DISTRIBUTIONAL COST-BENEFIT
ANALYSIS IN DISCRETE CHOICE

By Timothy D. Hau*

“It is all very well to say that the effects of a proposed change on income
distribution must be taken into account in deciding on the desirability of the
change; but how do we describe a distribution of real income? Admittedly,
the choice between two income distributions is the result of value judgment;
but how do we even formulate such judgment?” Arrow (1951, p. 927).

How, indeed? That is the question of interest.

INTRODUCTION

The distributional effects of a government project have seldom been explored in
the discrete choice literature, since discrete choice models have only recently
become popular. An exception is Small (1983), who uses discrete models to
explore the incidence of congestion tolls. Small and Rosen (1981) use an ex post
approach, whereas we use an ex ante approach to cost-benefit analysis. Conven-
tional economics has tried to separate the efficiency and equity effects of a public
project, even though these effects are known to be inextricably intertwined.
The historical notion of valuing change in utility in terms of its money equivalent
is an attempt to measure national income apart from its distribution. Money
equivalents (consumer’s surpluses in reality) are summed across the population,
and the aggregate consumer’s surplus is taken as a measure of national income.
This paper attempts to integrate equity into the efficiency framework of discrete
choice models. The main conclusion is that we should perform distributional
cost-benefit analysis by making explicit our assumptions and value judgments and
their implications. A method is also found of making social welfare analysis
empirically viable by the use of discrete choice models.

The basis of the conventional approach to efficiency cost-benefit analysis is to
appeal to some variant of the Kaldor-Hicks compensation criterion. The compen-
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sation test is designed especially to circumvent the thorny but important
distributional issue of any public project. We say that the cost-benefit criterion is
met when the gainers’ (changes in) consumer’s surplus outweigh the losers’, so
that there is a positive net aggregate surplus. However, acceptance of the cost-
benefit criterion is a necessary but not a sufficient condition for meeting the
Kaldor compensation criterion, in both the strong (batch) and the weak (lump-
sum transfer) versions (Boadway, 1974; Boadway and Bruce, 1984). Secondly,
the existence of the Scitovsky reversal paradox results in a partial ordering of all
projects. Thirdly, still another objection is that the efficiency-based representative
consumer story and its associated restrictions are implausible. Be that as it may,
the main criticism of the compensation test is simply that compensation is purely
hypothetical: losers (usually the poor) are actually worse off, despite the fact that
the test is passed with flying colours.?

A second approach (which we follow) to measure the welfare impact of a
public project is to use a more complete ordering obtained by specifying an
individualistic social welfare function (SWF). An SWF explicitly incorporates the
relative worthiness of each individual’s preferences in society. This approach is
particularly valuable because it dispenses with the restrictive assumption, implicit
in compensation tests, of identical individual welfare weighting. If we are willing
to make explicit our value judgments about the assumptions on the measurability
and comparability of individual utility functions, we can make an SWF of the
Bergson-Samuelson type (Bergson, 1980; Samuelson, 1977) empirically viable.
In fact, it is the relaxation of assumptions of this sort that enables us to obtain
standard SWFs despite Arrow’s Impossibility Theorem (see Boadway and Bruce,
1984, chapter 5, and Sen, 1977). Kemp and Ng (1977) diverge from Samuelson
(1977) in a series of debates about the cardinality of the social welfare function.
Kemp and Ng (1977) argue a Bergson-Samuelson SWF can be constructed only
by introducing elements of cardinality. We note that our empirical SWF is
necessarily a cardinal one. Ng (1982) also argues that interpersonal comparisons
of utility (including comparisons of level, difference and unit) are inevitable
for distributional social welfare analysis.

So it is natural to extend the ex ante Marshallian and Hicksian approaches to
cost-benefit analysis in discrete choice from an efficiency approach (Hau, 1985a,
1985b) to a distributional one here.

This methodology is applied to the corridor planning model system of Inter-
state 580 of the San Francisco Bay Area. By use of the eight-alternative demand-
supply corridor model, the distributional user benefits of various policy altern-
atives are analysed under alternative forms of the social welfare function. The
equity impacts of a policy are obtained by segmenting a sample according to
certain characteristics, in this case by three income groups and three trip types.

Our approach differs from the welfare weighting of aggregate consumer’s and
producer’s surpluses used by Harberger (1978), who treats consumers, producers

1 The following interesting exchange is said to have taken place between a graduate student
and Professor Paul Samuelson. “What’s wrong with the compensation principle, sir?” the young
graduate student asked with a tug of his forelock. “Compensation isn’t paid,” the great man
replied. “Is that all?” ““That’s enough.” See Mohring (1976, p. 91).
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and the government as separate groups. Even though Feldstein (1974) argues
forcefully for the use of distributional cost-benefit analysis, the attempts of
Feldstein (1972a) and Boadway (1976) to integrate equity and efficiency by
using the concept of a distributional characteristic of a good suffer from the
drawback of the way in which this characteristic is determined. Our approach of
segmenting the population in order to carry out distributional cost-benefit
analysis is relatively straightforward and intuitively appealing. The inescapable
fact is that value judgments are inevitably always made in all policy decision-
making. (For example, the use of unitary weights for efficiency analysis is itself a
value judgment.) It seems that value sensitivity analysis is necessary to see how
robust our results are with respect to particular specifications of distributional
weights. Various standard SWFs, such as the utilitarian SWF and the cost-benefit
efficiency criterion’s SWF, are here found to be particular parameterisations of a
selected family of functional forms for distributional weights.

The next section develops the theoretical distributional framework of the
Marshallian/Hicksian approach to cost-benefit analysis. The third section first
gives a brief description of the data bases and the simulation model, and then
discusses the empirical results. The paper ends with a concluding section.

THE THEORETICAL FRAMEWORK

Consider an ordinal social welfare function of the Bergson-Samuelson type (W),
where the SWF is assumed to be welfaristic (that is, defined over only individuals’
utility space) and strictly quasi-concave, and satisfies the (strong) Pareto principle.
The conceptual experiment for the government is to maximise W over the choice
variables to obtain the social welfare optimum. Investment criteria simply attempt
to rank various public projects according to a given normative welfare criterion.
The combination of projects which yields the highest contribution to social
welfare while simultaneously exhausting a given budget is deemed to satisfy this
conceptual experiment.
We write our social welfare function as follows:

W=WEU,,..., EUt) where W :RK >R (1)
K is the total number of individuals in the population. EU, is the utility index
associated with the expected indirect utility function of individual k, which

differs in values across the population but is identical in functional form. It is
given as follows:?

