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Relative Accuracy of User-Benefit 
Measures 
Frederick C. Dunbar 

The rigorous application of cost-benefit analysis is an important aid in 
transportation policy and project decision making. However, any com
putation of changes in consumer surplus in the cost-benefit calculus will 
at best be an approximation of the true user benefit. Thus, it is useful 
to examine which appr0ximations are the most accurate and whether 
increased precision in user-benefit estimates is worth the extra computa
tional burden. Demand model misspecification is shown to lead to greater 
errors in policy evaluation than does simple linear approximation of the 
true demand curve. The following conclusions are reached: (a) With the 
advent of improved travel forecasting techniques, consumer's surplus 
measures in cost-benefit analysis are theoretically justifiable in transpor
tation planning; (b) the computational costs of estimating changes in 
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from the exercise; and (c) the major potential source of error in esti
mating change in consumer surplus is likely to arise from inaccurate 
travel demand estimates and models rather than from the algorithm used 
in the computation of consumer surplus. 

Highly relevant and valid cost-benefit studies are rarely 
attained in transportation analysis. The many impacts 
of a large-scale system improvement often defy formu
lation in monetary terms. Cost-benefit computations 
are often done improperly, benefits are double counted 
as user and nonuser impacts, transfer payments are 
included as costs or benefits, and labor costs are counted 
as benefits (1). Even when cost-benefit studies are in
cluded as part of feasibility studies, their role is sub
servient to other factors related to the local political 
process (2). 

These problems, as well as legislated requirements 
for the National Environmental Policy Act review of 
transportation projects, have led to consideration of a 
profusion of other impact measures associated with 
transportation feasibility studies. The current recom
mendations indicate that more than 40 different user-
and non-user-related impact categories should be ad
dressed in evaluation studies, such as that by Manheim 
and others (3). Each category will have several different 
measures, including a relatively refined distributional 

component across various demographic segments. Com
pounding the problem is the large number of alternative 
projects that would require investigation; a current sug
gestion for alternatives-analysis procedures to secure 
Urban Mass Transpo1•tation Administration ( UMT A) fund
ing involves detailed evaluations of 5-10 alternatives 
drawn from a list of 40-60 alternatives evaluated in an 
initial phase (4). Even though experience with 
alternatives-analysis procedures is limited, municipal 
planning organizations have claimed that "communicating, 
comparing, and aggregating impact measures" are "key 
issues of concern" (4). 

Recently, transportation researchers have shown how 
probability choice models of travel behavior can give 
conceptually elegant and easily computed s ummary mea
sures of user impacts. For example, Williams (5) has 
shown how multinomial logit, generalized to account for 
correlated error terms, can be used to compute precise 
measures of consumer surplus in the traditional four
step urban transportation planning system process. Ben
Akiva and Lerman (6) demonstrated how these measures 
of consumer surplus correspond to a rigorously defined 
measure of accessibility, which itself is a primary objec
tive of transportation planning and policy. Sheffi (7) has 
shown how these measures can be computed from random
coefficient multinomial probit mod€ls to determine how 
projects improve network performance. Small (8) 
has used consumer surplus derived from Iogit modeling 
with a queuing model of highway performance to evaluate 
various transportation system manag~ment (TSM) strat
egies. 

Given these theoretical advances, it is worth consid
ering whether cost-benefit analysis should be recon
sidered as a method of providing summary measures of 
impacts in transportation evaluation studies. To the ex
tent that cost-benefit computations ca·n substitute for a 
larger number of other impact measures purportedly 
aimed at community goals, social welfa·re,, and invest-
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ment criteria, such analyses could potentially lead to 
more rational project and policy selection with less 
analytical effort. 

This paper attempts to resolve some questions about 
the application of disaggregate probability choice models 
to cost-benefit analysis. The first issue is theoretical: 
Is the measure of consumer surplus from probability 
choice theory an intuitively meaningful representation of 
user impacts? The next issue addressed is practicality: 
What is the extra computation and analysis burden of 
cost-benefit analysis with probability choice models? 
Finally, the empirical problem of accuracy is con
sidered: Is the precise measure of consumer surplus 
from probability choice models significantly different 
from the commonly used aggregate linear approxima
tions? Although most of the above questions can be an
swered theoretically, we have also included in a separate 
section empirical simulation tests of the potential gains 
in accuracy from disaggregate probability choice cost
benefit analysis. 

