THE EFFECT OF PRICING POLICY ON THE
OPTIMAL TIMING OF INVESTMENTS IN
TRANSPORT FACILITIES

By Sandford F. Borins*

INTRODUCTION

It has long been known that, when the criterion used to determine the timing of
investments in transport facilities is the maximisation of the present value of economic
surplus, expansion will occur sooner if the facilities are priced at average social cost
than at marginal social cost. (An empirical demonstration can be found in Borins,
1978.) This conventional wisdom was challenged by Fitzgerald and Aneuryn-Evans
(1973), henceforth referred to as F/A, who claimed that the converse was the case and
produced an empirical model which supported their claim. In an earlier paper (Borins,
1979), I reanalysed their data and found that the special case they used showed that
marginal social cost pricing could result in capacity expansion either earlier or later
than average social cost pricing supplemented by a non-marginal cost user fee. The
purpose of this paper is to provide a more general analysis of the effect of various
pricing policies on the timing of investments in transport facilities.

The paper begins by reviewing F/A’s theoretical argument on the effect of pricing
policy on optimal investment dates, as well as a similar formulation of the problem in
a more recent paper by Wheaton (1978). It is shown that their theoretical
formulations do not provide an unambiguous answer. A simulation model is presented
and used to examine the effect on optimal opening dates of the following factors: the
nature and the extent of the deviation of price from marginal cost, the elasticity and
magnitude of the demand function, and the size of the increment to capacity. It was
found that for one type of pricing policy, called proportional marginal cost pricing,
marginal cost pricing leads to slower expansion of capacity than prices either higher
or lower than marginal cost.

More realistic pricing policies are examined in which users are charged constant
user fees, or user fees which diminish over the life of a given facility. Here it is found
that optimal expansion dates may occur either earlier or later under the alternative
policies than under marginal cost pricing. A procedure is proposed whereby transport
planners can determine which of the two possibilities applies. This can be of use in the
determination of user fees.
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FIGURE 1
Economic Surplus, Price Less than Marginal Cost

A REVIEW OF THE PROBLEM

Both Fitzgerald and Aneuryn-Evans (1973), henceforth referred to as F/A, and
Wheaton (1978) developed a measure of the benefits of continuous capacity
expansion which is sufficiently general to include any relationship between price and
marginal cost. Fitzgerald and Aneuryn-Evans achieved the result by maximising the
discounted sum of economic surplus less capacity expansion cost. Wheaton’s model is
more formal, grounded in consumers’ utility maximisation, where utility is a function
of the consumption of transport, goods and services, and time used.
Using their notation, F/A’s result (p. 274) is

rov/éQ = —0G/8Q + &N/8Q (H — 8G/N) (1)

Wheaton’s result, in his notation (p. 625), is

1 =n[—xvdT/ds + dx/ds (p — xvoT/ox)] 2)

In both cases the left-hand side represents the cost of capacity expansion: for F/A,
it is the discount rate multiplied by the partial derivative of the investment stream (V)
with respect to increased capacity (Q), and for Wheaton it is arbitrarily set as 1.

On the right-hand side, Wheaton has the common factor » to indicate that he is
summing over n identical consumers. The first term on the right-hand side is the
reduction in the cost of travel (G for F/A; x, travel, multiplied by v, the value of time,
by T, time per unit of travel, for Wheaton) due to increased capacity (Q for F/A and s
for Wheaton). The second term is equal to the additional travel (N for F/A and x for

122



PRICING POLICY AND OPTIMAL TIMING OF INVESTMENTS S. F. Borins

Price

F M
M
N
A
b, ’ _*
P, =
9,9, Quantity
Notes: P=MC P<MC

Economic surplus before capacity expansion A A—B
Increase in surplus due to capacity expansion C, C,+C,—-D

FIGURE 2
Small Increment in Capacity

Wheaton) due to additional capacity multiplied by the difference between the actual
price of travel (H for F/A and Wheaton’s road roll of p) and the marginal cost of
additional travel (the derivative of G with respect to N for F/A and the derivative of
xvT with respect to x for Wheaton).