EU, = EMaxUs*) = EMax(V}k + &)1 =EUp (4, £, 2), 4= @1, -, au)s (5
1 1 4
f=(t1 N YO R

2 The expected utility term is also known as the “inclusive cost of travel” in Domencich and
McFadden (1975), the “composite cost” in Williams (1977), the “satisfaction function” in
Daganzo (1979), and a “measure of accessibility” in Ben-Akiva and Lerman (1979). Neuberger
(1971) and Harris and Tanner (1974) were perhaps the first writers on travel demand to arrive
at this index of inclusive cost. The expected utility term is so coined because of the von
Neumann-Morgenstern analogue of expected utility (see Hau, 1985a).
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where

F is an expectation operator;

subscript i refers to the ith alternative;

individual k’s conditional indirect utility U} k (which is a function of trans-
g(_)lft cost ,?i’ travel time (or attribute) ¢;, and his income yj) is the sum of
V¢ and €~ ; ,

V¥ represents individual k’s mean utility of alternative i and does not
change from day to day;

€;* is individual k’s stochastic term that includes his idiosyncrasies and state
of mind;

M is the total number of alternatives in the choice set.

We obtain an infinitesimal change in social welfare with respect to all individ-
uals’ utilities and characteristics by taking the total differential of W:

oW W _ OEU, —
dw=2 EUy =3 > kR 4Tk
k OEU, k OEU, i oVf
— _ — 3
o[ 2V vk vk )
=Zwp 2 P; dg; + dg; + dyr
koo 9q; 0t; )%

dW/AEU, = wy is the marginal welfare weight of individual k, dEU,/dV;* = Pk
holds for all random utility models consistent with utility maximisation, where
P is the choice probability of alternative i by individual k. P;* is the Marshallian
uncompensated choice probability, because it depends on prices, travel times and
income.

Suppose we divide and multiply equation (3) by 0EU, /3y, =\, the expected
marginal utility of income of individual £&. We obtain:

oV ovVk oV
dW = Z (we \) |ZPF[ —— dg; + d; + —— dye) /N |- (4)
k i 9q; ot; Yk

Intuitively, the last term in square brackets is individual £’s money equivalent of
a change in the characteristics of all alternatives. The first term in parentheses is
his marginal social utility of income, 8p: the product of his marginal welfare
weight and his expected marginal utility of income (8 = wg\z).

A finite change in welfare is simply the line integral of equation (4) evaluated
at the original (°) and final (!) expected utilities due to the change in character-
istics:

wt q't'y? vk vk vk
S aw=/[ T & | =P Podg;+—— df;+ ——dyi )| I\, (5)
wo q°t%y° i 0q; ot; Yk

wherey =y ,..., YK
Note that the line integral on the RHS evaluated at the vectors of the terminal
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characteristics is independent of the path of integration, because we first posited
the existence of an SWF in equation (1), so dW is an exact differential and is
evaluated accordingly:

AW =W[EU,(q%, t', y, 1), ..., EUk(q*, t*, yg )]

6
_WIEU, (g% 1%, 71°), . .., EUx (@ t°, yx®)1. (6)

This is the Marshallian approach to distributional cost-benefit analysis, where
the RHS of equations (4) and (5) gives the weighted average of the Marshallian
consumer’s surplus, with the marginal social utility of income acting as weights
for consumer’s surplus.

Alternatively, we could take the Hicksian approach to distributional cost-
benefit analysis. Theoretically, a money metric of utility is simply a monotonic
transformation of a utility function, given a set of reference prices. In practice,
this money metric measures utility (see Boadway and Bruce, 1984, chapter 9).
Since the expected indirect utility function EU employed here is an ordinal
function, we can simply take a transform of EU for each individual, given a partic-
ular (final) set of price and attribute vector to obtain the corresponding expend-
iture function. The social welfare function can then be represented by:

WIEU,(q%, t*, ¥1), ..., EUk(q', t', yx!)]
=Wle,(q t, EUY), .. ., ex(q@ t, EUG)]. (7

On the basis of a stochastic assumption about the error term, any particular
study with discrete choice models usually employs identical expected utility
functions, even though income may vary, From the fact that W is symmetric
in EUy, it follows that the transform of W, W, is symmetric in e, .3

It is then a straightforward task to follow the Hicksian approach to distrib-
utional cost-benefit analysis. Again, we take the total differential of W for an
infinitesimal change in W:

vy aw aek aek aek
dW=2 — [Z__"dg;+ T —=dt; + —— dEU, |.
k Oey (i dg; T3 at; ' OEU, k ®)

Note that oW/de, = wp\p = 8, — the marginal social utility of income. When
comparing the Marshallian versus the Hicksian approach to cost-benefit analysis
via equations (5) and (8), one can interpret the term in square brackets of
equation (5) as the money equivalent of a change in utility due to price,
characteristics, and income, whereas the corresponding expression in equation (8)
gives the income equivalent of a change in price, and travel time, with its concom-
itant exact willingness-to-pay interpretation. The last partial derivative term in
equation (8) is the shadow price of an additional util for individual £k — that is,

3 If we suppose that the EU function is not identical for all individuals, we can use the equi-
valent real income approach and estimate equivalence scales to handle the problem of
assymmetric SWF (see Deaton and Muellbauer, 1980, chapter 8). In this way, the resulting
money metric indices of utility could then be aggregated into a social welfare function with
equivalent incomes entering in a symmetric fashion.
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the marginal cost of obtaining an extra util; it is the reciprocal of his expected
marginal utility of income A,. The difference berween the Marshallian and
Hicksian approaches is well known: the Marshallian holds income constant,
whereas the Hicksian holds EU constant with income differentially changing to
keep the individual on the same level of utility. The Marshallian approach is path
dependent, whereas the Hicksian is path independent (see Hau, 1985a). We use
the term money equivalent (or index) of utility change for the Marshallian
measure and reserve the term income equivalent of a change in characteristics for
the Hicksian measure (see Richter, 1977). The concepts of Hicksian compensating
and equivalent variations can be found in a series of essays by Hicks (1981).
Hanemann (1984) derived Hicksian compensating and equivalent surplus measures
in the discrete choice context under a formulation that differs from ours.

By standard envelope arguments, de/dq; = P;°* via Shephard’s Lemma, where
P;c% is the Hicksian compensated choice probability of individual k. Further,
integrating equation (8) as in equation (5), we have:

wl 14151 de
fw dW=fq Y E6k EP,'deq,"*‘—Edt,' . ©)]
we q010y0 * i ot;

The term in brackets consists of the individual’s income equivalent of a change in
price and travel time — that is, the marginal compensating variation (when EU is
held constant at the individual’s original level EU?) and the individual’s marginal
valuation of time, respectively.