THEORY 

The pui·pose of cost-benefit analysis is to measure social 
welfare gains (or losses) and their distribution attribu
table to specific projects and policies. The development 
of cost-benefit analysis relied on the somewhat ambigu
ous concept of consumer surplus from economic theory 
(9). Although this concept is also used he1·e, an intui
tively plausible argument for cost-benefit analysis can 
be developed from other paradigms of household be
havior, such as willingness to pay, revealed preference, 
consumer trade-offs, and opportunity costs. It should 
also be noted that there are differences in the conceptu
alization of consumer surplus between probability 
choice behavior and traditional economic demand theory. 
If probability choice theory is a good representation of 
the individual transportation decision-making process, 
then some of the arguments against cost-benefit analysis 
that are based on traditional economic theory are no 
longer valid. 

Consumer surplus can be described by first consider
ing only price and quantity relations. Among those who 
purchase a good or service, there are those who benefit 
because the good or service is worth more to them than 
the asking price; as the price rises, these people would 
still choose to make their original purchase. The amount 
of this benefit is the consumer surplus. When prices 
are changed, the consumer surplus also changes. For 
example, when transit fares are lowered, those who 
formerly took transit, and continue to do so at the same 
rate, receive a benefit per trip by the amount of the re
duction of the fare. There is also a consumer surplus 
change for new patrons, but calculating its value is more 
subtle. The change in such users' consumer surplus is 
the amount by which the worth of a transit trip to transit 
users exceeds the fare. For an individual, this requires 
knowing to which fare the person is indifferent in relation 
to switching from some other mode to transit. However, 
because such a fare level never really occurred, for 
most individuals it is necessary to infer this point of in
difference from a demand model. 

In mode-choice decisions, individuals make choices 
based on several attributes or level-of-service (supply) 
characteristics in addition to price. Policy evaluation 
must account for the benefits that accrue when such at
tributes are changed. The typical probability choice 
model assumes that, for each individual and each mode 
(e.g., tl·ansit or automobile), one can formulate a linear 
combination of these attributes and price into some inclu
sive cost IJ for mode j. This inclusive cost is dimen
sionless; in the transportation literature it is most often 
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defined as utility, although identical probability choice 
models can be developed from other precepts [a discus
sion of the difference between utility in probabilistic de
cision analysis and utility in economic demand analysis 
is given by Luce and Raiffa (10) ] . 

The inclusive cost must have behavioral content when 
it is constructed, and it should include all attributes of 
modes that affect transportation decision making. The 
weights on these attributes should be such that the mode 
with the lowest cost is the one actually chosen. That is, 
if there are N attributes h,J for mode j with weights or 
coefficients e,, then for 

N 

I; =1:;e;h;; (I) 
i• t 

the a, have values such that, if IJ < Ik, then mode j is 
chosen for any two modes k and j (j -J k). If the 81 meet 
this test, they show the trade-offs an individual makes 
across modal attributes. 

If such an index of inclusive cost satisfying the above 
behavioral criteria could be estimated with certainty for 
all individuals, then we would be able to construct very 
simple and powerful cost-benefit measures. Suppose a 
policy changes the attributes of various modes. Then 
the monetized per-trip values of the change in consumer 
surplus across a population of individuals is simply 

T 

$.!lCS = L (I~ - 1~ 1)/801 (2) 
I = I 

where 

$t.CS =change in consumer surplus($), 
1;, = inclusive cost of mode chosen by the t th in

dividual before the change in attributes, 
1;1 = inclusive cost of mode chosen by the t th in

dividual after the change in modal attributes 
(j may equal k), and 

80 , =coefficient on price in the inclusive cost for 
the t th individual. 

The major problems with using the above relation
ships tend to be practical rather than theoretical. Our 
powers of observation do not allow us to determine 
Equation 1 with certainty for each individual. To help 
overcome this deficiency, it is common practice to make 
probabilistic statements about individual behavior by 
using well-defined probability choice models. 