These formulations are illustrated graphically in Figures 1 and 2. Figure 1 shows a
demand curve for travel and a marginal cost curve. If there were marginal cost
pricing, price would be p,, quantity g, and the economic surplus would be 4, the
difference between the areas under the demand and marginal cost curves. If price is
less than marginal cost,' the equilibrium will be at a point such as p,, g,. Here the
economic surplus is 4 minus B, where B is the excess of marginal cost over marginal
benefit for the g, — g, “extra” trips. Figure 2 illustrates the effect of a small expansion
in capacity, which moves the marginal cost curve down from MC, to MC,. If there
were marginal cost pricing, the equilibrium number of trips would be found by
moving down the demand curve from its intersection with MC, to its intersection with
MC,, and the benefit would be the increase in economic surplus, equal to the shaded
area C,. If price is set lower than marginal cost and if there is no increase in demand,

! The argument in this section is presented for the case when price is less than marginal cost, because
this is usually so on transport facilities in the absence of congestion pricing. The argument would be
reversed for the case where price is greater than marginal cost.
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the benefits will be C, + C,. C, represents benefits for the trips which would be made if
price were equal to marginal cost and C, benefits for the extra trips made because
price is lower than marginal cost. The benefit C, removes some of the original
externality B. If there is an increase in demand because of the increase in capacity,
there is a loss equal to D, the difference between marginal cost and marginal benefit
for the g, — q, additional trips. D is thus an increase in B, the externality before
capacity expansion. Relating this case to the algebraic models, C, + C, represents the
first term on the right-hand side. D is approximately equal to the difference between
marginal cost and price, multiplied by the change in trip-making due to a change in
capacity, or simply the additional trips>—which is the second term on the right-hand
side.

Wheaton’s concern is that transport planners, when price is less that marginal cost,
take into account the direct benefits of capacity expansion (C, + C,) but fail to count
the increase in the externality (D). He argues that if this is done—that is, if the
criterion for investment when price equals marginal cost is applied when price is less
than marginal cost—capacity will be expanded too soon. Expressed diagram-
matically, C, + C, is greater than C, + C, — D.

F/A attempted to use the algebraic formulation to compare optimal opening dates
under marginal-cost and below-marginal-cost pricing schemes. They compared
equation (2) when, in their notation, H = dG/ON and when H < 0G/ON. If H =
0G/ 0N, the right-hand side reduces to the first term. If H < 0G/0ON, then the second
term on the right side is negative, and this reduces the value of the entire right side. If
the first term of the right side, G/9Q, were the same when H = 0G/ON and when H
< 0G/ 0N, they would be correct in asserting that the total right-hand side is smaller in
the latter case, and therefore expansion will occur at a later date (see F/A, p. 274).
Figure 2 illustrates the problem with this formulation. The first term of the right-hand
side is not equal in both cases: when price is less than marginal cost it equals C, + C,
and when price equals marginal cost it equals C,. Determining when expansion comes
sooner, therefore, depends on a comparison of C, + C, — D with C,. If C, > D,
expansion will come faster when price is less than marginal cost. This is an empirical
matter, depending on the nature of the demand and marginal cost curves and the
magnitude of the externality. Furthermore, their formulation asserts that capacity will
necessarily be expanded more rapidly when price is greater than marginal cost; this
also is not proven.

Figure 3 illustrates the difference between benefits under marginal cost and
below-marginal-cost pricing for a large increment in capacity. For marginal cost
pricing, the benefit of capacity expansion is the area C. Under below-marginal-cost
pricing, the benefit of expansion is the area C as well as the area B, since the externality
before expansion is entirely eliminated. However, assuming price is lower than the
new marginal cost, a new externality of D is created. Capacity will be expanded sooner
under below-marginal than under marginal cost pricing if C + B— D > C,or if B > D.
Once again, this cannot be determined a priori.

