Contracting for Optimal Delivery Time in Long-Term Projects
Author(s): Alex Cukierman and Zalman F. Shiffer
Source: The Bell Journal of Economics , Spring, 1976, Vol. 7, No. 1 (Spring, 1976), pp.
132-149
Published by: RAND Corporation
Stable URL: https://www.jstor.org/stable/3003193
JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide
range of content in a trusted digital archive. We use information technology and tools to increase productivity and
facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org.
Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at
https://about.jstor.org/terms

RAND Corporation is collaborating with JSTOR to digitize, preserve and extend access to The
Bell Journal of Economics

This content downloaded from
132.66.22.251 on Wed, 05 May 2021 08:04:16 UTC
All use subject to https://about.jstor.org/terms

Contracting for optimal delivery time
in long-term projects
Alex Cukierman
The Foerder Institute for Economic Research
Tel-Aviv University

and
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This paper deals with the effects of commonly used payment
schedules on the execution of investment projects which are produced
to order over prolonged periods of time. It is shown that even if the
parties settle on execution terms which maximize their joint benefits

(assumed to reflect authentic social vallues), the contractor will generally be able to secure additional gain, while creating social waste,
by shifting the delivery date over time. Moreover, when payments are
tied to work progress, he may also have an incentive to deploy inputs
inefficiently over time for any given termination date. Some methods
which eliminate those diseconomies, while preserving efficient features of existing payment schedules, are developed under increasingly
complex assumptions concerning the project's nature. Those methods
are also adapted for an inflationary environment.

1. Introduction

U A substantial part of investment activity consists of projects which
are executed to order over prolonged periods of time. For the execu-

tion of such projects the buyer and the seller set up a contract which
specifies among various other conditions the delivery date of the
complete project (and sometimes its interim stages as well) and the
amounts, timing, and conditions of payment. Such methods of contracting are quite common in long-term investments in public utilities

(such as power plants), and the construction of ships, planes, roads,
bridges, and other private and public goods whose production process
is spread over long periods of time. Provided the producer's costs and
the buyer's benefits from the project reflect, respectively, costs and
benefits to society, there is a well-defined socially optimal delivery
time which depends only on these costs and benefits and on the social
rate of discount.
Partial financial support from the Foerder Institute for Economic Research is
gratefully acknowledged. We are indebted to the editor, to Tsvi Ophir, and to an
anonymous referee for helpful comments. Thanks are also due to Ellie Kirschner and
Uriel Procaccia for legal advice. Any remaining errors are, however, our sole responsibility.
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However, the "best" delivery time from the point of view of the

producer depends on the relation between the stream of payments he
receives and the stream of costs that he incurs. This can create a
divergence between the socially optimal completion time and the one
that is optimal from the contractor's point of view even under the
assumption that the two parties' rates of discount equal the social

one. Even in cases in which there are penalties for delayed delivery,

the delivery dates preferred by the seller may be different from the
socially optimal one. Moreover, when payments are tied to specific
stages of production, as is the case in many long-term projects, the
contractor does not necessarily choose a production plan that

minimizes the present value of costs for any given delivery time, and
thus creates an additional social waste.
Among the efforts to analyze the behavioral implications of the

type of contracting between buyer and seller is Zarnovitz (1962), who
determines the optimal price and delivery period when a single seller
is faced by a demand that depends on both price and delivery period.'

McCall (1970) discusses the effects of various types of contracts with
respect to the allocation of losses as a result of misestimation of costs.

The problem of the length of production is also analyzed by Carlson
(1973), who tries to measure it empirically and ascertain some of the

factors influencing it. However, to the best of our knowledge, no
attempt has been made to analyze the effects of payment structures

on the length of the production process chosen by the contractor as
well as on its relation to the socially optimal completion time.
Within the context of a bilateral monopoly, it is shown in Section 2
that if the parties to a long-term contract maximize the sum of their

benefits, they will agree on the socially optimal delivery time as the
contract delivery time. The relative bargaining power will determine
only the present value of payments from buyer to seller. Some evidence on the types of payment schedules which arise in actual contracts in various industries is presented and discussed.

Analysis of frequently used patterns of payment in Section 3,
however, suggests that payment schedules usually create an incentive
for the contractor to stretch the period of completion beyond the
socially optimal one and may lead him to a nonoptimal choice of cost
structure, if payments are tied to work progress.

In Section 4 some patterns of payments which do not create a
divergence between the contractor's optimal delivery time and the
socially optimal delivery time are proposed and their relative merits

are discussed. This is done in a framework in which the possibility of
a suboptimal choice of costs by the contractor does not manifest
itself.

Section 5 addresses itself to this last problem, which arises when
payments are tied to interim work progress. A method that eliminates
incentives to produce at more than minimal discounted costs for any
given delivery period, while preserving the tying of payments to the

stages of production and resulting in an optimal delivery period, is
suggested. The problem is analyzed under both the assumption that

the buyer benefits only from the completed project and the alternative

I However, Zarnowitz does not deal with the incentive effect of the payment
schedule on the contractor's preferred delivery time explicitly.
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assumption that he may benefit from intermediate stages of production as well.
Finally, the effects of inflation on completion time are discussed in

Section 6. It is shown that the socially optimal delivery time is not
affected by inflation and some modifications in the optimal structures

of payments for inflationary conditions are suggested. As will be
evident, the same type of analysis applies to a private buyer as well as

to buyers who are public agencies-though in this last case there is a
presumption that valuations reflect the social benefits of the project,
in which event the suggested patterns of payments may be regarded
as a regulation that assures a socially optimal time of delivery.

