THE APPRAISAL OF HIGHWAY
INVESTMENTS UNDER FIXED AND
VARIABLE DEMAND

By Huw C. W. L. Williams* and Laurence A. R. Mooref

1. INTRODUCTION

Highway investments can attract traffic from competing routes, and, particularly
in urban areas, may induce a range of behavioural responses which collectively
contribute to traffic “generated” by a scheme. These include changes of locality
and of mode, changes in the timing of journeys, and the stimulation of additional
travel and development.

In the appraisal of highway investments, whether in rural, urban or interurban
contexts, it is necessary to make some assumptions about the magnitude of
generated traffic and its contribution to scheme benefits. These estimates are
made with varying degrees of sophistication, and it is well recognised that they
are dependent on context and subject to considerable uncertainty.

It is not uncommon, particularly where land use intensity is low and the scale
of investment is not large, to assume that the generated component of demand
is itself small, and a zero value is often taken. Such is the practice, for example,
in the appraisal of many of those interurban and urban road schemes in the
United Kingdom for which the Department of Transport has responsibility.

The Cost-Benefit Analysis (COBA9) manual, provided by the Department of
Transport (1980), documents a standard appraisal method. It suggests that the
only significant response to new schemes — unless these schemes are in congested
conurbations, or are complete interurban routes or estuarial crossings — will be
the reassignment of trips. It suggests that distribution and other responses which
“generate” traffic will be of minor importance, and that:

In most cases the variable trip evaluation of benefits is unlikely to yield more
than about 10 per cent extra benefits over the fixed trip evaluation, although
this will be scheme specific (our emphasis).

The present investigation has been prompted by recent speculation in the UK
about the relative sizes of benefits derived from road schemes under the assump-
tions of fixed (inelastic) demand and of variable demand (which includes contrib-
utions from generated traffic). The difference between these estimates has
important implications for the potential errors of extending into an urban context
the standard methods of rural and interurban road scheme appraisal based on
fixed demand.

* Department of Town Planning, University -of Wales, College of Cardiff.
1 Department of Geography, University College of Swansea.
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This is of some importance, because it has long been recognised that in con-
gested urban conditions the generated traffic induced by new highway schemes
may reduce the benefits estimated under inelastic or fixed demand (Thomson,
1970). How far the value of the investment is “eroded” depends on how far the
benefit to the generated trips is exceeded by the disbenefit which they inflict on
existing travellers through increased congestion. This relationship is at the very
heart of the continuing debate on the value of highway investments and pricing
policies, whether these are proposed for rural, interurban or urban areas.

In this paper we present an analytical and numerical investigation of the effects
of generated traffc in scheme appraisal. At the centre of our discussion will be a
consideration of the relative effects of demand response and transport system
performance on user benefits, a broad understanding of which may be demon-
strated through a simple equilibrium approach (Thomson, 1970; Department of
Transport, 1980; SACTRA, 1986). This approach, interpreted through particular
models in a single-mode transport system, will be adopted to quantify the extent
to which the over- (or under-) estimation of user benefits by fixed demand
methods depends on the specification of the demand and system performance
functions and the contexts in which they are applied.

In section 2 we pose the investment appraisal problem in terms of the solution
of equilibrium states for the model, and derive benefit measures associated with
a scheme, expressed in terms of the change in total consumers’ surplus to users.
By selecting particular demand and cost specifications, we may make explicit the
equilibrium states and benefit expressions.

In section 3 the -case of linear demand and user cost functions is used to clarify
the issues involved and to aid the interpretation of a non-linear analysis. The
models proposed for this have a more evident relationship with those adopted in
practice; they are specified in section 4.

A full numerical analysis, and the results of a range of sensitivity tests, are
presented for the non-linear case in section 5. The general implications of these
numerical tests are considered in section 6.

2. TRANSPORT POLICY APPRAISAL FOR
A SINGLE MODE TRANSPORT SYSTEM

The equilibrium analysis

We shall consider a “single link” equilibrium model, in which travel is undertaken
in a highway system joining an origin i and destination j. Suitably interpreted,
this may represent a single stretch of road; or, as we explain in the discussion
below, it may be part of a network.

