THE OPTIMAL TIMING OF
INFRASTRUCTURE INVESTMENT

By Stefan Szymanski*

1. INTRODUCTION

Timing is important in infrastructure investment. An infrastructure project usually
requires the commitment of huge costs up front. If the flow of benefits from the
project does not materialise until some years later than expected, society may incur
a very large (opportunity) cost in resources tied up unnecessarily. Similarly,
excessive delay in construction may prevent the realisation of considerable net
benefits which might have resulted from more immediate investment. This paper
looks at the timing decision for an infrastructure project. In particular, it looks at the
way in which the timing of infrastructure investment is affected by public or private
sector ownership.

The type of investment which we look at has two important characteristics. First,
it involves sunk costs: that is, costs which cannot be recovered once spent. Second,
we focus on investments where the market is growing, since in markets with zero
growth the timing issue is generally trivial: invest now or never. This analysis may
therefore be considered particularly relevant to infrastructure such as roads, bridges
and tunnels.

In most countries, there is usually some mixture of private and public sector
investment. In this paper we focus primarily on the case were the government decides
to allow the free play of competition to determine when the infrastructure is built and
how it is operated. This is equivalent to offering a franchise to a private sector firm
at zero price. The method has been increasingly popular in recent times. Examples
include the French motorway programme, the Dartford river crossing in the UK and,
most notably, the construction of a fixed link (the Channel Tunnel) between the UK
and France. This was agreed between the two governments, who granted a concession
to Eurotunnel to build the link and operate it for fifty years. We begin by analysing
the case of a franchise granted in perpetuity; then we look at the case of a time-limited
franchise. We also consider the possibility of entry by rival infrastructure at some
future date, and the issue of price regulation.
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The main argument in this paper is that differences in public and private sector
incentives lead to differences in timing decisions. The optimal date of construction
for a private sector company is likely to differ from the date which would be chosen
by a social planner. This has important consequences for infrastructure decisions.
Under some circumstances it may be that the private sector companies will lobby for
build-and-operate concessions which, from the point of view of timing, are not
socially desirable. In other circumstances it may be impossible to raise private sector
funds for projects which would be socially desirable. Timing decisions have also
been explored in the industrial organisation literature on innovation and patent races:
see, for example, Dasgupta and Stiglitz (1980), Reinganum (1981) and Fudenberg
and Tirole (1987). In this paper we employ a similar kind of analysis to look at
infrastructure investment.

In the next section we outline our basic model of the timing decision. In section
3 we discuss some of the issues raised, and in Section 4 we draw some conclusions.

2. THE MODEL

In this section we develop a model which can be used to look at questions of timing
for investment projects with large sunk costs and in growing markets. We make the
following assumptions: .

Al. The infrastructure investment involves an initial cost which is totally sunk:
that is, the maximum value of the capital in any alternative use is zero (we could
allow some resale value without materially altering the analysis). All sunk costs
are incurred in the first year, and the infrastructure can be operated from that date
onwards. Once constructed the infrastructure can be operated at a constant
marginal cost per unit consumed.

A2. The decision rule of private firms is to maximise the discounted sum of
profits. The government decision rule is assumed to be motivated by the
maximisation of social cost benefit. Social welfare is then defined as the
discounted sum of producer and consumer surplus. Both these decision rules are
open to criticism, but in the absence of widely accepted alternatives we believe
that this is a plausible way to proceed.

A3. Though there may be unlimited competition ex ante to be the first to con-
struct the infrastructure, once it has been built the owner possesses a monopoly
franchise. We begin by establishing a benchmark case in which the monopoly
is held in perpetuity. Subsequently we look at three further possibilities: first, the
government builds the infrastructure itself; second, it sells a franchise to the
private sector for a limited period only; third, there is entry at some future date
by rival infrastructure. The last case then allows for the possibility of substitution.

A4. The government does not regulate the price at which a private sector firm
sells the service provided by the infrastructure.
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AS. The private sector firm does not pay a fee for the franchise.
A6. All firms are identical.

A7. No externalities.

AS8. All agents face the same discount rate.