The use of Roy’s Identity and Shephard’s Lemma results in a restriction on our
empirical work (see Hau, 1985a). After all, a utility function is unique up to a
monotonic transformation, so we cardinalise the utility function by combining
these two observations. The restriction from stochastic Roy’s Identity amounts to
saying that each individual’s expected marginal utility of income must be equi-
valent to his marginal disutility of price (see Hau, 1985a, p. 483, for proof):*

AVE Ak
P, kL o=—

. Pk (10)
B aq,

We can see that the Marshallian and Hicksian approaches to cost-benefit analysis
in discrete choice are equivalent for an infinitesimal change in W in equations (5)
and (9). However, for a finite change, the Marshallian and Hicksian measures of
consumer’s surplus differ when different parameters are held constant. When
income is held constant, we obtain the Marshallian consumer’s surplus measures;
when utility is held constant at EU® we obtain the Hicksian compensating vari-
ation, or at EU' the Hicksian equivalent variation.

Suppose we apply the definition of P;° and rearrange equation (9) to obtain:

4 An econometric identification problem which inherently persists in discrete choice models
allows us this extra degree of freedom in incorporating the restriction from Roy’s identity in
equation (10) to identify that unidentifiable component of each individual’s utility function,
thus fixing its location effectively (see Hau, 1985a). This approach yields Hicksian and
Marshallian consumer’s surplus measures that are theoretically consistent.
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W 14,1 p1 de
fw aw =1 YR s Rpedg + 228, 2k ar,
wo g°tOyORO i i kOt
ESkPiCk (11)
where R; = k—P.c— , P,-‘=;ZP,-“",andR=(R,,.,,,RM).
1

R; is the notion held by Feldstein (1972a, b) and Boadway (1976) of the distrib-
utional characteristics of good i, which is a weighted average of the 8, s, with the
weights being the fractional consumption share of good i by individual k. The
intuitive basis for this approach to measuring change in welfare is that the
aggregate (Marshallian or Hicksian) consumer’s surplus for each alternative is
weighted by its distributional characteristic. However, for a finite policy change,
the distributional characteristic is not a parameter but a variable. The Feldstein
approach is therefore empirically cumbersome, because the line integral would
then have to travel along the path of integration with the appropriate terminal
points. This paves the way for carrying out distributional cost-benefit analysis
by segmenting across each income group and trip type.

Specific functional forms for social welfare functions

The SWF in equation (1) is far too general for us to use, because the requirements
for information are too demanding. Commonly used SWFs are much less flexible
but informationally less pressing. If we assume that our SWF is strongly separable
and that individual utilities can be compared by the ratio scale, a relatively general
and commonly used SWF of the isoelastic form follows (see Boadway and Bruce
(1984, chapter 5) and Atkinson and Stiglitz (1980, lecture 11)):

EWe(EU)! P
W=k )

1—p (12)
where wy, = \/T/Ik(EUk)_p, ;VJk >O,EUk =0 Vk.

Note that iy is not to be confused with wy: Wy, is the weight we parameterise,
whereas the welfare weight wy is the gradient of W. In this way, our welfare
weight yields an attractive interpretation: it depends both on the individual’s level
of expected utility and also on his expected marginal utility of income. Intuitively,
the parameter p captures the planner’s degree of aversion to inequality in
expected utilities (see Table 1). For value sensitivity analysis later on, we restrict
ourselves to the case when p = 0, so W becomes our familiar Generalised
Utilitarian SWF:

W=3Sw,EU, = Tw,EU,. (13)

k
Hence specifying a set of weights for wy is equivalent to specifying it for wj.
The planner is not only faced with a range of SWFs to choose from; he is also

confronted with the problem of selecting the welfare weights themselves. Let us
analyse the effect of choosing different welfare weights. Whenever value judg-
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TABLE 1
SwR(EUY—P o
Formulae: W =—k—(—1——-—k—)———- , W = N7 Op =wp kg = )\k7+l(EUk )y~ P
—p
p Yo owg Op |24 Common names
0 0 1 Ax ZEU, = 2Ny MCS}, Benthamite utilitarianism
0 -1 1/ 1 SEUL /N, = ZMCS,  Cost-benefit criterion
1 0 1/EU, M /EU, Z(log EUg) Bernoulli-Nash
1 -1 1\ EU, 1/EU, Z(log EUp)/N\: Bernoulli-Nash cost-benefit
criterion

400 () 1 forp 7\p Min EU, = E Up Rawlsian (maximin)

0fork+p O k
—oo 0 1 forr A Max EU, = EU, Elitist (maximax)

0 fork+r O k
MCS = Marshallian consumer’s surplus, ie. the money equivalent of (a change in)

expected utility EU

= poorest, i.e., least well-off

r = richest, i.e. most well-off

ments need to be made, it is doubtful whether economists (or others) can come to
a full consensus. However, a partial consensus can be achieved by adopting the
tradition of Marshall and Pigou that the welfare weight is, or should be, a
decreasing function of income. This is in contrast to the paradox implicit in the
compensation test: that the rich are weighted more. So it seems natural to
(inversely) weight each individual according to his or her ability to get more
“bang to the util”. Hence we specify the following form for A, and then perform
value-sensitivity analysis by changing the exponent v in the one-parameter family
of welfare weights:

W =N Yk Unnormalised version (14)

The advantages of this approach are summarised in Table 1. Individual welfare
weight is usually assumed to be of the form wy = yp?, where y; is individual
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income, or alternatively, income normalised by the average (median) income of
the population (for examples see Nwaneri, 1970; Nash, Pearce and Stanley, 1975;
Dodgson, 1980, 1983). This traditional formulation can be obtained by making
an additional assumption about the form of the indirect utility function; that is,
that the utility function is also isoelastic in e, . However, in our empirical form-
ulation using discrete choice models, EU, takes a specific form that is usually
not isoelastic. Hence, to be fully consistent, we derive A, by taking the gradient
of EU, and specifying wy according to our intuition about value judgments (see
McGuire and Garn, 1969). Two earlier attempts, Freeman (1967) and Nwaneri
(1970), analyse the effects of distributional weights in a conventional context,
using this traditional welfare weight formulation (see also Feldstein, 1972a,
1972b). In a more recent summary article, Brent (1984) notes that the unknown
choice of v indicates the arbitrariness of our a priori school of distributional
weight, as distinct from Weisbrod’s (1968) imputational school. However, it is
precisely because v is not known a priori that we need to perform value sensitivity
analysis.

Since the SWF is ordinal, the welfare weights we get are a particular cardinal-
isation. It seems natural to normalise A, by A\, the simple average of the \’s.
Intuitively, when normalised A\ is greater (smaller) than 1, the individual is
regarded as relatively poor (wealthy). A ratio of 1 indicates a “typical” individual.
So:

We = /N, Pk. " Normalised version (15)

For all the cases when vy = 0, the result is as shown in Table 1. For the case when
p =0 and v = -1, Wk = _X/)\k, 6k = -X, and W = E(T/)\k)EUk = TEMCSk
instead.> Note that this cardinalisation does not yield the conventional cost-
benefit criterion of unweighted Marshallian consumer’s surpluses.