2. The socially

* When contracting for the delivery of a long-term project, the ben-

optimal

efits to the buyer often accrue from the delivery day and on, while

completion time

the benefits to the contractor are usually dispersed over the project's

ard commonly

execution period, depending on the agreed upon time-table of pay-

used payment

ments.2 Often, at least, part of these payments are payable only on

sehedules

the completion of some specified stages of production. Such payment
schedules are the common practice in many projects that are pro-

duced to order over a substantial period of time with outlays that are
expanded gradually over that period.
There is ample evidence to the effect that distributed payment
schedules are common practice, especially in construction contracts.
Some of the factors that encourage the use of such schedules as well

as empirical evidence that they occur are discussed at the end of this
section. At this point we shall turn to the more formal discussion.

O Formal determination of the optimal delivery time. The effects of
distributed payment schedules will be analyzed within the context of a
bilateral monopoly, since this market structure seems to be a good
approximation of reality in specialized long-term investments in some

public construction projects as well as in some branches of manufacturing.3 As will become clear later (at the end of Section 3) some

aspects of the argument will generalize to situations of competitive
bidding.

Let A stand for the given monetary value of the completed project
to the buyer at completion date. The present value of this project at
the time of contracting iS:4
Z(T)

=

AerT,

(1)

where T is completion time and r the (continuous) rate of return that
the buyer gets on his investments. For simplicity of exposition, as2 There are, of course, cases in which some benefits to the buyer occur when some
of the intermediary stages of production are completed. To keep the argument simple,
we shall concentrate on the case in which all the project has to be completed if the
buyer is to derive any benefit from it. The case in which benefits are derived when
intermediary stages are completed is investigated as well in Section 5.
3 Elements of bilateral monopoly are present within the American manufacturing
sector. See Fellner (1965, p. 20, footnote 1). The construction of highways and bridges
in Israel displays bilateral monopoly features as well. This is also the case in some
government contracts to producers of specialized armaments.
4 We assume A to be constant for simplicity. However, the argument generalizes
THE BELL JOURNAL

easily to the case in which Z(T) = Ae(-r+g)T where g represents the combined effect
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of growing valuation of project services and obsolescence. See also note 30.
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sume that the buyer's and seller's marginal internal rates of return are
equal and that their common value equals the social rate of return.
Let V be the present value of net payments from the buyer to the
contractor. V depends on the rate of discount used and on the size
and timing of net payments. Both the size and timing of payments
may be predetermined or depend on work progress (for example,
when there is a concluding payment on delivery or a penalty clause).

We shall emphasize the dependence of V on the delivery date T by
referring to the function as V(T, . . .), bearing in mind that it depends
on other factors as well. The buyer's target is to maximize the present

value of his net benefits which is represented by the expression:

Ib =Z(T) -V(T,...). (2)
The contractor, on the other hand, wishes to maximize the differ-

ence between V(T, . . .) and the present value of his costs of production. We shall assume that it is possible to execute the project at
various speeds. The discounted value of the contractor's costs depends on the rate of discount, the techniques, speed and work sequence chosen, and the termination date. Let X(T) be the minimal

discounted value of costs of a production plan with delivery date T.
Then the contractor wishes to maximize5

ric = V(T, **)-X(T)- (3)
While there is a natural conflict of interest between the parties
regarding the distribution of the net gain, economic rationality should

lead them to the adoption of a delivery date for which the sum of their

profits (Ib + Fc) is maximized. In other words, they should agree on
an optimal delivery date for which Z(T) - X(T) is maximized. The

conflict of interests will express itself only in the allocation of this
sum between the parties.

The optimal solution is presented graphically at T, in Figure 1. It
is easy to ascertain that when there is an internal solution6 the follow-

ing first-order condition will hold at Ts: dZ (Ts) = dX (Ts). This
d T d T

result is not surprising. Indeed, we can look at it as an application of
the standard result of bilateral monopoly (see, for example, Fellner
(1965), pp. 245-247). The result of that analysis is that output will be
uniquely determined at the joint profit maximization level and that
price will merely serve to allocate profit between the parties. Inasmuch as "output" is given in our analysis, delivery time is set to

maximize joint profits and the relative bargaining powers express
themselves through the present value of payments, V.7
5 There may be situations in which the contractor's profits are maximized it a
production plan that does not minimize costs is chosen. This problem is taken up
separately in Scheme C of Section 3 and note 22.

6 Without limiting the generality we assume that all functions are twice differentiadX

ble. An internal solution means also that there. is at least a range of T in which dT
< 0.