As an alternative to AS we will consider the possibility of selling the franchise to the
highest bidder. A4 may seem somewhat extreme, but agreements of this kind are not
unknown. For example, the Treaty between the United Kingdom and France
concerning the Channel Tunnel guaranteed that “Eurotunnel is free . . . to decide its
own commercial policy with respect to pricing” (Eurotunnel Share Prospectus, 1987,
page 42). However, it is also subject to European Community competition law. The
case of regulation is discussed later. A6, A7 and A8 are helpful in simplifying the
analysis. We also discuss later the consequences of relaxing AS8.
We can now write the value of the project as follows:

Vi= f b'e " 'dr-Ke™" ‘ €]

where V'is the present value of the project to agent i at time 0, b'is the initial value
(at time 0) of the benefit to i, ¢ is the date at which the project is undertaken, and K;
is the fixed cost incurred at time ¢. r is market rate of interest and g is the growth rate
of the market. Here, i is either M, a private sector firm, or S, which represents the
social cost benefit of the project. Given our assumptions, ¥ will be the benefit to the
private firm from monopoly pricing, and b5 will be the sum of consumer and producer
surplus generated by the private sector pricing rule. The problem for the private
constructor is to choose the date of construction. For this to be well defined we
require r > 0 and K;> b' > 0.
We can solve (1) to get

_ K,' e—rt (1!)
Suppose g = 0. In that case we get
Vi=(l’——K,~)e“" )

which is the usual (annuity) formula for the present value of a project with a constant
stream of income. The solution to this problem is independent of time, and the
optimal rule is to invest immediately if the value of (2) is positive, or never to invest
at all. Clearly, the result will also apply if the market is declining (g < 0); the optimal
rule will be to invest now or never. Therefore we will focus only on the case where
g>0.Inaddition, we will also require » > g, since otherwise growth will be explosive
and again the optimal rule will be to invest instantly.
Let
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oM = b’
Substituting into (1) for the government planner and the private firm, we can
solve for the date of construction. The optimal date to invest from the social cost
benefit point of view is

ﬁme+hn—MbSv

3)
and the private sector firm will invest when

W=mK+mv—9—mw—me @

There are two factors driving this difference in timing:

1. Competition. To maximise the social benefit of the project the government/
planner will want the project to begin at the date which maximises (1'). In the
private sector, competition for projects with positive NPVs will drive private
sector firms to invest at the date at which the present value of (1') is greater than
zero. This is the kind of effect noted in the innovation literature. For example,
Gilbert and Newbery (1982) show that competition for innovation will cause
firms with market power to register patents for innovations which they will not
exploit commercially, in order to pre-empt competition from rivals.

2.The difference between social and private net benefits. Our assumption is that
the social benefit of the infrastructure is greater than the private benefit. If the
private firm had perfect ability to discriminate in pricing and the government
attached equal weight to private profits and consumer surplus, then we would
have a case where 6 = 1. In general, we would expect 0 < 1.

We are interested in comparing the preferred dates of construction for the public
and private sectors. Subtracting (4) from (3), we get

ts_tM=lnr—ln(r—g)+ln9 )

8

Suppose 0 = 1. Then M < ¥ and the private firm will always want to invest before
the socially optimal date. This is shown in Figure 1(a).

Suppose 0 < 1. There is acritical g* for any given 0. If g > g* then the private sector
will want to invest early. This is shown as £, in Figure 1(b). If g < g*, then the private
sector will prefer to wait until the value of the market has grown beyond the date
(t,M). If g = g*, then £5= M- The smaller is 6, the greater the critical g*.

Given the private sector pricing rule, the government will always want to try to
shift the private sector's preferred date toward 5 Much of the rest of this paper is
devoted to ways in which the government might do this. Suppose that, instead of
allowing open competition to determine the construction date (that is, giving away
the franchise (A3 and AS5)), the government had sold the franchise to the highest
bidder. For 0= 1 the winner would have been the firm offering to build at #f and paying
the entire present value of profits to the government. This would then have ensured
that private and public incentives were fully aligned. However, for 8 < 1 the picture
is not so clear. M*, the date which maximises the present value of the project to the
private sector, can be written as:
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Case (@) 0 =1