The (generalised) cost of travel between i and j, taken as a combination of time
and out-of-pocket cost components, is, principally through time, dependent on
the volume of travel. This dependence is expressed in terms of a variously described
cost, performance or supply function,

c=8, Q) ¢))
with '
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C the generalised cost of travel per trip;
V the volume of traffic in vehicles per hour (without loss of generality we shall
take car occupancy to be 1);
Q a set of parameters which characterises the performance of the transport
system. The highway capacity would be included in this set.
Similarly, the volume of travel is cost dependent, and is expressed through a
demand relation

V=D(, X, 6) 2)
with

X a set of exogenous variables (e.g. car ownership) characterising the level of

demand at any value of the cost;

0 one or more parameters characterising the demand function.

The search for the consistency between costs and volume is the essence of the
equilibrium analysis, which Figure 1 represents pictorially in the usual way. The
solution of these equations thus generates mutually consistent cost and demand
estimates [C(a), D(a)] at point a in Figure 1.

When a highway investment policy is introduced the cost function is shifted,
say to the position S2. Under fixed demand the new equilibrium state will be at
¢, but if volume is allowed to vary according to a demand function DD, corres-
ponding to a non-zero elasticity, the new equilibrium will be at b.

We would note the following in regard to the interpretation of the equilibrium
states in a network. If the highway investment causes traffic to switch from other
routes, then the “fixed demand” points @ and ¢ are interpreted as equilibrium
states consistent with Wardrop’s principle (Wardrop, 1952), and the variable
demand is due to all responses other than route substitution (for example, modal
and locational substitution together with the “pure generation” of travel). In the
following discussion we shall not explicitly refer to route substitution, but regard
this as implicit in the specification of the performance functions.

We can summarise the information of interest in the formulation of benefit
measures:

{C(a), D(a)] Initial equilibrium state

[C(c), D(c)] Equilibrium state under a highway investment policy (fixed

demand)

[C(b), D(b)] Equilibrium state under a highway investment policy (variable

demand)

The estimation of user benefits

In this simple equilibrium model, the benefits which accrue to users will be ex-
pressed in terms of the change in the Marshallian consumers’ surplus CS(X, ),
which is defined for arbitrary initial and final cost states, C(1) and C(2) respec-
tively, as

c@)
CS(X,0)=—J D(C X, 0)dC 3)
c@)

For small changes in costs the curvature of the demand curve can be ignored, and
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Cost per Trip

Volume per hour

FIGURE 1

Equilibrium States for a Simple Highway System Computed under Fixed and Variable Demand

the well known Rule-of-a-Half approximation to this expression may be adopted:
CS=%-[D(1) + D(2)] - [C(1) — C(2)] C))

with D(n) the demand corresponding to cost C(n). In the following analysis the
demand functions adopted are amenable to direct integration, and the exact
measure will be used.

For simplicity, we shall make no corrections for the difference between per-
ceived and resource costs and the effects of taxation, which are well understood
(see, for example, Department of Transport, 1980).
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The difference between benefits computed with fixed and variable demand

The benefit measures computed under fixed and variable demand BDF and BDV
correspond, in Figure 1, to the areas eacf and eabg, respectively. Of central
interest will be the proportional difference between these measures, expressed in
terms of the following quantity:

BDF — BDV
A= ad (5)
BDF :
o Area (ghcf) — Area (abh)
Area (eacf) (6)

The numerator is interpreted as the reduction in the benefit (compared with the
fixed demand estimate) caused by the additional traffic [D(b) — D(a)], minus
the consumers’ surplus enjoyed by these ‘““generated” trips.

A positive value for A indicates that the benefit to generated traffic is out-
weighed by the disbenefits which it inflicts on existing travellers through increased
congestion, while a negative A would indicate the reverse. The value of A thus
indicates how generated traffic expressed in variable demand -calculations
depresses the benefit computed under fixed demand.

From its definition we may write

BDV =BDF (1 — A) (N

and it is clear that A is, in an equivalent definition, the error involved in estimating
benefits with fixed demand calculations (if traveller response is deemed to have a
non-zero elasticity).