7The problem of determination of the optimal price and delivery period by the
contractor is analyzed by Zarnowitz for a given quantity of the product (1962, pp. 377
and 392-394). He considers the problem of a one-sided monopolist who for any given
quantity sold picks along the demand curve facing him the profit maximizing combination of price (to be interpreted as present value) and delivery period and gets a unique

CUKIERMAN AND
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FIGURE 1

THE SOCIALLY OPTIMAL AND THE CONTRACTOR'S BEST DELIVERY TIME
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One can look at the same problem from a different angle. Suppose
that the functions Z(T) and X(T) reflect, respectively, the project's
true present value of benefits and costs to society. Then society wants
to maximize

G = Z(T)-X(T) rb + Ic, (4)

which implies that the socially optim

termined by the
first-order co
dT dTneedetyo
the V function. Moreover, it is the same completion time that rational

economic agents will settle on. From the social point of view, the V
function is not important; it is only a device for transferring income
between the two sides, without affecting total social welfare as long as

T = TB. For the two parties, on the other hand, it is quite important,
determination and ours is caused by this difference in assumptions regarding market
structure; price is indeterminate under bilateral monopoly, but it is uniquely determined
when the seller is a monopolist faced by a competitive demand. In addition, Zarnowitz
THE BELL JOURNAL
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payments which is the main topic considered in this paper.
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but if they act so as to maximize the sum of their gains, they will

settle T at T, and let their conflict of interests determine only the
allocation of benefits between themselves.

Note that the arguments do not depend on the interpretation of the
interest rate as a market rate or as a marginal internal rate of return.

In the first case r should be interpreted as the market rate of interest,
which also equals the social rate of discount,8 while in the second
case it is the buyer's and seller's common marginal internal rate of
return, which by assumption equals the social rate of discount.9 To
put it differently, the socially optimal delivery time depends only on
the structure of costs and benefits of the project and the numerical
value, but not the interpretation, of the discount rate r.
E Commonly used payment schedules-discussion and empirical evi-

dence. Evidence from various countries and industries suggests that
distributed payment schedules are common practice. For example,
Gill (1969, p. 233) summarizes the British experience in these words:
The large expenditures which builders and contractors have to incur . . . render it
usual to make provision in the contract for payments on account of the price during
construction of the works. . . . Sometimes the several installments become due upon
the attainment of particular stages of the work. . . . Sometimes there may be an implied

stipulation on the part of the employer to pay from time to time reasonable installments
of the whole cost to the contractor during the progress of work.

Similar arrangements are also common in the United States (including government contracts).'0 The American Jurisprudence volume on Building and Construction Contracts (1964, p. 18) states:

"Building or construction contracts frequently provide for partial
payments to be made to the contractor as the work progresses either

periodically or upon the completion of specified stages of the work."
Distributed payment schedules may arise because of the risks
each side to the contract takes when it "pays" today in money or
kind to the other for something to be delivered in the future. The
buyer, for instance, is uncertain prior to delivery about the ability and

willingness of the seller to deliver the completed project with strict
observance of all specifications.'1 In such cases the buyer obviously
has a better protection if he still did not pay the total price of the
project. Even with perfect capital markets, symmetric considerations
8 This is based on the notion that the capital market is perfectly competitive and

that there are no externalities. Under those circumstances economic rationality implies
that both the buyer and the seller will undertake projects up to the point at which their
internal rates of return equal the market rate, which in turn equals the social rate of

discount in the absence of externalities. The presence of externalities will change this
result; however, its investigation lies beyond the scope of our analysis.

9 If the marginal internal rates of return differ from the social rate of discount in
the presence of imperfect capital markets, a well-known diseconomy is imposed on

society. The assumption in the text is made for analytical convenience, since we wish
to focus the discussion on an additional diseconomy which is present even when the
private and the social rates of return are equal.

10 See also American Law Reports (1952, Vol. 22, p. 1344). Evidence on the
American government's practice may be found in McBride and Wachtel (1965, Vol. 7,

Chapter 44, p. 51). Other examples of standard clauses used in civil engineering and

ship-building contracts in Britain may be found in the Encyclopedia of Forms and
Precedents (1965, pp. 352-353, 522-523, 583, 595). In these contracts some form of a

distributed payment scheme arises. In most cases payments are tied to the completion
of specified stages of production.

1 On this point see also Richardson (1960, p. 83).
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on the part of the seller with respect to the buyer's solvency will

motivate the seller to require the buyer to pay him at least for part of
the project prior to delivery. This is particularly true when the project
is tailor-made to the buyer. It could be argued that those risks could

be shifted to professional risk-bearing agents. However, where the buyer and the seller are fairly specialized, they may be better equipped
to evaluate the risks of contract nonfulfillment by either of them than
professional risk-bearing agents. In such situations the cost of shifting

these risks to professional risk-bearing agents could be prohibitive.
Distributed payment structures which depend on the stages of pro-

duction alleviate some of those risks for both sides to the contract. In
many cases they may also save the parties the costly recourse to legal
action.
A related factor contributing to distributed payment schemes is

that a distributed payment schedule sometimes provides the needed
financing to the seller. This factor is particularly important when the
cost of the project is substantial. The existence of such distributed

payment schemes creates a structure of incentives that has a substantial influence on the final delivery period chosen by the contractor. If
such payment schedules are devised mainly with considerations dif-

ferent from the delivery period in mind, the final delivery period may
be different from both the socially optimal delivery period and the delivery period specified in the contract.12

3. The effects of

* The socially optimal delivery time and the contractor's delivery time.

commonly used

We have shown that there is no a priori ground for disagreement

payment

about the optimal delivery time. In practice, however, the actual

schedules on the

delivery time often differs from the agreed one. This may, of course,
result from unexpected changes in circumstances or from miscalcula-

contractor's
delivery time

tions. We shall assume out this kind of explanation and concentrate
on the case in which the contractor may have an incentive to depart
from the joint optimal delivery time once the contract is concluded.

