out. In other 
words, funding proposed to provide infrastructure for free peak­
Pt?riod travel could theort?tically be offered in cash to would-be 
peak-period drivers as an inducement to shift to other modes, thus 
reducing the need for additional infrastructure. However, this 
.would be difficult if not impossible to do in practice for a variety 
of reasons. For example, the funding necessary to provide for new 
highway infrastructure needs may actually be nonexistent. 

The paper discusses a way in which the concept could be made 
more practical through a modification in the source of funds for 
cash payments and a change in criteria for determining who is 
eligible for the cash-out option. The concept could be applied 
either to the entire regional system or to a specific corridor or 
bridge location. Implementation on a regional basis is discussed 
first. Later, implementation on a single facility or set of facilities 
during the testing phase is discussed. 

The concept would work as follows: Peak _period tolls would 
be imposed on all free roads, and tolls on existing toll roads would 
be raised during peak periods. If tolls are equated to the subsidy 
to peak period travelers on the basis of long-run highway infra­
structure .costs (3), they may be more acceptable to the public than 
congestion-based tolls. All peak-period commuters would be pro­
vided with a credit or a "smart card" to pay the tolls. ·The smart 
('.ard would. be similar to transit. farecards currently provided for 
t~~vel on rail transit systems. The value of the credit or the amount 
encoded on the smart card would .be equal to the peak-period toll 
(or toll increment, on existing toll roads) that each commuter 
would be required to pay each month after congestion pricing is 
implemented in the urban area. Information on the employee's 
home and work location, obtained through the employer, would 
be used to calculate the total toll value to be credited to the em­
ployee or e.ncoded on the smart card. (A similar system is cur-
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rently being used by the U.S. Department of Transportation to 
distribute transit farecards to its Washington headquarters 
employees.) 

Credits or smart cards could be exchanged for cash. Noncom­
muter traffic, which would not be eligible for free credits or smart 
cards, would provide sufficient funds through their toll payments 
to fund all cash payments. Cash could be obtained from ATM­
like machines at rail stations or carpool park-and-ride lots. Alter­
natively, unused credits could be periodically rebated to the em­
ployee like income tax refunds. This would be a significant 
monetary incentive for singe-occupant vehicle (SOV) drivers to 
share rides and for high-occupancy vehicle (HOV-2) commuters 
to increase the number of riders in the carpool. If adequate transit 
service is available, some SOV drivers or HOV users might be 
induced to switch to transit. 

Note that there are two conceptual differences between conges­
tion pricing and the parking cash-out approach. First, market 
prices already exist in the case of parking (at least in downtown 
locations), whereas the imposition of tolls creates a new market. 
Second, noncommuters will lose, whereas in the parking cash-out 
case few if any will lose. 

IMPACTS OF CASHING OUT FREE ROADS 

What would be the impact of such a policy? Shoup's case study 
analysis (2) has shown that when drivers pay for parking, the 
number of cars driving to work per 100 employees drops from 72 
to 53-a drop of about 26 percent. Many economists believe that 
there is no difference between the travel demand impacts of cash­
ing out policies and simply raising prices, because drivers are put 
in a position of having to forego cash to continue their previous 
travel behavior. Responses to California's cashing out policy 
should provide data to make comparisons between the two 
approaches. 

Assuming that peak-period tolls for a commuter's trip would 
roughly equal the parking cost differential in Shoup's analysis 
(equivalent to an average toll of about 15 cents per mile), we 
could estimate. that a regionwide system of congestion pricing 
would result in a similar drop of about 26 percent in the number 
of commuter vehicles driven during peak periods. Larger reduc­
tions could occur if commuters have the flexibility to shift their 
time of travel to off-peak periods. 

Recent data from the 1990 Nationwide Personal Transportation 
Study ( 4) suggest that commute trips represent about half of the 
total number of VMT during peak periods. The reduction in peak­
period VMT that could be expected from the policy would thus 
be. 26 percent of the 50 percent commuter VMT, or about 13 
percent. 

PAYING FOR IMPLEMENTATION COSTS 

Would there be sufficient funds from paying noncommuters to pay 
those who want to cash out their credits? First, let us estimate the 
amount of credits that will be cashed out. On the basis of estimates 
discussed in the previous section, only about 26 percent of former 
drivers would cash out their credits. However, previously existing 
nondriving commuters (e.g., carpool passengers, transit passen­
gers, and bicycle commuters) are potential drivers. They would 
also be eligible for credits or smart cards, which they would cash 
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in. On the basis of current carpooling, transit, and other mode 
usage for commuter trips (5), the pool of potential drivers repre­
sents an additional 14 percent of base commuter drivers. The total 
number of commuters cashing in their credits or smart cards would 
thus represent about 40 percent (i.e., 26 percent plus 14 percent) of 
commuter drivers. Assuming that nondrivers and drivers have 
roughly the same trip lengths (in miles), the amount to be paid out 
would represent about 40 percent of the 50 percent of base peak­
period VMT represented by commuter travel, or about· 20 percent 
of base peak-period VMT. 

The remaining 50 percent noncommuter share of base peak­
period VMT represents nonwork travel, commercial travel, travel 
through the urban area by outsiders, and travel into or out of the 
urban area by visitors. These travelers would pay tolls that would 
provide the funds to pay those commuters who want to cash out 
their credits or smart cards. Elasticity of highway travel relative 
to price generally ranges from 0.1 to 0.4. In other words, a dou­
bling of price (i.e., a 100 percent increase) would reduce highway 
travel by 10 percent to 40 percent. Assuming an extreme case 
drop of about 40 percent in noncommuter VMT as a result of 
tolls, about 30 percent of base peak-period VMT (i.e., 60 percent 
of the 50 percent base noncommuter VMT) would pay tolls. The 
funds collected from the 30 percent of base VMT who were pay­
ing tolls would be more than enough to pay for the 20 percent of 
base VMT who would use the cash out option. In other words, 
even under a very pessimistic rate of revenue recovery from non­
commuters, there would be a balance of funds equivalent to tolls 
from 10 percent of base peak-period VMT. 

The balance of funds (i.e., funds from the 10 percent of base 
peak period VMT) could be used, in part, to pay for toll trans­
action costs (e.g., ETC, enforcement, administration, and billing). 
Toll transaction costs perhaps could be reduced by instituting tolls 
only in the afternoon peak periods at twice the rate that would 
otherwise be charged. Such a strategy should not change the im­
pact on commuter behavior and will maximize the impacts on 
noncommuter travel, which represents a much larger share of af­
ternoon than of morning peak-period travel. Toll transaction costs 
can be expected to be about 5 percent of toll charges when ETC 
is implemented on a massive scale. Looked at another way, tolls 
paid by 5 percent of peak-period VMT would be sufficient to pay 
for all toll transaction costs. Because after implementing the pol­
icy peak-period VMT would represent about 67 percent of base 
peak-period VMT (i.e., a 13 percent reduction from commuter 
VMT and an extreme-case 20 percent reduction from noncom­
muter VMT), toll transaction costs would equate to tolls paid by 
about 3.3 percent of base peak-period VMT. 

The remaining balance of tolls collected (i.e., funds from about 
6.7 percent of base VMT) could be used to subsidize any non­
commuter travelers with particular hardships (e.g., by providing 
discount toll rates for low-income groups). 

PUBLIC ACCEPTABILITY 

The concept of cashing out free roads can overcome most of the 
major objections from the public that have stymied implementa­
tion to date. 

First, the most vocal opponents of peak-period pricing_ (i.e., 
commuters) under the traditional approach do not lose anything 
under this approach. All gain from reduced delays and frustration 
as a result of lower congestion levels, and some in fact gain in 
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monetary terms if they decide to switch modes. Second, the con­
cept can easily be sold to fiscal conservatives as being both 
revenue-neutral and economically efficient. Third, those con­
cerned about impacts on the poor will clearly see the benefits to 
low-income commuters-who are more likely to "take the cash" 
and carpool or ride transit. Finally, commercial users will find it 
appealing (because their transportation productivity will increase) 
and will not mind paying for the benefits of time savings and 
reliability. (For example, commercial travel time is valued at about 
$30.00 per hour; this means that commercial travelers should be 
willing to pay as much as $2.50 in tolls if the pricing policy saves 
them just 5 min per trip from reduced congestion.) 

Some will remain losers. For example, nonwork travelers will 
lose money. However, they will have smaller losses if they decide 
not to travel regularly during peak periods or shift their time of 
travel to avoid the toll. Proponents of the pricing policy should 
expect to draw substantial opposition from this group, which may 
pose a significant political stumbling block. However, the mag­
nitude of the opposition would be far less than the outrage that a 
traditional approach would elicit from commuters. Besides, sup­
port for the policy could be expected from commuter groups be­
cause highway commuters would benefit from reduced congestion 
levels, and transit commuters and carpoolers would in effect get 
a commuter subsidy. This support could be used to counter any 
opposition from noncommuters. 

Whereas most commercial travelers will have net benefits de­
spite the new tolls they will have to pay, it may be hard for the 
policy proponents to convince commercial travelers that conges­
tion levels will indeed drop drastically and that their time savings 
from reduced congestion will be enough to compensate them for 
the tolls. However, if pilot tests of the concept (as discussed in 
the next section) are carefully crafted and prove it to be successful, 
the concept will be a lot easier to ''sell'' to commercial groups. 

Occasional travelers, such as visitors to the area or those pass­
ing through, may lose. However, many visitors and those who 
pass through the urban area will not mind tolls since they make 
longer trips and therefore value time saved. In any case, these 
travelers have a limited ability to organize any substantial ·oppo­
sition because they do not live in the area. However, if the econ­
omy relies on tourism, some opposition could be expected from 
the tourist industry. 

Despite additional administrative burdens that employers will 
. have· to face if they are to be tapped for verification of employee 
data and for distribution of smart cards, they may be expected to 
support the approach because (a) a commuter subsidy would be­
come available to employees who carpool or ride transit; (b) the 
promise of lower congestion would reduce the psychological toll 
on their employees and thus make them niore productive; and (c) 
employers who have instituted transit fare subsidy programs may 
be in a position to terminate those programs, with consequent 
savings. In air quality nonattainment areas classified as severe, 
this approach may be a substitute for the requirements of the Em­
ployer Commute Options program, whose burdens on larger em­
ployers are greater than those under this approach. On the basis 
of these considerations, area employers might be expected to sup­
port t~e congestion pricing policy. 

FAIRNESS ISSUES 

Fairness issues are sure to be debated by policy makers. First, is 
it fair to have noncommuters pay to keep commuters off the 
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roads? Some could argue that commuters and noncommuters have 
equal rights to the use of roads during peak periods, and therefore 
noncommuters should not be discriminated against. However, off­
peak noncommuters are already paying an unfair share of the costs 
of building highway capacity improvements needed primarily for 
peak-period commuters through their fuel taxes, property taxes, 
sales taxes, and even income taxes (3). With the proposed con­
gestion pricing policy, unfairness to noncommuters will simply be 
more blatant. 

A second fairness issue sure to concern policy makers is as 
follows: Is it fair to pay existing carpoolers and transit riders sim­
ply to continue socially good behavior that they have already 
opted for supposedly in their own best interest? Do they deserve 
the windfall from free credits or smart cards? Perhaps one way to 
counter this concern would be to suggest that existing carpoolers 
and transit riders could give up their rights to existing and future 
planned HOV lanes in return for the windfall. (Note that HOV 
lanes would be unnecessary under congestion pricing, because 
tolls would be designed to eliminate most congestion, that is, there 
would be no time advantage in using HOV lanes.) There would 
be no need to build the massive HOV lane systems being proposed 
in some· urban areas. The resources that the government might 
have otherwise expended may be likened ·to the resources that 
might have otherwise been expended by employers on parking 
leases and.so forth if Shoup's parking cash-out program were not 
in place. Just" as it is fair that the freed-up resources from un­
needed parking are returned in cash to employees, it is also fair 
for freed-up resources that would otherwise be expended on un­
needed HOV lanes to be returned to those who help make them 
unnecessary. Of course, since sufficient cash should be available 
from tolls on noncommuters, there is no need to dip into the pool 
of "saved" resources. 

The saved resources could instead be expended to maximize 
total transportation system efficiency or for any other purpose 
deemed fair by policy makers. One great advantage of the pricing 
polity is that policy makers would get a clear signal as to when 
further investment in the transportation system would be more 
efficient. If tolls needed to optimize traffic flow are higher than 
the public and social costs for providing added capacity, it would 
clearly signal to policy makers that investment in added capacity 
would be warranted on grounds of economic efficiency. 

TESTING THE CONCEPT 

Before full implementation on a regionwide basis, the concept can 
be tested on any congested facility, preferably a facility with ex­
isting tolls-a toll road, bridge, or tunnel-where opportunities 
for diversion of traffic are limited. Likely candidates are the Bay 
Bridge of San Francisco or the set of bridges and tunnels con­
necting New York City and New Jersey. Peak-period tolls. could 
be raised, and at the same time all commuters could be provided 
with bonus coupons whose value would be equivalent to the toll 
increase. Thus, in effect, only noncommuters (nonwork travelers, 
commercial traffic, visitors, and through traffic) would pay the 
higher toll. The coupons would be redeemable for cash. 

Eligible commuters would be identified through mail-back post­
cards distributed as they drive through toll booths. To enroll in 
the coupon program, commuters would use the postcard. to pro­
vide information on their employer's address, their home address, 
and their work schedule. To reduce temptation for fraud, the post-
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card would warn of criminal penalties that might apply to fraud­
ulent claims. 

The coupons could be sent to the commuters' employers for 
distribution to eligible employees. Along with the coupons, the 
employee would be provided with a carpool match list derived 
from the initial postcard survey, providing an additional incentive 
to those who would like to cash out their coupons but don't know 
who they could ride with. If adequate transit service between the 
commuter's home and office is available, the route schedules 
would also be enclosed. 

Note that existing transit riders and carpool passengers would 
be eligible for the coupons. During the postcard survey, all oc­
cupants of buses and carpools, as well as transit passengers on 
rail lines in the corridor, would be provided with the postcards. If 
transit riders form a large share of"corridor commuters, funds from 
paying road users may be insufficient to pay for coupons cashed 
out by transit users. Peak-period fares in the corridor may have 
to be raised sufficiently to provide the needed cash. However, 
raising transit fares would reduce the incentive for solo drivers to 
shift to transit. The incentive to shift to carpools would remain. 

CONCLUSIONS 

This paper has presented a new concept that could improve the 
political acceptability of congestion pricing, either at the facility 
level or systemwide. The concept of cashing out free roads would 
eliminate the major objections of policy makers and the public to 
the concept of congestion pricing. Urban areas with existing toll 
facilities that are congested have a unique opportunity to test the 
concept on a limited basis on those facilities before commitment 
to larger-scale implementation. 
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Application of a User Cost Model To 
Measure During and After Construction 
Costs and Benefits: Highway Widening 
Projects 

MARIE T. WILDENTHAL, JESSE L. BUFFINGTON, AND JEFFERY L. MEMMOTT 

Because many highways in Texas are being widened to expedite traf­
fic, motorists are asking questions about the cost impacts of such 
highway improvements. This study is designed to determine the user 
costs and benefits, both during and after construction, of widening a 
highway located in an urban area. A 10.79-km (6.7-mi) section of 
U.S. Highway 80 in Longview, Texas, a city with a population of 
70,311 in 1990, was selected for study. The highway section was 
upgraded recently with a two-way continuous left-turn lane and curbs 
and gutters within the existing right of way. In addition, a new inter­
connecting signal system was installed. The total cost of the project 
was $9.5 million. The Heern-III benefit-cost model was used to de­
termine the benefits to motorists. Benefits were calculated as the sum 
of delay savings, accident reductions, and vehicle operating cost sav­
ings, discounted over a 20-year period. Instrumented vehicle runs in­
dicated that motorist delay was reduced as a result of optimal signal 
timing implemented during the widening construction and reduced 
stops as lanes were no longer blocked by left-turning vehicles. The 
accident rate fell steadily from the time that construction began. Pro­
jected maintenance costs were subtracted from projected benefits, and 
the resulting difference is divided by the cost of construction to obtain 
the benefit-cost ratio. The total benefit-cost ratio for the whole project 
is $7.82, which means that motorists are receiving benefits worth 
$7.82 for every dollar spent on the project. 

The Texas Department of Transportation (TxDOT) continually is 
faced with the responsibility of providing safe and congestion-free 
highways. One of the principal ways that TxDOT is accomplish­
ing this task is by widening and adding travel lanes to existing 
highways. In many cases, these highways are widened enough to 
install a continuous two-way left-tum lane in the median, and 
curbs and gutters at the margins. 

The benefits to motorists of an improved highway can be clas­
sified into three general categories: delay savings, accident reduc­
tions, and vehicle operating cost savings. Many methods and tech­
niques are available to calculate these benefits, but, in general, 
such calculations are based on some change in the before and after 
situation the motorists face, putting a dollar value on those 
changes, and calculating those dollar values over the life of the 
improvement. These benefits are then discounted to the present 
and compared with the construction cost. If the user benefits are 
greater than the costs, then it is a beneficial project. This study is 
unique in that impacts of the proposed improvements during con­
struction are also calculated. 

Texas Transportation Institute, Texas A&M University, ITI/CE Building, 
Suite 609, College Station, Tex. 77843-3135. 

The study focuses on the widening of U.S. Highway 80 (Mar­
shall Avenue) in Longview, Texas. To reduce traffic congestion, 
three major intersections were widened in 1974. Two additional 
major intersections were widened in 1986. In 1987, a continuous 
left-tum lane was proposed between Fisher and Eastman roads 
along Marshall Avenue, which includes the five widened intersec­
tions. That same year, a study was conducted to estimate the bene­
fits ~f creating a continuous left-tum lane on Marshall Avenue 
(Buffington et al., unpublished data). Travel times, speed changes, 
left-turning movements, and lane volumes were documented fully. 
The study estimated a benefit-cost ratio of $3.47 for the proposed 
improvement. The proposed improvement was approved and went 
to contract in fall 1989, and it was completed in fall 1991. The 
current study is a follow-up study and was initiated before con­
struction so that the construction period could be monitored and 
the cost impacts to users before, during, and after construction 
could be estimated. Similar data were collected during and after 
construction. Also, construction activity, such as lane closures and 
expenditures, were monitored. Therefore, a complete impact 
analysis of costs and benefits before, during, and after construction 
can be performed. 

CALCUIATION OF DEIAY SAVINGS 

Delay savings are calculated as the dollar value of motorist time 
savings resulting from the highway improvement. They are cal­
culated using the following formula as a guideline: 

. ( 1 Savmgs = length X volume X 
Speed No Median 

where 

-
1 

) X value of time 
speedwith Median 

savings= hourly delay savings ($1,000/hr); 
length = section length (1.61 _x km) (mi); 

volume = hourly traffic volume by lane (thousands of 
cars); 

speedN0 Median = speed under previous conditions, no median 
· [l.61 X km/hr (mph)]; 

speedw.1h Median = speed under current conditions, with median 
[l.61 X km/hr (mph)]; and 

value of time = the weighted average of truck and car value of 
time ($/hr). 
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Traffic Volume 

Traffic volume is calculated as average daily traffic (ADT). De­
tailed ADT for 1986 was collected from TxDOT maps along the 
section of U.S. Highway 80 that was widened. Also, the Texas 
Transportation Institute (Tri) collected ADT data annually before, 
during, and after construction for calculating construction-period 
impacts. In addition, TxDOT provided a projected ADT for 2006 
for this section of highway. Because there was no indication that 
the traffic would follow a specific growth pattern in the future, 
the difference between the 1986 and 2006 values was divided by 
20 to obtain an annual increase in ADT. Various multiples of this 
value were added to the 1986 figure to obtain an estimated ADT 
for more recent years. 

The estimated ADT is slightly higher than that established by 
the Tri counters, which show the ADT remaining nearly fiat dur­
ing the construction period. The construction period benefits may 
be slightly overstated, but TxDOT projections for the long term 
seem reasonable. 

For the major route, which is Marshall Avenue, the ADT for 
the segment with the least volume was used as the current through 
ADT, and the difference between the actual segment volume and 
the current ADT was entered as local ADT. The ADT calculated 
for the minor routes, or cross streets, was put in directly as esti­
mated. In addition to the current ADT, a projected ADT is re­
quired for calculating future benefits. 

The ADT was further broken down into hourly volumes by lane 
using traffic counters placed in several locations along the high­
way. The number of vehicles passing each location over a 24-hr 
period was counted. These were accumulated into hourly totals 
and applied to the overall average ADT along the section to give 
average hourly traffic volumes by lane. 

Traffic Speed 

Speeds before, during, and after construction were determined by 
instrumented vehicle runs along the study section of U.S. High­
way 80. To compare speeds before and after construction, speeds 
were compared with the default speeds of the HEEM-111 model, 
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a benefit-cost computer program developed by Tri (1). If they 
differed, default speeds were changed to represent actual measured 
speeds. The HEEM-III model then was used to calculate vehicle 
operating costs and savings. Speeds used in the model reflected 
the effects of construction activities, including increased conges­
tion caused by the lane closures. 

Value of Time 

On the basis of a TTI study using a speed-choice model and the 
latest data for Texas, the HEEM-III model assumes that the car 
value of time is $9.52 per hour per person and that the truck value 
of time is $22.63 per hour per person (2). Intersection or inter­
change delay is calculated using the delay equations for selected 
highway situations discussed by Memmott (1). 

The model calculates the delay on an hourly basis for each 
direction on both the major and minor routes for each route seg­
ment. These calculations are repeated for a 24-hr period for both 
the unimproved and newly widened road sections. The difference 
between the sum of the before and after costs is the motorist 
benefit. These calculations are repeated for each year of the analy­
sis. Unreasonable delays are precluded by calculations that modify 
the lower and upper parts of the curve. Delay equations are based 
on optimal signal timing and phasing, and the calculated delay 
can be modified for less than ideal conditions by using an intersec­
tion delay adjustment factor. These factors are modified on the basis 
of vehicle travel time and the number of stops recorded by instru­
mented vehicles, which are summarized in Table 1. 