3. EQUILIBRIUM ANALYSIS UNDER LINEAR
COST AND DEMAND FUNCTIONS

The numerical analyses of sections 4 and 5 will be undertaken with non-linear
demand and cost functions, but some useful insights may be gained from the
linear case. We shall consider the general linear case which is diagrammatically
represented in Figure 2. The special case of linear and parallel cost functions has
been part covered in Department of Transport (1980) and SACTRA (1986).
In the analysis we shall refer to reference and policy states, corresponding
to the transport systems existing respectively before and after the introduction
of a highway scheme. The following quantities are defined, and are represented
in Figure 2:
D(a) demand in the reference system; this will also be abbreviated to D ;
G the (endogenously determined) increment of demand (i.e. the “‘generated”
traffic);
k  the cost reduction arising from the policy when computed under fixed
demand;
o the slope of the demand curve;
B,y the slopes of the cost curves in the reference and policy systems.
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In the following equations « will represent the absolute value of the slope (with
cost as ordinate and volume as abscissa).
From simple geometry we may write the following:

Benefit under fixed demand = DG(a + 7) 3)
Benefit to generated traffic = 0.5 G2« 9
Disbenefit arising from generated traffic = D Gy (10)

and from the Rule-of-a-Half (see equation 4):
Benefit under variable demand = (D + G/2)Ga an

The demand increment G is itself an implicit function of the slopes of the demand
and cost functions, and is related to the incremental cost C(a) — C(c) = k by:

k
G= (12)
(at7)

From its definition and equations 8, 11 and 12, it is readily shown that A is given
by

A=1

_ [1 + _] (13)
(a+7) 2(a+v)D.

This expression gives the explicit variation of A with the parameters «, 7y and D,
which may vary independently (corresponding to pivoting the demand and final
cost curve through the points ¢ and ¢). Note that the slope of the cost curve in
the reference system does not appear explicitly in equation 13, but is, of course,
implicit through the determination of the initial equilibrium state.

The expression for A may be transformed to a more meaningful form by
introducing the dimensionless quantities

Ed = 1_ CL(I) Es = 7%)
o D(a) C(a)

in which E; is the (absolute value of the) elasticity of demand at the point a,
and E; is a dimensionless measure of the slope of the cost curve corresponding
to the new highway system.

We shall also introduce the dimensionless quantity B, which is a measure of
the cost change arising from the policy

(14)

B= x 15
2C(a) =

In terms of E4, E, and B, A may be simplified to

E,E E4B
A(E4, E,, B)= —2% — d
(1 +E4Ey) (1 +E4E()?

(16)
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FIGURE 2

Calculation of Benefit under Fixed and Variable Demand
The General Linear Case

It is readily shown that the sign of A is determined as follows:
AsSOif(1 +E4E))E;SB 17

Note that when B is considerably less than E (1 + EZE;), (as it is likely to be
when the cost change is low and congested conditions exist in the policy system),
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then the second term on the right hand side of equation 16 may be neglected,
and the variation of A approximates to

EdEs
1 +E4E,

.The essential features of the linear case are summarised diagrammatically in
Figures 3a and 3b. The variation of A with demand elasticity for different values
of E, shown in Figure 3a, indicates two forms of behaviour:

A= (18)

(i) If E; > B, then A will be non-negative. There exists no combination of
the parameters for which the benefit to generated traffic will exceed
the disbenefits to existing travellers;

(ii) if E; < B, then A will be negative or positive according to the size of
the demand elasticity, quantified in expression (17).

All curves are asymptotic to the line A = 1. It should be noted that the initial
volume D enters the equations through the scaling of a and v into E; and E,. A
different value of Dwill result in curves of the same shape but refer to different
scales.

To give a numerical example, we take the cost reduction k under fixed demand
as 20 per cent of the initial cost, in which case B = 0.1. With £; = 0.5and E;=0.3,
then A = 14 per cent. A fixed demand estimate would thus overstate the benefit
by this amount.

Figure 3b displays the combinations of (E4, E;) which are consistent with given
values of A; that is, they are solutions to the equation

E E B/E
dbs 1 — / s =A (l 9)
(1 +E4E)) (1 +E4E,)
where the family of curves is parameterised by different values of A. These curves
may be regarded, for any cost change (reflected in B), as equal error contours, for
they define combinations of £4; and E; under which application of fixed demand

estimates of benefit will result in errors of the magnitude A.
Equation 19 may be solved for the product E4E, in the general form:

Eq4E; =H(A Eg, B) (20)

In the regime defined by equation 18 the function H(. . .) is dependent only on
A, and is of the form

H)=—2— ey
1-A
and the equal error contours approximate to rectangular hyperbolae, the general
form of which is seen in Figure 3b.