The problem is the following: any contract implies (even if im-

plicitly) a structure of payments not only for the agreed upon production schedule, but also for different schedules.13 In many cases the
contractor may find that he can increase his discounted profits by not
abiding to the contracted time schedule.14 Moreover, he may also find
it profitable to choose a production plan that does not involve least

cost techniques (see Scheme C, below). Both kinds of behavior create
social waste.

In this subsection we shall address ourselves only to the influence

of V(T) on delivery time under the assumptioi that, for every T, least

cost techniques are employed. Under this assumption it can be shown
12 It is true that nonfulfillment penalties exist in many contracts and are addrested
to this question. However, the incentive properties of such fines in combination with
the distributed payment schemes will not, in general, achieve the desired period unless
specifically designed to do so.

13 This property holds independently of the possibility of a contingent claims
contract in which delivery may depend on what events transpire (a possibility that we
rule out).

14 We assume that the seller neglects the possible effects of such a strategy on his
THE BELL JOURNAL

reputation and future earning power and believes that there is a range of deviations
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from the contracted delivery time for which the buyer will find it unprofitable to go to
court. See also note 23.
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that if the decrease of the present value of the finished project to the
buyer, as a result of postponement of delivery, exceeds the decrease

in the present value of the payments to the contractor, at every
completion time, the contractor's optimal delivery time will be larger
than the socially optimal one. Formally, if

aV > dZ at every T, (5)

aT dT

the contractor will have an incentive to stretch completion beyond the
agreed upon socially optimal time. This can be seen by reference to

Figure lb, in which the marginal changes in Z, V and X, as a result of
a marginal change in T, are plotted as functions of delivery time T.15

The social optimum, T,s occurs in the figure at the point at which

dX dz Since (5) holds for every T, the curve dV is above the
dT

dT'a

curve

dT

and

conseq

period than Ts
Thus, the contractor will necessarily prefer a delivery time, Tc,

higher than the socially optimal one.16 The same result in terms of
total conditions is shown in Figure la.17 If the slope of V(T) exceeds

that of Z(T), V(T) - X(T) will be maximized at Tc, which exceeds
TS .

The object of the penalty schemes discussed in Section 4 will be to

get _V = dZ
d,~T dTE Incentive deficiencies of commonly used payment schedules. We turn
now to the investigation of three commonly used payment schemes. It
will be shown that under two of these schemes there is an obvious

incentive for the contractor to delay delivery beyond Ts. This could
also be the result of adopting the third scheme, which, in addition,
may result in a suboptimal choice of cost structure.

Scheme A. Under this scheme all payments are executed at predeter-

mined dates independently of the project's progress.'8 As the magnitude and timing of all payments is given, so is their present value. In

other words dV = 0 and obviously d > dZ for all T. As was
aT

aT

shown

dcT

above,

this

will

15 Since all present values decrease when delivery time increases, their curves are
plotted in the negative quadrant.

16 Note that even if there is a multiplicity of global social optima, the contractor
will necessarily delay delivery beyond all of them if condition (5) is fulfilled.

17 The second-order conditions for a maximum of Il, and G are d2V -d2 < ?
am_ T dTh

and d2Z d2X< 0 respectively. They imply that the marginal curves ddT and dZ

dTi

d~T2

'

T

dT'

cut the marginal curve dX from above as in Figure lb. Note that the textual argument
d jT

does not depend on the well-behaved form of the X and V functions in Figure 1 (while

the form of the Z function follows necessarily from our assumptions).
18 There may be one payment (for example, when the contract is signed) or several
payments.

19 As a variation of Scheme A (and also of B and C) there are sometimes penalty
clauses for delaying delivery beyond agreed termination time. We do not wish to
investigate at this stage such fine schemes, many of which are not optimal. However,
we deal with this point in Section 4.
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Scheme B. Under this scheme the payment of at least a part of the
agreed upon price is delayed until the project is delivered (the rest
being payable at predetermined dates). We then have
aV
aT

=

_rPTe,-rT

(6)

where PT is the payment executed upon delivery of the project.
Provided the project is viable from the point of view of the buyer,

we certainly have A > PT. Hence dT > ddz = _rAe-rT, and the
'&aT dT

contractor's delivery time again exceeds the socially optimal one.
Scheme C. Consider now an arrangement under which payments at
any point of time depend on work progress up to that point (for
example, the proportion of payments disbursed may be equal to the
proportion of total outlays incurred by the contractor, or payments
may be disbursed upon the accomplishment of definite stages).20 In

this case we shall also have aT > dZ provided two assumptions
hold:

(a) When the delivery date is delayed by a certain length of time AT,
the progress of no part of the project is delayed by more than AT.21
(b) Z - V, i.e., the project is viable.