The most common probability choice model uses the 
multinomial logit functional form. In terms of inclusive 
prices, this model can be written as follows: 

M 

P;1 =exp (-1;1)/1:; exp (-lm 1) (3) 
m=oJ 

where P J' =probability of an individual t choosing the 
j th among M alternatives. 

ANALYTIC FORMS FOR CHANGES IN 
CONSUMER SURPLUS 

Probability choice models add realism to travel demand 
models, but they complicate the mathematical derivation 
of changes in consumer surplus. The following calcula
tions show how changes in consumer surplus are calcu
lated from probability choice models generally and from 
multinomial logit models specifically. 
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Binomial Probability Choice Model 

Suppose that the original costs of modes 1 and 2 are Il. 
and I~, respectively. Now consider an arbitrary indi
vidual's consumer surplus for use of mode 1. Let 
Pl. = P1(Ii, I~), and define the characteristic function 

(4) 

If mode 1 is worth 11 to the individual in terms of willing
ness to pay, with 11 > Il., and its cost is only Il., this 
amounts to 11 - 11 in consumer surplus. Because be
havior in response to 11 is probabilistic, the value of Ii 
can also be viewed as probabilistic. Consequently, the 
consumer surplus is the expected value of this quantity, or 

(5) 

Note that 11 is a function of P 1 (with I~ fixed) and that 
11 > Il. if and only if P 1 < Pl.. A more useful expression 
is obtained by integrating by parts: 

(6) 

Similarly, the consumer surplus for use of mode 1, 
when its cost becomes If, is 

so that the change in consumer surplus is 

If, then, the cost of mode 2 is changed to I~, the 
change in consumer surplus for use of mode 2 is 

(7) 

(8) 

(9) 

so that the total change in consumer surplus from both 
changes in cost is 

f
,, 

+ P2(1;' , 1,) dl 2 

2 
(IO) 

If the cost of mode 2 is first changed from I~ to I~ and 
then the cost of mode 1 is changed from Ii to 11, the total 
change in consumer surplus is 
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(I I) 

The change in consumer surplus should be independent 
of the order of changes in costs; that is, it would be 
reasonable for ACS12 to equal ACS21. Since Pi and P2 
are functions only of I = 11 - h and since P2 = 1 - Pi, it 
can be seen that 

(12) 

f li-L2 f'i'-12 I'' J' = P10l di+ P1(1) di - I 
1
, - ~. 

Ii - Ji' 1j' - t2 11 • r2 

(13) 

so that ACS12 = ACS2i· 

Binomial Logit Model 

Consider a logit model for choice between transit and 
automobile modes, and calculate the change in consumer 
surplus when transit cost changes from I~ to I~ and auto
mobile cost changes from I~ to (.': 

r1i- I~ 
liCS =J P,(l)d I + 1; - 1;· 

I['- I~' 

f l ' 

= [1/(1 + e1)] di+ 1; -1;· , .. 

L
ei' 

= [l/x(I + x)J dx + 1; -r;· .. 
' 

l
el' 

= [In x - In (I + x)] .. + 1; - 1;· 
. ,1 

= 1'-I"+ln [(I +e'")/(1+ e''il+1;-1;· 

(14) 

letting x = e '. 

Multinomial Logit Model 

The preceding calculation of consumer surplus can be 
easily generalized to the multinomial case. Consider 
several modes k "' 1, 2, ... , N with costs I, and mode-

choice probabilities P, = exp(-Ik)~texp(-1). Suppose 

original costs are 1;, j = 1, 2, ... , N. The change in 
consumer surplus from changing the cost of mode 1 
from Il. to 11 is 
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f exp (-1'1) { [ N ] } 
= " -1/ x + L exp (-Jj) dx 

exp (-11) 1=2 

= -In x+L exp(-!;) ,, 
{ [ 

N ·~} exp(-JiJ 
j= 2 exp (·I 1) 

= ln{f xp (-![)+#,exp (-lj)}#, exp (-lj)} ( 15) 

letting x = e 11• If we then change the cost of mode 2 to 
I~, the change in consumer surplus is 