The next section formulates a model which is used to investigate more generally the
effects of pricing policy on optimal dates for expansion of capacity.

2 If the demand and marginal cost curves are linear, D will exactly equal the second term on the
right-hand side.
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FIGURE 3
Large Increment in Capacity

PROPORTIONAL MARGINAL COST PRICING

We begin with a transport demand function that is either linear or logarithmic, where
P is the price of travel and Q the number of trips:

Q=A4pP" 3

: Q=A—BP (3A)
Exogenous increases in demand due to increasing income can be represented by
increases in 4, and, in the logarithmic model, different elasticities by different values of
B.
The average cost function for using the facility is of the form

ZCI(C—-Q) 4)

where C is the capacity of the facility per period, Q is the number of users who use the
facility per period, and Z is a constant, which is the cost to the average user of using
the facility when it is completely empty. This average cost curve, based on steady-state
queuing theory (DeSalvo and Lave, 1968), includes both time and operating cost for
the entire period of time while the user is waiting to use and actually is using the
facility. One condition of the model is that C < Q, which allows all users to be serviced

125



May 1981 JOURNAL OF TRANSPORT ECONOMICS AND POLICY

by the end of the period. In order to simplify the model, assume that Z = 1. Since the
total cost of trips made is equal to QC/(C — Q), marginal cost equals C*/(C — Q)

To examine the effects of the size of capacity increments as well as the nature and
magnitude of deviations from marginal cost pricing, the cost function can be written
more generally as

P = (KCY/(KC — Q) Q)

where K is a capacity expansion factor which would be greater than 1 to indicate
expansion of the original capacity C, and x is a pricing parameter, equal to 2 for
marginal cost pricing, greater than 2 when P > MC, and less than 2 when P < MC.
Average cost pricing, for example, is the special case where x = 1.* The equilibrium
level of travel is determined by substituting (5) into (3) or (3A) and solving for Q,
given values of the parameters 4, B, K, C, and x. This non-linear equation can be
solved using Newtonian approximation. This model assumes a form of pricing for
transport facilities which is very similar to marginal cost pricing. In the case of
marginal cost pricing, the transport facility manager would have to predict the
expected traffic level at a given time and charge a toll of

[e2a) &
c—-0Q c—-0Q
The model assumes the manager would predict traffic and charge a toll of
C Y C
c—-0Q c—-0Q

which will be called proportional marginal cost pricing. In the case of proportional
marginal cost pricing, as in marginal cost pricing, tolls must be recalculated
continuously and would increase as traffic grows (except for the case where x = 1).
The same administrative and political objections raised to marginal cost pricing would
apply to proportional marginal cost pricing. Proportional marginal cost pricing is
examined initially because it leads to some clear results which can then be used as a
basis for examining a more realistic model of pricing; this is done in a later section of
this paper.

In order to calculate the welfare gain (AW) due to capacity expansion for a given
set of 4, B, C, and x, we would calculate the following:

(23] (33 [ [
of P(Q)dQ — of MC,dQ — (‘{ P(Q)dQ — 6|. MC,dQ) (6)

where Q, and MC, are equilibrium demand and marginal cost of capacity of KC, and
Q, and MC, are equilibrium demand and marginal cost for capacity of C.
This can be rewritten as*

3 The classic peak-load pricing model is the special case where x = 0, which makes the cost function
a horizontal line up to the point where capacity is reached, when it becomes vertical.
4 Equation (7) reduces to Turvey’s (1974) welfare measure when the demand curve is linear.
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0.C  0,KC
(C—0) (KC-Q)

The effect of pricing on AW can be examined analytically by finding AW/ dx, which
equals

QZ
Qf P(Q)dQ + @)

0Q, oP Q, OP
5}-3—; (PY*—P) + a—;-a—xz (P, — P¥%) (8)
1 2

This is equal to O when x = 2. It is not possible to determine whether this is a
minimum of a maximum, since at x = 2 the second derivative is also equal to zero,
and it is not possible to evaluate the sign of the first derivative in the vicinity of x = 2.