In the following sections we shall explore the dependence of A on parameters
and conditions, defining the demand and cost conditions where the latter are
non-linear forms more typical of those applied in transport studies. We shall draw
on the linear case for help in interpretation.
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4. SPECIFICATION OF DEMAND AND COST FUNCTIONS:
THE NON-LINEAR CASE

We consider the highway system to consist of a major road between two locations
i and j, and policies P will correspond to highway projects which represent the
upgrading of this link.

Specification of the cost function

On our single link the generalised cost is taken as a linear combination of (volume
dependent) time costs, and operating costs, which are considered to be propor-
tional to the distance travelled, L.

C=¢,t(V)+¢,L (22)

The parameters ¢, and ¢, are respectively the value of travel time and the oper-
ating cost per unit distance. Their numerical values were taken from the COBA
Manual (Department of Transport, 1980), section 8.2.

The time of travel is written

v = - (23)
v(V,Q) :

with the speed of travel in the denominator expressed as a function of traffic
flow and the set of parameters Q. The general form of speed-flow curve selected
in the numerical analyses to follow is that typically used in British transport
studies and shown in Figure 4. These forms are characterised by three ‘“‘regimes”:
a “free-flow” region in which marginal increases in flow do not reduce the average
speed of travel; a “linear” region between the free-flow limit and capacity, in
which the speed declines linearly with flow; and an “exponential tail”” above
capacity, representing the effects of queueing. They will be characterised as
follows:

SF: { free flow limit, speed at free flow: capacity, speed at capacity}

that is, the coordinates of points x and y in Figure 4.
Policies thus correspond to transitions between different cost functions derived
from distinct speed-flow curves, and these will be identified below.

Specification of the demand model

To reflect an aggregate response to cost changes we have selected a simple negative
exponential model

D =D(a) * exp{-\ * [C - C@)1} 4)

which expresses demand in incremental form relative to an equilibrium state
[C(a), D(@)].
The cost-dependent elasticity of demand

E=-\-C (25)
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FIGURE 3a

Variation of & with Demand Elasticity for Different Cost Parameters E
General Linear Case

is proportional to the parameter A, taken to embrace, in our single mode represent-
ation, all forms of response to a policy (other than route substitution). In the
present model, with a suitable transformation of parameters, there is little differ-
ence between the present exponential model and a constant elasticity form.
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FIGURE 3b

Benefit Reduction Arising from Generated Traffic
General Linear Case

By varying X\ and D(a) = D, we may create a wide range of conditions and
assumptions, associated with peak and off-peak travel, changes in demand over
time, etc.

The benefit expression

For the demand model selected, the change in consumers’ surplus for variable
demand estimates takes the following analytic form:

CS ==+ (exp{—AIC(b) — C(a)] — 1}) (26)

with the costs, C(a) and C(b), appropriate to the equilibrium states a and b,
computed before and after the introduction of the policy. It may readily be

shown that the A = 0 limit of equation 26 corresponds to the fixed demand
estimate of benefit.
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Solution of the equilibrium points

We have established an initial equilibrium state by specifying the volume of travel
D, and determining the compatible equilibrium cost from the base performance
function. Similarly, the cost of travel under fixed demand after the policy is
introduced is given by reference to the speed-flow curve and associated perform-
ance measure in the new system.

The determination of the coordinates of the point b in Figure 1, and the corres-
ponding benefit measure (26), requires the simultaneous solution of equations
22-24. This is, in numerical terms, a straightforward process.

5. NUMERICAL SOLUTIONS AND SENSITIVITY ANALYSIS
The general investigation

In the linear case we investigated the dependence of A on demand elasticity,
cost slope for the policy system, the initial level of demand, and the cost change.
Here, we combine the dependence on cost slope and cost change through the
specification of different policies, that is, the characteristics of the speed-flow
curves before and after the upgrading of the road.

A is thus expressed as a function of the following controllable quantities:
the elasticity parameter A; the volume to capacity ratio, V/Q or V* in the
reference system; and P, the policy:

A=FQ\ V* P)

It should be noted that V* will be influential in determining the ‘“‘position” of
the equilibrium on the new cost curve and its local slope. This will in turn deter-
mine the marginal effects of additional trips, and therefore the value of A.
However, V* is not necessarily a good proxy for the slope of the cost curve at
equilibrium, as we shall see below.

The four policies considered involve transitions between the following speed-
flow curves: :

SF1 = ( 500,50 : 1200,25)

Pl:

SF2 = (1400,70 : 2200,50)

SF1 = (1400,65 : 2200,56)
P2:

SF2 = (1700,80 : 2400,66)

SF1 = (1400,65 : 2200,56)
P3:

SF2 = (1800,90 : 2600,76)

SF1 = (1400,65 : 2200,35)
P4: .