Li CS2 = ln{[exp (-!;')+exp(-!~)+~ exp (-lj)] 
7 [exp H;'l + #, exp (-Ij~} ( 16) 

If all of the cost is changed to I;', j = 1, 2, ... , N, and 
all of the ACSJ's are added, the result is 

Li CS= In [t. exp (-lj')/t, exp (-lj1 (17) 

Fortunately, as the equations above show, the change 
in consumer surplus from a multinomial logit model is 
a relatively simple function: 

where $ACSL =change in consumer surplus over a pop
ulation of T individuals in dollar terms. 

Equation 18 is the difference between the log of the 
denominators from Equation 3 before and after the 
policy-induced changes in modal attributes. Notice that 
it resembles Equation 3 except that all modes are rep
resented, including those not chosen. However, if a 
mode has a low probability of being chosen because it 
has a relatively large inclusive cost , its contribution to 
$A CSL is relatively slight. 

In general, Equation 18 weights the change in inclusive 
cost by the probability of a mode being chosen. To see 
this, suppose that a policy only changes the inclusive 
price of a single mode j. Equation 18 can be rewritten 
in terms of the probability of choosing j, as follows: 

T 

MC'SL=L (l/001 ){1n [Pj, exp(lj,)] -In [Pj; exp(lj;)]} (19) 
t= l 

This nonlinear weighting scheme, which is rigorously 
derived from the multinomial logit model, is a plausible 
method for computing changes in user benefits. 

RESULTS 

Two conclusions emerge from the above discussion and 
analytic forms. First, computation of consumer bene
fits requires little extra effort if a probability choice 
framework is already being used in travel demand analy
sis. All of the information needed to compute ACSL, by 
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use of either Equation 18 or 19 , is available from the 
travel forecasting exercise. The second issue involves 
the reasonableness of using changes in consumer surplus 
as a measure of user impacts. We feel that, with ad
vances in behavioral modeling, many of the old argu
ments against cost-benefit analysis have lost their va
lidity. In particular, the probability choice models can 
consider a wide range of transportation attributes and 
choices that affect user well-being and can be estimated 
on separate market segments; the result is that distri
butional issues can be addressed with more precision . 

These conclusions are not uncontroversial. Common 
arguments against using consumer surplus and, conse
quently, cost-benefit analysis can be classified as fol
lows : 

1. Demand models do not include enough transporta
tion attributes that affect behavior and that consequently 
affect computations of user benefits. 

2. Nonuser benefits and disbenefits are not included 
by definition. 

3. Distributional issues are not addressed. 

The final determination of whether cost-benefit analy
sis should be applied is whether the extra information 
gained is worth the effort of computation. If consumer 
surplus changes are a starting point for impact evalu
ation, then some of the perceived problems with the ap
proach must be put into a different perspective. For ex
ample , because most nonuser benefits are transfers of 
user benefits (ll), it is appropriate to compute user ben
efits before analyzing nonus er impa cts. Demand estima
tion is also needed to evaluate the impacts of nonuser 
disbenefits such as air pollution and oil consumption, 
which are externalities, since they are often the result 
of flow-related variables. Distributional issues require 
disaggregating the data and tracing the incidence of 
transfers of benefits and disbenefits so that, again, 
travel demand and user benefits are required as a build
ing block. 

The argument that demand models are inadequate to 
support accurate cost-benefit analysis perhaps misses 
the point. Decision makers require some notion of 
project cost-effectiveness in order to choose among al
ternative transportation options. We should use as much 
information as is feasible in evaluating these choices. 
Uncertainty in the evaluation process that arises from 
errors in demand models should also be specified. This 
contradicts the recommendation that one should not use 
all of the information from the demand models because 
they contain errors. 

COMPARISONS AMONG APPROACHES 

The final question we wish to address is whether disag
gregate probability choice measures of user benefit 
(changes in consumer surplus) are substantially different 
from more traditional measures based on linear approx
imations. For purposes of comparison, a simple simu
lation experiment based on application of a multinomial 
logit work-trip mode-split model is applied to Boston 
data. The findings indicate that different methods for 
computing user benefits will give different results but 
that these differences are neither major nor systematic . 