The behaviour of AW can be examined more conclusively by solving the model for
various values of the parameters. This involves solving the non-linear equation by
Newtonian approximation and evaluating AW for each solution.

To accomplish this, initial capacity (C) was set equal to 100, and capacity
expansion factors between 1.01 and 3 were used to represent increments of all sizes.
The pricing parameter (x) was varied between 1 and 3. For the linear model, B = 1,
and for the logarithmic model, B = 0.5. For both models, increasing demand was
represented by increasing 4 from 10 to 130.

In both linear and logarithmic models, for any demand level (4) and any increment
(K) the value AW was at a global minimum when there was marginal cost pricing (x
= 2). There were no local minima: thus, as the deviations from marginal cost pricing
increase in either direction, the values of AW increase. Table 1 illustrates this for the
logarithmic model, for both low and high demand levels and for various size
increments. Intuitively, the reason for this result is that the cost curves have the
characteristic that, as quantity increases, deviations from marginal cost pricing
(whether positive or negative) increase, as is shown in Figures 2 and 3. Therefore,
after capacity is increased for a given demand curve, the deviation from marginal cost
pricing becomes smaller. When x < 2, in terms of Figure 3, the area B is always
greater than D. Similarly, when x > 2, the welfare loss before capacity expansion due
to the price being too high is greater than the welfare loss after capacity expansion.

The size and cost of any increment to capacity are independent of the value of x,
and, as demand grows, AW grows most slowly when x = 2. Therefore, if there is a
proportional marginal cost pricing policy in effect, capacity will be expanded more
slowly when there is marginal cost pricing than when price is either greater or smaller
than marginal cost.’> Furthermore, the greater the deviation either above or below
marginal cost, the more rapid the expansion of capacity.

The effect of the elasticity of demand was examined for a number of cases
involving the logarithmic model (see Table 2). As demand increases exogenously
(increased A), equilibrium trip-making increases faster for low elasticities than for high
elasticities, because less demand is discouraged by higher prices if the elasticity is low.
The benefits of expansion increase more rapidly for low elasticities because demand is
growing more rapidly, and therefore expansion will come sooner. This result should be

5 This assumes that, if the first capacity increment is added earlier, all subsequent increments will be
added earlier.
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TABLE 1.
Values of AW, Logarithmic Model (B = 0.5)

X (Pricing Policy)

K 1 1.5 1.8 1.9 2.0 2.1 2.2 2.5 3
1. Low-demand level (4 = 30)
1.02 0.2024 0.1817 0.1772 0.1767 0.1765 0.1767 0.1771 0.1803 0.1897
1.1 0.9341 0.8419 0.8216 0.8190 0.8182 0.8190 0.8212 0.8354 0.8784
1.5 3.3720 3.0779 3.0114 3.0027 3.0000 3.0026 3.0101 3.0581 3.2056
2.0 5.0027 4.6067 4.5157 4.5038 4.5000 4.5036 4.5140 4.5813 4.7897
2.5 5.9633 5.5205 5.4178 5.4043 5.4000 5.4041 5.4160 5.4928 5.7323
3.0 6.5963 6.1281 6.0189 6.0046 6.0000 6.0043 6.0170 6.0994 6.3568
II. High-demand level (4 = 120)
1.02 4.2657 3.016 2.847 2.829 2.824 2.828 2.841 2.915 3.109
1.1 19.60 13.97 13.20 13.12 13.10 13.11 13.17 13.52 14.41
1.5 69.40 51.06 48.38 48.10 48.00 48.08 48.29 49.54 52.83
2.0 101.32 76.35 72.55 72.13 72.00 72.11 72.43 74.26 79.17
2.5 119.47 91.41 87.05 86.55 86.40 86.53 86.90 89.05 94.90
3.0 131.13 101.39 96.69 96.16 96.00 96.14 96.54 98.91 105.34

K = capacity expansion factor. Minima for each K are in italics.

of importance to transport planners: if they underestimate elasticity of demand, they
overestimate the rate of growth of demand and the benefits of capacity expansion.
Since expansion decisions must be made in advance, they will tend to be made too
soon.