VS= Vm

Case (b) 6 < 1

FIGURE 1

251



September 1991 JOURNAL OF TRANSPORT ECONOMICS AND POLICY

M _InK+Inr—Inb*-In@

8
so that #5— fM* = In 6/g < 0. This means that the optimal date from a social point of

view is earlier than the date which maximises the franchise revenue. From inspection
of Figure 1(b)itis clear that maximising the franchise revenue from V,” actually moves
the private decision further away from the socially preferred date. For VM the private
decision changes from being too early to being too late, but we cannot say whether
the date is closer to the optimal date in any absolute sense. What we can say is that
a measure which postpones the private sector decision (such as selling the franchise
to the highest bidder) will tend to move # closer to ¢ in cases where the ratio of
private to social benefits 0 is close to unity, but further away when the ratio is small.
One conclusion that can be drawn from all this is that, strictly from the point of view
of optimal timing, there is no reason to think that auctioning the franchise is better
than giving it away for free.

An illustration of our basic result is provided by the Channel Tunnel, and for a
fuller analysis of that problem see Kay, Manning and Szymanski (1989). They were
interested in comparing the private and social benefit created by Channel Tunnel,
given the level of costs announced by Eurotunnel and the forecast growth in market.
They found that the effect of the lower value of private benefits than of social benefits
almost cancelled out the effect of the private sector's relative impatience. The
competitively determined opening date for the private sector was calculated to be
1981 and the socially optimal date was 1980 (compared with a planned actual date
of 1993). An important factor in this calculation was the relatively rapid rate of
expected growth in the market.

For the Channel Tunnel the franchise was awarded but there was no auction: the
franchise was granted to the winner in a “beauty contest” in which rival consortia
offered different engineering solutions and the governments (French and British)
chose the one they deemed most viable. In each case it was assumed that construction
would begin as soon as it was technically feasible, and the governments agreed not
to interfere with the pricing policies of the winning consortium (or, indeed, to
interfere or subsidise the project in any way). However, the governments did
stipulate that the franchise would expire on 28 July 2042 (after a period of 55 years).
Furthermore, they made provision for Eurotunnel to build an additional tunnel if it
so chose. If Eurotunnel chooses not to build another one itself, then in 2010 the
governments are allowed to offer a new franchise for a tunnel to be built by someone
else (but not by the governments themselves) to open no earlier than 2020.

3. THE GOVERNMENT, FIXED LENGTH FRANCHISES
AND COMPETITION

Having developed abenchmark case, we now look at some alternatives. These reflect
more accurately the characteristics of actual franchises offered by governments in
cases such as the Channel Tunnel. In particular we now consider three plausible
alternatives:
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(a)the government undertakes the project;
(b)the government offers a franchise to the private sector for a fixed period;
(c)the government permits entry at some future date.

(a)The government

Equation (5) demonstrates the difference in incentives for the public and private
sectors. However, in the above model the government could simply decree that
construction can only take place at 5 This is incentive compatible so long as 5> M-
Otherwise, the government would have to offer a subsidy to induce the private sector
to invest early. An important issue here is information. If the private sector is better
informed about costs and demand, then the government will have to pay informa-
tional rents in order to get the private sector to reveal the truth (see, for example,
Baron and Myerson (1982)).

Information problems might also make it difficult to implement more efficient
schemes. For example, if the government knew the true capital cost K it could simply
commission construction from a private firm and then operate the infrastructure as
a public service. This could then be priced more efficiently than in the private sector.
If non-distortionary lump sum taxes were available to the government, then prices
could be set at marginal cost. (If not, then optimal prices would differ from marginal
cost. For a survey on optimal public sector pricing see Bos (1985).)

One way to think of this problem is to consider the conditions under which the
public sector could generate a higher present value for the project at a given point in
time.

Let K;=AK and b5 = pubC.

In general we suppose that A > 1, to indicate that the construction cost is greater
for the public sector than for the private sector. There are two factors affecting the
benefit stream. First, we might expect higher marginal cost in the public sector if
public industry is relatively inefficient. On the other hand, we expect the public
sector to be able to set prices at marginal cost and so to eliminate the deadweight loss
associated with private sector pricing. These two factors may cancel out, butitis also
plausible to suppose that 0 < u < 1. Compare the three present value streams con-
sidered so far:

N AR

r-g)
G -
v =M- Ke™ 6)
-2
bG —r-9t AK .
e
rary

For a given value of ¢, private provision will generate higher social present value