Additional delay can be caused by vehicles that are queued 
behind a vehicle waiting to make a left turn from the median lane. 
Without a median, vehicles attempting to make left turns at mid­
block driveways or intersections without a left-turn bay will have 
to wait for a gap in the oncoming traffic to make the turn. Vehicles 
may have to wait behind the turning vehicle if there is insufficient 
space within the shoulder lane to pass the vehicle. These situations 
could be eliminated with a continuous left-turn median. 

Reduction in delay stops from queuing vehicles was estimated 
using several runs with an instrumented vehicle through the length 
of the study highway section. The number of stops made by an 

TABLE 1 Instrumented Vehicle Travel Time, Speed, and Stops on Runs Through Study Project0 

Stops Travel 

Approach 
At Lights Mid-Blockb Time Speed Year Runs Speed 

(min) (km/h)c (km/h)c 

1987 99 10 3 14.91 43.44 58.57 
1990 93 16 1 15.30 42.29 52.08 
1991 76 19 1 14.60 44.32 57.49 
1992 90 4 0 12.30 52.61 67.35 

a An average of 30 runs per day on Thursday, Friday, and Saturday Between 6:00 a.m. and 
10:00 p.m. each day of each year studied. 

b Stops per run rounded off to appropriate whole number. 

1 mi. = 1.61 km. 
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TABLE 2 Number of Accidents per Year, Study Area, 1984-1992 

Year 

1984 
1985 
1986 
Average 
Percent 

1989 
1990 
1991 
1992 (January -
August) 
1992 
Annualized 
Average 
Percent 

Fatal 

") 
L 

2 
2 
2 
0.45 

1 
0 

1 
0.49 

Injury 

instrumented vehicle decreased with the addition of a continuous 
left-tum lane, as can be seen from_the information in Table 1. The 
runs were not sufficient to estimate the effects on an hourly basis, 
however, so daily traffic using the median lanes was used to es­
timate the savings. It was assumed that all of this delay would be 
eliminated with continuous left-tum medians. 

VEHICLE OPERATING COSTS 

Additional vehicle operating costs are incurred when motorists slow 
down and stop at intersections, including costs associated with run­
ning and idling as vehicles wait for a signal to turn and the queue 
to dissipate. Average running speed is the most important variable 
in the latter calculation, and HEEM-III's calculation for it is based 
on the 1985 Highway Capacity Manual. Speed calculations for vol­
ume/capacity above capacity are taken from a 1TI study on delay 
(3,4). Equations are presented by Memmott (1). 

The vehicle operating cost equation for the segments and in­
tersections were estimated from Zaniewski et al. (5) and updated 
in 1990. The vehicle operating costs were summed and then ad­
justed for the pavement condition using the formula presented by 
Memmott (1), taken from the Highway Performance Monitoring 
System Analytical Process (6). A pavement condition of 4.5 is 
used as the base for the adjustment. 

) 

Property Total 
Damage Only 

165 300 467 
171 251 424 
157 271 430 
164 274 440 
37.27 62.28 100.00 

88 122 211 
109 132 242 
93 107 200 
50 63 114 

75 95 171 

91 114 206 
44.17 55.34 100.00 

ACCIDENT REDUCTION SAVINGS 

The numbers and types of accidents on Marshall Avenue between 
1984 and 1986 and from 1989 to 1992 are given in Table 2. The 
table indicates that there were fewer accidents between 1989 and 
1992 than there were between 1984 and 1986. 

Present research assumes that the continuous left-tum ·lane will 
reduce the number of accidents involving turning vehicles. Table 3 
gives the number of accidents involving turns during the construc­
tion period and almost a year after the construction period. The 

' postconstruction period data resemble that for 1990, and it is not 
clear that turning accidents were affected by the construction. 

There is also a question of whether the construction caused 
additional accidenfs. In Table 4, accidents in the construction zone 
are divided into those that were construction related and those that 
were not. Only a small percentage of the construction zone acci­
dents were construction related. 

With the HEEM-111 model, accident costs are calculated by 
multiplying the accident rate by the cost per accident. The acci­
dent rate, which is given in Table 5, is then adjusted by the ac­
cident adjustment factor. The accident adjustment factor is based 
on the total accident rate of the study area over various time peri­
ods, with the preconstruction period (1984 to 1988) representing 
the base rate of 1.0. Accident rates for highway segments are taken 

TABLE 3 Number of Accidents on Marshall Avenue Involving Turning Vehicles 

Year 

1989 
1990 
1991 
1992 (Jan - Aug) 
1992 (Annualized) 

Source: TxDOT 

Left-Tum 

19 
34 
18 
20 
30 

Right-Tum 

14 
16 
21 
10 
15 
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from the Highway Performance Monitoring System Analytical 
Process ( 6). Accident rates for intersections, interchanges, and 
railroad grade crossings were estimated from Texas accident rate 
tapes from 1981 to 1986 (Table 6). Costs per accident were taken 
from a Tfl study of accident costs by Rollins and McFarland (7). 
All operating and accident costs are updated to July 1990 and are 
presented in Table 7. The model estimates that accident costs will 
be reduced by $4,276,420 over a 20-year period between 1993 
and 2012. 

CALCUIATION OF MOTORIST BENEFITS OVER 
THE ANALYSIS PERIOD 

Three types of benefits are analyzed. The first type is the benefit 
or lack of benefit associated with the construction. Benefits related 
to early completion of the project (in 2 years instead of the esti­
mated 3 years) are a second type. The last type is those benefits 
received after construction, as compared with those received be-
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fore construction. Benefits calculated following project comple­
tion are presented in Table 7. 

HIGHWAY IMPROVEMENT COST 

Two types of costs are associated with highway construction: the 
construction costs themselves and the costs of maintaining the 
highway. The actual cost of the Interstate 80 widening construction 
was $9,544,420. Future highway costs are associated with overlays, 
striping,· and routine maintenance. These costs are projected to be 
$350,000 for this project; they are presented in Table 7. There may 
be additional costs for maintaining traffic control devices that were 
not included in this analysis, so total costs may be understated. 

SUMMARY OF BENEFITS AND COSTS 

The benefit-cost ratio for the continuous left-tum lane is the total 
discounted user benefits less maintenance costs di~ided by the 

TABLE 4 Distribution of Accidents in Construction and Maintenance Areas 

Year Construction Zone Maintenance Zone 

1989 
1990 
1991 

Source: TxDOT 

Non­
Construction 
Related 
Accident 

2 
94 
55 

Construction 
Related 
Accident 

0 
3 
2 

TABLE 5 Urban Accident Rates and Costs in Texas 

Accident Ratesa 
Cost per Accident 

Freeway 

244 
13,360 

Non­
Maintenance 
Related 
Accident 

Divided 

565 
12,570 

0 
1 
0 

Maintenance 
Related 
Accident 

Undivided 

616 
9,170. 

0 
0 
0 

Source: HEEM-III: Revised Highway Economic Evaluation _Model Version 1.0 

a Accident Rates per 161 Million Vehicle Kilometers 

TABLE 6 Urban Accident Rates in Texas 

Accident Rates 

At Grade Stop 

At Grade Signal 

Interchange 

PDO 

0.9393 

0.4648 

0.0879 

Injury 

0.5165 

0.2145 

0.0518 

Fatal 

Source: HEEM-III: Revised Highway Economic Evaluation Model Version 1.0 

a Accident rates per urban intersection per 1,610 vehicle lane kilometers 

0.0102303 

0.0020001 

0.0014806 
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TABLE 7 Summary of Discounted Benefits, Costs, and the Benefit-Cost Ratio, 1992 

Motorist Benefits Construction Early Before vs., Total 
Period Completion After 

(Thousands of Dollars) 

Delay Savings -3,969.43 6,695.95 61,563.10 64,289.62 

Reduced Vehicle Operating Cost 

Accident Reduction 

191.85 

317.35 

193.22 

162.04 

5,532.95 5,918.02 

4,276.42 4, 755. 81 

Total -3,460.23 7,051.21 71,372.47 74,963.45 

-50.00 -30.00 -270.00 -350.00 Less Maintenance Costs 

Benefits - Maintenance Costs 

Construction Costs 

Benefit-Cost Ratio 

-3,510.23 7,021.21 71, 102.47 74,613.45 

construction costs: 

B/c 
. (benefits - maintenance costs) 

ratio = -'-------------~ 
construction costs 

The discount rate used in this study is 8 percent. The benefit-cost 
ratio estimated in 1992 is 

B/C ratio = ($74,963,450 - $350,000)/$9,544,420 = $7.82 

Net present value = $74,963,450 - $350,000 

- $9,544,420 = $65,069,030 

A benefit-cost ratio of $7.82 means that the motorists are receiving 
$7.82 of benefit for every dollar spent on the project. This is a 
beneficial project from the standpoint of the motorist because the 
benefits are greater than the costs by a substantial margin. As 
indicated in Table 7, finishing the construction a year earlier cre­
ated benefits of $7,021,210, which more than compensated for the 
negative user-cost impacts incurred during the 2 years of construc­
tion, which totalled $3,510,230. 

As indicated earlier, the preliminary study estimated a benefit­
cost ratio of $3.47 using an earlier version of the HEEM benefit­
cost model. This study used HEEM-III, which gives more accurate 
estimates of vehicle delays and operating costs. 

SUMMARY 

The addition of a continuous left-hand tum lane can result in three 
types of motorist benefits: delay savings, accident reductions, and 
vehicle operating cost savings. This report includes estimates of 
motorist benefits related to the widening of Marshall Avenue in 
Long\riew. Delay savings were estimated using the reduced num­
ber of stops along the study section as recorded by instrumented . 
vehicle runs. Vehicle operating savings were calculated using the 
HEEM-111 benefit-cost model. The nuniber of accidents along the 
study section fell as the construction started, and this trend con-

9,544.42 

7.82 

tinued during and after construction. Overall, the findings indicate 
considerable user benefits over the cost of highway improvement, 
even after subtracting the negative impacts of construction. 
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Integrating Driver Information and 
Congestion Pricing Systems 

IBRAHIM EL SANHOURI AND DAVID BERNSTEIN 

A great deal is known about both congestion pricing syst~ms ~nd driver 
information systems in isolation. Unfortunately, very little is known 
about the joint implementation of such systems. This is par.ticularly 
troubling because a number of integrated systems are now bemg con­
sidered. Questions that must be answered when designing an integrated 
driver information and congestion pricing system are discussed. The 
reason why it is important to consider interactions between the two 
component subsystems is illustrated using a simple example. 

Currently, interest in congestion pricing appears to be particularly 
intense, despite failed attempts at it during the past 30 years. Many 
believe that congestion pricing may turn out to be very important 
to the ultimate success of intelligent vehicle/highway systems 
(IVHS) and vice versa. There are at least three reasons for this. 

First, it is clear that demand management strategies must be 
included in IVHS. Efforts to develop IVHS technologies usually 
have been justified on the grounds that they would increase the 
efficiency and capacity of the existing transportation network and 
thereby reduce congestion, fuel consumption, and related environ­
mental impacts. However, there is increasing concern that the bene­
fits of IVHS may not be as great as originally anticipated. For 
example, any increase in capacity-whether the result of electronic 
toll collection, traffic control (such as ramp metering or in- or out­
of-vehicle route guidance), or improved incident management­
will be met by an increase in the number of trips and vehicle miles 
traveled. The likelihood that people will take more trips or change 
their mode of travel has created concern that augmenting supply 
via IVHS will conflict with the Clean Air Act Amendments. As a 
result, many have begun to argue for !VHS-related demand-man­
agement techniques (i.e., techniques aimed at influencing the inten­
sity, both over time and space, of transportation demand). One of 
the most important of these techniques is congestion pricing. 

A second reason is that congestion pricing may improve the 
performance of IVHS. IVHS policies that should work well in an 
ideal world may be ineffective where there is unpriced congestion. 
To the extent that tolls properly price congestion, they could im­
prove the performance of IVHS overall. 

Finally, congestion pricing may be more palatable as part of an 
integrated IVHS. Recent attempts to market congestion pricing to 
the public have relied on introducing congestion pricing for new 
highways or bridges that are already planned as toll facilities, 
adding time-of-day variation to the toll structure of an existing 
bridge or place where traffic bottlenecks. Options include' elec­
tronic toll collection technology and opening high-occupancy ve­
hicle lanes to nonqualifying vehicles that are willing to pay a fee 
(1-3). It may be easier, however, to get people to accept conges­
tion pricing if it is introduced along with an advanced traffic man-

Massachusetts Institute of Technology, Room 1-138, Cambridge, Mass. 
02139. 

agement system or an advanced driver information system 
(ADIS). That way people would think they are receiving some­
thing concrete in return for additional tolls. 

For these reasons, people have argued for integrating conges­
tion pricing and IVHS. Advocates of integration include users of 
the highway system, environmentalists, traffic engineers, and pol­
icymakers. In fact, several integrated systems recently have been 
or are about to be proposed. 

Although there have been some papers written on the topic, 
little is known about how congestion pricing should be integrated 
into IVHS or what the impacts of it will be. It has been argue~ 
intuitively that information systems would perform better in the 
context of congestion pricing, because the latter would lower con­
gestion levels and thereby increase capacity on routes for rerout­
ing ( 4). Similarly, combining information and pricing could result 
in synergistic effects; greater improvements may result than would 
have if each policy were implemented alone (5). Only two ex­
amples of quantitative work on this topic were found in the lit­
erature (6,7). Although interesting, the analyses are somewhat 
limited; primary attention is given to examining whether gains 
from joint pricing and information are greater than gains that 
would follow if the policies were applied separately. The results are 
either greater (superadditive), less (subadditive), or independent. 

Several key assumptions were made, including the following: 

• Information is supplied before any travel begins. 
• Capacity is constant on a give day (i.e., incidents last through­

out the peak period), and 
•The system is in equilibrium every day (even given the day­

to-day changes in capacity). 

The purpose of this paper is to explain (a) why it may be pos­
sible to use integrated driver information and congestion pricing 
systems to reduce congestion and its negative impacts, (b) what 
types of decisions need to be made when designing such a system, 
and (c) why it is important to consider interactions between the 
two subsystems. First, the role of driver information systems and 
congestion pricing systems is discussed. Various types of systems 
that can be used, and the possible advantages and disadvantages 
of each are considered. Then a simple analytic model is used to 
illustrate the importance of considering interactions between the 
two subsystems. Finally, future topics for research are outlined. 

DESIGN OF AN INTEGRATED DRIVER 
INFORMATION AND CONGESTION PRICING 
SYSTEM 

When designing an integrated driver information and congestion 
· pricing system, it is necessary to consider the role of each of the 
two component subsystems and the details of how each works. 
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Roles of Subsystems 

The best way to design an integrated system follows three steps: 
First, consider the specific goals of the system (i.e., what type of 
congestion is to be reduced). Second, consider what changes in 
behavior could achieve those goals. Third, consider how the two 
component subsystems could be used to bring about the desired 
changes in behavior. 

The first step involves distinguishing between two different 
types of congestion, nonrecurring and recurring. Nonrecurring 
congestion, which does not follow a regular day-to-day pattern, is 
caused by incidents, such as accidents or breakdowns. In contrast, 
recurring congestion follows a regular pattern; it is caused by the 
normal dynamics of traffic flow. 

The composition of congestion has been investigated by several 
researchers; most of their figures indicate that both types of con­
gestion are substantial. According to one study, 64 percent of the 
total delay due to congestion is incident related and 36 percent is 
due to recurring congestion (8). It is generally believed that an 
integrated system should be developed to reduce both types of 
congestion, if possible. 

The second step involves distinguishing between default be­
havior and adjustment behavior. Default behavior is that which is 
exhibited by a majority of travelers who make a particular trip 
repeatedly, such as a trip from home to work. Under those cir­
cumstances, travelers are likely to develop a habit with regard to 
the various choices related to that trip, including the decision to 
travel and the choice of destination, mode, route, and departure 
time. These habitual choices, in the short-run, will be adhered to 
with little variability from day to day. On occasion, however, im­
mediate or real-time adjustments will be made to the default pat­
tern that do not arise simply from natural fluctuations in travelers' 
behavior and their environment. Travelers make adjustments in 
response to severe weather, for instance, or to reports of excessive 
congestion or accidents on their default routes. Adjustment be­
havior includes pretrip changes regarding decision to travel or the 
choice of destination, mode, route, or departure time as well as 
en route changes in destination, mode, and route. 

At least in principle, changes in both default and adjustment 
behavior can affect both nonrecurring and recurring congestion. 
Of course, all changes in default behavior affect recurring con­
gestion, and many changes in adjustment behavior can influence 
nonrecurring congestion. What is less obvious is that changes in 
default behavior_ can have an impact on nonrecurring congestion 
in a number of ways. For example, the frequency and the mag­
nitude of incidents (and hence the level of nonrecurring conges­
tion) is probably a function of the level of recurring congestion 
and therefore can be influenced by changes in default behavior. 
Furthermore, changes in adjustment behavior can have an impact 
on recurring congestion because people do not always behave in 
their own self-interest. Some travelers may, for example, routinely 
choose a slower route to work because they are unaware of a 
better alternative. 

With this in mind, the third step involves determining how con­
gestion pricing and information subsystems can be used to influ­
ence default and adjustment behaviors. In general, both subsys­
tems can be used to influence both types of behavior-. 

The most popular application of such information systems is 
their use in influencing adjustment behavior. Indeed, it is dear 
that information can be used to influence pretrip and en route 
adjustments (9). 
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Less widely discussed is the fact that information systems can 
be used to influence default behavior. How information might be 
used to affect default behavior, total travel costs, and the travel 
costs of individuals has been examined by several researchers 
(10). 

Traditionally, discussions of congestion pricing have focused 
on how it might be used to influence default behavior. Tolls can 
be used to alter individuals' decision to travel and their choice of 
destination, mode, route, or departure time. A majority of early 
studies avoided the task of modeling these various responses using 
a generic demand curve. Papers that analyze actual responses in­
clude a seminal work that investigated the departure time response 
to a time-varying toll (11). This study is of particular relevance 
given current interest in congestion pricing, which is largely based 
on pricing certain times of the day. Another paper studied the 
route-choice response to pricing (12). 

Finally, it is easy to see how, with the advent of various new 
technologies, congestion pricing might be used to influence ad­
justment behavior. First, if drivers are made aware of the toll lev­
els before they begin their trips, they can make various pretrip 
adjustments. In addition, applying differential pricing to several 
alternative routes could be used to modify en route decisions. 

Types of Congestion Pricing Systems 

Congestion pricing systems vary in both their spatial and temporal 
structure. The authors summarize some of the more important 
characteristics of these systems; a more complete discussion is 
available elsewhere (13). 

In terms of spatial structure, congestion pricing schemes can be 
either areawide or facility based. The most popular approach to 
implementing congestion pricing outside of the United States has 
been areawide. The Singapore system charges for entry into the 
central business district (CBD) during the morning peak and for 
exit in the afternoon. The well-known (though short-lived) Hong 
Kong experiment with congestion pricing subdivided the city dis­
tricts into several zones, and commuters were tolled as they 
crossed zone boundaries according to a time-varying schedule. 
The Norwegian cities of Oslo and Bergen constructed cordons 
around their CBDs that charge time-invariant tolls but are able to 
implement peak-period price differentials. Moreover, planned 
schemes in London and Cambridge, England, and Stockholm are 
based on one form or another of areawide pricing (14). In the 
United States, on the other hand, much more attention is being 
given to facility-based approaches to congestion pricing. One rea­
son is that such approaches are believed to have the best chance 
of gaining public acceptance, because with such an approach toll­
free options are preserved. Another reason is that much of the 
congestion occurs on suburban connectors, which are not well 
suited for being charged under areawide schemes. 

In_ terms of tenipor_al structure, congestion pricing systems can 
be static or dynamic. Static tolls repeat themselves from day to 
day -(or from week to week, if for example the Monday travel 
pattern is observed to differ strongly from the Friday pattern), 
even though they may be time-varying (i.e., have different values 
at different times of the day). Dynamic tolls include ali" forms of 
pricing; their temporal toll structure on a given day depends on 
actual traffic flow or congestion levels. Systems of all three types 
have been proposed to date, but only static systems have been 
implemented this far. 
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It is also important to observe that both static and dynamic 
systems can be either continuously varying, interval based, or con­
stant within a given day. That is, the toll can change continuously 
over time (e.g., second by second), can change a few times and 
remain constant for the intervals between such times, or can re­
main constant throughout the day. All of the static systems im­
plemented to date have been interval based. 

In our view, not all types of congestion pricing systems can be 
used to influence all types of behavior. For example, using con­
gestion pricing to influence en route choices is very different from 
using it to influence pretrip choices. A continuously varying dy­
namic toll is probably not an appropriate way to influence pretrip 
adjustment behavior. If tolls change continuously, people would 
expect the tolls to change from what they were before they reach 
the toll facilities and might ignore them. On the other hand, con­
gestion pricing in principle can be used to influence en route de­
cisions almost continuously. It is not clear, however, whether such 
a system would be acceptable to the majority of travelers, who 
might object to not being able to know in advance what they will 
be required to pay for using a particular route. 

Using congestion pricing to influence en route decisions is very 
different from using it to modify default behavior. In the case of 
default behavior, it makes sense to consider the response to the 
toll in the long term. In the case of adjustment behavior, it only 
makes sense to consider the immediate response. As a result, en 
route adjustments can be elicited in a variety of different ways. 
First, one might consider marginal cost pricing. One determines 
the financial impact of each driver's behavior on the total cost to 
society and charges accordingly. Because it is not clear that charg­
ing marginal fees on a one-time basis results in the adjustment 
desired, one can consider what tolls would effect the desired be­
havior. One could charge a toll that no one would be willing to 
pay on all of the alternatives that are being discouraged at a par­
ticular time. Or, one could charge a toll that is meant to encourage 
desired adjustment behavior by charging a toll that is placed ap­
propriately within the value of time distribution (so that the right 
number of people go each way). 

Types of Driver Information Systems 

Just as there are several ways to implement congestion pricing, 
many different driver information systems also have been pro­
posed. To some extent, the differences among them are determined 
by the technologies they employ. For purposes of this study, how­
ever, it is more important to consider the four functional differ-
ences (10,15,16) among them~ . 

First, driver information systems may vary in the information 
they provide. That is, they can provide either status or guidance 
information. In addition, the information they provide can be his­
torical, current or predictive. The exact nature of the information 
influences how people respond to them in real time and during 
the long run. 