Assumption (a) means that as a consequence of delaying delivery by
AT the proportional decrease in V will be smaller than or equal to that
of Z. Let the present value of payments when delivery time is T be
V(T). If each of the payments is delayed exactly by AT we shall have
V(T + AT ) = e-rA TV(T). As some of the payments may be delayed
less than that,

V(T + AT) e-rAT (7)

.V(T) e 7

Now, when delaying delivery by AT, the proportional decrease of

Z is exactly:
Z(T + AT) - Ae-r(T+AT) = e-rAT (8)

Z(T)AerT =e 8

From (7) and (8) it follows

V(T + AT) - V(T) Z(T + AT) - Z(T)

V(T)A T Z(T) A T (9)

Taking limits as AT -> 0 and noting that dZ is negative, we get
a V/ dZ
a T dT Z'

cV

(10)

It follows from (10) and assumption (b) that the present value of
payments decreases more slowly than the present value of benefits to

the buyer. Thus, a payment schedule that is tied to the stages of
production will create an incentive for the contractor to delay delivery
20 See Section 2 for a discussion of contracts which are based on such schemes.
21 We do not restrict ourselves to the condition that no physical part of the project
THE BELL JOURNAL

is delayed by more than AT, but only to the condition that no proportion of "progress"
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as defined for the sake of payments is delayed by more than AT.
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beyond the social optimum provided an increase in delivery time does
not delay any payment by more than the delay in delivery time.
This scheme has an additional undesirable property which is ab-

sent in Schemes A and B. Under those schemes the V function does
not depend on intermediate stages of production. Consequently, the

contractor maximizes his profits for any termination date he chooses
by selecting production techniques that minimize the present value of
his production costs. In Scheme C, however, the contractor can

influence the V function by changing the dates of termination of
specific production stages. Hence, he may be able to maximize his
profits for certain ranges of delivery dates by a choice of techniques

that do not minimize his discounted costs of production. As a result,
both the producer's optimal delivery time will change and he will not
necessarily deliver the finished product at the minimal discounted
costs, for that delivery period, any longer.22 Thus, an extra burden is

imposed on society, since delivery is not necessarily made with the
minimal possible costs.
To sum up, the cause for the divergence between the contractor's
and the socially optimal delivery time in all three payment schedules
is the fact that the cost incurred by the contractor when he changes

the delivery date or the production plan differs from the social cost.
Not all payment schedules will necessarily make the contractor's

optimal delivery time larger than the socially optimal one. However,
unless the payment schedule is devised in a way specifically designed

to unify the social and the contractor's optimal delivery time, the two
will usually diverge.
It should be emphasized that the adverse effects of a defective

payment scheme do not depend on the bilateral monopoly assumption. Assume that the buyer solicits a significant number of proposals
from qualified, competing contractors. Although the one who gets the

contract will earn only competitive returns, this fact does not destroy

his incentive to take advantage of the defective features of the payment scheme once the negotiations are completed.
More generally, whatever the delivery date agreed upon in the

contract (whether it is the bilateral monopoly delivery date or any

other delivery date) the payment schedule will almost always create a
22 To illustrate such a situation, consider the case where there are two payments
in the contract; one on completion of I percent of the project and the rest on final de-

livery. Let the first payment be a proportion a of the total undiscounted price P. Let

total discounted costs, X, for any final completion time T depend on the timing t, of
completion of the first I percent of the project. If total discounted costs are minimized

for any given 1, the intermediate completion time t, will be determined from the condi-

tions al (t,,T) = 0, a2X > 0. However, the contractor determines t, for any given T
at,

with the aim of maximizing his discounted profits, namely

max I = P[aert + (1 a)erT] -X(t, T)
{tI}

from which we get the first-order condition -raPertj = aiV (t1,T), which implicitly
at,

determines t, for a given T. Hence the necessary condition for cost minimization is not
fulfilled and the producer does not deliver at T with the minimum value of discounted

costs. Moreover, since ax equals a negative number instead of being equal to 0, it
follows from the second-order condition for cost minimization that he will complete the
first I percent of the project too early. Note that this distortion does not exist when
there are no payments which are tied to the stages of production since the partial

derivative of V with respect to t, is 0 in this case.
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divergence between the contractor's delivery time and both the con-

tract and the socially optimal delivery time unless a suitable incentive
structure is built into the contract.

4. Optimal

* The previous discussion brings forward the following question: Is it

payments and

possible to construct practical payment arrangements which will

fines schedules

eliminate the contractor's incentives to adopt a socially suboptimal
production plan?23 In what follows we shall address ourselves to this
question under increasingly general conditions. (Throughout the pres-

ent section we shall assume that least cost techniques obtain and

deal only with the determination of the delivery period.)
D Fines and premiums. Assume first that the sole requirement of
the payment schedule is to ensure that the contractor delivers at the

socially optimal time T,. A sufficient condition for getting this result

is to have aT equal dT for all T. This could be achieved by the
following method.

Method 1. Payments are executed at predetermined dates independently of the progress of the project, but the contractor pays the
buyer a fine equal to rA over all the life of the project for as long as he
does not deliver.

Hence the present value of payments to the buyer in this case will
be

V(T) = B - rA fTertdt, (11)
where B is the present value of the buyer's payments to the seller

which is independent of delivery time. Differentiating (11) and (1)
with respect to T and comparing, we obtain:

aaT
- -rAe-rT
- dZ (12)
dT'(2
Thus, this structure of fines transfers the exact amount of the loss
from waiting for both the buyer and society to the seller. In terms of

Figure la, V(T, . . .) is parallel to Z(T). In marginal terms aTV fo
Method 1 is identical to dT in Figure lb. This method is simple
and has the advantage that the contractor will deliver at the socially
optimal time, even if for some reason it differs from the agreed upon

delivery time. Also, when the buyer is looking for a contractor
through a tender, he can save on his searching costs by demanding this
fine schedule as a prerequisite and by letting the bidders compete on
the level of B.
Contractors may object to such a method on the grounds that
they should not pay fines for nondelivery before the delivery date