SF2 = (1700,80 : 2400,46)
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Because of the inverse relationship between cost and velocity, it is clear that in
the “linear regime” the (non-constant) slope of the cost-volume relationship will
be dictated by the steepness of gradient of the speed-flow curve below capacity.

The curves are identified in Figure 4. The first indicates a transition from a low
capacity road to one of moderate capacity, with a relatively shallow cost curve
above the free-flow limit. The second and third policies involve transitions from a
common base to improved roads with considerably higher free-flow speeds. The
final policy is characterised by a much steeper performance function above the
free-flow limit.

These four policies thus allow the effect of varying the slope of the cost curve
to be contained in the sensitivity analysis.

Before presenting the numerical results we would mention that, for the changes
in generalised cost corresponding to the policies, the difference between the
benefit measures computed from the Rule-of-a-Half and from direct integration
was found in no case to be greater than 5 per cent. We present only the exact
measures.

Variation of A with demand elasticity and initial volume

The variation of A with N\ for different values of the initial volume V* has been
computed, and the process repeated for each of the four policies.
For policy P4 this variation

A=FQ\:V*)

is shown in Figure 5. The general form is also common to policies P2 and P3,
but that for P1 is somewhat different, as is shown below.

The salient features of the relationship are as follows. All curves pass through
the origin and are asymptotic to the line A = 1, though the approach to this
limiting behaviour is strongly influenced by the initial demand to capacity ratio,
V*. For sufficiently low values of V*, and in a particular A range, A is negative.
The dominance of the variable over the fixed demand estimation of benefits
in the particular range is easily explained by reference to Figure 4. The computed
equilibrium points lie on the “flat” portion of the cost curve, and there are thus,
for marginal change in the slope of the demand curve, no congestion disbenefits
accompanying generated trips.

For V* greater than a critical value (which will depend on the free-flow limits
associated with the initial and final speed-flow curves), the initial rise with A is
approximately linear. To illustrate the general characteristics of the model, we
have taken a A-parameter range considerably larger than those values which would
be observed — the point £ on the A-axis corresponds to a demand elasticity of
unity.

A comparison with Figure 3a suggests that, in the above case, V'* does stand as
a close proxy variable for the local slope of the cost curve at the new equilibrium.

We have assembled in Figure 6, for each policy, the variation of A for three
values of V* corresponding to low (V* = 0.5), medium (V* = 0.75) and high
(V* = 1.0) congestion in the initial state. The scale on the horizontal axis is here
expressed as an elasticity (related to A through equation 25). Figure 6a, which
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V* Varying from 0.4 to 1.0 (Policy P4)

A
A
100
1.0
90 - 0.9
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80 - 0.7
704 0.65
60 -
0.60
50 -
a0+ 0.55
30 -
0.50
201 |
10
0.45
0 — A
0.40

FIGURE 5

Variation of A with Demand Parameter \ for Various Volume to Capacity Ratios
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Policy P1 Policy P2
A% . A%
100 100
50 - 50 -

v* =1
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2.0
{ Elasticity
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V*=0.5
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T 7 V* =075
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FIGURE 6

Variation of A with Demand Elasticity for Three Congestion Levels (V*)
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represents a transition from a moderate or high to a low congestion regime,
indicates a dominance of the benefit to generated traffic over the disbenefit to
existing traffic. Policies P2 and P3 produce qualitatively similar results, and it is
clear that the steeper slope of the cost curve characterising P4 has a marked
influence on A in the medium and high congestion regimes.

The joint variation of A with elasticity and congestion level:
equal benefit reduction contours

In analogy with the linear case, another instructive way to explore the joint
variation of A with V* and A is to map the combinations of elasticity and initial
congestion parameters which are consistent with given values of A. This joint
variation

HO\, V*:P)=A

again expresses contours of “equal benefit reduction”. If the investigation is seen
as one to determine the error involved in applying fixed demand models, then
these are contours of “equal error”. The curves provide the combinations of
elasticity and congestion parameters which result in the fixed matrix benefits
being reduced (or increased) by a given percentage.

These contours, which should be compared with those derived from the linear
case illustrated in Figure 3b, are shown in Figure 7. They reveal a strong
dependence on the characteristics of the link before and after the change; that, of
course, reflects the results of Figure 6.