Second, the spatial structure of driver information systems can 
vary in important ways. In particular, they can vary by geographic 
extent or coverage (including whether both pretrip and en route 
information is available) and in their specificity (i.e., whether in­
formation is provided to individual vehicles or whether the same 
information is provided to all of the vehicles in a given area). The 
spatial structure will largely determine the resolution of the ADIS 
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(i.e., how specific the system can be in influencing traffic 
patterns). 

Third, different driver information systems may have different 
temporal structures. Most important, the frequency with which the 
information is updated can vary, which too can affect resolution 
of the ADIS. One study has shown that temporal structure can 
have a considerable effect on whether the system experiences 
overreaction effects (15). 

Finally, it is possible to design driver information system with 
a variety of different objectives. The general objective usually is 
to minimize some individual's or group's travel cost. However, 
how the group is defined can significantly affect the ultimate op­
eration of a system. Possible groups include those vehicles at a 
particular information provision point; all vehicles within x km of 
a particular point; all vehicles currently within the network; and 
all vehicles currently within the network, plus those forecast to 
be within it in the next t min. 

Possible Advantages and Disadvantages 

With all of this in mind, it is important to compare driver infor­
mation systems and congestion pricing systems in view of the fact 
that either can be used to influence both default and adjustment 
behavior. Which system should be used in each case? It is not yet 
possible to answer this question with certainty; however, the au­
thors present some of the advantages and disadvantages of each. 

Influencing Default Behavior 

Information systems are only likely to have a significant impact 
on default behavior if travelers lack perfect information on alter­
natives to their current choices. Hence, the extent to which an 
information system will continue to influence default behavior for 
the longer run depends in large part on how long it takes people 
to remember the information they are regularly given. Commuters 
and other regular travelers may learn relatively quickly or be very 
well informed already; thus the information system may be nec­
essary in this regard for a relatively short period of time. 

From a technical standpoint, however, congestion pricing is 
likely to influence default behavior effectively. Travelers have dem­
onstrated a sensitivity to prices because almost everyone has alter­
natives to their default choices. Yet failed attempts to implement 
congestion pricing in the past have shown that political difficulties 
remain. One issue is congestion pricing's inequitable impact on the 
poor. If fairness theory (17) is applied, congestion pricing is at a 
disadvantage compared with other traffic restraint policies, such as 
blanket prohibitions on driving in city centers (13). 

Influencing Adjustment Behavior 

Although information systems can have a significant impact on 
both pretrip and en route adjustment behavior, they cannot achieve 
every desired response pattern. The most important reason for this 
is that there is no guarantee that travelers will comply. with in­
formation directives. In particular, an information system can be 
effective only if the information being provided is perceived as 
reliable (in that what is predicted occurs) and useful (in that it is 
in a traveler's own best interest). Otherwise, it may be ignored, 
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rendering it ineffective (15). Therefore, it probably is not possible 
to minimize congestion directly using an information system, be­
cause to do so would require that some travelers be given infor­
mation that is not in their own self-interest. 

On the other hand, congestion pricing is useful in influencing 
adjustment behavior, particularly when it is used in conjunction 
with an information system, because the tolls reinforce information. 

However, if the information is both reliable and useful, it should 
not be necessary to reinforce it. Congestion pricing is necessary 
only if the information offered is unreliable or it is not useful (in 
a traveler's self-interest). If the information is unreliable, any tolls 
are not likely to be accurate. However, if the information simply 
is not useful, then congestion pricing may be able to achieve ob­
jectives that cannot be achieved with information alone. In par­
ticular, if information must be "fair," (that is, affect all travelers 
equally) then information alone is not apt to achieve optimal ad­
justment behaviors, because such adjustments are likely, to be bad 
for some drivers and good for others. Congestion pricing, on the 
other hand, can be used to achieve the optimal adjustments, al­
though it may not be widely accepted. 

EXAMPLE OF THE IMPORTANCE OF 
INTEGRATED DESIGN 

Thus far, the authors considered why it might be advantageous to 
implement an integrated driver information and congestion pricing 
system and what decisions must be made in the design of such a 
system. To illustrate why it is important to design the two sub­
systems simultaneously, a simple numerical example is given to 
show problems that can arise if the two subsystems are designed 
independently. 

Consider a facility-based congestion pricing system that has 
static, interval tolls and a driver information system that attempts 
to minimize the cost of the vehicle currently receiving information 
by providing predictive, vehicle-specific guidance that is updated · 
continuously. The specific design issue is the location of the toll 
stations (at either points of entry or exit). 

In the absence of incidents, the location of the toll station will 
have no impact on traffic flow given the static nature of the tolls. 
However, in the event of incidents and with the use of an infor­
mation system, vehicles may be advised to switch routes when 
incidents occur. That may have an impact on the number of people 
that pay the toll, who pays the toll, and their satisfaction with the 
system. 

Network 

Figure 1 shows the network under consideration. Commuters 
travel from A to C and have the choice of two routes, using either 
Links 3 and 1 or Links 3 and 2. The free-flow travel times on 
Links 3, 1, and 2 are 15, 12, and 18 min, respectively. There are 
potential bottlenecks, modeled as deterministic queues, on Links 
2 and 3, which have capacities of 780 and 300 vehicles/hr, re­
spectively. Toll stations are located either at the entrances of Links 
1 and 2 (at B), or just after the bottlenecks on those links (at C). 
The origin-destination flow from A to C is 2,200 vehkles. The 
capacity of Link 3 is set arbitrarily high; in effect, it is a two 
parallel-route network, with Route 1 consisting of Links 3 and 1 
and Route 2 consisting of Links 3 and 2. Modeling Links 1 and 
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FIGURE 1 Integrating congestion pricing and information 
systems. 
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2 as a combination of a free-flow component of fixed time and a 
bottleneck of variable time (depending on queue length) is useful 
and has some empirical validity (18). Such behavior has been 
observed on urban freeways. In addition, the fixed time compo­
nent brings the travel time function on a link closer in shape to 
that of popular speed-density curves. Thus T~ = 27 min and 
T~ = 33 min. The desired arrival time, t*, is 8.0 hr. 

The performance of the system is examined in the presence of 
incidents. A conditional analysis is carried out that looks at the 
effects of a single incident, that is, a random, limited time reduc­
tion in network capacity. No assumptions are made about the fre­
quency of occurrence of such one-incident days. Furthermore, the 
impact of the incident on the capacity of the link is modefod as 
a constant reduction in the capacity of the affected link. The re­
duction factor, the duration, and the location of the incident are 
all assumed to be uniformly distributed random variables. 

The effect of toll station location on performance is evaluated 
by examining two situations: one in which the toll stations are 
upstream of the bottleneck (i.e., at B), and one in which they are 
located between the bottleneck and the destination (at C). The 
information system is located at B, in the sense that route guidance 
is provided at this point to direct travelers to one of the two routes. 

Behavioral Model 

The behavioral model is based on the assumption that travelers 
adopt a default behavior that is described by an equilibrium travel 
pattern. The equilibrium will adjust as a result of the imposition 
of a congestion pricing policy. Specifically, an extension of the 
traditional network equilibrium model (19) is used. It is assumed 
that in equilibrium no traveler can improve his or her total travel 
cost by unilaterally switching to a new departure time or route 
(20,21). 

An essential feature of this model is the notion of a trade-off 
between travel time and schedule delay. Those commuters who 
arrive on time or close to the desired arrival time will have longer 
travel times than those who arrive early or late. In particular, it is 
assumed that the travel cost function is given by 

C(t) = O'. • (travel time) + J3 · (time early) 

+ -y • (time late) + toll (1) 
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where C(t) is the cost for a commuter leaving at time t, and a, J3, 
and 'Y are the values of travel time, time early, and time late, 
respectively. 

It is~ also assumed that demand for travel is fixed and that the 
population is homogeneous. Further, it is assumed that travel time 
on Link i is the sum of the time spent traveling at constant ve­
locity along the link, T{, plus the time spent queuing in bottle­
necks at the end of the link, T~. The bottleneck at the end of the 
link is represented as a deterministic queue. Thus, if the arrival 
rate at the bottleneck exceeds the capacity or service rate S; of that 
link, queuing will occur. Given these assumptions, it is possible 
to find analytic representations of the equilibrium departure rates 
both with and without tolls (11,22,23). Throughout the analysis, 
values of time estimated in a previous study (24) are used. It is 
assumed that a = $6.40/lir, J3 = $3.90/hr, and 'Y = $15.21/hr. 

When an incident occurs, the information system, if in place, 
begins operation. It is assumed that travelers follow the route 
guidance provided at B, which may or may not result in a change 
in their default route choices. 

Congestion Pricing Scheme 

The authors assume that the optimal single-step toll is charged 
(22,23,25). With such a toll in place, commuters pay a toll, T, 

when arriving at the toll station between the period [t7 ,C]; at other 
times during the period of departures, no toll is charged. The equi­
librium solutions are identical for the two toll stations, except for 
the timing of the toll period. The optimal step-toll on each route 
consists of the set { T;,t7 ,t;} that minimizes total cost. 

There are two noteworthy features of the equilibrium travel pat­
terns that arise from the discontinuities in cost introduced by the 
step-toll. First, at the time that results in arrival at the toll station 
just before a toll period begins, a gap in departures begins. It lasts 
until queue lengths have diminished to the point at which travel 
costs, including the toll, are equal to that of the last commuter. In 
addition, there is a bulk departure of 2s;T;/(a + -y) commuters just 
after the end of the toll period, assuming that the position is ran­
dom in the bulk (i.e., it averages out over a number of days). 
Thus, equilibrium is achieved only on the average. 

For two routes in parallel, it is necessary to optimally split the 
N commuters and maintain equilibrium between routes. This is 
achieved by applying a uniform toll Ts on one route in addition 
to the step toll. 

Applying these results to our example gives the results in Table 
1. The uniform toll is applied to Route 1, which has the shorter 
free-flow travel time, and equals $0.22. 

TABLE 1 No-Toll Equilibrium and Equilibrium with 
Optimal Step-Toll 

Regime & Route N EC Toll($) T+ T-
Untolled 1 1634 9.38 0 N/A N/A 
Untolled 2 566 9.38 0 N/A N/A 
Tolled 1 Upstream 1620 9.28 3.00 6:33 7:59 
Tolled 2 Upstream 580 9.28 3.22 6:32 7:53 
Tolled 1 Downstream 1620 9.28 3.00 7:16 8:12 
Tolled 2 Downstream 580 9.28 3.22 7:18 8:11 
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Information System 

Again, it is assumed that there is a route guidance system located 
at Node B and that this system is perfect in the sense that it 
"knows" (i.e., can predict perfectly) the end of an incident after 
it begins. No delay is assumed between the incident's occurrence 
and the provision of information (i.e., the incident reporting delay 
is assumed to be zero); Also, it is assumed ·that all travelers receive 
information and comply with it. Guidance is based on minimum 
predicted cost. For simplicity, the effect of the various guided 
probabilities that represent the fraction of travelers who follow 
guidance directives is not considered. Because the information 
system is updated continuously, possible problems related to over­
reaction are eliminated (16). However, higher benefits could be 
obtained with lower guided probabilities, because the system, de­
spite its perfectness, does not attempt to minimize system costs. 
In the case of congestion pricing, the information is provided on 
the basis of the total cost, including tolls. 

When an incident occurs on Link 1 or 2, the information system 
begins operation. At that point, the number of vehicles on both 
of these links and the queue lengths are known. Thus, the exit 
time of the last vehicle on each link to have passed B before the 
incident can be computed. Because the duration of the incident 
also is known, the exit time for a vehicle arriving at B on ea:ch 
link can be predicted accurately in the following manner. First, 
the sum of the arrival time of the vehicle and the free-flow travel 
time on the link results in the arrival time at the queue. If the last 
vehicle to exit is still in the queue, then the predicted exit time 
for the vehicle now at B is the exit time of the last vehicle plus 
the service time of the queue. Otherwise, the total service time 
for the queue is added to the arrival time at the queue. The time 
of the last vehicle to exit each link is then updated according to 
the route choice made. If the predicted cost of travel on the default 
route is greater than that of the alternate route by more than a 
small threshold (to avoid excessive sensitivity), the vehicle is di­
rected to that route. 

Results 

A macroscopic simulation model was used to evaluate the effect­
iveness of both a driver information system alone and the inte­
grated driver information and congestion pricing system (26). The 
default route and departure time patterns were calculated using 
the equilibrium model described above and made discrete for use 
in the simulation. For each simulation run, a single incident is 
assumed to occur on either Link 1 or Link 2, which is assumed 
to affect the capacity of the respective bottlenecks for simplicity. 
(Alternatively, the free-flow travel time could be assumed to in­
crease as a result of an incident) The main objective is to evaluate 
the impact of toll station location on total travel costs, including 
and excluding toll costs. Because toll stations are placed either at 
the beginning (B) or end (C) of Links 1 and 2, the objective of 
·modeling random increases in travel time on these links is served 
adequately by restricting the impact of incidents to capacity re­
ductions in the bottlenecks. This restriction on the location· of the 
incident is somewhat unrealistic because, in practice, incidents 
may occur any-Where along a highway, but the restriction should 
not affect the results beyond making the incidents more severe 
than if their location were allowed to vary. (For a given magnitude 
and duration of incident, more people are affected if the location 
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is at the bottleneck instead of upstream of it.) Only summary 
results corresponding to 100-run simulations for each of the dif­
ferent scenarios are provided here; more detail on the simulation 
results can be found in other work (13) in which modifications to 
both the pricing and the information systems are discussed. 

With regard· to upstream toll station locations, general conclu­
sions based on the _100-run simulation experiments include the 
following: 

• In the presence of incidents, and without information, toll 
costs are not affected by the incident, because delays due to the 
incident arise from queuing in the bottleneck, which is located 
after (downstream of) the toll stations. · 

•Information always produced improvements_ in total costs, ex­
cluding tolls. In contrast, providing information may result in neg­
ative net benefits when toll costs are included. The main reason 
is that a net increase in the number of toll-paying ~ommuters 
results from. giving information. The net increase occurs when 
some travelers on Route 1, whose toll period ends several minutes 
before it does on Route 2, switch to Route 2 (reducing their num­
ber compared with those who had no information), follo~ed by 
the switching to Route 1 of a subset of the bulk on Route 2, which 
increases the number of toll-paying travelers. Depending on the 
magnitude of the benefits in total costs excluding tolls, this in­
crease in toll costs may result in negative benefits including tolls. 

General conclusions regarding downstream toll station locations 
include the following: 

• An incident may reduce the total number of toll-paying trav­
elers. Incidents reduce the rate at which travelers exit the bottle­
neck. If the period during which the incident is in progress over­
laps the toll period, fewer travelers pass through the toll station 
during the toll period. Total revenues decrease in this case. Thus, 
a certain number of commuters who would pay a toll in the 
incident-free case now exit the bottleneck late enough to avoid 
the toll. As a result, the costs, including tolls without information, 
were generally higher for upstream than downstream toll station 
locations. When information was supplied, these differences were 
accentuated because information in the upstream case generally 
increases revenue as well as increases costs compared with the 
downstream case. In the latter case, the authors observed a neg­
ligible increase in the number of toll-paying travelers because of 
information. Thus, total travel costs, including tolls, invariably 
decreased with information. Note that because the toll station lo­
cation is just before the destination at C, equilibrium requires that 
the ends of the toll period are close to each other, differing only 
enough to make up for differences in the toll levels on each route. 
Hence, there is little opportunity to switch to a tolled route from 
one that is not, or vice versa. 

• On the other hand, the time shift in arrivals at the bottleneck 
caused by the incident may draw travelers into the toll period who 
do not usually pay the toll, resulting in significantly increased 
costs for them. This occurs when the incident begins before the 
start of the toll period and may occur even when information is 
provided, because some travelers will be between B and C on the 
incident route when the incident occurs. If the incident ends before 
the toll period, the number of travelers passing through the toll 
station is the same as it would be in the case of no incident, 
because some travelers are drawn into the toll period who do not 
pay in the latter case, and an equal number of travelers who usu­
ally pay arrive at the toll station after the toll period ends. 
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• Similar to the upstream case, total travel costs excluding tolls 
always decreased with information. 

The observation that higher costs result from giving information, 
as sometimes occurred with upstream toll stations, supports the 
authors' original claim that combining pricing and information 
systems must be dorte with an eye to the. issues that are unique 
to the combined systems. Although results may be model sensi­
tive, they provide an incentive to iook for such phenomena even 
when modeling conditions are different. The same can be said for 
the more robust findings regarding downstream station locations, 
which emphasize the need to consider possible interactions be­
tween the two systems. The impact of incidents on revenues, 
which in tum might spawn acceptability problems on the part of 
travelers who face unpredictable travel costs, would all have to 
be taken into account when designing an actual system. Other­
wise, independent design of pricing schemes might fail to consider 
the role of incidents, which are responsible for both the variability 
in arrival times at the toll stations and the reduced throughput 
through the station. 

CONCLUSION AND DIRECTIONS FOR FUTURE 
RESEARCH 

The authors have discussed decisions that must be made when 
designing an integrated driver information and congestion pricing 
system and have attempted to illustrate the importance of careful 
design using a simple numerical example. However, it is impor­
tant to realize that many other issues might arise when driver 
information systems and congestion pricing systems are imple­
mented together. Future work will examine other issues, whether 
temporal (i.e., related to how systems are designed to behave in 
time), spatial (i.e., concerning how systems are designed to behave 
in space), or demographic (i.e., regarding how systems are de­
signed to behave for different people and vehicles). Various sys­
tems will be evaluated on the basis of their acceptability before 
implementation and their operatability after implementation. 
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Community Impacts of Local and 
Regional Railroads: A Kansas 
Case Study 

VICTOR E. EUSEBIO AND STEPHEN J. RINDOM 

A methodology to measure the direct economic impacts of local and 
regional railroads on small communities in Kansas is provided. An 
economic model is used to evaluate the economic impacts of de­
creased transportation costs on a community as a result of rail-using 
firms contracting with local and regional railroads instead of Class I 
railroads. Relative changes in employment, payroll, value added, and 
nonlabor income are estimated for individual counties in Kansas. A 
majority of the counties can expect slight to moderate (0 to 2 percent) 
increases in employment, payroll, nonlabor income, and value added. 
However, there are some counties for which the expected increases in 
economic activity are substantial. These counties should be examined 
in greater detail when rail financial assistance programs are consid­
ered. The estimated economic benefits from the establishment and 
continued operation of local and regional railroad systems need to be 
considered when allocating limited public resources among competing 
interest groups and development assistance programs. 

As Class I railroads continue to downsize their systems, local and 
regional railroads have acquired rail lines that otherwise would 
have been abandoned or that major carriers wanted to spin off. 
From 1970 to 1992, 294 local and regional railroad enterprises 
with 33 350 km (20, 714 mi) were formed in the. United States 
(1). At present, they operate 42 665 km (26,500 mi) of road, or 
roughly a quarter of total U.S. trackage. 

The Association of American Railroads defined regional rail­
roads as non-Class I, line-haul freight railroads that operate at 
least 565 km (350 mi) of road or earn at least $40 million in 
revenue. Local railroads are freight railroads that are not Class I 
or regional railroads. They operate less than 565 km (350 mi) of 
road and earn less than $40 million annually. Local railroads that 
primarily perform terminal and switching services for other rail­
roads are excluded from the anaiysis. In this report, the term 
"short line railroads" is used interchangeably with local and re­
gional railroads. 

The short line railroad industry in Kansas has experienced re­
markable growth in recent years. In 1989 there were three local 
railroads in Kansas with total trackage of 678 km ( 421 mi). In 
1993 Kansas had two regional and five local railroads operating 
3616 km (2,246 mi) of road (2). More may be formed in the 
future. 

Due (3) has identified state or local government assistance as 
one of the determinants of success for short line railroads. Many 
states and local governments have played an active role in the 
formation of successful short lines, particularly through the- pur­
chase of track. However, the severe budget restrictions facing 

Kansas.Department of Transportation, Docking State Office Building, Topeka, 
·Kans. 66612-1568. 

many states and localities may force them to reevaluate their role 
in future financial assistance programs. 

Although local and regional railroads have proven to be viable 
transportation alternatives for most rural branch lines, the precise 
linkage between successful short lines and local economic devel­
opment is not clear. Further, other interest groups competing for 
limited public resources (educators, highway users, social welfare 
programs, tax relief advocates, for example) may question the 
cost-effectiveness of state aid to short line development as a 
means of achieving the desired gains in employment, income, and 
production in rural areas. Therefore, there is a need for more rig­
orous examination of the impact of short lines on local job crea­
tion, income growth and distribution, and increased value-added 
production, before scarce public funds are allocated to the local 
short line industry. Estimating the community impacts of local and 
regional railroads can help redefine the nature, scope, and degree 
of assistance state and local governments should give to the short 
line industry in the interest of economic development. 

OBJECTIVES 

The primary objective of this paper is to provide a methodology 
to measure the economic impacts of local and regional railroads 
on small communities in Kansas. The specific objectives are 

• To provide a theoretical framework identifying the nature of 
economic impacts on local communities of local and regional rail­
roads; 

• To develop an empirical model to measure the economic im­
pacts of local and regional railroads on income, employment, and 
production levels in the affected communities; and 

•To test the accuracy of the model at the county (community) 
level. 

This study benefited from previous research by Rogstad et al. 
(4), Ferguson et al. (5), and Eusebio et al. (6) regarding meth­
odology and estimation techniques. 

SCOPE OF STUDY 

A community or local economy is defined as a county. The anal­
ysis given here deals with estimating the economic impacts of 
successful local and regional railroads on individual counties. It 
is assumed that the benefits of short line railroad operations are 
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spread proportionately among all firms in the industry and among 
all affected industries in a county. 

Total benefits from short line rail service at the state level do 
not necessarily equal the sum of the estimated benefits locally. An 
increase in economic activity in communities with successful 
short line rail service may be partly offset by declines in other 
communities. However, a statewide net gain in investment and 
jobs is the more likely result. 

This study provides an estimate of the community impacts of 
successful short line rail service using available secondary data at 
the local and state level. In cases requiring a more refined analysis, 
the same model can be used with the relevant local primary (field 
survey) data incorporated. 