The three traditional approaches to user benefits are 
described briefly below . 

Trapezoid 

A reasonable approximation to consumer surplus mea
sures involves an implied linear approximation to the 
aggregate demand curve. Within the context of mode-
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choice behavior, the trapezoidal measure can be ex
pressed as follows: 

M 

$.::lCST = (I /2) L <D:n + o;;,) o;. - I~,) (20) 
m I 

where 

$A CST = aggregate change in consumer surplus over 
a r~!$ion ($), 

D: = aggregate demand for mode m prior to 
change induced by a policy, 

D: = aggregate demand for mode m after the 
policy is imposed, 

i~ = weighted average of inclusive cost in money 
units across individuals in the region before 
the policy is imposed, and 

i: = weighted average of inclusive cost in money 
units across individuals in the region after 
the policy is imposed. 

Equation 20 can be derived from Hotelling's generalized 
consumer surplus fo1·m by using a Taylor's series ex
pansion about the demand curve (~, 12). 

Automobile-Drive -Alone Trapezoid 

A common approach in early highway impact and feasi
bility studies was to compute user benefits based on the 
automobile-drive-alone mode. Even assuming that the 
highway project had no impact on bus travel, this ap
proach excluded changes in carpooling behavior that may 
have resulted in benefits or costs. The approach is a 
special case of Equation 20: 

$.::lCST, = (I /2)(D; + o;'J o; - 1::) 

where the subscript a refers to the automobile
drive-alone mode. 

Value of Time 

(21) 

Another special case of Equation 20 is the traditional 
computation of value of time saved. This can be written 
as follows: 

M - - - -
VOT=(l/2)L co;,,+ D~,l <C'm -C',;,l +llm;CT;,, -T;;,J (22) 

m= l 

where 

VOT =aggregate value-of-time change as a result of 
a policy, 

C~ = average money cost of mode m across users 
before the policy, 

C~ = average money cost of mode m across users 
after the policy, 

e •. = average value per unit of trip time across 
users, 

T~ =average trip time of mode m across users be
fore the policy, and 

"T: = average trip time of mode m across users after 
the policy. 

'fypicuily, a., i:s, !uuction of the user' s incom e . In ad
dition, trip time 'is often decomposed into separate ele
ments such as walk, wai , and line-haul ti.me, to each 
of which different A-weights are attached. 

Theoretically, the potential error in using trapezoidal 
approximations can be substantial. Figure 1 shows an 
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example. The ogive-shaped curve in the figure is pre
sumed to be the actual demand relationship for the region. 
The shaded area is the magnitude of consumer surplus 
underrepresented by computing the area of the trapezoid 
r:deJ,:, If t' - t is a tax, then the actual social welfare 
change is approximated by the triangle def and, although 
the absolute error remains the same, the relative mag
nitude of error is substantially larger. In general, if 
the probability choice model has sharp curves and the 
policy induces substantial mode switching, then the linear 
approximation is likely to be significantly in error. 
These circumstances are most likely to occur when there 
is a homogeneous population and the model provides a 
good fit to the data. 

As a practical matter, there may be times when 
analysts will only have the data required for Equations 
20-22 rather than the formal model implied for Equa
tions 18 and 19. Assuming that the probability choice 
model is a correct representation of individual behavior, 
the question naturally arises as to the magnitude of error 
that can be expected from using trapezoidal approxima
tions. 

To give an indication of the possible differences in 
user-benefit calculations, several simulation experi
ments were performed on transportation control strat
egies and transit improvements for Boston's North Shore 
corridor. An existing multinomial logit model of choice 
of mode to work was calibrated on a household survey 
collected in 1973. The model forecasts automobile-drive
alone, transit, and four automobile multipassenger 
modes. Details of the model calibration and its expan
sion to aggregate forecasts are presented elsewhere (13). 

Two sets of simulations were performed: The firsr 
set involves three automobile-travel pricing policies 
aimed at restraining peak-hour commuting to and from 
the downtown; the second set involves various combina
tions of automobile restraints and transit improvements 
for downtown commuters. The results of the automobile 
pricing strategies are reported first. 