(V8> V9) so long as
b’ l 1
K (1 -1

Q)
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The middle term of (7) is ratio of benefits to costs in the case where there are no
inefficiencies at all, so this value must be greater than unity if the project is worth
doing at all. If the right-hand inequality is not satisfied, public sector provision is
certainly preferable. However, even if this inequality holds, public sector provision
may still be preferable to private sector provision. This is because of the timing
differences described in section 2. The present value of the project at the socially
preferred date may be less if it is undertaken by the public sector rather than by the
private sector, yet it may still be greater than the present value of the project if it is
undertaken at the private sector's preferred date (by the private sector). The choice
between private provision and public provision will therefore ultimately turn on both
the relative cost efficiency of the public and private sectors and the ability of the
public sector to provide the private sector with the right incentives to take socially
optimal decisions. This issue is beyond the scope of this paper.

(b) Franchises with expiry dates
Here we assume that the government offers a franchise to build and operate the
infrastructure up to a date T, at which point it will revert to government ownership.
If we compute the date when the present value of the project to the private firm is zero,
we get
S - S ~r-9T
O0b’e g)t=[(e“r’+0b A ®)
-2 -2

The last term on the right hand side represents the present value of income stream
surrendered by the private firm on handing the infrastructure back to the government.
This means that the private sector will wait longer to invest. This may sound
paradoxical, given that the stream of net benefits to the firm is curtailed by the
franchise, but it is easily possible that the delay can mean that the project is not now
undertaken at all.

To examine the government's decision, we have to decide how the government
will behave when it regains control of the infrastructure. For the sake of argument
we suppose that marginal cost is unchanged when the infrastructure reverts to the
government, and that it sets price equal to marginal cost. On this basis we can write
the social value of the project over its whole life as

T o0
S —r—) S —-gr S —-gT
V= | pSetoidre | P o ket T A-WEETT pon (g
. N r-g) He—g)

Maximising with respect to ¢ yields exactly the same result as (3) above — even
though the overall value of the project is greater because of the increase in consumer
surplus generated by marginal cost pricing from date 7. The reason is that changing
the date 5 does nothing to accelerate this extra social benefit. Comparing (8) and (9),
then, we have shown that a time limit on the franchise postpones the preferred date
for the private sector, but does not change the optimal date for the public planner. If
we think in terms of Figure 1(b), the effect is not dissimilar from that of selling the
franchise to the highest bidder: postponing the date may bring it closer to the optimal
date (as could be the case for V) or move it further away (as in the case of V,M).
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In the calculations by Kay, Manning and Szymanski described above the effect
was to bring privately and socially optimal dates virtually to equality.

(c) Entry

Suppose that the government offers the franchise in perpetuity as in our original case,
but that in addition it enables arival firm to enter. We assume that the entrant chooses
to enter at the point at which the present value of the benefit stream it can generate
from Cournot-Nash duopoly prices equals the present value of the entrant's sunk cost.
The entrant faces the same technology as the incumbent, so that the problem is
symmetric once entry has taken place. We assume that Cournot-Nash (gross) profits
are a fixed percentage of monopoly profits. That is:

bE=¢bM=0¢b%0<p<1
Thus

VE= I 09b%e 2 dr-K,e T (10)
TE

where T¥ is the date of entry. Solving for 7%, we get

N
TE_LnK+1n(r—g)—g1nb ~In6-In¢ a1

We can now compute the timing decision for the incumbent, given the timing
decision of the entrant.

TE o
Vv =f 0b5e T 9 dr+ j p0b°e2°do—-Ke™
_ ebse—(r—g)t_(l _¢) ebSe—(’—g)TE _
-8 -2

Ke—ft

but from (11)

e*'QTE:G( +r—g—b5—0-¢gytok
and so the date at which the present value of incumbency is equal to zero is defined
by

ObSe ¥ _ Ke_,,+9bs(1-—¢)(K +r—g—bS—0-¢y"9%
-8) -8
By comparing this with (8) it should be clear that the threat of entry has the same
type of effect as the imposition of an expiry date on the franchise: that is, it delays
the preferred start-up date for the private firm. Similarly, the possibility of entry has
no effect on #5, the socially preferred date given the private sector pricing rule.