THEORETICAL BACKGROUND 

There is evidence that short line railroads have benefited local 
shippers. A 1989 joint staff study by the U.S. Department of 
Transportation and the Interstate Commerce Commission (7) com­
pared rate levels and quality of service provided to shippers by 
Class I railroads in the past with those currently provided by short 
line railroads. Eighty-eight percent of respondents from a nation­
wide survey of short line railroad shippers reported that their rate 
levels decreased or remained the same. The same survey also in­
dicated a clear pattern of shipper satisfaction regarding quality of 
service, with over 94 percent of survey respondents believing that 
service levels had been maintained or improved. 

Babcock et al. (8) developed several performance indicators to 
compare the rate and service levels of current short lines with 
those of previous Class I railroads. In a survey of 264 shippers in 
Iowa and Kansas, 85 percent of Iowa shippers and 100 percent of 
Kansas shippers reported that their outbound freight rate levels (a 
performance indicator) either decreased or remained the same. 

How transportation cost savings that are gained by rail-using 
firms as a result of rate reduction and improved service quality 
translate into benefits for the community is an empirical issue 
addressed in the study. 

With the establishment of successful local or regional railroad 
service in a community, transportation costs, and hence the total 
costs of rail-using firms, are likely to decrease. The magnitude of 
decrease depends a lot on the volume of outbound and inbound 
rail traffic that the firms generate. Conversion from Class I to short 
line rail operations may mean substantial cost reductions for rail­
using firms. Furthermore, the decrease in transportation cost can 
result in the following: (a) an increase in real income of residents 
in a community arising from lower prices paid for goods and 
services and (b) gains in income or wealth by resource owners in 
the community in the form of higher factor prices or higher factor 
usage. 

Distribution of transportation savings in terms of gains in real 
income for rail-using firms, consumers, and resource owners will 
depend on the nature of product demand and resource supply (Fig­
ures 1 and 2). Figure 1 shows a hypothetical example in which a 
representative rail-using firm faces a fairly elastic product demand 
curve. A decrease in the cost of rail transportation will enable the 
firm to decrease its production costs, causing a rightward shift 
(MC1 to MCi) in its supply curve. Rail-using firms benefit by 
decreasing product price (P1 to P2) and increasing sales (01 to 0 2). 

Consumers benefit from the price decrease by buying more of the 
commodity rather than higher-priced substitutes. In the example, 
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Transportation Savings/unit: p - p 
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Total Gain: P
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2 

FIGURE 1 Consumer and firm gains. 

both the firm and consumers benefit from the decrease in trans­
portation cost with the distribution of benefits swaying in favor 
of the firm as product demand becomes more elastic. 

Figure 2 shows a hypothetical example in which a representa­
tive rail-using firm faces a fairly elastic factor supply curve, S. 
An increase in the quantity of a product demanded by consumers 
will require the firm to increase production. This in tum will in­
crease the firm's demand for a factor (labor) and hence a rightward 
shift (D1 to D2) in the factor demand curve. Faced with an increase 
in demand for their services, resource owners will provide their 
labor at a higher price (wage rate). In the example, both the firm 
and resource owners benefit from a reduction in rail transportation 
cost with distribution of benefits swaying in favor of the firm, as 
factor supply becomes more elastic. 

At the community (local economy) level, gains in income for 
rail-using firms, consumers, and resource owners translate to 
changes in output, employment, and wage levels as well as 
changes in returns to capital and land. 

EMPIRICAL MODEL 

An economic model is used to evaluate the impacts of a decrease 
in transportation cost on the local economy. The six-equation 
model is based on the traditional competitive model, which as­
sumes that each rail-using firm within an industry is identical and 
follows profit-maximizing behavior in a perfectly competitive 
market setting. Mathematical derivations of the economic model 
are available from the authors on request. 

The model estimates the impact of a decrease in transportation 
cost on changes in employment, payroll, value added, and non­
labor income at the county level. Change in employment relates 
to possible decreases in unemployment rates, whereas change in 
payroll is associated with increases in the income levels of the 

D 
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FIGURE 2 Resource owner and firm gains. 

indigenous population. Change in value added takes into account 
possible increases in the value of the contribution to production 
due to labor and capital services employed in the locality. Change 
in nonlabor income is the difference between the change in value 
added and the change in payroll, and it is associated with increases 
in the amount of "property-type" capital services used. 

Changes in employment, payroll, nonlabor income, and value 
added are multiplied by an income multiplier of 1.9 to capture the 
first-round impacts of increased spending on consumer and in­
vestment goods on the local economy. Earlier transportation stud­
ies cited by Ferguson et al. (5) suggest that the local portion of 
household expenditure may be as high as 50 percent. That trans­
lates into a community spending income multiplier of 1.9, assum­
ing a marginal propensity to consume of 0.95. Secondly, changes 
in all output variables are reduced by a factor to reflect the general 
importance of short line rail service in the community. The factor 
is defined as the ratio of carloads handled by short lines to total 
rail carloads handled in the county. 

Components of the Model 

Six industries judged to be users of rail transportation are included 
in the model. These industries are agriculture, agricultural ser­
vices, mining, construction, manufacturing, and wholesale and re­
tail trade. 

The key economic (nontransportation) parameters include share 
of payrolls in value added (ex), elasticity of substitution (a), price 
elasticity of (product) demand (1'J), supply elasticity of labor (EL), 
and supply elasticity of capital (EK) (Table 1 ). 

Lastly, the model includes several transportation parameters, in­
cluding rail input coefficients 1(1), rail inbound/outbound coeffi­
cients 0(1), and ratios of short line rail operating costs to Class I 
rail operating costs F(I) (Table 1 ). 

Model Simulations 

Two simulations are done: (a) the current network of local and 
regional railroads in Kansas and the trackage they operate and (b) 

TABLE 1 Economic and Transportation Parameter Estimates by Industry Group 

Industry €~ €1 a ,., a I (I) O(I) F(I) 

'Agriculture .1 6.9 .27 -2.8 1.01 .000 .035 0.67 

Ag. Services .1 6.9 .63 -2.8 1.01 .002 .ooo 0.67 

Construction .1 10.4 .53 -0.2 1. 01 .002 .ooo 0.67 

Manufacturing .1 7.1 .56 -1.2 1.01 .009 .005 0.67 
-·· 

Mining .1 10.4 .31· -0.5 1.01 .004 .001 0.67 

W & R Trade .1 4.9 .45 -1.6 1.01 .011 .001 0.67 
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an expanded network of local and regional railroads, operating 
lines with traffic density between 0.03 million and 8.0 million 
gross ton-km per km (0.02 million and 5.0 million gross ton-mi 
per mi) per year. The FRA criterion for rail . line rehabilitation 
funds is arbitrarily used as the standard for lines that may be 
candidates for future short line railroad industry expansion. 

Fifty-two counties have rail lines operated by local and regional 
railroads. Only short lines performing line-haul operations are in­
cluded in the analysis. They are the Central Kansas Railroad; Gar­
den City Western Railway; Kansas Southwestern Railway; Kyle 
Railways, Inc.; Northeast Kansas & Missouri Railroad; Southeast 
Kansas Railroad; and Southern Kansas & Oklahoma Railroad. 

Eighty-one counties have light-density lines that meet the traffic 
criterion. This scenario also implies that not all line segments 
currently operated by local or regional railroads may survive into 
the future, because a few of the line segments may have traffic 
below the set minimum. 

Data Sources 

Data regarding employment, income (payroll), value added, and 
value of shipments in Kansas were obtained from the Department 
of Commerce publication series County Business Patterns (9) and 
Census of Industries (10). Employment and wage data by county 
and by industry were provided by the Kansas Department of Hu­
man Resources (11). 

Elasticity estimates were obtained from the following sources: 
Rogstad et al. ( 4 ), Ferguson et al. (5 ), Eusebio et al. ( 6), Berndt 
and Wood (12), and Wohlgenant (13). 

Class I and short line transportation coefficients by industry 
were calculated using the following reports: Tolliver (14), Emer­
son (15), the Association of American Railroads (16), Dooley 
(17), and the U.S. Department of Commerce (18). 

Estimates of rail traffic tonnage and revenue by shipping and 
receiving point were obtained from the 1989-1991 Interstate 
Commerce Commission Carload Waybill Data and from market­
ing and management personnel of local and regional railroads in 
Kansas. 
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RESULTS 

Table 2 gives frequency distributions of percent changes in county 
employment, payroll, nonlabor income, and value added for two 
scenarios: (a) the present network of local and regional railroads 
in Kansas and their existing systems of branch lines and (b) an 
expanded network of local and regional railroads operating light­
density branch lines meeting the FRA traffic criterion. 

The growth in economic activity for rural communities is at­
tributed to conversion of marginally profitable lines previously 
operated by Class i railroads to financially viable lines operated 
by local and regional railroads. 

The following generalizations can be made: First, a majority of 
the counties can expect slight to moderate (0 to 2 percent) in­
creases in employment, payroll, nonlabor income, and value 
added. There are, however, some counties in which the expected 
increases in economic activity are substantial. These counties 
should be examined in greater detail when rail financial assistance 
programs are considered. Second, lower-paying jobs will be cre­
ated as employment growth outpaces any increase in payroll for 
most counties. Third, increases in the value of contribution of 
local resources to production will largely come from capital or 
"property-type" services and not from labor. This is certainly true 
for most farming states (including Kansas) where large-scale and 
highly mechanized agricultural systems dominate. Lastly, even 
bigger economic benefits are possible if the short line railroad 
industry in Kansas expands operations to take over rail lines cur­
rently operated by Class I railroads that meet the predetermined 
traffic density criterion. 

Impacts on Low- and ·High-Population Counties 

Community impacts of local and regional railroads are compared 
for low- and high-population counties for both scenarios (Table 
3). Results indicate that less populated counties (those with a pop­
ulation less than 2,500) stand to bendit more than the more pop­
ulated counties (those with populations greater than 25,000). Less 
populated counties seem to have greater reliance on rail service 
than more populated counties, where other transportation options 
are available. Consequently, the smaller communities are the most 

TABLE i Change in Employment, Payroll, Nonlabor Income, and Value Added: Present and 
Expanded Short Line Networks 

simulation/ Percent Increase Total 
Economic Indicator Counties 

0-1% 1-2% >2% 

Present Network 
1. Employment 30 18 4 52 
2. Payroll 52 0 0 52 
3~ Non-Labor Income 26 22 4 52 
4. Value Added 32 19 1 52 

EXQanded Network 
1. Employment 27 39 15 81 
2. Payroll 80 1 0 81 
3. Non-Labor Income 26 45 10 81 
4. Value Added 37 42 2 81 



Eusebio and Rindom 57 

TABLE 3 Average Percentage· Increase in Employment, Payroll, Nonlabor Income, and Value Added 
Comparisons 

Category/ Number 
Simulation of 

Counties 

1. Population 

Present Network 
Low Pop'n 4 
High Pop'n 9 

EXRanded Network 
Low Pop'n 7 
High Pop'n 15 

2.· Sector 

Present Network 
Agric. 10 
~on-Ag. 4 

E~anded Network 
Agric. 13 
Non-Ag. 7 

3. Shipment 

Present Network. 
LDCs 12 
HDCs· ·3 

ExRanded Network 
LDCs 20 
HDCs 5 

positively affe.cted by the co'nversion from Class I to short line 
railroad operations on rail branch lines. 

Impacts on Agricultural and Nonagricultural Counties 

Community impacts of short line railroads are compared for ag­
ricultural and nonagricultural counties for both scenarios (Table 
3). Results indicate that counties that are largely agricultural (pay­
roll share from agriculture as a percentage of total six-industry 
payroll greater than 75 percent) stand to benefit more from short 
lines than nonagricultural counties (payroll share less than 10 per­
cent). This outcome is hardly surprising considering agriculture's 
historic dependence on the railroad system to deliver products to 
local or national markets. This dependence will likely continue 
with the emergence of local and regional railroad systems on lines 
previously operated by Class I railroads. 

Diversification and Local Economic Development 

The impacts of the short line railroad industry on local economic 
development in highly diversified counties (HDCs) are compared 
with the impacts in less-diversified counties (LDCs) for both sce­
narios (Table 3). A diversification index is calculated as the in­
verse of the sum of the squared value of shipment ratios for in­
dividual industries in a county. Results indicate that counties that 

Ave. Percentage Increase 

Employ Payrol.l Non- Value-
Labor Added 

1.8 0.7 1.4 1.1 
0.4 0.2 0.6 0.4 

2.0 0.7 1.4 1.2 
0.6 0.3 0.9 0.6 

0~5 0.2 0.9 0.6 
1. 7 0.5 1.0 0.9 

0.5 0.2 0.9 0.6 
2.2 0.7 1. 3 1.1 

1. 2 0.5 1.1 0.8 
0.4 0.2 0.6 0.5 

1.8 0.6 1. 3 1.0 
0.5 0 •· 5 1. 3 1.0 

are highly diversified (diversification index > 4.0) stand to benefit 
less from short lines than .counties with less-diversified economies 
(index < 2.0). 

Studies by Babcock et al. (8) and Wolfe (19,20) have reported 
the benefits to local and regional railroads of a diversified traffic 
stream to minimize the downturns and degree of dependence 
within individual industries. Whereas traffic diversification may 
be essential to the success of a local or regional railroad, its ben­
efits do not extend as well to local economic development. 

The following explanations are offered: (a) Short line railroads, 
when transporting commodities that have relatively elastic trans­
portation demand (like grain and coal), decrease rail rates to in­
crease rail revenue. The fact that the railroad's fortunes may be 
so closely linked to these commodities (and industries) may serve 
as an added incentive to cut rates to keep the traffic base from 
switching to alternative modes of transportation. As a result, rail­
road profits may have been passed on to rail-using firms and to 
the local community in the form of reduced rail rates. (b) Faced 
with a diverse traffic base from HDCs, short line railroads can 
exercise price discrimination between low-valued commodities, 
with relatively elastic transportation demand, and high-valued 
commodities, with relatively inelastic transportation demand (such 
as manufactured goods). Also, loss in traffic from one commodity 
or industry can be made up by traffic gains in other industries. As 
a result, short line railroad industry profits may have been maxi­
mized with less benefits passed on to rail-using firms and the local 
community. 
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CONCLUSIONS 

The major railroads continue to downsize their rail networks. 
There is a need to preserve vital rail service, especially in rural 
areas, through the creation or expansion of local and regional 
railroads. 

This paper provides evidence that lo~al and regional railroads 
in Kansas have direct and positive economic impact on local­
community income, job growth, and value-added production. 
Consequently, economic benefits from the establishment and con­
tinued operation of short lines need to be considered when allo­
cating limited public resources among competing interest groups. 
Not only does the conversion of marginally profitable Class I lines 
to short lines positively ~ffect local communities, it also avoids 
the alternative of rail abandonment and the adverse effects aban­
donment has on these communities. 
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Estimated Impact of Widening U.S. 
Highway 80 (Marshall Avenue) in 
Longview, Texas 

JESSE L. BUFFINGTON AND MARIE T. WILDENTHAL 

The effects during and after construction of a highway widened to 
install a continuous two-way left-tum lane with curbs and gutters are 
documented. A 10.89-km (6.7-mi) section of U.S. Highway 80, known 
as Marshall Avenue, in Longview, Texas, was widened in this manner 
between 1989 and 1991. Before the addition of the continuous left­
tum lane, five intersections were widened. A study of the effects of 
the latter construction was completed in 1987, and the data collected 
at that time serve as the ''before construction'' data for the present 
study. Data were also collected during and after construction of the 
two-way continuous left-tum lane. The data collected included infor­
mation on abutting businesses' assessments of the impact of construc­
tion on their businesses, estimates of parking availability and use, and 
the impacts of the construction expenditures on the local area or city. 
Most businesses' number of usable parking spaces, customers per day, 
full-time and part-time employees as well as gross sales and net profits 
were unaffected, either during or after construction. Over half of the 
1987 abutting businesses experienced no change in their number of 
parking spaces. Longview land and property values peaked in 1986 
and fell until Marshall Avenue construction started. Subsequent in­
creases in values were not necessarily related to the construction. Con­
struction expenditures in Texas totaled $8.1 million. The Texas input­
output model estimates the impacts of these expenditures to be $29.9 
million in additional output and 514 jobs for the statewide economy. 

Departments of transportation (DOTs) continually are faced with 
the responsibility of providing safe and congestion-free highways. 
One of the ways that the DOTs are accomplishing this task is by 
widening and adding travel lanes to existing highways. In many 
cases, these highways are widened enough to install a continuous 
two-way left-tum lane in the median and_ curbs and gutters at the 
margins. Additional right-of-way has to be acquired from owners 
of abutting property to make these improvements on some 
highways. 

Many business and property owners who potentially may be 
affected by the construction ask questions about the negative ec­
onomic impacts. Some are concerned about losing shoulder and 
private parking space for their customers, the ability of their cus­
tomers to safely turn into their parking lots if curbing restricts 
continuous access to their parking lots, and the economic impact, 
specifically on land value, land use, and their businesses, of such 
an improvement. Unfortunately, the only studies found in the lit­
erature dealing with any of the impacts of highway widening 
projects that add a two-way continuous left-tum lane discuss the 
benefit-cost and land use impacts. 

This paper provides a complete economic impact study, encom­
passing land use, land value, business, and parking impacts. Texas 
Transportation Institute (TTI) has another highway widening study 

Texas Transportation Institute, TTl/CE Building, Suite 609, Texas A&M 
University, College Station, Tex. 77843-3135. 

under way that will provide additional findings for use in esti­
mating the positive and negative impacts of the same type of 
improvement on other highways. Even so, there is a need for 
several more case studies of different types of widening projects 
to establish a minimal data base for estimating all related eco­
nomic impacts of such improvements on those directly affected 
as well as the city as a whole. Also, the results could be used as 
supporting data for the environmental assessment (EA) required 
for proposed projects before approval can be obtained from 
FHWA. Need for supporting data for EAs was dramatized in the 
case of the proposed widening of U.S. Highway 80 in Longview, 
Texas. As a result, the Texas Department of Transportation 
(TxDOT) asked TTI to estimate the expected economic impact of 
the proposed improvement. The initial study was completed in 
September 1987. The findings were based on traffic counts, in­
strumented vehicle runs, parking surveys, and the opinions of 
businesses, especially those located along five short sections wid­
ened to install protected left-tum lanes at major intersections. 
These findings were submitted as part of the EA to FHWA for 
approval, which was granted. 

Before construction, parking· space availability and use, busi­
ness volumes, and employment levels were fully documented. The 
proposed improvement was approved and went to contract in fall 
1989; it was completed in fall 1991. Then, a follow-up study was 
authorized by TxDOT, and similar data were collected during and 
after construction. Construction activity and expenditures were 
monitored. In short, a complete impact analysis, covering before, 
during, and after construction, was performed. 

METHODS 

Four aspects of the construction are evaluated: Mail and interview 
surveys of businesses abutting the construction were conducted to 
determine impacts on sales, employment, number of customers, 
and number of parking places. Additional parking surveys were 
conducted for businesses that were expected to have a parking 
availability problem. Land and property values were studied to 
determine construction impacts. Input-output analysis was used to 
determine the employment and output impacts of the construction 
expenditures on Texas. 

ESTIMATED IMPACT ON BUSINESSES 

By 1987 five intersections had already been widened to include a 
left-tum lane. Three intersections were widened in 1974, and the 
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other two were widened in 1986. The impacts of these widenings 
were discussed in an unpublished report in 1987 (Buffington et 
al., unpublished data). The five widened intersections included 45 
businesses, 39 of which were willing to respond to a 1987 in­
person survey on the impacts of widening the intersection (87 
percent response rate). In the following discussion, the 1987 actual 
impacts during and after construction for these five intersections 
(hereafter referred to as previously widened sections of the high­
way) are compared with those impacts of widening construction 
for a continuous left-turn lane for the unwidened sections. 

The previously widened sections were minimally affected by 
the widening of the remaining portions of Marshall Avenue. Re­
alignment of the curbs, new surface treatment, and new pavement 
markings were the principal improvements made in these sections 
during the latter construction. Also, widening of the remaining 
sections was anticipated, as portions most distant from the inter­
section were already being used to some extent to make left turns 
into parking spaces of businesses on the opposite side of Marshall 
Avenue. 

In 1992 each business abutting the previously and newly wid­
ened section of U .S: Highway 80 (Marshall Avenue) was surveyed 
by mail to determine the impacts of the construction on the busi­
nesses. The completely widened section extends between Eastman 
and Fisher roads. Three hundred seventy-one operating businesses 
were located on this section when the survey was administered in 
August, 1992, compared with 331 in 1987, a 10.08 percent in­
crease during the period. Most 1992 businesses were involved in 
retail sales and service. Forty-six businesses (12 percent) com­
pleted all or part of the 1992 survey. The 1992 results are reported 
only for those who answered the question, not for those who left 
the question blank. There were no respondents from gas stations, 
convenience stores, motels, food and liquor stores, or house-trailer 
businesses. Between 6 and 29 percent of other types of businesses 
responded to the survey. Seven (16 percent) of these respondents 
were located along sections at the five major intersections that 
were widened before 1991, representing 10.5 percent of all busi­
nesses operating along the 10.89-km (6.7-mi) previously and 
newly widened sections. 

Note that because of the low response rate of the 1992 survey, 
the survey results may contain nonresponse errors. This means 
that the final sample may not fully represent what happened to 
the whole population of businesses. However, 100 percent of the 
whole population of operating businesses had an opportunity to 
respond. Also, because the number of 1992 respondents is greater 
than 30, the chance of nonresponse errors or nonrepresentative­
ness of the findings is low (J). Further, the sampling error can be 
estimated adequately by the size of the sample (2,3). Finally, the 
findings of the 1992 survey are logical. Similar surveys are now 
conducted in person with almost a 100 percent response rate for 
the new widening study. 

The business owners were surveyed about changes in their 
number of usable parking spaces, gross sales, net income, the 
number of full-time and part-time employees, and the number of 
customers per day. Respondents were asked to indicate impacts 
both during and after construction. 