The social welfare impacts of automobile price in
creases include the resource costs of administering the 
program and the opportunity cost of automobile travel 
forgone because of higher trip costs. Although prices 
actually paid (the area Of the rectangle I; dfl: in Figure 1) 
are user costs, they are transfer paymeni:s rai.ner i.i1a11 
resource costs. Thus, cost-benefit analysis of price 
strategies requires, most importantly, an accounting of 
the area bounded by points def in Figure 1. 

The three pricing policies simulated were an in
crease in bridge and tunnel tolls to the downtown of 
$0.75 one way; a parking surcharge for all downtown 
employees of $1.50/ day; and a regionwide gasoline tax 
of 75 percent of the 1973 pump px·ice, which was equiv
alent to $0.014/km ($0.0227/ mile), given the average 
fuel economy of the 1973 fleet. Three computations of 
opportunity cost effects were made corresponding to 
changes in conslU11er surplus measures from Equation 
19 (disaggregate demand mode), Equatioa 20 (trapezo~d, 
all modes), and Equation 22 (trapezoid, automobile
drive-alone mode only); each change in consumer su1·
plus computation was netted of tax payments (tra11 fe1·s) 
to obtain the true social welfare change. 

A separate value-of-time computation was not made 
because in these scenarios Equation 22 is equivalent to 
Equation 20. 

The results, given in Table 1, show that approxima
tion errors range from 3 to 22 percent. As could be ex
pected, the compounded error of using a linear ap11roxi
mation and considering only une moual effect is greater 
than the error associated with the linear approximation 
alone. Unfortunately, little in the way of a systematic 
bias can be inferred from the results except to note that 
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the trapezoid measures of user cost impacts are higher 
than the disaggregate probability choice model estimates 
of change in consumer surplus. 

The second set of tests are combinations of the auto
mobile pricing strategies with transit improvements in 
the Boston North Shore area. All transit improvements 
involve express bus line-haul service to the downtown 
on exclusive lanes on major highway radial arteries. 
Consequently, automobile level of service for commuters 
who use these arteries is degraded because of lower 
peak-hour speeds. Four separate feeder options to the 
express bus were modeled: The express bus itself cir
culates on a fixed route in the service area; a subscrip-

Figure 1. Trapezoidal approximation: 
hypothetical increase in inclusive cost causing 
decline in aggregate demand . 

AVERAGE INCLUSIVE COST 

Da" Da' 

AGGREGATE DEMAND 
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tion check-point minibus transfers patrons to the express 
bus; a subscription van with doorstep pickup and delivery 
also transfers patrons to the express bus; and a shared
ride taxi system on subscription performs the feeder 
function to express buses. The level of service of these 
various transit alternatives was determined from process 
models applied on a community-by-community basis as 
descdbed by Dunbar and Kuzm yak (13). 

The results of these tests, whichare given in Table 
2, indicate the potential for substantial error. Although 
the estimated percentage differences among alternative 
computations in Table 2 are somewhat smaller than those 
in Table 1, the absolute differences are an order of mag
nitude larger. This indicates that approximation errors 
tend to accumulate rather than cancel as the number of 
transportation attributes and modes affected by a policy 
increases. Another interesting result is that all trape
zoid approximations are less than the exact probability 
choice computations; however, there appears to be little 
else that is systematic about the errors. 

The simulation experiments reported above give 
somewhat equivocal results. It can be claimed, with 
justification, that errors on the order of 5-10 percent 
are insubstantial in comparison with errors in data and 
demand model specification. Therefore, the trapezoidal 
approximation may be adequate in the absence of a fully 
specified model. Another conclusion is that model spec
ification errors (Equation 21) are of much greater mag
nitude than linear approximation errors. In general, if 
using the probability choice models to compute changes 
in consumer surplus does not entail substantial extra 
computational effort and if the models appear to have a 
better specification in terms of number of alternatives 
and attributes, then they are the preferred alternative. 

Table 1. Change in social welfare resulting from automobile pricing policies in Boston North Shore region . 