SIMULATION RESULTS
The data bases

We use the corridor planning model system of Interstate 580 of the San Francisco
Bay Area, developed by Talvitie and Associates (1978) at the Urban Travel
Demand Forecasting Project (UTDFP).® The transport corridor runs from the
southern part of the Bay Area through Oakland and Berkeley to San Francisco
via the San Francisco-Oakland Bay Bridge. The corridor is divided into nine
segments to facilitate equilibrium of travel times. Travel in the corridor can use
any one of three freeways, several arterial streets, bus lines, or the Bay Area

5 With the normalised version of equation (15), when p = 1 and v = —1, wp = X/AkEUk,
8r = X/EUg, and W = z(log EU)X/rp. Note that when W, = 1, the Bernoulli-Nash SWF is
a form of utilitarianism, where W is utilitarian in the logarithm of EU rather than EU itself,

6 The author is grateful to Professor Daniel McFadden, Principal Investigator of UTDFP,
for access to the data used for calibration, and for his help throughout.
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Rapid Transit (BART). The model specifies eight primary travel modes: (1) drive
alone, (2) shared ride (carpool), (3) local bus with walk access, (4) express bus,
(5) BART with walk access, (6) BART with bus access, (7) BART with drive-park
access, and (8) BART with drive-drop access. A representative sample consisting
of 12,000 of the households in the corridor is obtained by McFadden, Talvitie
and Associates (1977) by means of a model known as SYNSAM, which predicts
socioeconomic variables, such as wage rate, household income, origin-destination
zone of household (residence and work location), auto ownership, work-trip
mode, and number of drivers in the household. SYNSAM draws upon typical
data sources, including the US Census, metropolitan transport surveys such as the
Urban Transport Planning Package, and external forecasts of population and land-
use variables like the Population and Land Use Model, to predict a synthetic
sample for the year 1976 (or for any given year). The basis of our forecasting
sample consists of those 2,216 individuals who travel across the corridor.

The calibration sample, known as the “post-BART” data set, was collected
by West Coast Community Surveys for UTDFP in November 1985. Telephone
interviews were used to ask for information on trip purpose, origin and destin-
ation, time started and finished, mode of travel and alternatives, income, wage
rate, auto ownership, number of drivers in the household, and perceived auto
travel costs. For transit trips (bus or BART), questions were asked about the
number of transfers, headways, transfer headways, schedule delays, etc. Standard
demographic variables were also recorded, 936 workers were interviewed, and 244
socioeconomic and supply variables collected for calibration and validation of
discrete choice models. The standard multinomial logit model is then calibrated
by maximum likelihood methods, and we report the results elsewhere (Hau,
1985b, Table 1). The logit coefficients are entered as parameters of the corridor
simulation model, together with detailed costs estimates for all modes, upon
which our base case is built.

The supply model is a parametric transport service model, which is based on
deterministic queueing analysis and represented by level-of-service travel-time
equations. The Scarf algorithm is used to equilibrate the nine-segment, eight-
alternative demand and supply model, outputting equilibrium travel times.

Distributional effects in the base case

A distinct advantage of large data sets such as ours is their detailed information on
individual attributes. However, these results are presented in aggregate form. By
summarising results in the form of mean expected utilities, aggregate mode splits,
etc. (as in Hau, 1985b), we condense the enormous volume of information, but
we lose the detailed and fine-grained information which is the very strength of
such a cross-section, disaggregated micro-analysis.

Since the systematic differences in individual characteristics may be averaged
away by presenting only aggregate statistics, the efficiency approach to cost-
benefit analysis may be unfavourable to some subgroups of the population. One
way of avoiding this is to stratify the population by income to show the distrib-
utional effects of a policy. We segment the population into three income groups:
low-, medium-, and high-income. The income groups are partitioned uniformly, so
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that each group comprises roughly one-third of the market. Annual income below
$15,000 is defined as low income, income above $22,000 as high income, and the
remainder as middle income (see Table 2). We classify travellers by trip type:
urban-to-urban, suburban-to-urban, and suburban-to-suburban. All central
business districts (CBDs), such as San Francisco, Oakland and Berkeley, are con-
sidered to be urban areas; the rest are suburban. Distributional cost-benefit
analysis is then carried out on the basis of this three-by-three matrix of summary
statistics of income and type of trip (see Table 3 for the market share of the
forecasting sample). In this way, losers (AEU, < 0) and gainers (AEU, > 0) can
be easily identified on equity grounds. (Of course, if this fine partitioning of the
income groups were carried to the extreme, each cell would be occupied by at
most one person!)

We first discuss the socioeconomic attributes of the three income groups as
shown in Table 2. Income is positively correlated with distance travelled, but
trips with destinations in the urban area cover much shorter distances. As
expected, the numbers of drivers and of cars rise with income.

We can observe from the three-by-three matrix in Table 4 the distribution of
wage rates and the values of time, in dollars per hour. Both these variables
increase at an increasing rate when income increases. Note that the value of (on-
vehicle) time is calibrated to be 5.71 per cent (or one twentieth) of daily income,
as specified in our demand model. Thus the value of time increases with income,
staying at the same proportion of daily income for all income classes. It can easily
be verified that the value of time, expressed as a fraction of the marginal post-tax
wage rate, is 39, 52, and 57 per cent for low-, medium-, and high-income groups.
It turns out that the lowest value of time does not correspond proportionately
to the lowest wage rate, because in our demand specification the value of time is
specified to be a function of daily income, and not a function of the wage rate.
Hence in our model, as distinct from traditional discrete choice specifications,
the value of time is only indirectly proportional to the wage rate.

Because most attributes behave in accordance with our intuition, we confine
our discussion henceforth mainly to non-socioeconomic variables. Expected
utility (EU) is positively correlated with income, whereas expected marginal
utility of income (M) is negatively correlated with income, reflecting diminishing
marginal utility of income (see Table 5). Note that the smallest value of EU
corresponds to the highest value of A, as indicated in the common sharing of the
cell for the low-income, suburban-to-suburban trip type. But inspection of Table
5 shows that the reverse does not hold true for expected marginal utility of
income.”

Further, segregation by income class reveals that 77, 81 and 86 per cent of the
low-, medium- and high-income groups respectively travel by auto or carpools;
the figures for bus use for these income groups are found to be 13, 4 and 2.5 per
cent. This confirms the common notion that higher income groups have a higher

7 Note also that the highest level of EU in Table 5 may not necessarily correspond either
to the largest increase in EU, or to its money equivalent, as indicated in Table 7. In other
words, there is not a one-to-one correspondence between the rankings of the level of EU and
the change in EU.