EXISTING PRICING POLICIES

It is possible to modify the model to incorporate the more common forms of user fees.
One class of fees is assessed per unit of traffic at a constant price for the life of the
facility, or at least changed infrequently. Examples are aircraft landing fees, turnpike
fees, and the gasoline tax.® In this case, the price faced by the user is

P=P,+C/(C—Q) ()

where P, is the fixed fee. Alternatively, facility managers may set tolls that are
designed to yield a required total revenue per unit time over the life of the facility.” In
this case,

P=P,/Q + C/(C—Q) (10)

6 The gasoline tax is a somewhat complicated case, as mileage may be a function of speed; this
implies that the amount of gasoline tax paid per trip will depend on trip speed, which is affected by
congestion. However, since tolls are usually considered for urban expressways, and since mileage is
relatively constant over the range of speeds at which cars travel on expressways (60—110 kilometres
per hour), the gasoline tax can be considered as a constant fee per trip.

7 This was the approach followed in Fitzgerald and Aneuryn-Evans (1973).
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TABLE 2
The Effect of Elasticity

x=1 x=2
B (Elasticity) B (Elasticity)
A 0.25 0.50 0.75 0.25 0.50 0.75
10 0.55 0.52 0.49 0.54 0.50 0.47
30 6.04 5.00 4.25 5.64 4.50 3.74
50 20.72 14.80 11.36 18.19 12.50 9.45

70 50.67 30.70 21.43 41.35 24.50 17.10
90 105.44 53.39 34.12 79.08 40.50 26.37
110 199.29 83.41 49.14 136.26 60.50 37.02

Table entries are values of AW for logarithmic equation for K = 2.

TABLE 3
Alternatives to Marginal Cost Pricing

Unit Toll (P,) Total Revenue Requirement Toll (P,/Q)
P=MC

A (x=2) 2 5 10 2 10 40
10 0.50 0.27 0.04 0.02 0.47 0.29 0.05
20 2.00 1.01 0.53 0.29 2.05 1.65 0.64
30 4.50 2.41 1.25 0.68 4.85 4.26 2.32
40 8.00 4.57 2.35 1.26 8.99 8.20 5.36
50 12.50 7.60 3.88 2.05 14.56 13.59 991
60 18.00 11.67 5.93 3.10 21.66 20.52 16.07
70 25.00 16.92 8.57 443 30.38 29.08 23.93
80 32.00 23.52 11.89 6.07 40.80 39.36 33.59
90 40.50 31.65 16.00 8.08 53.00 5143 45.11

100 50.00 41.51 21.04 10.49 67.04 65.36 58.56

110 60.50 53.28 27.13 13.37 82.98 81.19 73.98

120 72.00 67.12 34.44 16.78 .. .. ..

130 84.50 83.22 43.15 20.79

140 98.00 101.72 53.45 25.50

Table entries are values of AW, for logarithmic equation for K = 2 and B = 0.5.
Values where AW for one of the alternative tolls overtakes AW for x = 2 are in italics.
.. Values not calculated.

The model can be solved for either of these types of fees by substituting either
equation (9) or (10) into equation (3) or (3A) and solving as before.