There was little difference between survey responses about the 
impacts during construction versus after construction for a single 
year. However, the answers differed between the years. A possible 
explanation for this is that 1987 data combined responses of 
"don't know" with responses of "no answer," whereas 1992 data 
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eliminated answers from nonrespondents. The responses to indi­
vidual questions are summarized below. 

Usable Parking Spaces 

Longview's businesses generally did not experience increases in 
usable parking spaces either before or during construction in either 
1987 or 1992. Only 3 percent of the 1992 respondents, during or 
after construction, responded with "don't know," whereas 44 per­
cent gave this response in 1987. Approximately one-third of the 
1987 respondents experienced no change in number of parking 
places, whereas approximately three-fourths of the 1992 respon­
dents experienced no change. Roughly 20 percent of the busi­
nesses experienced a decrease in parking spaces for both years. 
Therefore, most respondents did not experience a change in num­
ber of parking spaces during or after construction. However, if 
they did experience a change, it was for the worse. 

Customers per Day 

Generally businesses did not experience an increase in the number 
of customers per day either before or during construction for either 
of the two survey years. In 1992 the number of customers for 
most businesses did not change, whereas the number of customers 
for approximately 20 percent of 1987 businesses did not change. 
More businesses had fewer customers during the construction than 
afterwards, although the percentage of responding businesses ex­
periencing a decrease in 1987 (41 percent) was twice the per­
centage of those with similar experiences in 1992 (27 percent). 
After construction, only 16 percent of the 1987 businesses and 9 
percent of the 1992 businesses experienced a decline. Approxi­
mately 47 percent of the 1987 respondents did l)Ot know or did 
not answer, compared with roughly 8 percent of the 1992 
businesses. 

Therefore, because the number of parking spaces generally was 
not affected, construction might have hurt business accessibility. 
Finished construction may not improve or may hinder accessibil­
ity as compared with accessibility before construction. Also, peo­
ple get out of the habit of going to a place if it is difficult to gain 
access. When a business is accessible again, former customers 
may not think about coming back. 

Full-Time and Part-Time Employees 

Although the businesses were asked about full-time and part-time 
employees in different questions, their answers for each were ba­
sically the same. None of the businesses increased its number of 
employees either during or after construction for either study year. 
Approximately 40 percent of the 1987 businesses and 90 percent 
of the 1992 businesses had the same number of employees during 
and after construction. Approximately 13 percent of the 1987 
businesses hired fewer employees during or after construction, 
when~as roughly 5 percent of the 1992 businesses did so. Al­
though approximately 47 percent of the 1987 businesses said that 
they did not know, or simply did not respond to the question about 
employees, only 3 percent of the 1992 businesses responded that 
they did not know. In sum, few businesses laid off any employees, 
and ~ost tried to retain them. 
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Gross Sales and Net Profit 

Businesses also were asked about gross sales and net profit sep­
arately, as they were for full-time and part-time employees, but 
their responses for both were very similar. Less than 3 percent of 
the 1987 businesses experienced increased sales or profit, whereas 
approximately 5 percent of the 1992 businesses had such an ex­
perience. The sales and profit of roughly 22 percent of the 1987 
businesses did not change, although approximately 72 percent of 
the 1992 businesses experienced such changes. More businesses 
experienced decreased sales and profit during the construction 
than afterwards, although the percentage of responding businesses 
experiencing a decrease in 1987 (41 percent) was twice as much 
as the percentage with similar experiences in 1992 (19 percent). 
This fact could be related to the decrease in the number of cus­
tomers experienced by many businesses during the construction. 
After construction, only 18 percent of the 1987 businesses and 3 
percent of the 1992 businesses experienced a decline. This situ­
ation could be related to customers getting out of the habit of 
shopping at a certain store during construction and not going back 
once the construction was completed. Whereas approximately 4 7 
percent of the 1987 respondents did not know or did not respond 
to the question, only 12 percent of the 1992 respondents did not 
know how their sales and profit were affected. 

ESTIMATED IMPACT ON PARKING 

In 1987 Buffington et al. indicated that many of the businesses 
along Marshall Avenue in the 10.79-km (6.7-mi) study area were 
concerned that widening the sections of the highway that had not 
been widened previously at intersections would have a negative 
impact on available customer parking (unpublished data). Exac­
erbating the problem was the fact that many of the businesses 
were housed in older buildings located too close to the right-of­
way.· Many did not have the minimum number of parking spaces 
required by the city's zoning ordinance at that time. Some busi­
nesses depended on Marshall Avenue's sloped paved shoulders 
for. much of their parking. 

· In the last section, the parking problem was addressed through 
the eyes of the. businesses. To further determine the magnitude of 
the parking problem, surveys on parking space availability and 
use were conducted. A parking-space availability survey was done 
with the use of a 1986 aerial photograph, a detailed design sche­
matic, and an on-the-ground inspection of the premises of each 
business. An estimate of the number of available parking spaces 
before and after construction was established. Annual parking 
space use surveys of selected businesses were done by on-the­
ground inspection. 

Before the highway widening construction, both parking space 
availability and use included space on the paved shoulder in front 
of the premises of each business. All of the paved shoulder is on 
the highway right-of-way, and parking on the shoulder is illegal. 
However, the standard dimension of 2.75 by 6.10 m (9 by 20 ft) 
for each parking space was used to estimate the number of pas-
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businesses that had adequate front, side, or back parking. None 
of the shoulder spaces available to the businesses before construc­
tion were available after the construction started on a particular 
section of the project. Projections in 1987 forecast a 2 percent loss 
of the front parking spaces of all businesses and a maximum loss 
of 9.7 percent of all available shoulder and front parking spaces. 
More than half were expected to experience no change in their 
number of parking spaces, and only four (1 percent) would lose 
more than eight parking spaces. A higher percentage of the open 
businesses would experience no more change in available parking 
spaces than would be the case for closed businesses. 

The study focused on the parking spaces available before and 
after construction for 118 of the 1987 businesses (open and 
closed) that were expected to experience a parking space availa­
bility problem. A total of 300, or 22 percent of the parking spaces, 
would be lost because of the construction. The average number 
of available parking spaces per business would drop from about 
11.5 spaces to 9 spaces, a reduction of 2.5 spaces per business. 

Effects on Parking Space Use 

Since 1987, parking demand for a selected group of businesses 
that were expected to have a parking availability problem has been 
studied on an annual basis. by 1992, the number of businesses or 
parking lots monitored for parking demand had been reduced, par­
tially because a small shopping center, structurally damaged by 
the explosion of a nearby railcar, had been demolished and some 
businesses closed. (Parking capacity data were unavailable for one 
business.) About 24 of the 114 businesses surveyed in 1987 al­
ready were experiencing a shortage of available parking spaces. 
Following construction, the· number has not changed, but some 
businesses now have a smaller parking surplus, and other busi­
nesses have closed. 

To analyze further the severity of the parking space availability 
versus use problem, all businesses having 10 or fewer spaces after 
construction were identified and classified according to levels of 
parking space use. Eleven parking loss levels were used for com­
parison. In 1992, the same percentage of businesses were under 
capacity as in 1987, a higher percentage were over capacity, and 
a lower percentage either were closed or did not know their status. 
Overall, a higher percentage of the businesses lost all of their 
available spaces in 1992 than did so in 1987. However, a lower 
percentage of the businesses with overcapacity lost all of their 
available parking spaces in 1992 than did so in 1987. Even so, 
more of these businesses experienced a deterioration in parking 
use and availability during and after construction. 

ESTIMATED IMPACT ON PROPERTY VALUES 
AND USES 

senger vehicles that could park on the paved shoulder in front of A limited amount of data were collected to provide some indi-
each business. ___ cation of the extent of property value and use impacts. Data were 

Effects on Parking Space Availability 

The results of the 1987 parking space availability survey are sum­
marized. The survey did not include the side and back spaces of 

collected from the Gregg County Appraisal District, local real 
estate appraisers, and the city of Longview to estimate abutting 
property value and land use impacts of the widening project. Prop­
erty values, building permits, and property uses were the three 
types of data collected. 
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Property Values 

During the years before the widening of.U.S. Highway 80, spe­
cifically between 1985 and 1989, property values fell in Long­
view. The decline, which was observed in both land and building 
values, was partly caused by the oil recession. One appraiser also 
noted that Longview property values peaked in 1985 because of 
overbuilding. Land and building values on Marshall Avenue fell 
similarly to the decline in Longview property values overall. The 
overall decline was exacerbated by the continuation of the late 
1960s to early 1970s trend of building north of U.S. Highway 80. 

By the time that the widening construction of U.S. Highway 
80 began, Longview land and building values had leveled off and 
were beginning to·-rise. Land values on U.S. Highway 80 were 
behaving similarly. One appraiser noted that the construction 
slowed down the traffic on U.S. Highway 80, thus making it a 
more desirable location. He indicated that property values were 
related to the condition of the property but were generally falling 
because of the earlier neglect of buildings. 

Only one year of after-construction property value is available. 
Trends evident during construction are still present. The increase 
in value between 1991 and 1992 is not as great as the increase 
between 1990 and 1991, however. Obviously, more time is needed 
to assess even the short-run after-construction impacts. 

Building Permit Data 

Demolition Permits 

Earlier neglect of buildings can be traced through building dem­
olition data available from the city of Longview. Between 1984 
and 1989, there were only a few building demolitions each year. 
During the construction period, there were more demolitions. 
However, there were more commercial demolition permits issued 
the first year after construction than in any previous year. This 
increase· supports the contention that Marshall Avenue property 
had been neglected, requiring demolition of existing buildings to 
take advantage of the renewed interest in building in this location. 
It is important to note that many kinds of work, including petro­
leum tank removal, are classified as building demolition. 

Building Permits 

The highest value of construction occurred between September 
1984 and August 1985. Sixteen permits were issued between 1984 
and the start of construction, and three permits were issued during 
the construction period. This decline supports the appraisers' view 
that Longview is overbuilt or that businesses are building north 
of Highway 80. Whereas $1.64 million in new construction per­
mits was issued in the last year of construction, only $12,300 
worth of permits was issued after the construction was completed. 
The building permits for new construction neither suppo_rt nor 
refute the contention that there is renewed interest in building on 
Marshall Avenue. Note that the permits filed are for installation 
of signs, offices, and electrical plugs and are not necessarily re­
lated to the highway construction. 

Remodeling Permits 

City residents faced with the possibility of, highway widening 
feared they would lose part of their property for highway right-
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of-way. For this reason, permits for remodeling purposes were 
investigated. The permits applied for after the construction was 
completed were related mainly to routine improvements such as 
installing electrical outlets, signs, lavatories, air conditioning, 
heating furnaces, roofing, or sprinkler systems. It appears that 
Longview residents did not have to do extensive remodeling in 
the aftermath of U.S. Highway 80 widening. 

Property Uses 

Most properties had the same use throughout the study period. 
Property use changes that did occur included the addition of new 
retail outlets built on previously vacant land toward the end of the 
construction period. The new highway improvement may have 
influenced these use changes. 

In 1991 more than 40 percent of the properties abutting Mar­
shall Avenue were used as sites for retail businesses. Another 14 
percent were being used for other commercial, office, and indus­
trial purposes. About 25 percent of the properties were still vacant 
land. The remainder of the properties were used to house public 
activities, religious activities, or single- and multiple-family 
dwellings. 

ESTIMATED ECONOMIC IMPACT ON THE 
LONGVIEW AREA 

The general economic impact on Longview and the surrounding 
area of the proposed change in Marshall Avenue is estimated on 
the basis of the impact on businesses along the facility and mul­
tiplier effects of the project expenditure on the Longview area. 

Impact on Business 

In 1987 a few small businesses were expected to go out of busi­
ness because of the loss of parking and the negative effects of 
construction. Less than one-third of the responding businesses 
thought that the long-term business effects would be negative, 
and businesses along previously widened sections expected that 
fewer jobs would be lost than did businesses abutting newly 
widened sections. Temporary effects on the businesses' number 
of employees, gross sales, and net profits were expected to be 
negative. 

Fewer businesses had negative expectations in 1992 than in 
1987. Most businesses experienced no change in the number of 
usable parking spaces, the number of· customers per day, or the 
number of full-time and part-time employees. Gross sales and net 
profit received a· less negative response, with 3 percent of the 
respondents noting a decline and 79 percent _indicating no change. 
Some smaller businesses closed, but that is normal on Marshall 
Avenue and cannot be directly attributed to the widening 
construction. 

Impact of Project Expenditure 

.U.S. Highway 80 construction costs totaled $9,544,420.01, more 
than half of which was spent in the Longview area; $2,616,400.48 
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was spent on Longview area construction materials, $1,448,503.77 
went to Longview area laborers, and $1,526,559.31 in overhead 
expenses was paid to Longview area businesses. Longview area 
businesses appeared to receive the most patronage for each type 
of expenditure because less-$2,331,028.84 worth of materials, 
$783,837.65 worth of labor, and overhead expenditures of 
$838,089.96-was purchased from businesses not located in 
Longview. 

Employment and output multipliers were developed from the 
1986 Texas input-output model to produce statewide estimates of 
the impacts of widening expenditures for U.S. Highway 80. Note 
that there are many limitations to using input-output models; these 
models are only mechanisms for gauging impacts. Impact esti­
mates are made using the most applicable expenditure category in 
the input-output model, which is Category 20, new road/highway 
construction. The estimated employment multiplier for new road/ 
highway construction is 53.7601 people per $1 million of expen­
ditures. This includes the direct impact of the construction expen­
ditures, the indirect impacts on the suppliers, and the induced 
effect of increased consumer spending. Because costs have risen 
since 1986, the multiplier can be adjusted using the TxDOT con­
struction cost index, which gives an adjustment factor of 1.1191 
for 1991. An adjusted employment multiplier of 63.5 is generated 
by dividing the 1986 employment multiplier by the 1991 construc­
tion cost index. Applying this multiplier to the $8.1 million con­
struction costs spent in Texas indicates that widening Highway 80 
generated _about 514 jobs for the statewide economy. It is un­
known how much employment was generated in the Longview 
area. 

The total output multiplier is $3.69 of output per dollar of ex­
penditures. Applying this multiplier to the $8.1 million of con­
struction expenditure in Texas indicates that widening Highway 
80 generated about $29.9 million in additional output. Again it is 
unknown how much of this increase benefited the Longview area. 

Local impacts of construction expenditures are difficult to de­
termine because the Texas input-output model is designed to av­
erage the economic relationships for all communities in Texas. 
Therefore, it is not representative of any specific city. Estimates 
of the economic benefits from the Longview area expenditures 
can be made, but extreme caution should be exercised in the use 
of the estimates provided in this report. The total amount of ex­
penditures made to Longview area vendors was $5.59 million. 
Applying the Texas input-output multipliers to this value yields 
an estimated impact on Longview employment of 355 new jobs 
and $20.6 million of additional output. 

A benefit-cost model was also used to analyze the benefits and 
costs to motorists of the highway widening construction. The 
model and its implementation are presented in the paper by Wil­
denthal et al. in this Record. The benefit-cost ratio was 7.82, 
which means that the motorists are receiving $7 .82 in benefits for 
every dollar spent on the project. 

SUMMARY 

Estimated Business Effects 

Abutting businesses were asked about the impacts of widening 
Marshall Avenue on various aspects of their businesses, including 
the number of parking spaces, customers, and employees as well 
as sales and profits. For the most part,. the 1987 survey respon-
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dents' experiences were much more negative than those of the 
1992 respondents. A lower percentage of the 1992 respondents 
experienced a negative impact during and after construction on all 
aspects of their businesses except for usable parking spaces. A 
much lower percentage of the 1992 respondents experienced a 
negative impact on their business after construction than during 
construction. Had the construction period been a year longer and 
had there been less cooperation between all concerned-the busi­
nesses, the contractor, and TxDOT-the negative impacts, at least 
during construction, could have been greater. 

Parking Impacts 

In 1987, more than half of the businesses abutting the widened 
section of Marshall Avenue were expected to experience no 
change in their number of parking spaces. Firms that were ex­
pected to have inadequate front, side, or shoulder parking were 
selected for a follow-up study through 1992. The number of busi­
nesses expected to have a serious parking problem increased dur­
ing and after construction. However, a higher percentage of these 
businesses than anticipated had adequate parking after the 
construction. 

Property Value and Use Impacts 

Longview's land values peaked in 1986 and fell until Marshall 
Avenue construction began. Land values began to rise at that time 
but still have not reached their 1985 and 1986 levels. Property 
along Marshall Avenue was affected by the land value trend as 
well as the trend toward building north of Marshall Avenue. Prop­
erty was neglected, and building demolitions increased during and 
after the construction period. Building permits for new construc­
tion were issued more frequently in the last year of construction 
and after construction but not as frequently as before construction 
began. Property owners did not have to do extensive remodeling 
after the construction was completed, and few property use 
changes occurred during the study period. 

Economic Impact 

Longview, and motorists using the widened section of Highway 
80, have benefitted from the construction. Business sales and 
property values along the highway are increasing. Construction 
expenditures of $5.59 million are still felt in the local economy. 
The construction period's negative impacts were kept to a mini­
mum by early completion of the project. 
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Women in Transportation Management in 
Kuwait: Attitudes Toward Gender Bias 

P ARVIZ A. KOUSHKI, SALEH Y ASEEN ALI, AND ALISON M. LARKIN 

Gender bias may be the single most significant contributor to the 
current worldwide escalation of both poverty and population. Whereas 
sex discrimination can be found universally, its effects are most pro­
nounced in developing nations. The greatest obstacle to the devel­
opment of policies for the curtailment of gender bias is lack of in­
formation on the scope and effects of the problem. An attempt is made 
to quantify attitudes toward gender bias among professional women 
working in the field of transportation management in Kuwait. The 
major findings that emerged from the study were as follows: (a) Since 
1970, Kuwaitis have witnessed an enormous growth in the number of 
women in higher education; (b) with respect to job-related factors 
such as salary scale, professional treatment, responsibility, benefits, 
and vacation, nearly 80 percent of professional Kuwaiti women sur­
veyed expressed a feeling of equality with or even superiority to their 
male counterparts; and (c) with respect to one job-related criterion, 
promotion to upper management positions, the women under study 
felt they were treated ''less than equal'' to their male colleagues. 
Perceptions of employment equality reported by the survey population 
were found to be positively correlated with level of education, years 
of work experience, grade point average, and field of specialty. The 
relationships were all significant statistically. Among the job-related 
factors contributing to the feeling of equality were, in order of im­
portance, professional treatment, promotion, level of responsibility, 
and the opportunity to reach upper management positions. Interest­
ingly enough, salary scale contributed least to the feeling of equality. 

Despite enormous changes in the world's socioeconbmic, politi­
cal, and environmental conditions in recent years, gender bias re­
mains a universal problem. This paper reports the findings of a 
recent study undertaken to determine attitudes toward gender bias 
among professional women working in the administration, plan­
ning, design, operation, and supervision of transportation systems 
in Kuwait. 

Gender bias exists in -every nation, at virtually every income 
level and social stratum. It is especially pervasive in poor coun­
tries, where it is often compounded by discrimination based on 
class, caste, or race. Its impacts include exclusion of women from 
social and educational development programs, wage and mobility 
discrimination, and systematic violence against women (1). 

Gender bias is a primary cause of poverty in subsistence econ­
omies. It prevents hundreds of millions of women from obtaining 
the needed education, training, health services, child care, and 
legal status to improve productivity and escape from the cycle of 
poverty (2,3). 

Gender bias has also been identified as the single most impor­
tant factor contributing to rapid population growth (4,5). As en­
vironmental degradation and impoverishment continue to reduce 
women's access to productive resources, their responsibilities in 
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terms of demands on their time and energy increase. When they 
can no longer increase their own labor burdens, they depend more 
heavily on the contribution of their children, especially girls, to 
alleviate time constraints and improve economic security ( 6). The 
increasing tendency in many subsistence economies to keep girls 
out of school to help with their mothers' work virtually ensures 
that another generation of females will grow up with fewer options 
than ·their brothers to improve their life styles and narrow the 
gender gap. 

Gender bias is not confined within the borders of developing 
nations. As economies develop, existing gender gaps in the allo­
cation and distribution of wealth and access to resources usually 
persist, although their dimensions are likely to decrease with in­
creasing sociopolitical awareness. For example, during the period 
stretching from the 1950s through the 1980s, worldwide standards 
of living-as measured by common indicators such as life ex­
pectancy, per capita income, and education-rose significantly, 
especially in the developed nations. Although women's rights 
were defined and broadened during this period, women never 
achieved complete parity with men, even in the developed econ­
omies (1). According to the "human development index" (HDI), 
a measure developed by the United Nations Development Program 
(UNDP) to gauge the level of resources needed by a human to 
attain a decent standard of living, women lagged behind men in 
every nation for which compatible data were available (7). As 
indicated by the HDI, women's HDI as a share of men's was 96 
percent in Sweden, 86 percent in the United States, 83 percent in 
Italy, 77 percent in Japan, 65 percent in South Korea, and 58 
percent in Kenya (7). Whereas those indices reflect the universal­
ity of gender bias, they also demonstrate that it is more pro­
nounced in developing countries. 

Gender-desegregated data recently collected on a small scale 
have been instrumental in the recognition of the gender gap ( 4). 
However, there is an enormous informational void on gender bias 
worldwide, especially in the developing world (1). Such data are 
essential for the development of policies and plans to ensure wom­
en's equal access to economic, health, and educational 
opportunities. 

Compared with other Persian Gulf countries, Kuwaiti women 
rank very high on the scale of equality with their male counter­
parts in terms of socioeconomic and educational benefits, and ac­
cess to recreational opportunities. Kuwaiti women are extremely 
mobile and independent. They enjoy a wide range of choice in 
clothing, from traditional Islamic clothing to the most current Eur­
opean and American fashion. And the two extreme styles, and 
everything in between, coexist harmoniously. 

The appointment of a woman as rector of Kuwait University 
reflects a standard of achievement that can be attained by Kuwaiti 
women. 
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This paper reports the results of a study of gender bias in the 
region. Its target population is professional women involved in 
the management of transportation systems in Kuwait. The specific 
aims of the research are to provide answers to the following ques­
tions: 

• To what extent does gender bias exist in the management of 
transportation systems in Kuwait? 

• Which job-related factors are most affected by this 
phenomenon? 

• What personal factors affect attitudes toward gender bias? 