323



JOURNAL OF TRANSPORT ECONOMICS AND POLICY

September 1986

LL'T €91 8T'1 61 S9°1 [AM! LS'T proyssnoy ut srej
e 66°1 81 [4aé (414 69°1 86'1 PIOY3sNOY UT SISALIQ
80°¢C €SPl 89 LS°LT 8891 1691 Ll 90UB]SIP JO UOTIBIASD PIEPUBLS
Iv'vC 1€°0C 90°6 LS61 ey 6l LT'ST €I'81 SOTTWI UT ‘90Ue)SIP UBSIN
(anoy 1ad §)
LL'Yy (404 18°¢ ¥0°L 10y 80°C 8¢V QUIT) S[OMJIA-UO JO IN[EA
(124 13d sAep 097)
[4°%%] 81°6L 6999 6€'etll €T°0L 6€°9¢ 0L9L swoout ATre(
69'8 8L'8 69°L LTI EL°L 1€°S vy'8 (inoy 1ad §) saem
(1e0f 104 §)
YILIT 9860C 6¢eeLl 080C¢ 8681 96 1661 dwodur ploYssnNoy
L9T°0 Ivv0 7620 67€°0 LY€0 Sgze0 0’1 sreys 1oNIeN
ordures ut
43 8L6 99 8CL 89L 0cL 91Tt S[ENPIAIPUL JO IdqUINN
sa)qoLv 4
unqinqgng-oj unq4n)-o1 unqin-o3 awoouy awoouy awoouy
-ungingng -unqingng -unqaf ySig wnipap moT nv JU2WEDS 124D

JUWB2S 12D Aq 2]duunS SU11SPI240.] Y] L0f SISUDIS IIUOU0II01I0S AUDULUNG

[ACULLAR

324



DISTRIBUTIONAL COST-BENEFIT ANALYSIS IN DISCRETE CHOICE T. D. Hau
TABLE 3
Market Share of Forecasting Sample
ncome Low Medium High
Trip type Trip types
Total
Urban-to-urban 0.128 0.096 0.068 0.292
Suburban-to-urban 0.130 0.1592 0.152 0.441
Suburban-to-suburban 0. 067i 0.092 0.108 0.267
Income Total 0.325 0.347 0.328 1.000
a = Maximum
i= Minimum
TABLE 4
Wage Rate and Value of Time
Income Low Medium High
Trip Type Trip types
Total
Urban-to-urban
Wage rate 5.36. 7.95 11.68 7.69
Value of time 2.02 3.95 6.93 3.80
Suburban-to-urban .
Wage rate 5.15 7.57 13.162 8.78
Value of time 2.07 4.04 ‘ 7.112 4.52
Suburban-to-suburban
Wage rate 5.51 7.80 11.4 8.69
Value of time 2.16 4.01 7.01 4.76
Income Total
Wage rate 5.31 7.73 12.27 8.44
Value of time 2.07 4.00 7.04 4.37

a = Maximum
i = Minimum
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TABLE 5

Expected Utility (EU) and Expected Marginal Utility of Income (\)

Income Low Medium High
Trip type Trip types
Total
Urban-to-urban
EU 39.95 41.16 41,732 40.76
A 2.50 0.62 0.38 1.39
Suburban-to-urban
EU 38.08 39.78 40.72, 39.60
A 2.60 0.61 0.37! 1.11
Suburban-to-suburban .
EU 37.61 40.51 41.43 40.16
A 3.922 0.61 0.37 1.35
Income Total
EU 38.72 40.35 41.16 40.09
N 2.83 0.61 0.37 1.25
a = Maximum
i= Minimum
TABLE 6

[we = N¢Y, v = —1 (Cost-Benefit Criterion)] :
Change in Net Benefits = Change in Consumer’s and Producer’s Surpluses

Low Medium High
Trip types
Total
Urban-to-urban 1.79 6.78 14.642 6.43
Suburban-to-urban 0.90 6.16 11.26 6.36
Suburban-to-suburban 0.48i 1.95 4.49 2.61
Income total 1.16 5.21 9.73 5.38

a = Maximum
i= Minimum

326



DISTRIBUTIONAL COST-BENEFIT ANALYSIS IN DISCRETE CHOICE T. D. Hau

propensity to use autos, and the poor have a greater tendency to travel by bus.
This is also borne out by the observation that bus expenditure declines with
income but expenditure on gasoline and parking costs goes up with income. The
level of mode choice for BART is approximately the same for all three income
groups. The medium-income group has the highest demand for BART; this is
reflected in its higher mode-choice probabilities and expenditures on BART. The
average distance travelled also rises with income, suggesting that auto costs climb
with income because the cost of auto travel is computed on the basis of distance
travelled. Because the choice probability of the auto mode is directly proportional
to income, expected auto costs also climb with income. Therefore, vehicle miles
travelled (VMT) and passenger miles travelled (PMT) by auto rise with income,
whereas VMT and PMT decrease with income for carpool and bus travel.

A policy option for distributional analysis

Efficiency effects

First we discuss the efficiency approach to cost-benefit analysis for the policy
option of increasing lane capacity near the Bay Bridge bottleneck, for comparison
with the results for the distributional effects. We ask: what are the net benefits of
constructing an extra lane at the stretch between the Interstate 580/California 24
interchange and the Toll Plaza of the San Francisco Bay Bridge? The Scarf-
equilibrated matrix of travel times indicates a reduction of 10 minutes on the Bay
Bridge segment of the freeway. This decrease is from 39 to 29 minutes, which is
25 per cent relative to the base case.

The net benefits from capacity increase for the mile-and-a-half bridge segment
amount to 5.38 cents per commuter per working day (see Table 6). (From here
on, all the tables express welfare only in per capita terms and in cents per working
day.) The increase in user benefits for all three measures — Hicksian compensating
variation (CV), Hicksian equivalent variation (EV) and Marshallian consumer’s
surplus (MCS) — are equivalent to the second decimal place at the individual level.
(In fact, this holds for policy options with small effects on income, so CV, EV
and MCS are interchangeable here. Elsewhere the author has shown that, when
income effects are more than trivial, the Hicksian and Marshallian measures
diverge.) When aggregated to the level of the Bay Bridge corridor, the population
estimates for CV, MCS and EV are $18,337.60, $18,347.15 and $18,356.62 per
day, respectively. Hence, at this level the difference in benefits between the EV
and CV measures amounts to an insignificant figure of $19.02 per day. Even for
yearly benefits the difference is only $4945 between EV and CV. All these
benefits accrue to only 16.5 per cent of the forecast population, since they are
the gainers in our sample. This is consistent with the observation that only 27.5
per cent of workers sampled from the “post-BART” data set work in San
Francisco and find it necessary to cross the Bay Bridge.