Opportunity Cost for Work-Trip Commuters 

Trapezoidal Approximations 

All Modes (Equation 20) 

Calculation Difference 
from Disag- from 
gregate Model Disagg regale-

Pricing (EJuation 19) Calculation Model Calcu-
Policy ($ day) ($ / day) lations ('%) 

$0. 75 toll increase 1964 2019 3 
$1.00 parking surcharge 3001 3176 6 
75 percent gasoline 

charge 1140 1314 15 

Aulomobile-Dri ve-Alone 
Mode Only (Equation 21) 

Difference 
from 
Disaggregate-

Calculation Model Calcu-
($ / day) lations (1) 

2333 19 
3214 7 

895 21 

Total 
Transfer 
Payments 
($/day) 

17 864 
16 071 

59 328 

Commuters in 
Region A[fected 
by Policy (%) 

13 
22 

100 

Table 2. Aggregate user costs resulting from 
automobile travel restraints and transit system 
improvements in Boston North Shore region . 

Change in Consumer Surplus for 
Work-Trip Commuters ($/day) 

Restricted Highway Lane for Express 
Bus Plus Calculation from Trapezoidal 

Disaggregate Mode 1 Approximation 
Bus Feeder Automobile Tax (Equation 19) (Equation 20) 

Express bus None 16 198 16 115 
$0.75 toll increase 33 526 31 276 
$1.50 parking surcharge 34 015 32 630 

Shared- ride None 37 477 35 622 
taxi $0. 75 toll increase 54 923 48 516 

$1. 50 parking surcharge 55 982 53 450 
Van None 30 690 28 700 

$0. 75 toll increase 47 811 40 365 
$1. 50 parking surcharge 48 351 45 487 

Minibus None 49 550 47 821 
$ 0. 7 5 toll increase 67 619 62 422 
$1.50 parking surcharge 69 141 66 690 

Average 

Difference 
(%) 

0. 51 
6.71 
4.07 
4.95 

11.67 
4.52 
6.48 

15.57 
5.92 
3.49 
7.69 
3.54 

6.24 
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CONCLUSIONS 

With the advent of probability choice models, cost
benefit analysis can become a more powerful tool for 
transportation policy evaluation. The major problems 
with cost-benefit analysis are not so much conceptual as 
practical. The validity of the computation of changes in 
consumer surplus is dependent on the accuracy of de
mand models and the data used in the calculations. As 
probability choice models become more accurate repre
sentations of travel behavior, cost-benefit measures 
derived from these models become more relevant for 
policy decisions. 
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Cost-Effectiveness Analysis: The 
Program of the Colorado 
Department of Highways 
Art Ruth 

The cost-effectiveness program developed by the Colorado Department 
of Highways is described. The program includes a computer model and 
a workbook that explains the computing procedures, input variables, and 
sources of input information. The computer and the workbook have en
abled the department's district personnel to perform complex studies 
even though many of them have very little background in economic or 
benefit-cost analysis. The program is one of the first attempts to com
puterize the Stanford Research Institute methodology for analysis of 
transportation user benefits. The program quantifies the net present 
value-of-time, operating, accident, and maintenance benefits of highway 
project alternatives; compares benefits with required capital costs; and 
presents results in the form of first- and second-0rder benefit/cost ratios, 
net present values, and a verbal statement that indicates the most cost
effective alternative. The computer program also allows sensitivity analy
sis of selected variables. 

Broadly speaking, cost-effectiveness analysis is the 

comparison of the benefits and the required capital 
costs of one action with those of another action. Usually, 
the no-action alternative is the basis on which certain 
build alternatives are judged to their economic advan
tage. Among the several measures used to quantify 
economic advantage, the most common are probably 
benefit/cost (B/C) ratio and net present value. The 
ratio is the division of benefits by capital costs, and 
the net present value is the subtraction of capital costs 
from benefits. For a certain build alternative to be 
considered economically justified over the no-action 
reference alternative, it must have a ratio greater than 
one or a positive net present value. If the ratio is less 
than one or there is a negative net present value, the 
no-action alternative is preferable from an economic 