23 The buyer may, of course, have recourse to legal action in such a case, but h
can hardly count on getting costlessly the correct" compensation for such noncompliance. Besides, from the social point of view it is important to get the optimal
THE BELL JOURNAL

delivery time (rather than have ex post the right compensation to the buyer). The best

142 / OF ECONOMICS

way to assure this result is to build into the contract the right incentives for the seller.
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agreed upon in the contract. This should be easily solvable by an

appropriate increase in the present value of payments from buyer to
seller. An alternative way around this somewhat artificial difficulty

is to let the buyer pay the seller a premium of rA per unit of time in
case of early delivery for all the time period between the early de-

livery and the delivery date specified in the contract. This variant of

the method also assures that the curves aT and dT in Figure lb
become identical, thus assuring TS = Tc. However, rather than imposing fines, it gives premiums for early delivery and leaves the
incentive properties unaltered.

This method (in its two variants) is also appropriate for regulatory

agencies which would like to assure a socially optimal time of completion in long-term projects without having to determine what the costs

are in each case. Again, all they need to introduce, either as a
regulation or as a recommendation, is project-long fines or a combina-

tion of fines and premiums to the seller; other payments by the buyer
will be independent of delivery time.
If the buyer wants to condition his final payment on delivery of the
project, method 1 can be modified as follows.24

Method 2. All payments except the last are made at preagreed dates

independently of the project's progress. The last payment is made only
on delivery. The seller pays over the project's duration a fine equal to
the rate of interest on the difference between the delivery value of the
project to the buyer and the last payment to the seller. This method

assures again full internalization of delays by the seller. The fine at
every moment is r(A - B), where B is the sum to be paid on
delivery. As a result, the present value of payments to the contractor
is

V = Bo + Be-rT- r(A - B) {Te-rtdt, (13)
0

where Bo is the present value of the payments which are independent
from delivery time. Differentiating (13) with respect to T, it is easily

seen that aV = -rAe-rt = dzd. In terms of Figure lb, the curves
aT

a

dT

and

a T dT

dZ

are

again

tive to deliver at the social optimum.25
In reality, contracts are sometimes made with penalties for delays

and on occasions with premiums for early delivery. However, those
fines and premiums are in many instances discontinuous functions of

delivery time. For example, premiums for early delivery are sometimes lump sums which do not take into account how early the
delivery is. Such discontinuities clearly create divergences between
the contractor's and the socially optimal delivery time. However,
even in those cases in which the penalty schedule is continuous and

built to reflect actual losses of delays to the buyer, it will not neces24 The discussion of Section 2 implies that in some cases the most efficient insurer
of the hazards associated in dealing with the seller from the buyer's point of view is the
buyer himself. A possible insurance from the buyer's point of view is in abstaining from

paying the total price previous to actual delivery. Method 2 allows this while preserving
the desirable features of Method 1.

CUKIERMAN AND

25 For B = 0 we get the fixed over time payment schedule as a particular case.
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id

sarily give the right solution for the delivery time, if some of the
payments depend on the delivery date, or, more generally, on work

progress.26 This point is often overlooked, even in those contracts
which have the "right" fine schedule.

5. Optimal

* It has been assumed in Section 4 that, given the planned comple-

payments

tion period, the producer will always choose the pattern of production

schedules when

that will minimize total discounted costs for that completion period,

the cost

independently of the pattern of payments. This assumption certainly

structure

holds if payments, except the final one, do not depend on the stages

depends on the

of production, because if the producer is a profit maximizer, he will

timing of

try to minimize discounted costs for any given planned production

payments and
benefits are

period.27 However, when payments are tied to the progress of the
project, as in Scheme C of Section 3, we see that the producer will
not necessarily produce at minimal discounted costs. On the other

derived

hand, we know that the tying of payments to work progress fulfills the

before final

important social task of minimizing certain risks (discussed in Section

when some

completion

2). This stage of affairs begs the question whether it is possible to
construct a method of payments which does depend on work in

progress, but does not give the contractor incentives to produce
inefficiently and to delay delivery beyond what is socially optimal.
Such a method is suggested below.

Method 3. Payments are tied to the completion of definite stages of
production and it is agreed in advance at what dates in time those

stages should be completed. If a stage of production on which a
payment is due is delayed, the undiscounted payment is increased so
as to keep its present value constant.28 Accordingly, the payments are
denominated in constant present value units. In addition to that, the
contractor pays the buyer a fixed charge equal to the rate of interest

on the value of the finished product to the buyer for as long as the
project is not delivered. As a result, the buyer pays the seller only as
work progresses, thus reducing his risks. However, since his payments are denominated in constant present value terms, the present
value of the producer's receipts is divorced from the points in time at

which he reaches the stages of production on which payments are
due. Hence, he no longer has any incentive to produce at more than
minimal discounted costs.
The present value of the combined payments and fines of Method
3 is

26 Formally, if the change in the present value of gross payments from the buyer

to the contractor when T increases is aH and the change in the present value of fines
aT

paid by the contractor is ddT we have aT= H _ dT E and unless aH =,
an equality ofdT
dF and
dZ will result in a divergence between T, and Ts. If, in addidT
tion, it depends on the work progress, we are still left with the possibility of a
nonoptimal choice of cost structure.