At the per capita level, the user benefit is 5.88 cents per commuter per working
day, which is less than 0.5 per cent of daily income (see Table 7). When summed
with the change in producer’s surplus, the change in net benefits amounts to 5.38
cents per commuter per working day (see Table 6). The change in producer’s
surplus or revenue is from two main sources: highway and transit revenues. The
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TABLE 7

[we =N\, v = —1 (Cost-Benefit Criterion)] :
Change in Consumer’s Surplus and corresponding weight, &y,

Income Low Medium High

Trip type Trip types
Total
Urban-to-urban
Change 2.22 7.64 15.362 7.07
Weight 1 1 1 1
Suburban-to-urban
Change 1.33 7.04 12.10 7.10
Weight 1 1 1 1
Suburban-to-suburban .
Change 0.46' 1.90 4.42 2.56
Weight 1 1 1 1
Income Total
Change 1.50 5.84 10.24 5.88
Weight 1 1 1 1

a = Maximum
i= Minimum

increase in highway revenues is due to increased use of the highway; it comes
from (a) gasoline tax, because vehicle-miles travelled for auto have gone up by 2
per cent, and (b) toll revenues, which have gone up by 9 per cent.® This increase
in highway revenue, however, is offset by a decrease in transit revenue. The
greater part of the loss in transit revenue is from BART (8 per cent, and the rest
from bus (2 per cent). The net decrease in producer’s surplus is then half a cent.

8 There are at least two schools of thought on the treatment of net benefits in cost-benefit
analysis. One view is that the sum of changes in consumer’s and producer’s surplus, together
with the changes in government revenue (if any) represents net benefits (see for example
Harberger, 1978, Mohring, 1976, pp. 92—94, and Domencich and McFadden, 1975, section
4.10. Another view excludes producer’s surplus (or quasi-rents, more precisely) from calcul-
ations of the benefit of a project (see Mishan, 1968). This has to do with the ambiguity of
the construction of the long-run/short-run supply curve. However, the reader will note that
both views are encompassed in this paper. The first school of thought is illustrated by Table 6.
Tables 7 through 11 follow the second view. An attempt to resolve the differences between
them is beyond the scope of this paper and is the subject of a future one. The author is
grateful to an anonymous referee for pointing out these differences.

328



DISTRIBUTIONAL COST-BENEFIT ANALYSIS IN DISCRETE CHOICE T. D. Hau

Even though both consumer’s and producer’s surplus per day amount to less
than 0.5 per cent of aggregate daily income, the net benefits to society from this
project are substantial. The EV of $18,356 per working day for the population of
the Bay Area corridor amounts to $4,772,560 per year (260 working days). We
then sum the changes in producer’s surplus together with the user benefit measure
of EV, to arrive at a figure of $4,367,740 of net benefits per year. When we
convert to a lane-mile basis, the net benefit of the option of increasing capacity is
$3,119,823 per lane-mile per year! An estimate of capital construction cost per
lane mile of $1,648, 427 for a Bay Area urban, central-city freeway for 1972 is
obtained from Keeler, Small and Associates (1975). We then use the California
Construction Cost indices to factor up their estimate to the year 1975. With a
49.8 per cent increase in construction costs (much higher than the increase in the
consumer price index), construction costs come to $2,469,344 per lane-mile. For
a reasonable lifespan of 35 years for the freeway, the net benefits are $33.0
million, ten times as great as the capital cost of $3.1 million. The net benefits are
clearly an order of magnitude above the capital costs. From a purely efficiency
point of view, is an increase in lane capacity desirable? The answer is in the
affirmative, subject to the qualification that the opportunity costs of public funds
ought to be accounted for. For the constraint of a fixed budget, which is clearly
met in this day of increasing fiscal crisis, the opportunity cost of public funds is
the displacement of other government projects. Given that most government
projects are lumpy, projects can be ranked in terms of their net benefit-cost ratio
(or cost-benefit. criterion), with the highest ones exhausting the budget first.

Distributional effects

In contrast to the efficiency approach of treating a dollar as a dollar to whom-
soever it accrues, the distributional impact of this proposed policy yields a
striking result. The low-, medium-, and high-income groups have net benefits per
commuter per working day of 1.2 cents, 5.2 cents, and 9.7 cents respectively
(see Table 6). By comparison with the low-income class, the high-income group
has an eightfold increase in net benefits! This is also borne out by the fact that
the expected marginal utility of income of the low-income group is 7.5 times that
of the high-income group (see Table 5). The capacity-induced reduction in travel
times for all income groups is necessarily the same, but different groups have
different time valuations. This results in rising user benefits across income class.
The time valuation of the high-income group is 3.5 times as high as that of the
low-income group. The higher propensity of the higher income groups to drive
autos (67 per cent, as opposed to 43 per cent for the low-income group) also
means that the aggregate probabilistic demand function lies much farther out for
high-income groups, and thus contributes to the large increase in consumer’s
surplus.

Similarly, segmenting the market according to trip types indicates that the
urban-to-urban and suburban-to-urban groups yield net benefits of 6.4 cents per
commuter per working day each, whereas suburban-to-suburban trips net benefits
are only 2.6 cents per commuter per working day. This result is also intuitive,
because the main benefit from trips with urban destinations comes entirely from
crossing the Bay Bridge to the CBD in San Francisco. Because of the capacity-
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induced reduction in travel times on the Bridge segment for all travel modes
using the highway, traffic flow is increased throughout the entire corridor. This
means that increased capacity near the Bay Bridge has rippling effects throughout
the corridor. Overall increase in auto demand for all segments is 3 per cent relative
to the base case; the highest increase comes from auto demand (19 per cent) at
the Bay Bridge segment. So, because congestion is relieved throughout the
corridor, the suburban-to-suburban tripmaker benefits 2.5 times less from the
capacity increase than those whose trips are of the other two types. So we con-
firm Mohring’s (1976, chapter 8) textbook proposition that, if marginal cost
pricing is not in effect on the rest of the network, it is necessary to calculate
benefits on all parts of the network, and not only on the traffic link in question.

The distributional effects of the decrease in producer’s surplus is essentially
the same for all income groups; this implies that any difference in net benefits
is due entirely to user benefits. However, on comparing Tables 6 and 7, we see
that the overall decreases in producer’s surplus across all income groups give an
incomplete and rather misleading picture. It turns out that the suburban-to-
suburban trip type shows an increase in producer’s surplus, whereas the urban-to-
urban and suburban-to-urban trip types show a decrease in producer’s surplus.
This is explained by the fact that the suburban-to-suburban trip maker drives
an average of 24.4 miles; that is, 4.1 miles over and above the distance driven by
suburban-to-urban trip maker and 15.4 miles more than the urban-to-urban trip
maker,and so raises additional gasoline tax revenue. Similarly, the other two trip
types travel relatively less by transit because of the more attractive quality of
highway service, and so contribute to the loss in transit revenues. So gainers and
losers can only be sorted out in this way by explicitly displaying the ditributional
effects of a policy by market segmentation for both income group and trip type.