Summarising the relationship

We can summarise the numerical dependency of A on the demand elasticity
parameter, the level of congestion in the initial state V'*, and the cost performance
characteristics/policies, in Table 1. The asterisks in the table have the following
interpretation in relation to the flow under the policy. A single asterisk denotes
a flow level between the free-flow limit and 90 per cent of capacity; a double
asterisk denotes flow within 10 per cent of capacity; no asterisk shows the un-
congested state below the free-flow limit.

The effects of the policies fall into three groups: (P1), (P2, P3), and (P4). As
indicated above, the first corresponds to a transition from a possibly congested
initial state to a relatively uncongested transport system, and benefits to generated
traffic will dominate disbenefits of additional congestion. The high negative
value of A at (V* = 1 and E = —1.5) is the result of a low-cost slope, even though
the new equilibrium is within 90 per cent of capacity.

In the case of (P2 and P3), deviation from the fixed demand estimate is modest
for low and medium congestion under all elasticity values, with a maximum value
of 17 per cent. Even at high congestion, at medium generalised cost elasticity, the
difference does not approach 20 per cent.

It is clear, however, that estimation of benefits on a basis of fixed demand will
severely overstate the variable-demand benefits for Policy P4, even for very
modest values of the elasticity, if the initial state is highly congested. This over-

79



January 1990 JOURNAL OF TRANSPORT ECONOMICS AND POLICY
TABLE 1

Variation of A with Elasticity, Congestion Level and Policy

All numbers are percentages

Low Medium High
Congestion Congestion Congestion
(V*=0.5) (V*=0.75) (V*=1.0)
Policy Pl P2 P3 P4 Pl P2 P3 P4 Pl P2 P3 P4
Low
Elasticity
(F=-025) -3 -1 -2 -1 -5 3 1 9* -9 TE* 4% J*
Medium
Elasticity
(E=-075) -8 -3 -5 -3 —16 8* 4% 25% —27* 17** 11** 62**
High
Elasticity
(E=-15) -17 -7 -10 -7 —34 17* 10* 43% —40%* 32%* 3% TR**

The significance of the asterisks is explained in the text.

statement is directly attributable to the slope of the cost curve and the congestion
disbenefits of marginal traffic. It holds true also for that policy under moderate
congestion, for elasticities above 0.75. Only in the low elasticity/low congestion
regime can we be assured that, for all four policies, the fixed demand estimate will
closely approximate the variable demand estimate.

CONCLUSION

We have used a simplified equilibrium model of a transport system to investigate
the relative sizes of project benefits computed under the assumptions of fixed and
variable demand. This has been expressed through their proportional difference,
A. We have determined the dependence of A on the demand elasticity, the initial
level of demand, the cost function characteristics, and the policy concerned.

The analysis has identified those circumstances in which fixed demand estim-
ation will severely over- or under-state the equilibrium benefit. Although the
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results appear to depend rather strongly on the context of application and the
detailed assumptions underpinning the demand and supply specifications, sub-
stantial over-estimation will tend to be associated with congested conditions and
moderate (to large) traveller response. Predictably, such conditions will be found
in or near urban areas. Conversely, the transitions from congested to uncongested
states which produce low or negative values of A will tend to be associated with
rural schemes and by-passes.

In view of the great uncertainty about the quantitative aspects of travellers’
response to highway schemes, and the dependence of the results on context, we
believe that it would be appropriate in road scheme assessments, whether these
relate to rural or urban schemes, to perform as a matter of course a sensitivity
analysis of the benefit measures to variations in predicted response.

To this end we would suggest the use of a simplified and readily applied uni-
modal equilibrium model of the type adopted here (suitably generalised to. a
network representation). The variable demand benefit measures may readily be
computed under a range of elasticity values, up to a maximum of, say, 1.0. The
significance of the difference between fixed and variable demand estimates may
then be established, both in ranking projects and in determining the absolute
value of their benefits. ‘

The equilibrium analysis considered here captures some elements of the
problem of generated traffic, but a number of important aspects relating to
complex substitution effects, to general network effects, and to the performance
of multimodal transport systems require more extensive treatment if we are to
gain a fuller understanding of the value of highway or public transport invest-
ments in urban areas. We have used the present analysis to guide such an investig-
ation.

Date of receipt of final typescript: September 1989
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