The welfare gains for various levels of both types of fees are calculated, and
compared with welfare gains for marginal cost pricing, in Table 3. For both
alternatives, AW at first is smaller than AW for marginal cost pricing, but overtakes it
at a later date.
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Price

Quantity

FIGURE 4
Comparing Marginal Cost and Toll Pricing

The date at which this occurs can be found by setting expression (6) in the case of
marginal cost pricing equal to expression (6) in the case of either alternative toll and
solving. Thus we have

Qe Qomc Qimc Qimc
AWyc—AW,= | P(Q)dQ— [ MC,dQ—( [ P(Q)dQ— [ MC,dQ)
0 0 0 0

Qx Qx Q1 Qy
— J P(Q)dQ + [ MC,dQ + [ P(Q)dQ — [ MC,dQ  (11)
0 0 0

0

where the subscript MC refers to marginal cost pricing and the substript ¢ refers to
pricing with existing tolls, and other symbols are as in equation (6). This can be
rewritten as

Qamc Qo Qi Qu
AWyc—AW,= [ P(Q)dQ — [ MC,dQ +Qf P(Q)dQ—Qf MC,dQ (12)
Qx Qx mc mc

This equation cannot be solved analytically, since it contains two simultaneous
non-linear equations within it, but it is possible to present a diagrammatic
representation of the solution (Figure 4), relate it to the results in Table 4, and explain
the implications for transport managers.
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TABLE 4
Comparing Economic Surplus, Marginal Cost and Alternative Pricing Policy

Marginal Cost Pricing Revenue Requirement Toll
Toll of 40
Demand Level Before After Before After
A4) aw Expansion  Expansion Vil/4 Expansion  Expansion

50 12.50 0.75 0.31 9.91 1.33 1.25
60 18.00 0.96 0.39 16.07 1.09 1.00
70 25.00 1.19 0.47 23.93 0.94 0.84
80 ’ 32.00 1.44 0.56 33.59 0.83 0.73
90 40.50 1.71 0.65 45.11 0.75 0.64
100 50.00 2.00 0.75 58.56 0.70 0.58
110 60.40 2.31 0.85 73.98 0.65 0.53

Calculations based on logarithmic equation for K =2 and B =0.5.
Values where revenue requirements toll falls below marginal cost toll for facility before and after
expansion, and AW for revenue requirements toll overtakes AW for marginal cost pricing, are in italics.

Figure 4 shows the average and marginal cost curves before (subscript 0) and after
(subscript 1) capacity expansion. A toll of one unit is charged, so that the cost curve
faced by the transport user is AC, + ¢ before expansion and AC, + ¢ after expansion.
Five demand levels, D, to D, are shown.

In the case of D, price is equal to marginal cost for toll pricing before capacity is
expanded. Therefore, the last two terms of the right side of equation (12) are both
zero. The first two terms are represented by shaded area A, which is positive: therefore
the benefits of capacity expansion are greater when there is marginal cost pricing. In
the case of D,, price is equal to marginal cost for toll pricing after capacity is
expanded, and the first two terms of the right-hand side of equation (12) are both zero.
The last two terms are represented by shaded area B, which is negative, and the
benefits of capacity expansion are greater when there is toll pricing. In the cast of D,,
the last two terms of the right side of equation (12) are represented by shaded area C,
which is negative, and the first two terms of the right side of the equation are
represented by shaded area D, which is positive. The ultimate sign of equation (12) is
unclear; however, it is clear that a demand curve can be found for which C is equal to
D, and for which, therefore, the benefits of capacity expansion are equal for marginal
cost pricing and for toll pricing. To support the argument, demand curves D, and D;
were also drawn. In the case of D,, both areas E and F are negative. In the case of D,
both areas G and H are positive.® A similar diagram could also be drawn for the
revenue requirements toll. It would differ from Figure 4 in that the tolls would increase
without limit as traffic tended to zero, but the analysis of welfare effects at the various
demand levels would be identical.