Value sensitivity analysis for distributional weights

We first consider the SWF given in equation (13) and Table 1 when p = 0. We
remind the reader that w, = W) under this scenario. We see that when y = —1, the
SWF based on the efficiency-based cost-benefit criterion is obtained (see Tables 6
and 7); when v = —0.5, the SWF based on a particular set of non-unitary weights
for generalised utilitarianism results (see Table 8); and when vy = 0, the SWF based
on unitary weights for the Benthamite utilitarianism is obtained (see Table 9). All
the tables from Table 7 onwards show the change in consumer’s surpluses and its
corresponding weight for each market segment.

Note that the weight for consumer’s surplus turns out to be the marginal social
utility of income, 8. We can see this by interpreting equation (4) intuitively as
follows: change in social utility = (marginal social utility of income) x money
equivalent of a change in utility, where 8, = wpAp. If we substitute the money
equivalent of a change in utility (approximately) as AEU /N, we can formalise
the intuition as follows: AW = Zwp A\ (AEUL/N,) = Ewp AEU,.° So we remind

% The term “approximately” is used here because the income equivalent of a change in price
yields the Hicksian measures, which diverge from the Marshallian measures when income effect
is non-zero. Exact social welfare analysis using the Hicksian approach with W dictates that the
Hicksian compensating variation or equivalent variation be weighted, not the (Marshallian
approach of valuing) money equivalent of a change in utility.

330



DISTRIBUTIONAL COST-BENEFIT ANALYSIS IN DISCRETE CHOICE T. D. Hau

TABLE 8

We =N\,7, v = —0.5 (Generalised Utilitarianism)] :
Change in Consumer’s Surplus and corresponding weight,&;

Income Low Medium High

j Trip types
Trip type eds
Urban-to-urban

Change 2.30 6.02 8.802 5.04
Weight 1.29 0.79 0.62 0.97
Suburban-to-urban
Change 1.40 5.40 7.04i 4.78
Weight 1.26 0.78 0.61 0.86
Suburban-to-suburban .
Change 0.42 1.51 2.59 1.67
Weight 1.372 0.78 0.61 0.86
Income Total
Change 1.55 4.54 5.94 . 4.03
Weight 1.29 0.78 0.61 0.89

a = Maximum
i= Minimum

the reader of a rather simple but often-neglected point: weighting a util by one is
equivalent to weighting a dollar by the marginal utility of income. When we say
that everyone is weighted equally, there are two senses in which that holds. The
first interpretation is eloquently enunciated and supported by Harberger (1971)
for the profession: a dollar (of consumer’s surplus and/or producer’s surplus) is
a dollar, to whomsoever it accrues.!® In that case the weight for consumer’s
surplus, &g, is unity, which implies that the corresponding welfare weight for
utility is 1/, . This is simply the cost-benefit criterion, where efficiency analysis
implies an anti-egalitarian set of welfare weights, with the rich weighted more
because of their low marginal utility of income. The second interpretation is
usually attributed to Bentham: society seeks to maximise its pie by maximising an
unweighted sum of individual utilities. It turns out that a unitary welfare weight

10, order to continue treating a dollar as a dollar irrespective of income group, Ng (1984)
arrived at a revised Pareto criterion by amending the Kaldor-Hicks-Scitovsky double compen-
sation test and requiring that it be passed for every group, as opposed to individuals. The
objections to the compensation test discussed in the introduction also apply to Ng’s criterion
of quasi-Pareto social improvement.
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TABLE 9

[wg = N7, v = O (Benthamite Utilitarianism)] :
Change in Consumer’s Surplus and corresponding weight,&;

ncome Low Medium High
Trip type Trip types
i Total
Urban-to-urban
Change 2.54 4.75 5.16 3.88
Weight 2.50 0.62 0.39 1.39
Suburban-to-urban
Change 1.51 4.16 4.19 3.38
Weight 2.60 0.61 0.38 1.12
Suburban-to-suburban
Change 0.38 1.20 1.57 1.14
Weight 3.93 0.61 0.38 1.35
Income Total
Change 1.68 3.54 3.52 2.93
Weight 2.83 0.62 0.38 1.26

in this case implies that consumer’s surplus is weighted by Ag. The two inter-
pretations therefore yield quite different results. As an intermediate case, v =
—0.5 was run to illustrate the use of the generalised utilitarian SWF, with welfare
weights for the in-between cases.

We see, from Table 7, that a dollar is treated as a dollar for all income groups,
with unitary weights for consumer’s surplus for every market segment. In Table 8
the generalised utilitarian case indicates that the weight, 6., is a decreasing
function of income. It turns out that the (per capita) aggregate “weighted” con-
sumer’s surplus of 4.03 cents per working day is smaller than the (per capita)
aggregate ‘“‘unweighted” consumer’s surplus of 5.88 cents per working day for the
efficiency case, even in the presence of distributional weights. This is because the
marginal utility of income of the rich declines rapidly with respect to income, so
the aggregate weighted consumer’s surplus is less than the aggregate unweighted
surplus. This result holds even more strongly for the Benthamite utilitarian SWF.
Where the low-income group was weighted twice as much as the high income
group in the generalised utilitarian case, it is weighted 7.5 times as much for the
Benthamite case.

Note that as v is varied parametrically from —1 to 0, the overall §, drops to
below unity and rises even to exceed unity, whereas aggregate consumer’s surplus
decreases steadily. It is perhaps worth continuously varying 7 infinitesimally and
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graphically plotting the results from Tables 6 through 11 to see the precise shapes
of the various functions; this could uncover the reason behind this counter-
intuitive phenomenon. However, an entire error-free run for one policy option
using the corridor simulation model exceeds US$100 of computer time on the
CDC-7600, and that rapidly creates a binding constraint on most computer
budgets.

Many other values for y were simulated but not reported; v = +0.5 is perhaps
worth noting here. In that case, the aggregate consumer’s surplus is 2.31 cents per
working day and the corresponding weight 8, is 5.73. Qualitatively, the results
are very similar in Tables 7 through 9.

Instead of using the unnormalised version of welfare weights of equation (14),
suppose we normalise each A, by X, the mean of the N\’s, as in equation (15). The
results for the increasing capacity option for the two cases of ¥y = —1, —0.5 are
reported in Tables 10 and 11 respectively. Obviously, the case of v = 0 is equi-
valent to the results obtained in Table 9. Note that when y = —1, since the welfare
weight of A, is normalised by X, the consumer’s surplus is weighted by X instead,
as can be verified by comparing Table 10 with Table 9. However, we observe that
the aggregate weighted consumer’s surplus of 7.40 cents is larger than the
efficiency result of 5.88 cents for the unnormalised version (see Table 7). This is
what distributional cost-benefit analysis was originally designed to achieve: to
justify certain projects that do not pass the efficiency-based cost-benefit criterion
because of equity considerations. When vy = 0, the unitary welfare weight implies
that the consumer’s surplus is weighted also by A, , because v being zero does not
affect the normalised marginal utility of income (see equation (15)). We observe
that the weight obtained for the consumer’s surplus of 1.00, when y = —0.5,
yields an aggregate weighted consumer’s surplus of 4.52 cents, which is less than
that obtained by the efficiency-based cost-benefit criterion (7.40 cents), with its
corresponding weight of 1.26. Overall, the distributional effects are qualitatively
similar to the unnormalised version.