13)

(d) Regulation

If regulation reduces the price which the private sector can charge to a level below
the monopoly price, then it has the same effect as limiting the length of franchise or
permitting entry. Lower prices mean that the private firm will want to wait for the
market to grow till it can recoup the initial sunk cost. There is also a time consistency

255



September 1991 JOURNAL OF TRANSPORT ECONOMICS AND POLICY

problem associated with private investment in infrastructure.

The problem for the public sector is to consent credibly (ex ante) that it will allow
the private sector to exploit a monopoly ex post: that is, that it will not impose price
regulation after the infrastructure has been built. In a framework of full information
and partial equilibrium a private sector build-and-operate project is never possible,
because no such commitment is possible. To escape this problem, two general
possibilities exist. If the government can randomise over the possibility of regula-
tion, then the private sector may still be tempted in (though the date is put back by
the possibility of regulation). Secondly, in a more general framework, breaking
promises may have costs when it comes to other projects, so that in addition to the
temptation there may exist a punishment in the effect on future projects (see, for
example, Kydland and Prescott (1977) and Barro and Gordon (1983); this issue has
been discussed in relation to the regulation of utilities by Helm and Yarrow (1988)).

The Channel Tunnel is a clear example of this kind of problem. The only basis on
which the private sector was persuaded to invest in this lengthy, risky construction
project was the possibility of significant “upside” if all went according to plan, as
brokers' reports written at the time of the equity fund raising in 1987 testify (see, for
example, Freud and Speck (1987) and Rogers, White and Stainer (1987)). However,
there is a clear incentive for the governments to impose price controls on Eurotunnel,
ifitshould ever be profitable, so as to reduce the deadweight lost from ex post monopoly
pricing. The success of the Eurotunnel fund raising suggests (perhaps surprisingly)
that the British and French governments do possess credibility (at least in respect of
their undertakings to Eurotunnel).

(e) The discount rate

In this analysis we have assumed that the discount rate used in the calculation of
present values is the same as the market rate of interest which is the same as the social
time preference rate. Neither of these equalities necessarily holds in the presence of
market inefficiencies. In general it is likely that the private sector discount rate will
exceed the public sector discount rate (see, for example, the discussion in Atkinson
and Stiglitz (1980), pages 474—481). In this situation the private sector will be less
willing to invest. If there were zero growth it should be clear from (2) that there would
be socially desirable projects which the private sector would never undertake. In the
more general case given by (5) the private sector might delay construction beyond
the socially optimal date.

4. CONCLUSIONS

This paper has looked at the issue of private and public timing decisions for
infrastructure investments in growing markets with large sunk costs. We have
examined the case where a private firm is given a franchise by the government to
build and operate the infrastructure. In general we have shown that:

(i) Public and private timing decisions are likely to differ systematically,
depending on the relative size of public and private benefits, the growth rate of
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the market, and the exact terms under which the infrastructure is built. All else
equal, the private sector's preferred date will be earlier when the ratio of private
to public benefits is high, and later when the ratio is low.

(ii) The government can alter the private sector's timing decision and bring it
more into line with the socially preferred date by methods such as charging for
operating franchises, limiting their length, encouraging entry and regulating
service prices. Higher franchise fees, shorter lived franchises, the threat of entry
by rivals, and lower prices all have the effect of postponing the private firm's
preferred opening date.

(iii) Given a preference for private provision, the government's decision on
influencing the firm's timing decision will depend on the ratio of public to private
benefits. When it is high the government will want to postpone the opening (for
example, by setting a higher franchise fee); when it is low the government will
want to encourage the date to be brought forward (for example, by giving away
the franchise).

As an illustration, Kay, Manning and Szymanski (1989) showed that in the case
of the Channel Tunnel the governments' decision to give away a franchise limited for
55 years, with no price regulation but with the possibility of competition by another
Tunnel in 2020, brought private and public incentives almost exactly into line
(though it must be unlikely that this was a conscious decision).

The analysis could be extended in a number of useful ways. The paper has not
looked at the problem of asymmetric information, which is likely to prevent the
government from simply imposing the first best solution. Modelling information
would also permit a more general treatment of the regulation problem. Finally, it
would be interesting to consider the possibility of variable and endogenous growth
rates.

Given the size of the costs and benefits of large-scale infrastructure projects such
as the Channel Tunnel, we believe this is an area worthy of further research.
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