27 It may, of course, hold also because of technological or organizational constraints to which the contractor is subject.
THE BELL JOURNAL

28 Conversely, if it is completed earlier than agreed, the undiscounted payment will
be decreased so as to keep its present value constant.
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V(T) = D - rA {Te-rtdt, (14)
0

where D is the constant present value of the payments.29 Neither
the size nor the timing of these payments is known in advance.
However, since their present value is constant, the slope of V will

be determined everywhere by the fines imposed on the contractor.

Hence, as with Methods 1 and 2, aV = -rAe-rT. Thus, in Fig-

ure la, aT and dZ are again identical, which also assures that the
contractor's and the socially optimal delivery time will be equal.30
We turn now to the case in which the buyer may derive benefits
when some intermediary stages of production are completed. For
example, the lower floors of a skyscraper may be used before the
higher ones are finished or it may be possible to operate independently certain segments of a vertically integrated industrial complex.
In this case there will be socially optimal delivery times for each of

those intermediary stages. Each of those will be characterized (as in
the case of only one beneficial stage) by the equality of the marginal
change in discounted costs as a result of a delay in delivery, for that

stage, with the marginal change in the discounted buyer benefits

caused by the delay of that stage. As before, the contractor's preferred completion time for that stage need not coincide with the social

optimum. The optimal method can be adapted to take care of this
case as follows.

Method 4. Payments as in Method 3 are specified in constant present
value terms. However, the fine paid at each period by the contractor

applies only to the difference between the value of the finished product to the buyer and its value to the buyer at that period's stage of
completion. The fine, as before, is equal to the rate of interest on this

difference. Let Ai be the increase in the value of benefits to the buyer
as a result of completion of the ith stage of production. Let Ti be the
completion time of the ith stage. Then if there are still m distinct
uncompleted stages of production that affect the undiscounted benefits derived by the buyer, the present value of those benefits,
evaluated in terms of the initial period, is given by
29 Let a payment of size Pi be due when stage i is completed and let its completion

be due at time Ti, i = 1... n, then D - Pie-r7i. If stage i is actually completed at

time Ti, i = 1 . . . n, then the present value of payments will be E P,er -Oe",
which again equals D, irrespectively of the actual timing of payments.

30 If the benefits A to the buyer are a knowvn function, +(T), of delivery time,

the change in benefits to the buyer as a result of a change
in T is dZ = e-rTqY(T)
dT
- re-rTqp( T). The method in the text can be adapted for this case by changing the structure of fines as follows. Require a fine that is equal to the rate of interest on the value

of the finished product to the buyer at every moment plus a compensation for the decrease in the undiscounted value of the project to the buyer as a result of postponement

of delivery. Both fines are payable continuously. The present value of payments will
then be V(T) = D + { q'(t) - r,(t))e-rtdt. It is easily seen that again this will as-

sure aV dZ for every T. However, the method is more complicated in that it rea't dT

quires the specification of the function 4i(T) in the contract.
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m

Zm

Aie

-rTi.

(15)

i=l

The present value of payments as evaluated in terms of the contracting date for the method proposed is
m

V = D - r f A2 ie-rtidti, (16)
where D has the same meaning as in (14). By differentiating (15) and

(16) with respect to Ti, i = 1 . . . m, it is easily seen that

aV
- rAie-rTi = dZ = I . . . m. (17)
aTi, dTi,
Thus, the losses to the buyer as a result of a delay in the completion
of stage i (i = I . . . m) are completely passed over to the seller.
This gives him an incentive to deliver each stage at the socially
optimal delivery time for that stage. Note that the case in which there

is an interdependence between the benefits derived by the buyer from
each completed stage, on the one hand, and the identity of the other
stages which are already completed, on the other, can also be handled

by the method proposed. All that needs to be done is to replace all or

some of the benefit parameters Ai for the uncompleted stages of
production by others whenever a stage of production is completed.31

6. Modifications
as a result of
inflation

* The analysis up to now implicitly assumes a constant price level.
However, when the price level changes over the execution time of the
project, some changes may occur in behavior and in the optimal
payment schedules. In what follows, we shall assume that inflation is

neutral in the sense that it affects neither the relevant relative prices
nor the real rate of interest r. Thus, the nontrivial additional problems

which arise when a change in the general price level is accompanied
by changes in relative prices and the real rate of interest, are neglected.32 The buyer is not directly affected by inflation, since he
get a real asset whose present value should be discounted at
unaffected real rate of interest. If the nominal rate of interest
equal as in a Fisherian (1896) world to the real rate r plus

will
the
n is

the
expected with certainty rate of inflation q, then the present value of
costs does not change, since the expected increase in costs is cancelled by the increase in the nominal rate of inflation.33 Hence the

social optimum T, is not affected by inflation. It is a function of real
costs and benefits only.34
31 In this case the contract should specify what the value of each stage of production is to the buyer for each partition of the other stages between completed and
uncompleted stages.

32 Changes in relative prices and the real rate of interest could also occur under a

stable general price level. While they may be more pronounced under an unforeseen
inflation, they are by no means a necessary result of changes in the price level per se.
33 This is equally true if the rate of inflation and, consequently, the nominal rate of
interest are expected to vary through time.