RESEARCH SURVEY 

More than 95 percent of the total population of Kuwait lives in 
Kuwait City. Because of the country's small population (631,818 
people, 1993) and the concentration of the population in one urban 
area, the survey sample includes almost all professional Kuwaiti 
women involved in the management (administration, planning, de­
sign, operation, and maintenance) of transportation systems. Or­
ganizations employing these women include the ministries of Pub­
lic Works, Communication, Defense, Industry and Commerce, and 
Social Welfare; Municipality; Public Transit Company; Kuwait 
Institute for Scientific Research; and a number of private 
companies. 

Women involved in the management of transportation systems 
at each organization were identified, interviewed, and asked to fill 
out a pretested, simple, yet structured questionnaire. Two types of 
information were sought in the questionnaire: (a) sociodemo­
graphic and educational data and (b) gender-bias information on 
job-related factors. Altogether 244 professional women, nearly the 
total population, completed the questionnaire. Only seven ques­
tionnaires (2.9 percent) contained missing information, with the 
exception of the question regarding degree type, which 7 percent 
of the respondents did not complete. 

The data were coded and compiled on a VAX computer system 
at the College of Engineering and Petroleum; SAS was used to 
process the data (8). 

ANALYSIS AND RESULTS 

Detailed statistical analyses were carried out to determine the ex­
tent of gender bias among transportation management profession­
als in Kuwait. Possible cause and effect relationships between 
gender bias and sociodemographic and educational characteristics 
of the surveyed population were also investigated. Mean and fre­
quency statistics were used to determine distributions and devia­
tions; cross-classification analysis was performed to evaluate 
trends. A correlation analysis was performed to identify degrees 
of associations, and the t-test and R2 were applied to examine the 
magnitude of the associations. 

Educational characteristics of professional women in transpor­
tation management in Kuwait are presented in Table 1. Only 1.6 
percent of the study population had graduated from institutions of 
higher education before 1970. This figure increased to 9.4 percent 
in the decade of the 1970s, to 59.8 percent in the 1980s, and to 
29.1 percent in the 1990s. The statistics reflect the enormous 
growth rate of women's participation in 'higher education in recent 
decades. Since 1970, women in Kuwait have been enrolling in 
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TABLE 1 Graduation Year, Degree Type, 
and Field of Specialization 

Variable Frequency Percent 

Graduate Year: 

< 1970 4 1.6 

1970-1979 23 9.4 

1980-1989 146 59.8 

> 1990 71 29.1 

Degree Type: 

Institute/Junior College 20 8.2 

College 191 78.2 

Masters II 4.5 

Doctorate 2.1 

Missing 17 7.0 

Field of Specialization: 

Civil Engrg. 105 43.2 

Chemical Engrg. 2.9 

Elec./Computer Engrg. 41 16.9 

Mechanical Engrg. 14 5.8 

Petroleum Engrg. 0.4 

Mgt./Eco./Business 13 5.3 

Sciences 6 2.5 

Other 56 23.0 

institutions of higher learning at a mean annual growth rate of 
261 percent. 

The largest percentage of the study population had college de­
grees (78.2 percent). Sixteen had successfully pursued graduate 
studies, 11 had a master's degree and 5 had a Ph.D. degree. Of 
the study population, 8.2 percent were graduates of technical in­
stitutes in Kuwait. 

Civil engineering was the most common field of specialization 
among the professional women interviewed (43.2 percent). Other 
specializations were electrical or computer engineering (16.9 per­
cent), mechanical engineering (5.8 percent), and management, ec­
onomics, and business administration (5.3 percent). The remaining 
women specialized in chemical and petroleum engineering, one 
of the sciences, or other fields. 

Nearly 42 percent of the professional women in transportation 
management in Kuwait graduated with a grade point average 
(GPA) of between 2.00 and 2.99. The second largest percentage 
(37.3 percent) had a GPA of less than 2.00. Those who achieved 
a GPA of 3.00 or above at graduation represented 20.9 percent of 
the group under study (Table 2). The mean population GPA was 
2.34. 

A majority of the study population were married (66.4 percent), 
and nearly a quarter (24.2 percent) had been employed for 1 year 
or less. Approximately 60 percent had been working for 2 to 10 
years, 8.2 percent for 10 to 15 years, and 5.3 percent had more 
than 15 years of work experience (Table 2). These statistics reflect 
the growth in recent years of the number of women graduating 
from institutions of higher education and participating in the labor 
market. The mean number of years of work experience was 5.9 
for the study population as a whole. 

Table 3 presents responses to the following question: "In com­
parison with the men engineers in your organization who have 
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TABLE 2 Grade Point Average, Marital 
Status, and Work Experience 

Variable Frequency Percent 

GPA: 

1.0- 1.9 91 37.3 

2.0-2.9 102 41.8 

3.0-4.0 51 20.9 

Marital Status: 

Single 82 33.6 

Married 162 66.4 

Years of Experience: 

< 1 year 59 24.2 

2-4 55 22.5 

5-7 50 20.5 

8- 10 47 19.3 

11 - 15 20 8.2 

> 16 13 5.3 

similar characteristics (education, years of experience, and other 
qualifications), do you receive the same salary, ... , job benefits?" 
Nearly two-thirds of the respondents said they were treated 
equally with respect to salary (60.3 percent), promotion (58.7 per­
cent), professional treatment (65. 7 percent), level of responsibility 
(62.1 percent), job benefits (61.8 percent), and vacation (78.5 per­
cent). See Table 3. 

The only significant inequality reported was related to the ques­
tion about reaching upper management positions; 39.3 percent of 
respondents said women were not treated equally on that basis. 
This figure suggests that it is still a man's world at higher echelons 
of transportation management in Kuwait. However, the great re­
spect for motherhood that characterizes Middle Eastern cultures 
is reflected in the study's vacation statistics. A significant per­
centage of the professional women surveyed had enjoyed longer 
vacations and times off the job than their male counterparts (e.g., 
2 months of paid vacation for each child's delivery). 

Although no comparable data were found in the literature con­
cerning job equality for women professionals working in trans­
portation in western industrialized nations, statistics presented in 
Table 3 indicate a significant lack of gender bias among Kuwait's 

TABLE 3 Study Population's Responses to Job-Related 
Factors 

Job-Related Factor · Compared to Men Colleagues in Your 
Organization, is your: 

The Sarne: If No: 

Yes No More Less 

Salary Scale : 60.3 39.7 4.5 95.5 

Promotion: 58.7 41.3 . 7.6 92.4 

Professional Treatment : 65.7 34.3 21.1 78.9 

Level of Responsibility : 62.1 37,9 30.1 69.9 

Reaching Upper Management : 39.3 60.7 7.8 92.2 

Job Benefits : 61.8 38.2 13.6 86.4 

Vacation: 78.5 21.5 38.3 61.7 

69 

transportation management professionals. In fact, in a surprising 
response to the question "Do you, in every respect, feel equal to 
the men engineer colleagues?" a majority (68.8 percent) said 
"yes." Of those who said "no," 81.3 percent (61 individuals) 
stated they actually felt "superior" to their male colleagues. That 
response may not be so surprising after all. Academic records of 
students enrolled in transportation courses indicate that in the cat­
egory of "N' and "B" grades, female students outnumber their 
male counterparts by a ratio of nearly three to one (9). 

The women's expression of "feeling equal" to their male col­
leagues followed certain expected patterns. The most pronounced 
relationship was between this "feeling of equality" and the type 
of degree that they held. As the level of education increased (from 
the institute level to the doctoral level), the percentage of those 
who felt equal to their male colleagues also increased. Increases 
in feelings of equality from that of the graduates of institutes (2-
year programs) to those with bachelor's, master's and doctoral 
degrees were 11.7, 51.7, and 66.7 percent, respectively (Table 4). 

The factor of years of experience also correlated positively with 
the feeling of equality. An increase in years of experience was 
followed by an increase in the feeling of equality (Table 4). The 
relationship between the grade point average and the feeling of 
equality, although positively related, peaked for those with a GPA 
between 2.00 and 3.00 (Table 4). Perhaps higher levels of expec­
tation on the part of individuals with very high GPAs may partly 
explain the diminished feeling of equality experienced by this 
group. 

All of the study's professional women with a degree in electri­
cal and computer engineering felt equal to their male counterparts. 
Of those with mechanical engineering degrees, 79 percent felt 
equal, of chemical engineers, 76 percent. Ironically, only 58 per­
cent of female civil engineers in the study population felt equal 
to their male colleagues. 

Correlation Analysis and the t-test 

A correlation analysis was performed to determine the degree of 
association between the socioeducational traits of the study pop-

TABLE 4 Cross-Classification of Educational 
Traits and Feeling of Equality 

Variable Name Feeling of Equality(%) 

Yes No 

Degree Type: 

Institute 60 40 

College 67 33 

Master 91 9 

Doctorate 100 0 

Years of Experience: 

<6 67 33 

7- 11 70 30 

12- 16 72 28 

> 17 83 17 

GPA: 

<2.00 58 42 

2.00 - 2.99 76 24 

3.00-4.00 72 28 
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ulation and their attitudes toward gender bias. The resulting co­
efficients of correlation were subjected to a t-test to quantify their 
significance (10). 

The t-test rejects the hypothesis Ho:r xy = 0, that a given value 
of coefficient of correlation is equal to zero (indicating insignifi­
cant statistical association between any two variables x and y if 

where 

T = percentage point of the T distribution, 
r xy = coefficient of correlation, N sample size, 
t,"12 = the 100 - ex/2 percentage point of the T distribution for 

N - 2 degrees of freedom, and 
ex = tolerance limit. 

fype of degree was correlated positively and significantly with 
the factor of equal professional treatment (rxy = 0.2359, T = 2.16, 
ex = 0.05), with the level of equality in job responsibility (r xy = 
0.2607, T = 2.52, ex = 0.05), and with equality in vacation (r xy = 
0.2728, T = 2.81, ex = 0.01). In other words, women with higher 
educational degrees were more numerous among those who ex­
pressed equality in professional treatment, job responsibility, and 
vacation options. 

The GPA was also positively and significantly correlated with 
equality in salary scale (r xy = 0.2899, T = 3.00, ex = 0.01), with 
equality in promotional criteria (r xy = 0.3374, T = 3.79, ex = 0.01), 
and with job benefits (r xy = 0.2147, T = 2.79, ex = 0.01). Those 
with higher GPAs tended to feel equal to their male counterparts. 

Ironically, women engineers with non-civil engineering de­
grees (especially electrical and computer engineers) were more apt 
to experience equality in the upper management of transportation 
systems. This relationship was statistically significant at the 95 
percent significance level (ex = 0.05). This finding does not nec­
essarily mean the non-civil engineers outpaced civil engineers in 
reaching civil engineering-related management positions. It may 
indicate that female engineers in electrical and computer, me­
chanical, and chemical engineering jobs experienced less com­
petition in climbing the ladder to upper management levels. 

Of particular interest is the finding that gender bias is a declin­
ing trend in Kuwait. The number of years of employment expe­
rienced by professional women in transportation was negatively 
and significantly correlated with equality of salary scale (r xy = 
-0.2162, T = 3.26, ex = 0.01) as well as equality in promotion 
(r xy = -0.2188, T = 3.31, ex = 0.01). In other words, most of the 
women professionals who stated equality with men in the salary 
scale and promotional criteria, were from among those who had 
recently been employed by transportation organizations. 

To examine. how job-related factors contribute to the feeling of 
equality expressed by the professional women in the management 
of transportation systems in Kuwait, coefficients of determina­
tions, R2

, were computed for the data. As presented in Table 5, 
important points include the following: (a) all of the job-related 
factors were positively associated with the feeling of equality; (b) 
the magnitude of these associations were all statistically signifi­
cant at the 99 percent confidence level (except for the salary scale, 
which is significant at the 95 percent level); and (c) all of the 
nonmonetary job factors outweighed the salary scale component 
by significant niargins in contributing to respondents' feeling of 
equality. The factors, were, in order of importance, professional 
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TABLE 5 Correlation Coefficients, t-Test, and Coefficients of 
Determination for Feeling of Equality and Job-Related Factors 

Job-Related Coefficient of Degrees of Computed Test of Contribution 
Factor Correlation Freedom TValue Hypothesis: to the Feeling 

H0 : rxv =0 of~uality 
~r~ir:) ~N-22 ~R %) 

Salary 0.1472 236 2.59 Rej., a=0.05 2.2 

Promotion 0.3545 236 5.82 Rej., a=0.01 12.6 

Professional 

Treatment 0.3568 236 5.87 Rej., a=0.01 12.7 

Level of 

Responsibility 0.3342 237 5.44 Rej., a=0.01 11.5 

Job-Benefits 0.3395 235 5.54 Rej., a=0.01 11.2 

Management 

Position 0.2970 236 4.78 Rej., a=0.01 8.8 

treatment, promotion, level of responsibility, job benefits, and op­
portunity to reach upper management positions. 

Study Implications 

These findings have some interesting implications for working 
women in Kuwait. On the scale of professional equality described 
in the introduction of this study, Kuwaiti women in transportation 
management rank on a par with professional women in western 
countries. Considering the situation of women in neighboring 
Saudi Arabia, to which Kuwaiti society has deep cultural as well 
as geographical ties, this is a surprising achievement. Moreover, 
it may challenge a stereotype of Arab women as less than equal. 
It is hoped that this study will generate comparative research in 
the area of gender bias in the Middle Eastern and other societies. 

CONCLUSIONS 

The study identified significant trends. Since the early 1970s, there 
has been an enormous growth rate in the number of women who 
participate in higher education and employment opportunities in 
Kuwait. The feeling of equality with male colleagues prevails 
among Kuwait's professional women involved in the management 
of transportation systems. In addition, nearly 80 percent of the 
study population expressed feelings of equality or superiority to 
their male colleagues with respect to a number of job-related 
factors. 

The contribution of job-related factors to the feeling of equality, 
as expressed by the Kuwaiti professional women under study, 
were, in order of importance, professional treatment, promotion, 
job responsibility, job benefits,. and the opportunity to reach upper 
management positions. 
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Organization, Management, and 
Financing in a Road Agency 

ANTTI TALVITIE AND ]UKKA HIRVELA 

Issues and concepts involved in the organization, management, and 
financing of road administration are discussed. Road agency organi­
zation is analyzed using a cost function that supports a decentralized 
"fractal organization." Several road management systems are dis­
cussed and it is argued that for a management system to be useful it 
must be compatible with the agency's organizational structure. Fi­
nally, road .funds and road user charges are discussed, and their im­
portance to road administration management is elaborated. 

A country's transport system is an enormous national asset. As 
the circulation system of the body politic, it facilitates commerce, 
communication, and economic and social growth. Management of 
the system is a highly sensitive and complex task, entrusted to a 
country's road administration and shaped by political, technical, 
environmental, managerial, and historical forces. Because of a 
transport system's complexity, the mission of a country's road 
administration is typically stated in broad terms (e.g., effectively 
manage the transport system that serves the country). In addition, 
serving clients, delivering quality products, protecting the envi­
ronment, and valuing employees are increasingly recognized con­
cerns, and they add to the managerial dimension of a road ad­
ministration's mission. 

Operational objectives to which a road administration's profes­
sional staff attaches importance include the following: traffic 
safety, increasing capacity to sustain or enhance current operating 
speeds as well as to respond to changing traffic demand, rehabil­
itation of existing roadways, and environmental amelioration. In 
some countries and regions, improved farm-to-market accessibil­
ity, congestion management, and promotion of carpooling and 
public transit are also important objectives. 

Issues and problems surrounding these objectives constitute a 
familiar, well-trodden ground for transportation professionals in 
every country, and most transport managers anticipate them in the 
course of their work. However, what makes accomplishing the 
objectives technically difficult is their intricate relationship with a 
full range of socioeconomic parameters and nearly every facet of 
life, and the complications they may introduce into road 
management. 

What might appear to be a contradiction is not; the ''big pic­
ture" or vision of a country's road system can only be imple­
mented by attending to a multitude of small details, both technical 
and social, and accomplished by various means, including good 
administrative management, optimal resource allocation, technical 
improvements, personnel training, and well-designed financing 
and attendant user charges. This paper focuses on issues and con-
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PL33, 00521 Helsinki, Finland. 

cepts involved in a road administration's organization, manage­
ment, and financing. 

ORGANIZATION AND ADMINISTRATION: 
A BRIEF INTERNATIONAL REVIEW 

Organizational development is not an exact science; it simply is 
a certain arrangement for human cooperation. Organizational 
structure alone does not determine the effectiveness or success of 
an administration. There are "soft" factors involved: motivation, 
leadership, and culture. The management of a highway system, 
including ways of doing road work and overseeing roads, influ­
ences the ways road administrations are organized. The historical 
and political organization of a country also forms the framework 
for organizing countries' road administrations. 

A recent survey of resource allocation practices in the Organi­
zation for Economic Cooperation and Development countries (1) 
showed a remarkable communality in these practices and mana­
gerial approaches despite substantial differences in organizational 
structures. Three observations are relevant here. First, organiza­
tions reflect the governmental structures prevailing in each coun­
try. Thus a federal as well as a state level for road administration 
is relevant in Germany, Italy, Spain, Switzerland, and in the 
United States. Canada's federal government is not involved in 
allocating road budgets. In other countries, the federal/state hier­
archy is either missing or has been replaced by another adminis­
trative organizaton or procedure. Interestingly, even when coun­
tries' governmental levels and the road administrative bodies are 
similar, they do not have similar responsibilities. Second, exten­
sive traffic or financing problems are motivations for creating to­
tally new kinds of institutions. Motorway concession companies 
in France are a good example. Third, two main types of organi­
zational structures can be detected: the functional line organization 
and the fractal organization (to be discussed later). In the former, 
responsibilities are divided functionally, among construction, 
maintenance, planning and design, and administration. This is the 
most common type of organization. In the fractal organizational 
model, there is a comprehensive delegation of responsibility such 
as is found in the organizations in Sweden and Finland. 

Managerial approaches to road administration among countries 
show great similarity and encompass the planning and execution 
involved in the development, maintenance, and ope.rations of a 
road system. Development consists of construction of new roads, 
increases in road capacity by adding lanes, and substantial rea­
lignment of a road that may or may not increase capacity. Main­
tenance involves periodic resurfacing or strengthening of roads' 
structural capacity. Operations involves snow and ice removal (in 
certain countries); care of roadside and service areas, guardrails, 
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and traffic signs and markings; and other minor repairs that keep 
pavements and shoulders smooth and safe for motorists. Traffic 
safety, environmental protection, congestion management, and 
other ends that do not directly affect transport may affect these 
three main activities (Figure 1). The three-part division of devel­
opment, maintenance, and operations corresponds to the policy 
and budget-making practices of most public agencies. The divi­
sions relate to the time horizon of decisions: development deci­
sions are long range, maintenance decisions are made for the in­
termediate range, and operations makes short-range decisions and 
emergency interventions. The threefold division, observed in most 
countries, is a useful management aid; as a management tool it is 
likened to the functional classification of roads. 

Similarly, there are three administrative decision-making levels: 
the network, program, and project levels. They are shown as rows 
in Figure 1, which illustrates, in compact form, the domains of 
management and resource allocation for road administration. The 
network level, which is first, deals with policy and usually in­
volves actions by central management in the agency or ministry. 
The lowest or project level normally is performed by the regional 
office's engineers, who are charged with execution of the policies 
and design. In between is the program level; this level's function 
is to program the actions and implement the policies set at the 
network level, for example, a multi-year road program. 

MANAGEMENT, PERFORMANCE, AND 
ORGANIZATION OF A ROAD AGENCY 

Literature Review 

There is a shortage of literature on state or federal road admin­
istration organizations and their performance as well as compari­
sons of different countries' or regions' road agencies. Larson and 
Rao's (2) seminal study of U.S. state highway agencies illustrates 
the complexity of management and financial practices and the 
variance that exists in them among states. Talvitie and Sikow (3) 
have studied productivity growth in Finland's road administration 
(FINNRA); Heggie (4) presents a comprehensive proposal for im­
proving management and financing of roads (in sub-Saharan Af­
rica, although the proposal has wider applicability). According to 
Heggie, the key managerial challenge includes fundamental re­
forms for organization, management, and financing; the process 
of these reforms; and the strategy to be followed in accomplishing 
them. Hartgen (5) uses a number of indices to compare the pro­
ductivity and effectiveness of state highway agencies in the United 
States over time. Finally, Humphrey et al. (6) report on the meth­
ods used to assess U.S. state DOTs' performances in response to 
Hartgen's bold attempt to rank them ii1 terms of performance. 

Agency Performance and the Management Effect 

The remainder of this section reports on a Finnish study (7) whose 
original aim was to study an agency's productivity and manage­
ment. The study proved important from the point of view of the 
administration's organization. 

Method 

A review of literature (8,9) indicates that the cost function is a 
versatile way of addressing questions related to productivity and 
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efficiency. To assess efficiency, the method involves calculating 
average cost differences, through time or between regions, and 
decomposing them, in the present case, into input, output, and 
management effects and productivity or trend effects. The inno­
vation was to introduce management variables to the cost function 
and to gauge their importance. 

It was assumed that road production can be described indirectly 
as a cost function of the following form: 

where 

C = total cost of production, 
Wi = vector of input prices, 
Qi = vector of outputs, 

Mk = vector of management variables, 
T = binary time variable or a proxy for technology, and 

(1) 

Di = vector of dummy variables to specify the 13 different 
highway regions in Finland. 

Data 

Road construction and maintenance can be viewed as acquiring, 
moving, disposing, and treating materials. The volume of this 
work, measured in m3

, is defined as output. In order to test for 
a multiproduct production process, four classes of roads were 
specified to allow for the possibility of different production 
technologies. 

Input prices include wages, capital service, haulage, and ma­
terial. There are three management variables that the road agency, 
or management of a project, controls. The effects on costs of speed 
of construction and percentage of contract work both give valu­
able information about past decisions that aids future planning. 
The amount of· ''own fixed manpower'' is defined as the third 
management variable, which, in the short run, is often beyond the 
management's control. Several other variables were tried. 