8 The diagram has areas G and H drawn cross-hatched in different directions to indicate that they
are separate triangles and their areas must be summed: in other words, their intersection must be
double-counted.
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Table 4 confirms the explanation above. It shows the values of the congestion
toll per user in the case of a revenue requirements toll of 40 in the vicinity where
the two different types of tolls result in approximately the same value of AW. It is
clear that the cross-over in the values of AW occurs after the revenue requirements toll
falls below the marginal cost toll for existing capacity, and before the revenue
requirements toll falls below the marginal cost toll for expanded capacity. This result
can also be explained in terms of the previous model of proportional marginal cost
pricing. As congestion increases, either a unit toll or a revenue requirements toll
decreases relative to average cost (proportional marginal cost pricing with x = 1), and
the value of AW approaches what it would be for average cost pricing.

This result would be of importance to a transport manager who, though constrained
to charge a fixed level of user fees over the life of a project, wished to charge a level
which produced the same optimal expansion date as would occur if there were
marginal cost pricing. Doing this would not maximise economic welfare, defined as the
net present value of economic surplus minus capital cost over the life of the project,
since any deviation from marginal cost pricing would cause a loss in economic
welfare. However, if capacity is expanded at the same rate as it would be expanded
under marginal cost pricing, the net present value of the capital expenditures will equal
the net present value that would be incurred if there were marginal cost pricing. A
lower (higher) level of fixed user fees would result in larger (smaller) capital
expenditures. This would therefore give transport managers a rule of thumb which,
while not providing optimal pricing at any given point in time, could nevertheless
be used to avoid the common tendency to overbuild transport facilities.

This could be made operational by the following procedure. Assuming that the
transport manager knew the size and annual capital cost of the next capacity
increment, he could then use the model developed here to find the value of AW equal
to the annual capital cost for marginal cost pricing. Using Table 4 as an example, if
the annual capital cost was 32, marginal cost pricing would indicate that the facility be
expanded when the demand level (A) reached 80. The manager would then calculate
AW for a variety of fixed user fees, in order to find that fee which produced a value of
AW equal to 32 at a demand level (A) of 80. Lower (higher) fixed user fees would
produce a value of AW equal to 32 at a demand level of less (more) than 80, and
hence capacity expansion before (after) that which would occur for marginal cost
pricing. The previous discussion has also shown that the fixed user fee which produces
a value of AW equal to 32 at a demand level of 80 will equal the marginal cost pricing
toll before expansion for a demand level less than 80, and the marginal cost pricing toll
after expansion for a demand greater than 80. Finally, the transport manager’s
prediction about the rate of growth of demand would indicate the calendar date at
which the demand level leading to capacity expansion would occur.

One might argue that this procedure would not be followed by transport managers,
simply because they believe that the level of demand is completely inelastic with
respect to user fees. If this is true, the form of pricing policy adopted clearly makes no
difference. Most evidence, however, would suggest that the elasticities are not zero,
even if they are small. If transport managers accept this, it should be possible for them
or their consultants to formulate simple models which relate demand to congestion
cost, and to use the models to examine the differential impacts of marginal cost pricing
and of the more common user fees on optimal opening dates.
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CONCLUSION

After illustrating graphically the difference between optimal investment criteria under
marginal and non-marginal cost pricing, this paper has presented two models of the
effects of pricing policy upon the optimal timing of investment in transport facilities. In
the initial model of proportional marginal cost pricing, it was found that marginal cost
pricing led to slower expansion of capacity than when price was either higher or lower
than marginal cost, regardless of the size of increment to capacity involved. In the
second model, marginal cost pricing was compared with common forms of user fees
actually in use, and it was found that these existing user fees lead to net benefit streams
for capacity expansion which are initially lower than that for marginal cost pricing,
but that the reverse occurs over time. The point at which the net benefits streams are
equal was characterised, and it was shown how transport planners could determine it
and thereby produce the same optimal expansion dates under either existing or
marginal cost pricing policies.
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