34 With no inflation let f(t,T) be the optimal density of proportional costs incurred
at period t when completion time is T. Then total minimal discounted costs for delivery
period T may be written:
THE BELL JOURNAL
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j- T

X(T) = C(T) Jf(t,T)e-rtdt, (i)
0
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However, the present value of payments function is affected. It is
decreased since now the discount factor is larger. There is also a
change in the slope of this function as a result of inflation and,
thereby, a change in the producer's optimal delivery time.35 Since
there is no change in the socially optimal delivery time as a result of
inflation, the change in the contractor's optimal delivery time will

obviously affect the divergence between those two times. Although it
is not possible to say, in general, whether the contractor's optimal

delivery time will increase, decrease towards the social optimum, or
even decrease below it, a divergence between the social and the
contractor's optimal delivery time will most probably develop.
Hence, some modification of the optimal fines method as embodied in

Equation (14) is called upon and is described in what follows.

Method 5. Payments may or may not be tied to the stages of production and are fully linked to the rate of inflation. If they are tied to the
stages of production, they are as in Method 3 specified in constant
present value units. Thus, if a stage of production on which a pay-

ment is due is delayed, then in addition to the linkage additions to the
payment, it is blown up by the real rate of interest and it is decreased,

again using the real rate as a discount factor, if the stage of production
is reached earlier than specified in the contract. As a result, the real
present value of payments is independent of both the rate of inflation
and the interim progress of the project. From commencement of the
project to its completion, the seller pays the buyer at every moment

the real rate of interest,fully escalated36 on the value of the project at
delivery time to the buyer evaluated at constant prices37-namely, the
where 0 c f(t,T) < 1, C(T) are total undiscounted costs for delivery period T, and
ff(t,T)dt

=

1.

(ii)

With expected inflation at rate q, undiscounted costs are expected to increase at rate q
and they are discounted at the nominal rate n = r + q. Hence, in the face of inflation
total discounted costs are

C(T) Tf(t,T)eQte-ntdt
= C(T) fTf(t, T)e -rtdt = X(T).
0
o
Similarly, the discounted buyer benefits are Aelle-nT = Ae-rT = Z(T). Hence, neither
total discounted costs nor discounted benefits to the buyer change as a result of inflation. Consequently, the marginal conditions for a socially optimal delivery time are un-

changed and are still represented by the curves dX and dZ in Figure lb.
dT

35

Let

Pi

be

n

the

dT

amount

V

i=O

of

the

total

price

payable

71

i=O

=

partial
ment depends on the progress of the project or not. Without inflation the contractor's

E

der

best delivery time, T^, is determined from the condition: aa = -r Pie-rti(t

aT i=0

atj dXn

aT = dT . With inflation V = n PienTh where n > r. He
of payments curve in Figure 1 is decreased. The marginal condition for the contractor's
delivery time with inflation is

av
-n Pie-i(
at =dT'
dX
aTINF
INF
_= aT
36 For a suggestion of full escalation of various contracts, see Morag (1962).
37 That is, at the initial period prices.
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fine at moment t in real terms is: rA. Since both payments and fines
are specified in real terms, they should be discounted at the real rate
of interest. Hence, the present value of payments and fines of Method
5 is
rT

V = D - rAT e-t dt, (18)

which is identical to equation (
aT d

again be identical (see Figure lb), thus assuring that the social and the
contractor's delivery times will be identical. This method, as in the no
inflation case, does not depend on the knowledge of the cost function

and is easily applicable. It also does not impose inflation risks on the
seller or the buyer when there are uncertainties with respect to the
rate of inflation and does not require knowledge of the inflation rate in
advance.

7. Concluding

* A defective contractual relationship between economic agents is a

comments

potentially important source of inefficiency. The problem as stated in
general by Williamson (1971) is that it may be prohibitively costly or
even impossible to specify contractually the full range of contingen-

cies and appropriate responses. He notes that "[o]n the other hand, if
the contract is seriously incomplete in these respects but, once the

original negotiations are settled, the contracting parties are locked
into a bilateral exchange, the divergent interests between the parties
will predictably lead to individual opportunistic behavior and joint

losses" (1971, p. 117).
We have limited ourselves to the analysis of one of the many

facets of contract incompleteness, namely the effects of the payment

method on long-term investment projects. It has been shown that in
commonly used payment methods there is a built-in incentive for the
supplier to submit the product at a suboptimal date. Moreover, when

payments are tied to work progress, the contractor may find it profitable to produce in a way that does not minimize discounted costs,
thus creating an additional social cost.
We have successively developed a payment method that eliminates all those difficulties and guarantees an optimal social solution

for a constant as well as for a changing general price level. We believe
this method to have several important advantages. First, it is relatively simple and applicable. Second, it requires no information on the
part of the buyer about the contractor's production possibilities and
cost structure or preknowledge of the rate of inflation by either side.
Third, if production conditions change while the work is in progress,
this method will provide the contractor with an incentive to adapt his

actions optimally to the new conditions.38 Fourth, it can be adapted
for situations in which the rate of interest varies over the project's
execution and in which the undiscounted benefits to the buyer depend

on delivery time. It is not, however, easily applicable to cases in
which the undiscounted real benefits to the buyer vary in a complex
38 This does not mean that the contractor must necessarily bear all the burden of
THE BELL JOURNAL
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stipulate lump-sum compensations for changes in certain input prices.
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way during the execution period.39 Thus the payment methods
suggested here may be viewed as making only one, but relatively
efficient step towards the solution of contract incompleteness between
buyer and seller.
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