Maintained Hypothesis 

Rigorous statistical tests (3) indicate that input prices are separable 
from outputs and management variables, but outputs are not sep­
arable from management. The road agency is a multiproduct 
agency whose output cannot be aggregated into a consistent scalar 
number. There appears to be no specific regional difference; how­
ever, if a single output is used to characterize the works, then 
regional differences in this single output are wrongly ascribed to 
region-specific variables. The cost function was reduced to the 
following form: 

· ln C = f(ln tf;) + g(ln Qi, ln Mk) (2) 

The result is fortuitous: the managerp.ent and output levels are 
separable from prices. At least, the result did not contradict the 
assumption of functioning factor markets. Inseparable manage­
ment and outputs suggest, even require, that managers of the out­
put (vector) also formulate it. This has clear implications for or­
ganizational structure. 
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FIGURE 1 Road management system. 

There were economies of scale. Also, management had an im­
portant bearing on costs. An increase in the speed of construction 
would have reduced costs in every highway region. Elasticity of 
cost with respect to percent of contract work was positive. The 
reason might be that the fast increase in the share of contract work 
had not been followed by a similar decrease in regions' own fixed 
manpower, thus, it had a negative impact on cost. Because direct 
labor was also required to make a bid, it was easy to establish 
whether the mandated competition had reduced costs. It had. It 
was also evident that contracting increased productivity and re­
duced costs. An increase of 1 percent in the fixed labor force raises 
total costs 0.88 percent" on the avera6e, whereas the share of labor 
is only about 35 percent of the costs. A change in costs with 
respect to the amount of direct labor is therefore elastic. 

¥~,.- ........ ~ ,J 

Measuring Performance 

After manipulation, the cost function can be used to obtain the 
following basic formulas: 

Total factor productivity 

= change in outputs/change in inputs (3) 

Total factor productivity 

= management effect + time trend (4) 

Change in unit costs 

= change in input" prices - productivity (5) 
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(In Equation 3, inputs= total costs/weighted input price.) The total 
factor productivity measure differs from the traditionally used 
time effect by the management variables' effect. This is an im­
portant difference: management affects agency performance. The 
above equations enable analysis of the changes in TFP from two 
different angles: from the production process, which compares 
input and output quantity levels and their changes (Equation 3); 
and from the differences in the management factors and the rate 
of technical change (Equation 4). A third interpretation is possible: 
the background variables can be seen as the sources of variations 
in the production process. For example, changes in the level of 
input factors can be motivated by a technological innovation, and 
a change in the speed of construction can affect both input usage 
and output levels and thus the productivity development of road 
construction and maintenance (3,10). 

The cost function begs the question What is the output? The 
properties of this output are Important to efficiency and produc­
tivity. For example, the efficiency of contract maintenance should 
not, cannot, be analyzed simply by taking one output, say over­
laying, and examining its costs if there are economies of scope 
and the costs of overlaying are affected by other outputs of the 
road agency. The labor force of a modern road agency is trained 
to have multiple skills, and the question of economies of scope 
cannot be ignored (3). The cost function also can be used for 
intercountry comparisons (8). The fact that some measures have 
been found efficient in one context does not mean that they will 
be so elsewhere. For example, cost reductions achieved by con­
tracting out maintenance may simply be a sign of inefficiency in 
that particular country, which may not be present in another 
country. 

Cost function is a good method for assessing a road adminis­
tration's productivity and efficiency trends. It is a particularly use­
ful tool for the management. For instance, it soon became apparent 
that FINNRA's excess manpower and slow speed of construction 
with many ongoing projects were detrimental to efficiency. Rem­
edies were taken to correct these problems after studies from dif­
ferent starting points confirmed the cost function results. 

Traditional price orientation of productivity studies need to be 
shifted to transaction costs to consider What is the management 
environment? Why is one organization better than another? What 
is the role of a management philosophy, of technology, and of the 
managers themselves? 

In sum, the cost function, together with a road management 
system and periodic audits of road condition, provide the neces­
sary information for performance assessment of a road agency. In 
all phases the people responsible for the project must be involved 
in this analysis because they can supplement and explain the 
things that a model cannot. 

Organization and Performance 

Good organizational structure is necessary for effective road man­
agement including good results in production and meeting cus­
tomers' needs. 

Current Situation 

Typically, a country's road administration has a centralized 
decision-making and functional line organization. Its regional of-
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fices are also organized along functional lines. Decision making 
that takes place at the regional level deals with straightforward 
work planning and not with program planning. This organizational 
structure is based on the technocratic idea that each line has its 
own separate product and that within the line output (e.g., a re­
habilitated road), inputs (e.g., factor prices), and management 
(e.g., the number of projects) are separable from each other. 

However, this may not be the most efficient organization. There 
are several problems: unclear and mixed functions and objectives, 
excess of organizational needs over "optimal" needs, a loss of 
information due to top-down micromanagement, and so forth. 

Approach for Restructuring 

There are several approaches to resolving resistances in public 
organizations and providing for the conflicting objectives of ac­
countability, direction, control, flexibility, freedom, and creativity. 
One of these is organizational restructuring to enable management 
to manage efficiently. From the point of view of organization 
structure, the key results of FINNRA's cost function analysis were 
separability of prices from output and management, nonsepara­
bility of management and output, multiproduct nature of the firm, 
economies of scale, irrelevance of region-specific characteristics, 
and the importance of scheduling (programming) of projects and 
the effect of their optimal timing on costs (11). 

Without proving the matter here, separability is a necessary 
condition for decentralization and delegation of decision making. 
Accordingly, FINNRA's output should not be defined by the cen­
tral administration to be managed by the regional administration. 
Decentralization was a must. On what scale should the decentral­
ization be done? According to the model, optimally FINNRA 
should be divided into 4 to 5 regions instead of the previous 13. 
Because there were no unique regional differences beyond the 
output, they could not be cited as evidence against restructuring. 
Still, restructuring of the regions proved to be enormously difficult 
both professionally and politically. Although decisions were made 
after a process of about 2 years, they have taken effect gradually, 
the first ones in 1991. From idea to implementation restructuring 
took 3 years. 

When these findings are translated into practical terms they 
mean that, given its budget, the executing regional office must 
have comprehensive responsibility regardless of the size of the 
region to creatively manage all its outputs. That is, the regional 
director should be accountable for the design, construction, re­
habilitation, and maintenance of the region's roads, once policy 
and the overall program goals have been established. For example, 
a regional director could be accountable to a director general and 
the board of the road administration. 

What then is the role and composition of the central adminis­
tration? Following the results and reasoning above, the central 
administration must have comprehensive responsibility of rec­
ommending to the board or Ministry policies to be foll~wed, and 
the distribution of monies within the country. It must be account­
able for the roa4 ~gency's performance. Many advantages can be 
gained if the directorate of the agency is composed of the director 
general and the regional directors and forms a general purpose 
management team. Advantages include formulation of goals in a 
manner that is uniform for all regions, commitment to distribution 
of allocated monies, possibility of monitoring performance in a 
consistent manner, and cohesion within the agency. If the country 
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is divided into numerous regions, the size of the directorate could 
become too big and unmanageable. It is important that the number 
ofregions is optimally small. 

At the regional level, the same reasoning and rules .apply. In­
stead of line organization, the regional director should have an 
area organization under which the area chief is responsible and 
accountable for the roads in the area as well as planning, de­
sign, safety, construction, maintenance, and environmental safety. 
He or she may employ experts; but the manager has general 
responsibility. 

The organizational structure outlined a:bove, represented in Fig­
ure 2, can be called a fractal organization, because each lower 
level is a replica of the higher level. This organizational structure 
does not mean that everything is delegated. Activities that are best 
performed at the regional level (e.g., programming and executing 
road condition surveys) need not be delegated. Centralization, de­
centralization, and delegation depend on technology and available 
expertise, not solely on organization structure. 

Concurrently, other administrators arrived at these conclusions 
by means other than an econometric study. At least two FINNRA 
regional directors expressed similar thoughts about the organiza­
tion and, in particular, how to organize the regional road agency. 
Comprehensive managerial responsibility and· delegation of au­
thority were timely concepts. Studies in the United States echoed 
similar themes. Larson and Rao (2) propose that ''in a more com­
petitive environment for resources, highway ·capital programs will 
likely require a new focus and broader ranging goals," but they 
maintained that there was no "right way'-' to manage the highway 
capital program and argued for "directed autonomy" to allow 
creative approaches to be developed by individual states. Larson 
and Rao suggested that the best results are achieved when· there 
is· a ''balance between the need for direction and control on the 
one hand and freedom and flexibility on the other, depending on 
the political, cultural, and demographic circumstances'' of each 
state (country). These ideas are certainly not contradicted by ideas 
that were commonly held in Finland and Sweden at the time (both 
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countries were undertaking reorganization as Larson and Rao's 
study was published). Thus, model results were reflected in the 
current thinking of professionals in transportation. 

It is hoped that studies will be undertaken to determine how 
many regions a country should have for purposes of transport 
administration. One hypothesis is that a functionally organized 
line organization is more efficient with low-level technology and 
insufficient information systems. A fractal organization only be­
comes possible with the use of more advanced technologies and 
information systems. Some speculate that the functional and frac­
tal organizations need to be used in a cyclical manner: the func­
tional line organization to push forward specialization and ad­
vanced technology, the fractal organization to consolidate the 
technological gains made in the organization. That the line orga­
nization has been in effect up to recent times in most countries 
shows its viability; it may well be the best organizational model 
for most developing countries for some time to come. An orga­
nization's structure is important to the fulfillment of its mission. 
It is also important that organizational restructuring keep pace 
with technological development. Needless to say, the issue of or­
ganizational structure and the number of subdivisions has political 
importance; an organizational restructuring is always a political 
process. More research and experimentation is needed on these 
matters. 

IMPLICATIONS FOR MANAGEMENT SYSTEMS 

Management systems are a necessary element of good management. 
Not everyone appreciates that organizational structure and decision 
making style are important factors in the design of the management 
systems. The design of FINNRA's road management system 
(10,12,13) was critically affected by organizational considerations 
and by the weakness of ·the then practiced budgeting and output 
formulation processes, which, among other things, permitted seri­
ous leakage of funds and nonoptimal choices of projects. 

The road management system (RMS) must be consistent with 
the management structure reflected in Figure 1. Network level 
deeisions, exercised by the central administration, deal with policy 
and resource allocation. Project level decisions, performed by the 
regional offices, deal with design and work planning. Program 
level decisions to implement policies for many years are the joint 
responsibility of the central administration and the regional of­
fices. This organizational system is called a "top-down" method, 
as opposed to a ''bottom-up'' method, which builds the multiyear 
program from individual projects. The system developed and 
adopted by FINNRA is both. 

Key ideas in the top-down method's (Figure 1 as read top 
down) network-level RMS are the following: 

• All investment, maintenance, and operations monies are ac­
counted for. 

• Central management distributes monies to regions, normally 
by functional classification (or volume class); and may recom­
mend an action. 

• Central management has many other considerations and con­
straints that it needs to value when distributing the budget. 

• Budget and other constraints are considered explicitly and 
their importance assessed and communicated in terms of trade­
offs between competing programs. 

··central management operates in a "virtual" reality. 
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These thoughts are consistent with contemporary practice and 
thinking in road management, which emphasizes the role of the 
chief administrative officer and the top-down authority of the cen­
tral management. In that context, transportation is perceived and 
used by policymakers as a means to ends other than affecting 
transportation; the approach is compatible with Larson and Rao's 
(2) thoughts on a ''competitive environment for resources,'' or 
' 'new focus and broader ranging goals,'' or ' 'the need for direc­
tion and control on the one hand and freedom and flexibility on 
the other.'' 

Key ideas of the bottom-up method (Figure 1 as read from 
bottom up) project-level design system are the following: 

• Even a single project consists of many tasks. 
• There are many centrally unavailable but locally available 

variables that affect the final design and the final program, such 
as ''historical memory.'' 

• A design engineer must have both direction (budget con­
straint, a recommended action) and control (e.g., conduct an audit 
of the road conditions). But he or she must also have the freedom 
to exercise creativity in designing the project. 

•A design engineer operates in a "concrete" reality. 

The bottom-up approach ensures that regional management 
conceives the output vector it is responsible for managing for cost 
and level-of-service. In doing so, project-level scale and other ef­
fects, involving project size, construction time, and scheduling­
all of which yield clear monetary benefits to road agency and 
users alike-are used to advantage. In a companion study (11), 
these benefits are calculated to range from 11 to 25 percent of 
project costs, depending on the demand volume on the road. 

In conclusion, compatibility between the management systems 
is important. For example, had a bottom-up RMS been adopted 
all the way, the central management would not have been able to 
exercise direction and control or consider broader ranging goals 
and manage successfully in a competitive environment for re­
sources. Similarly, if the top-down model was used exclusively, 
freedom and fle'xibility and creative approaches would have been 
compromised. 

Cost or 
Budget 

Too Large 
Budget 

Optimal Budget 

Too Small Budge 
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FUNDING AND ROAD USER CHARGES 

In many countries, the national road budget is allocated from the 
country's general budget. Increasingly, there are examples of sys­
temwide earmarking (as in Switzerland, the United States, and 
some African countries) and of toll roads (Austria, France, Italy, 
Norway, Spain, Mexico, and the United States. 

Financing road administration from general budget revenues co­
incides with the old road agency model: centralized administration 
and heavy producer organizations. More autonomous road orga­
nizations, even with general budget financing, tend to be more 
flexible and business oriented, leaning heavily toward contracting 
out and willing to develop user charges, a road fund based on user 
tariff. Road funding, be it earmarking a user tariff or developing 
toll roads or a combination of the two, is an integral element of 
road agency reform, as Heggie ( 4) points out. At the same time 
macroeconomists contest this point; they see no relation between 
cost recovery and user charges on theoretical grounds. They see 
autonomous road agencies limiting the maneuvering room of the 
country's Ministry of Finance. 

This paper will not attempt to resolve this dispute. It merely 
seeks to lay out the issues of importance and not to ignore the 
fact that there can be no accountability in management and no 
customer-oriented service delivery without a degree of control of 
income and without appropriate user charges. 

Basis of Road User Contributions 

The framework used for deciding road budget allocation and dis­
tribution (between regions and road classes) to minimize total 
transportation costs determines the optimum size of the network 
and the optimal condition standards of roads (Figure 3). Today, 
few countries employ user costs to help determine the road con­
dition standard. Instead, the road condition standards are deter­
mined by engineering and other considerations. 

The issue is not, as road users maintain, that they already con­
tribute more to government revenues than is spent on roads. The 
issue is that governments do not have surpluses; instead they ex­
perience shortages of tax revenues. But taxing road users is not 
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FIGURE 3 Optimal road condition and budget. 
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necessarily the best way to make up the shortage. Even if it is 
debatable whether road users pay too much, road transport incurs 
external costs in terms of pollution, noise, and congestion for 
which there is no market value at present; taxing behavior that 
incurs these external costs may not be good policy. There is also 
considerable evidence of cross-subsidization from cars to trucks, 
especially to heavier trucks. 

Road users claiming they pay too much and the government 
allocating too little monies to roads point to the need for an ap­
propriate road management system and analytical procedures for 
recommending road budgets and standards. There is also the need 
to pay for the costs of roads, which means well-reasoned user 
charges, such as a road tariff, and a road fund. 

Pros· and Cons of the Road Fund 

A road fund is created by collecting road user charges. The fund 
is dedicated to roads. The advantages of a road fund most often 
cited are the following: 

• It provides for a stable road budget and avoids political di­
version of road user charges. 

• It promotes efficient programming and contributes toward 
lower contracting costs. 

• It makes higher user charges more acceptable because their 
use can be identified and monitored. 

• It facilitates cost recovery and equity, because beneficiaries 
and those who pay can be matched. 

• It constitutes a link between payments and benefits, which 
promotes more efficient management of funds and increases the 
sense of accountability, because the programs can be easily 
monitored and a clear system of performance indicators can be 
developed. 

• It is essential for commercializing the road agency. 

The. most commonly cited disadvantages of a road fund are the 
following: 

• It is said to entail a cost in terms of loss of budgetary free­
dom, especially if unforeseen fiscal difficulties arise. 

• It could lead to distortions between different sectors of the 
economy and overspending in the road sector. 

• It has not been successful in ensuring adequate monies for 
maintenance; there has been a tendency to use road fund monies 
for new construction. 

Lessons from earmarked road fund experiments, and the 
"cons" identified, suggest that the following factors are important 
if a dedicated road fund is being contemplated: 

• The planning process and the types of expenditures and func­
tional classes for which a road fund can be used must be clearly 
specified. 

• The yearly level of expenditure, the road sector allocation and 
its distribution between the major activities-new construction, 
maintenance, and operations-should be determined by reliable, 
periodically updated data and appropriate analytical procedures. 

• The road management, in addition to auditing and accounting 
safeguards, which cover both the money usage and the perfor-
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mance of the road administration, should be under proper political 
control. 

• The road fund authorization should be periodic (e.g., set 
4 years at a time, to maintain efficiency and avoid monopoly 
pricing). 

It appears that the pros of road funds outweigh the cons, if ap­
propriate safeguards are observed. The matter of funding is an 
important part of road agency management, and research should 
be undertaken to clarify the issues surrounding road funds. 

Proposal for Road Fund Based on Road User Charges 

Customarily, public finance principles of economic efficiency, ad­
ministrative cost, and equity, in addition to cost recovery, are ap­
plied in developing road user charges. The following compromise 
proposal is designed to achieve these conflicting objectives and 
yet provide a transparent system that allows straightforward po­
litical oversight of agency performance. 

• Variable charges, such as fuel charges and axle load charges, 
are levied to pay for maintenance and operations. Both charges 
are related to usage and inexpensive to collect. Fuel charges relate 
to both road wear and to many externalities. Heavy-vehicle 
charges, those based on the axle loads and distance driven, relate 
to road damage and a road's structural capacity. Electric cars and 
bad driving habits, as reflected in the drive cycle, are not covered 
and may require substituting tolls for fuel charges or other mea­
sures in the future. 

• Fixed annual charges, vehicle charges, may influence the 
movement toward a less polluting and damaging vehicle fleet and, 
most importantly, may be applied to pay Jor the expansion (or 
contraction) of the network and pay interest on the capital invested 
in highways. 

• Congestion tolls, made feasible by recent technological ad­
vances and restricted to congested facilities, are considered for 
demand management and for paying for capacity expansion or 
other acts on any transport mode to alleviate congestion. (If fuel 
charges on vehicles using alternative fuels become difficult to col­
lect, such charges also can be collected as a toll.) 

Any or all the above charges may contain a component to ame­
liorate environmental harm, provided the harm is, in fact, com­
pensated. There may also be sales taxes or value-added taxes on 
fuel and vehicles that would accrue to the general tax fund. 

CONCLUSION 

Each of the sections offer conclusions; however, if there is one 
matter the authors want to emphasize it is the importance of a 
road agency's organization, management, and funding to its ac­
countability and performance. 
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Developing and Implementing the 
Intermodal Surface Transportation 
Efficiency Act Management Systems: 
New York State's Approach 

JOHN J. SHUFON, CLARENCE R. FOSDICK, BARBARA P. GIGLIOTTI, AND 

JOSEPH P. MCCLEAN 

Section 1034 of the Intermodal Surface Transportation Efficiency Act 
of 1991 (!STEA) mandates that states develop six management sys­
tems and an associated traffic monitoring system. Whereas states have 
direct responsibility to implement these systems, !STEA requires that 
each system be developed in cooperation with other agencies receiv­
ing federal highway or transit funds, and with metropolitan planning 
organizations in urban areas. Federal regulation further requires that 
a mechanism be established to coordinate development and imple­
mentation of the systems administratively, functionally, and techni­
cally. Described are the steps that the New York State Department of 
Transportation (NYSDOT) is taking to ensure compliance with these 
requirements and to integrate the management systems into the state's 
program planning and development process. The management struc­
ture implemented to oversee system development is detailed, as are 
the procedures that have been put in place to coordinate these activ­
ities among NYSDOT system developers and other affected transpor­
tation providers. In addition, guidance provided to system developers 
to ensure timely implementation is presented. The guidance focuses 
on the appointment of formal technical committees and the develop­
ment of concept plans, which carefully define system scope, at the 
same time building on existing processes and technical tools. Staged 
system implementation is also recommended, the January 1995 cer­
tification deadline being a major milestone. 

The Intermodal Surface Transportation Efficiency Act of 1991 
(ISTEA) is seen as marking a change in philosophy from building 
the Interstate highway system to managing the nation's entire 
transportation system as effectively and efficiently as possible. 
Section 1034 of !STEA mandates that each state develop six man­
agement systems and an associated traffic monitoring system to 
meet this charge. Each state is to engage in a multiyear effort to 
develop and certify implementation of the following management 
systems by January 1, 1995: 

System 

Pavement (PMS) 
Bridge (BMS) 
Safety (SMS) 

Congestion (CMS) 
Public Transportation Facilities 

and Equipment (PTMS) 

Responsible Organization 

Planning Division 
Structures Division 
Traffic Engineering and Safety 

Division 
Planning Division 
Transit Division 

Systems and Program Planning Bureau, Planning Division, New York 
State Department of Transportation, Building 4, Room lllC, State Cam­
pus, Albany, N.Y. 12232. 

System 

Intermodal Transportation 
(IMS) 

Traffic Monitoring (TMS) 

Responsible Organization 

Commercial Transport Division 

Planning Division 

As stated in the proposed federal regulation (23 CFR Part 500) 
governing !STEA management system implementation: 

The primary purpose of the management systems is to provide ad­
ditional information needed to make effective decisions on the use 
of limited resources to improve the efficiency of, and protect the 
investment in, the nation's existing and future transportation infra­
structure at all levels of jurisdictional control. 

Thus, those under development within the New York State De­
partment of Transportation (NYSDOT) are decision-support sys­
tems for use by public and private transportation entities in ob­
jectively evaluating performance, identifying deficiencies, and 
helping construct and evaluate alternative solutions and invest­
ment strategies. For NYSDOT, the systems will support and en­
hance the decision-making process, in particular the goal-oriented 
programming (GOP) element of that process. 

Although envisioned as separate systems or subsystems of an 
overall transportation management system, all six systems have 
several important elements that run throughout (J): 

• Cooperation: The state is the responsible agency for devel­
oping and implementing each management system. In metropoli­
tan areas, this must be accomplished in cooperation with 
metropolitan planning organizations (MPOs ). Transit agencies and 
local governments must also be involved. 