An individual in the forecasting sample with the lowest expected utility (con-
comitant with the highest marginal utility of income) can easily be computed for
the Rawlsian SWF. Because the maximum in the maximin strategy is taken with
respect to alternative public pricing or investment projects, the hypothetical
worst-off individual in the new scenario has to be computed before we can
implement this SWF. (Exactly the same procedure works for the Elitist SWF.)
Lack of space precludes us from reporting the results and giving tables of value
sensitivity analysis of other options, such as priority lane operations.

Suffice it to say that priority lane operations are less regressive than increasing
lane capacity because the benefits are spread evenly throughout the study area
instead of being accumulated predominantly at the Bay Bridge bottleneck. We
report one surprising result here.

For v # —1, most trip types yield the result that user benefits rise at first but
decline with income; this suggests that high-income travellers regard carpools and
buses as inferior goods. Further, this result holds for both the unnormalised and
the normalised versions for distributional weight analysis. This interesting result
can only be uncovered by value sensitivity analysis of the type that is described
here.
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TABLE 10

[wr = \&/N), v = —1 (Cost-Benefit Criterion)] :
Change in Consumer’s Surplus and corresponding weight,d;

Income Low Medium High

] Trip types
Trip type
PP Total
Urban-to-urban
Change 2.79 9.62 19.33 8.90
Weight 2.50 0.62 0.39 1.39
Suburban-to-urban
Change 1.68 8.86 15.23 8.93
Weight 2.60 0.61 0.38 1.12
Suburban-to-suburban
Change 0.58 2.39 5.56 3.22
Weight 3.93 0.61 0.38 1.35
Income Total
Change 1.89 7.35 12.89 7.40
Weight 2.83 0.62 0.38 1.26

CONCLUSIONS

Conventional cost-benefit analysis usually assumes an optimal income distribution.
Since the status quo distribution is far from optimal, the most natural thing to
do seems to be to combine equity and efficiency in cost-benefit analysis. Further,
public pricing and investment projects often result in significant redistribution of
income. Yet the unavoidable fact is that compensation is rarely effected in reality,
either because lump-sum transfers are non-existent (or costly) or simply because
of institutional rigidities. If lump-sum tax/transfers are non-existent, any tax,
including the income tax, would disturb the first-order efficiency conditions
under the assumption that the compensated supply curves of labour and capital
are not constant (see Little, 1950, Appendix IV). Under the theory of second
best, it may not be desirable to implement marginal-cost pricing unless all
efficiency conditions are satisfied. What this implies is that “inefficient” public
projects ought to be implemented in conjunction with second-best policy tools
(that is, excise taxes), rather than excluded under the traditional practice of
ignoring distributional concerns altogether.

So it seems to be infeasible to follow the traditional approach of dealing with
the efficiency and equity effects of a public project by maximising the size of the
pie and then relegating the task of redistribution to Musgrave’s depiction of the
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TABLE 11

[we = A& /N)?, v = —0.5 (Generalised Utilitarianism)] :
Change in Consumer’s Surplus and corresponding weight, 6,

ncome Low Medium High
Trip types
Trip type Total
Urban-to-urban
Change 2.58 6.75 9.87 5.65
Weight 1.44 0.88 0.69 1.08
Suburban-to-urban
Change 1.57 6.06 7.89 5.36
Weight, 1.41 0.88 0.68 0.97
Suburban-to-suburban
Change 0.47 1.69 2.91 1.88
Weight 1.54 0.88 0.68 0.96
Income Total
Change 1.74 5.09 6.66 4.52
Weight 1.45 0.88 0.68 1.00

government’s distribution branch. We envision that the planner’s task is then to
integrate efficiency and equity into public investment criteria, perhaps by our
tabular display of market segments showing the weighted distributional effects of
a policy. We see that particular parameterisations of a functional form for distrib-
utional weights yields standard SWFs such as (for example) the Benthamite
utilitarian SWF, the generalised utilitarian SWF and the cost-benefit criterion SWF.

The theoretical framework for social welfare analysis for both the Marshallian
and the Hicksian approaches are explored in the context of discrete choice. The
SWF methodology overcomes perennial objections to the compensation criterion.
We then implement this methodology successfully on a corridor planning model
system of the San Francisco Bay Area, which is designed for fine-grained analysis
of transport policy. Our simulations on increasing lane capacity, for example,
indicate firstly that it is necessary to segment across different markets to find the
distributional impact of a policy because of the wide variation in incidence of
benefit. Further, this segmentation approach validates Mohring’s proposition that,
if marginal cost pricing is not in effect on the rest of the network, it is important
to calculate the benefits on all parts of the network, and not only on the traffic
link in question. This is precisely what is done here; we compute the general
equilibrium efficiency-cum-equity effects of a proposed policy, using our demand
and supply model with eight alternatives.
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In analysing the option of increasing lane capacity, we find secondly that
market segmentation by income grouping is insufficient. We discover the fact that
certain trip makers contribute to an increase in revenue when income segment-
ation indicates that all income groups yield a net loss in revenue. The results show
that market segmentation across both trip types and income, in addition to value
sensitivity analysis, would assist transport planners in assessing the economic and
social viability of public projects. The market segmentation approach was
suggested by Boadway (1976), among others. We have, of course, yet to examine
the question of tax incidence, which would complicate our analysis considerably.
The methods used here could also be applied to examine both expenditure and
tax incidence simultaneously. Willig and Bailey (1981) have recently introduced
a new methodology entitled ‘“‘social welfare dominance for relating income
distributional considerations to regulatory decision-making. Their procedure
combines both the Kaldor-Hicks compensation principle with the Rawlsian
notion that a project should be undertaken only when the least well-off individual
in society is made better off.

Thirdly, the high-income group, regardless of the trip type chosen, benefits
more than other income strata, because of its high values of time. Perhaps not
unexpectedly, this result holds for all the parameters and policies considered here.

The approach advanced here brings to the fore the implicit interpersonal
comparisons of utility that are typically made in a clandestine fashion in policy
descision-making. After all, efficiency cost-benefit analysis which treats a dollar
as a dollar irrespective of its recipients is itself value-laden, being synonymous
with interpersonal utility comparisons. We would argue, following Arrow (1951)
and Bergson (1980), that the ultimate choice of the form of the social welfare
function and the distributional weights would still depend on the preferences of
the planner or of the electorate which he represents. It is hoped that the use of a
miniature tableau method has shed some light on the issue of distributional cost-
benefit analysis by highlighting some of the underlying assumptions.
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