• Objectives: The fundamental purpose of the management sys­
tems is to improve the efficiency of transportation systems and to 
protect public and private investment in those systems through 
more effective decision making. 

• Implementation: Transportation needs and improvements 
identified by a management system must be. considered by the 
states and their MPOs in their planning and programs and in mak­
ing project-selection decisions. 

It should be recognized that although systems' outputs must be 
considered, the systems themselves will not be the end products­
their implementation ·and use will not force particular program or 
project decisions. NYSDOT will continue to function in a decen­
tralized decision-making environment. Project decisions will be 
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made in the 11 regional offices; policy guidance and goals will 
be determined in the central office. Current responsibility and au­
thority will not be diminished. The systems will simply provide 
decision makers with more structured and comprehensive data, 
along with necessary analytical tools that can be used to develop 
a quality program that is balanced and integrated. 

The purpose of this paper is to introduce the concept of 
management systems and to address how they will function 
within NYSDOT's decentralized decision-making culture. Admin­
istrative, functional, and technical processes to be used to coor­
dinate and integrate management systems development and im­
plementation are defined. In addition, guidance is provided to 
assist individual system developers in implementing a system con­
sistent with the federal regulation by the January_ 1, 1995, 
deadline. 

BUSINESS OF THE DEPARTMENT: AN 
OVERVIEW 

The opening paragraph of !STEA states: 

... it is the policy of the United States to develop a National Inter­
modal Transportation System that is economically efficient and en­
vironmentally sound, provides the foundation for the nation to 
compete in the global economy, and will move people and goods in 
an energy efficient manner. 

NYSDOT's goals and objectives certainly support this policy, as 
affirmed by the department's mission statement: ''It is the mission 
of the New York State Department of Transportation to provide 
adequate, safe, balanced, and efficient transportation at reasonable 
cost to the people of the State.'' 

The department's business, broadly speaking, is to achieve this 
mission by performing numerous direct and supporting tasks 
aimed at maintaining and improving the state's transportation in­
frastructure and its operation. These range from planning, design, 
and maintenance of the highway system to various administrative 
activities, both fiscal and organizational, which are required to 
support capital construction and operational programs across all 
program areas. The management systems are central to these ac­
tivities and will provide the connecting framework for a consistent 
approach and criteria to judge competing priorities among the 
state's surface transportation systems. 

The concept of management systems is not new to the depart­
ment. Pavement and bridge management systems have provided 
valuable input to the program development process for several 
years. The Highway Safety Improvement Program has for two 
decades provided a systematic process for selecting safety projects 
and evaluating the effectiveness of safety treatments. Computer­
ized systems maintained throughout the central office and the 
regions have been developed to assist in managing congestion and 
:financing transit operators. !STEA requires that these systems be 
enhanced and their coverage expanded; however, their function 
will remain the same: to provid(;! input to program development 
decision making, particularly that of the department's GOP 
process. 

The GOP process is the primary mechanism for planning, eval­
uating, implementing, and monitoring the department's transpor­
tation program efforts. Originally designed to address the capital 
program, it was broadened in 1992 to reflect such noncapital ac­
tivities as maintenance and operational work perfon~1ed by state 
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forces. GOP provides a method to manage the program by estab­
lishing goals, setting clear measurable objectives, and then mea­
suring program performance in attaining those goals and objec­
tives. The GOP product is a recommended program of projects 
explicitly balancing needs, priorities, and resources. 

Historically, the GOP process has addressed the department's 
bridge, pavement, capacity, and safety programs. Implementation 
of the !STEA management systems provides the opportunity to 
sharpen decision making for those program areas and, for the first 
time, to include transit and intermodal elements in the program­
ming process. Ultimately, the management systems are intended 
to provide the consistent data, analysis tools, and administrative 
procedures to assist decision makers in making the best decisions, 
within and across all :functional areas. The development of mul­
timodal solutions to transportation problems is a goal of !STEA 
The department's GOP process serves as the framework to achieve 
that goal. 

Figure 1 shows a simplified flowchart of the GOP process. Data 
from the existing management systems are used by executive 
management to set statewide goals and to establish policies. They 
are also used to develop performance measures and selection cri­
teria and as input to the allocation of capital and operating funds 
to the department's 11 regions. Working within_ their allocations· 
and given their goals, each regional office uses data from the 
management systems for annual development of 5-year programs 
of capital and operations projects, including maintenance. It is 
here, at this early stage in the process, that each regional office 
works with MPOs, local governments, and transit providers. Tech­
nical tools such as the department's pavement, bridge, and con­
gestion forecasting models are used by the regions to evaluate the 
impact of alternative construction, operational, and preventive 
program strategies on "end conditions." Trade-offs are made and 
programs are selected that explicitly balance needs, priorities, and 
resources. 

Each region then prepares a report detailing the programs se­
lected, describing the rationale used in arriving at program 
choices, both among transportation programs and w~thin each pro­
gram, and comparing the results with regional conditions. This 
report is transmitted to the central office, where it undergoes tech­
nical review to ensure that proposed programs are consistent with 
goals and policies established by executive management. 

I Setting Goals/ s Performance Measures 
T 
E 
A Fund Allocation 
M 

·A Regional Program N 
A Development 
G 
E 

Program Review M 
E 
N NO T 

s 
y 
s Program Implementation 
T 
E 
M Performance Monitoring s 

FIGURE 1 Integrating management systems into the NYSDOT 
GOP process. 
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Once programs are approved, implementation commences. The 
data collection component of the management systems is used to 
monitor performance and update the data bases, which in turn 
provide feedback for the next year's goal-setting activity. 

INTEGRATION AND COORDINATION OF THE 
MANAGEMENT SYSTEMS 

ISTEA clearly cites Congress's intent for coordination of man­
agement systems' implementation. The legislation requires that 
management systems be developed and implemented in coopera­
tion with MPOs and other affected agencies. In addition, system 
outputs must be considered in developing metropolitan and state­
wide transportation plans and improvement programs and in mak­
ing project selection decisions under both Title 23 and the Federal 
Transit Act. Federal regulation emphasizes and expands upon this 
intent by requiring each state to have 

procedures within the State's organization, for coordination of the 
development, establishment, implementatiqn and· operation of the 
management systems. The procedures must include: 

• An oversight process to assure that adequate resources are avail­
able for implementation; 

• Complementary target dates of the systems to ensure that outputs 
of all systems can be given timely consideration in development of 
metropolitan and Statewide transportation plans and programs; 

• The use of data bases with a common or coordinated reference 
system and methods for data sharing methodology; and 

• Interrelationships among the systems to address outputs and is­
sues related to the purposes of more than one management system. 
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The steps NYSDOT has taken to ensure the required coordination 
and integration will now be discussed from three perspectives­
administrative, functional, and technical. 

Administrative Coordination 

Administrative coordination of the ISTEA management systems 
involves policy development and project management, such as 
agency resource allocation. The management structure designed 
to ensure administrative coordination of the ISTEA systems is 
shown in Figure 2 and consists of the following components: 

• Executive steering committee (ESC): General oversight of the 
system development effort is provided by an ESC consisting of 
the first deputy commissioner; the director of the planning and 
program management group; the assistant commissioners for man­
agement and finance, operations, engineering, and public trans­
portation; and two regional directors. The committee meets ap­
proximately quarterly to be briefed on the status of each 
management system and to address high-level issues affecting re­
lationships among the systems. Among issues to be addressed are 
annual budgetary allocations to each system development team, 
adjustment of resource allocations as necessary, ratification of pol­
icy proposals, and resolution of policy disagreements. 
Because of the advanced stage of implementation of the depart­

ment's bridge management system (BMS), its steering committee, 
although quite similar to the ESC, will continue as currently con­
stituted. The BMS will be developed and coordinated in a manner 
consistent with ISTEA requirements and federal regulations. 

Note: While this chart shows 1he BMS development effort under the Illustrated management structure, it was subsequently decided that the BMS comrrittee structure wiU remaln as currently exists. 

FIGURE 2 NYSDOT management structure for management system development. 
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• Executive directors: The assistant commissioner for manage­
ment and finance (OMF) and the director of the planning and 
program management group (PPMG) have joint responsibility for 
overseeing coordination and progress of the systems development 
effort. As the organization responsible for automation standards 
and policies and for providing systems development services, 
OMF is responsible for ensuring that each effort is consistent with 
these policies and standards. As manager of planning and imple­
mentation of the department's program, PPMG has specific re­
sponsibilities to ensure that these systems meet the state's program 
planning and development needs. 

• Project coordinators: The Systems and Program Planning Bu­
reau of the planning division of the PPMG has been designated 
project coordinator for development and implementation of the 
management systems. Under supervision of the executive direc­
tors, the project coordinator is responsible for the following ad­
ministrative activities: ensuring that the project is placed on the 
department's priority list and that adequate resources are devoted 
to development; assisting system developers to ensure that the 
project is progressing at an acceptable pace and that systems are 
designed using appropriate systems-development methodology; 
acting as staff to the ESC by scheduling meetings, arranging agen­
das, and so forth; resolving conflicts and raising issues to the joint 
directors with recommendations for remedial action; working with 
system developers to address individual problems in conjunction 
with staff from the information management division and strategic 
planning and management systems division; and attending tech­
nical committee meetings and disseminating information to the 
various system developers. 
· •Technical committees: Their role is to provide system devel­

opers with expertise as well as to outline customer needs to be 
considered during management system development. !STEA is 
specific about the interests that must be involved in developing 
the management systems. The department decided that the tech­
nical committees would act as forums for that involvement. The 
committees are chaired by the system developers; membership is 
consistent with federal regulation and must be approved by the 
ESC. The recommended composition of each technical committee 
is discussed later. · 

• System developers: System developers are responsible for de­
veloping management systems that satisfy !STEA requirements 
for function, performance, schedule, and customer involvement, 
as well as department requirements for compatibility, customer 
access, and information management. The system developer is 
required to outreach to MPOs and other customer groups to ensure 
meaningful input and buy-in from all affected parties and to fulfill 
obligations under the law and regulation. 

Functional· Coordination and integration 

Functional coordination and integration addresses program inter­
relationships among the systems. For example, output of one sys­
tem may serve as input to another. The department's SAFEPAVE 
program illustrates functional coordination. Safety evaluation find­
ings have suggested that a simple resurfacing with high-friction 
asphalt will reduce wet-weather accidents by 50 percent at loca­
tions where wet-weather accident rates are significantly above the 
mean. Locations identified by the pavement management system 
are now matched with high wet-weather accident locations, and 
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project lists are developed that address both considerations. Thus, 
a PMS output serves as an input to the SMS. 

Currently, functional coordination is achieved by the regional 
offices as part of the GOP development process. Each regional 
program committee, which is a formal group consisting of func­
tional group managers chaired by the regional director, meets reg­
ularly to discuss proposals for the pavement, bridge, safety, and 
capacity programs. Trade-offs among these programs are dis­
cussed and, within fiscal constraints, a program of projects is se­
lected that best meets the goals established by executive manage­
ment. Formal subcommittees specializing in each program area 
provide ongoing technical input to this process. Implementation 
of the management systems will broaden and enhance this input. 

Functional integration involves development of policies and 
procedures so that various programs are coordinated to promote 
effective and efficient deployment of resources to achieve the 
agency's mission. For instance, all systems performing economic 
analyses of project proposals should be bound to the same policy 
premises. Thus, all benefit-cost work should use the same discount 
rate for invested funds, the same value for user costs, and so on. 
In addition, if life-cycle cost is a corporate investment policy, then 
all systems should be capable of providing such assessments. 

The management structure described in the preceding section 
ensures functional coordination and integration in developing 
management systems. Important policy issues that are strategic in 
nature will be discussed and resolved by the ESC. On a day-to­
day basis, the project coordinator works with system developers 
so that each system's needs are addressed while the other systems 
are being developed. 

In addition, a working group has been formed consisting of 
system developers, the coordination team, FHWA, MPOs, and 
other department personnel with a direct interest in the manage­
ment systems. This working group will advise and assist the proj­
ect coordinator to facilitate discussion, share information, develop 
common definitions, ensure coordination in system scoping, and 
develop staff-level consensus on issues affecting development and 
implementation. 

Technical Coordination 

Federal regulation is very specific on the need for technical co­
ordination in developing the management systems, specifically in 
using common data bases with a common or coordinated reference 
system, and for data-sharing methodology. Certainly, the afore­
mentioned management structure (along with the working group) 
aids the coordination of management systems from a technical 
standpoint. In addition, NYSDOT has decided that this coordi­
nation will be achieved, in part, by implementing a geographic 
information system (GIS) to link data components of the man­
agement systems. GIS technology permits assimilation, integra­
tion, and presentation of data collected and stored in each of the 
management systems, regardless of the referencing system used 
to locate the data elements (e.g., reference markers, mile po·ints, 
and coordinates). Figure 3 illustrates conceptually how the GIS 
will operate. 

The department has taken several steps to implement GIS tech­
nology. A GIS selection committee has been appointed to evaluate 
software and recommend a GIS solution to system integration. A 
technical subcommittee has been designated to work with the 
regions in assessing proposed applications using va~ious GIS plat-
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FIGURE 3 GIS and the management systems. 

forms. In addition, a detailed work plan to implement GIS has 
been prepared by the information management division and ap­
proved by the deparment's Management Information· System 
Steering Committee (2). It is anticipated that the GIS selection 
committee will complete the required work and make a final rec­
ommendation by early 1994. It is well recognized that GIS im­
plementation, although important, is only one step in ensuring 
technical coordination. A GIS is not a substitute for traditional 
systems analysis. Much work must be done in technical design of 
the management systems, for example, determining user needs, 
identifying relationships among the systems for data-sharing pur­
poses, and developing common data definitions. To accomplish 
these tasks, the information management division bas assembled 
a team of computer analysts to work full-time with the systems 
developers, GIS specialists, and other data-processing staff from 
the user groups in developing and integrating automation elements 
of the management system project. 

GUIDELINES FOR MANAGEMENT SYSTEM 
DEVELOPMENT 

This section provides system developers with guidelines for de­
veloping their respective management systems. The following dis­
cussion is a generic overview applying to all systems. System 
developers should refer to the federal regulations for details spe­
cific to each system and work with FHWA and the project coor­
dinator to ensure that development and implementation comply 
with ISTEA's minimum requirements. 

Appoint Technical Committees 

!STEA mandates that each management systein be developed and 
implemented in cooperation with MPOs in urban areas and with 
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affected agencies receiving assistance under the Federal Transit 
Act. To meet this charge and ensure appropriate integration and 
consistency among systems, NYSDOT decided that each technical 
committee should include representatives from each of the 
following: 

• Planning division; 
• Information management division; 
• Strategic planning and management systems; 
•Professional staff from one of the state's MPOs; 
•Professional staff from a non-MPO area of the state; 
• Department central office staff involved as users of the system 

(in each case, the staff person should be one appropriate to speak 
for his or her program area in discussing issues and making de­
cisions); 

•Regional staff-two representatives, one from downstate and 
one from upstate; 

• FHWA division office; and 
• Principal customers and interested parties for each manage­

ment system as identified by the individual management system 
concept plans and federal regulation. Examples include the re­
gional and local transportation authorities and FTA for the PTMS, 
and county highway superintendents for the BMS and PMS. 

Prepare a Concept Plan 

Preparing a concept plan is perhaps the most important step in the 
successful development and implementation of a management sys­
tem. The document serves as the overall charter for the system, 
and as such it is reviewed and scrutinized by executive manage­
ment. The plans should be written clearly and concisely but, at 
the same time, must be comprehensive enough to provide a road 
map to future system development. Each plan should identify 
ISTEA goals and objectives, critical issues, system development 
and integration considerations, overall schedule, and major project 
milestones. Specifically, the concept plan should include the fol­
lowing components (3): 

•Appropriate legislation and regulations governing system 
development; 

• System-specific goals and objectives that relate to and support 
the agency's overall ISTEA management system goals and objec­
tives. This should be a vision statement that describes the "as­
is'' condition (i.e., how the functional areas affected by the man­
agement system currently do business) and the "desired" 
condition (i.e., how the functional areas will do business under 
ISTEA) as well as highlighting significant business or process 
changes that must be accomplished to comply with ISTEA 
requirements; 

• Summary of key system-specific issues that must be ad­
dressed for system development to succeed; 

• A system framework, that is, a detailed model or schematic 
(e.g., flowchart) of the overall system should be provided showing 
system components and principal points of functional and tech.,. 
nical integration with other !STEA or agency systems. The frame­
work also should specify to what extent existing agency programs, 
processes, and procedures satisfy ISTEA requirements; 

• Identification of the data bases and information necessary to 
develop the system; 

• Detailed project work plan that identifies project tasks, mile­
stones and schedule, deliverables, and task responsibilities; and 
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• An estimated annual budget, including automation needs 
(hardware, software, additional programming expertise), staffing 
needs, and incremental required data collection costs. 

Carefully. Define Management System Scope 

Management systems are often thought of as data-intensive com­
puter systems designed to answer difficult questions at the touch 
of a keyboard. This is far from the case. Although the automated 
data base is an important component of a management system, 
it is only a supporting component. A management system must 
also address the administrative side of the organization_:...its rel­
evance to business policies, plans, and processes. Failure to rec­
ognize administrative considerations during system scoping will 
impede success as surely as technical inadequacies. Furthermore, 
the processes selected must be within the organization's resources 
and. compatible with existing policies and procedures. Systems 
require resources, principally people and mo_ney. System devel­
opers must be sure that the scope and relevance of the manage­
ment system can and will be borne by the agency. Otherwise, the 
scope must be changed until the planned processes and commit­
ments match (4). 

Another important consideration in scoping management sys­
tems is early identification and definition of outputs of their au­
tomated elements. Data are valuable corporate commodities. They 
are extremely expensive to collect and maintain. Thus, data should 
be collected only if they are to be used in decision making. Sys­
tems developers must avoid the tendency to collect all possible 
information "just in case we might need it someday." Inputs 
should be defined by output requirements. Understanding this is 
the key to successfully scoping the automated component of the 
management system. 

Recognize Existing Processes and Technical Tools 

Successful deployment of a management system requires that it 
be tailored to an agency's organizational structure, at least during 
initial stages of implementation. Even introducing the manage­
ment system concept may create major stress because this causes 
a change in the way an organization does business. Such change 
should be slow enough to allow all functional groups involved to 
buy into the new processes and procedures. Because deadlines for 
implementation are rapidly approaching, there is no time to intro­
duce radically new system constructs. Thus, system developers 
are considering the department's existing decision-making culture 
and shaping the architecture of the management system accord­
ingly, thereby increasing the chance that the system will be em­
braced by users and immediately integrated into the decision­
making process. 

Furthermore, existing technical tools, data bases, and proce­
dures should form the basis for management system design when­
ever possible. It is much easier and more economically feasible 
to build on technologies and administrative procedures already 
germane to an organization than to start from scratch. Efficiency 
in data collection is explicitly recognized in the federal regulation 
recommending use of four currently available data sources-the 
Traffic Monitoring System, the Highway Performance Monitoring 
System, FTA's Section 15 reporting requirements, and the Na­
tional Bridge Inventory. 

Incorporate Essential Components into the 
Management Systems 
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The proposed federal regulation states _that each management sys­
tem requires data to define and monitor the magnitude of prob­
lems, identify needs, analyze alternative solutions, and measure 
the effectiveness of implemented actions. To accomplish these ac­
tivities, each system should have the following components: _ 

• An inventory identifying problem areas, 
• A process to establish performance measures, 
• A data-collection element to monitor system performance 

(e.g., condition), 
• Analysis capability to identify needs and analyze alternative 

corrective strategies, 
• A process to implement the strategies selected, and 
• Procedures to evaluate effectiveness of the strategies imple­

mented (i.e., a feedback loop). 

Developers are advised to build their systems around these essen­
tial components. They must determine early in management sys­
tem development which components are already available or can 
be completed by in-house staff. For others, it might be necessary 
to engage consultants or universities funded through the depart­
ment's research program. If consultants must be hired, consider­
able lead time must be allotted because of the time requirements 
for consultant selection. Figure 4 shows the framework of a typi­
cal management system. 

Build in Staged System Implementation 

Building the data bases and developing such complex analysis 
tools as the GIS may take years and will require significant re-

FIGURE 4 Components of a typical management system. 
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source commitment by executive management. One way to pro­
mote this support is by providing executive management with an 
immediate return on investment. This can be accomplished by 
staging system implementation so that products become available 
early in the process. Certainly a major milestone and early goal 
of all the systems must be meeting the federal deadline for 
certification. 

Staged implementation can take different forms. For example, 
the NYSDOT pavement management system is being imple­
mented in three stages-crawl, walk, and run. Crawl-stage activ­
ities basically involve development of methodologies and tech­
nical tools to sharpen existing practice, whereas walk- and 
run-stage activities focus on further refinements to these tools in 
a microcomputer and mainframe environment. Such an approach 
to staged implementation might not be appropriate for all systems, 
but the important point is that early benefits must be realized from 
the management systems development effon. 

Another advantage of staged implementation is that functional 
groups involved with the management systems will have time to 
learn the newly developed processes and be more likely to accept 
the system once it is fully operational. The sooner a system is 
institutionalized, the sooner it will serve an integral role in an 
agency's day-to-day operations. 

SUMMARY 

Successful development and implementation of !STEA manage­
ment systems require support of top management. At NYSDOT, 
general oversight of the system development effort is provided by 
an executive steering committee. Two of these managers (the as­
sistant commissioner for management and finance and the director 
of the planning and program management group) have joint re­
sponsibility for direct supervision of system development. The 
systems and program planning bureau of the planning division 
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acts as project coordinator to oversee day-to-day development ac­
tivities. Outreach to MPOs and other affected transportation pro­
viders is ensured through formal technical committees charged 
with providing ongoing input to development of each system. 

History has shown that timely implementation of a management 
system requires that it be tailored to the organizational structure 
and processes of the implementing agency. Thus, system -devel­
opers are advised to consider existing culture, processes, and tech­
nical tools when developing management system architecture. Up­
front planning and careful scoping are key considerations in 
meeting the federal deadlines for system implementation. 
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