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Abstract

The am of this aticle is to propose a solution to the principd-agent problem aisng in
congruction contracts. The inability to write complete and enforcegble contracts gives the
contractor the opportunity to earn by cheating. The ultimate method to ded with this problem
is to dedgn a contractual mechanism that would stop a sdf-interested contractor from taking
benefit resulting from any post contractua opportunism. According to this method, the
contractor must Smultaneoudy enter into a cost-rembursement contract and buy a cal option
for the work to be performed. This combination acts as if the owner enters into a cost-
rembursement contract and a fixed price contract with an exclusve right of choosng which
contract to gpply when the actud cost is known. The owner’s advantage lies in the power of
preventing the contrector from behaving inefficiently. The contractor's advantage lies in the
posshility to demondrate good fath and to meke a credible promise without relying on
reputation typically enjoyed by the aready established contractors.
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The Option to Change One Construction Contract for Another

Introduction

Over the last decade, the red option approach is expanded to include an evauation of dl
kinds of investments in various economic activities (Dixit and Pyndick, 1994; Trigeorgis,
1996; Amram and Kulatilaka, 1999). The enormous progress in this area brought the red
option theory to maturity. It is now becoming a common practice in humerous companies and
it is progressvely introduced in professond literature and academic programs (Copeand and
Antikarov, 2001).

This article explores a new fidd for an gpplication of red options. It proposes a solution to the
principal-agent problem arising in the condruction contracts. Agency reaionship refers to
circumgtances where an individud (the agent), acts on behdf of another (the principd), in
order to pursue the latter's interests. Mord hazard problems may arise when the agent is
tempted to take self-interested actions for the detriment of the principd’s godls.

The firgt section outlines the problem of mord hazard in congtruction contracts. The second
recommends an option-like mechaniam for resolving the mord hazard problem. The third
and lagt section demondrates pricing mechanism for this option.

Moral Hazard in Construction Contracts

Condruction contracts are usudly classfied into two main categories. fixed price contracts
and cost-reimbursement contracts, also known as cost plus contracts (Federd Acquisition
Ingtitute, 1999; Canadian Congruction Documents Committee, 1998). The two categories
differ in a sense that a different party becomes the bearer of the risk. In fixed price contracts,
the contractor is required to deliver the specified product or service for a predetermined
amount regardless of the actud cost. Hence, the scope of work and al requirements are fully
and accuratdly defined prior to contracting.

In contragt, under cost plus contracts, the owner assumes the actud cost, and pays a fixed or
percentage fee to the contractor over and above the actua cost of work performed. The fixed
fee is based upon a rough esimate of the vaue of work required to fulfil the contract. The
percentage fee is caculated by multiplying an agreed upon percentage times the actua cost of
the work peformed. Usudly, cost-reimbursement contracts are used when it is difficult to
define precise scope of work to determine afixed price.

The sdection of the contract type has a sgnificant impact on the contractor’s behaviour and
contract monitoring. A cost-rembursement contracts with a percentage fee is the most
difficult to administer because the contractor earns a higher profit when he increases cogs and
takes longer to complete the work. This is the reason why some companies and government
agencies do not alow cost-rembursement contracts with percentage fees. If the contractor is
paid afixed fee, he has no incentive to either increase or decrease the cods.

Consequently, both cogt-reimbursement contracts with ether fixed or percentage fees require
an extensve involvement by the owner in controlling the cods. Detalled costs monitoring



sysem and owner’s gpprova of contractor activities, such as persomne increases, overtime,
and mgor materia purchases, are required.

On the other hand, owner's involvement in controlling cods is not necessary in the fixed price
contracts since the actud cost trandfers to the contractor. Furthermore, fixed price contracts
can be used in a competitive bidding process to obtain the lowest price for a specified product
or the required scope of work. These advantages can result in sSgnificant cost savings in
comparison to the cost-reimbursement contracts.

Since the cost of performing the work determines the contractor’s profit, he has an incentive
to peform explicitly according to specifications defined in the contract. Any change or
additiond work means less profit. Knowingly, some contractors offer too low a price in order
to win the contract and afterwards they take advantage of a favourable pogtion alowing them
to inflate their price for carrying out the inevitable changes. The Stuaions in which the scope
of work does not change are extremey rare. Consequently, many fixed price contracts can
result in ahigher cost than the one that would be incurred with cost-reimbursement contracts.

In addition, fixed price contracts can result in qudity problems even though they meet
contract requirements. For increasing their profit, the contractors are tempted to cut the cost
by employing drict minimum number of people, hiring less skilled employees, and cutting on
ingpection and quaity control activities.

As a rule, monitoring and providing incentives are two main ways of controlling mord hazard
in condruction contracts. Monitoring is intended to prevent the contractor from behaving
ingppropriately through a direct supervison and an adequate sysem of rewards and
punishments. Sometimes contractor's desre to mantan good working rdationship and
reputation is enough. In other circumstances, the efficacy of monitoring may depend on
edablishing verifidble evidence that is costly or sometimes impossble to obtan (Holmstrom,
1979). Genadly, even if the owner knows that the contract has been breached, this fact
cannot be confirmed by a third party, such as court or arbitrator, who would have the
enforcement powers. Moreover, some commitment problems might make it costly to carry out
the punishment.

Neverthdess, it may be gill possble to observe outcomes and to provide incentives for a
good behaviour through rewarding desirable results. These incentives can be incorporated into
the cost-rembursement contracts or the fixed price contracts. An incentive contract functions
with a linear payment Structure, where the contractor earns a fixed fee plus some additiona
gain depending upon his performance. The most commonly used performance incentives are
based on cost, schedule and quality. The types and amounts of incentives are specified in the
contract and are established on the bass of performance (Graham, 2003). A set of vauable
incentives encourages the contractor to achieve a superior performance. However, two
important problems arise.

The firg problem concerns the bearing of risk. A higher intendty of incentives creates more
uncertainty in contractor’s income, requiring a compensatory risk premium that trandates in a
greater fixed fee. The issue of dedgning efficient contracts, that badance the costs of risk
bearing agang the incentive gains is widdy discussed in the literature (Cummins, 1977;
Weitzman, 1980; Lafont and Tirole, 1986; McAffee and McMillan, 1987). The results show
that the intengty of incentives depends on the contractor's risk averson and his ability to
achieve the performance.



The second problem concerns the performance measurement. If an incentive contract has only
one performance objective, the contractor will drive to achieve that god but may peform
poorly in other important aress. Inevitably, this may lead the owner to reward the wrong
behaviour dl the while he is thinking that he is acknowledging the good behaviour (Kerr,
1975). Also, providing incentives in a more baanced set of objectives can only mitigate, but
not completely diminate the problem. This is the case because the contractor tekes many
more actions than any performance measurement system is able to cepture (Baker, 1992
Feltham and Xie, 1994; Datar et d. 2001). In red world, it is impossble to write a completely
enforcesble contract (Milgrom and Roberts 1992).

Option Like Self-Enforcing Mechanism

Another way of deding with the mord hazard is to desgn a contractud mechanism that stops
a sdf-interested contractor from taking advantage from the post contractua opportunistic rent.
Being aware of this mechaniam, the contractor will not be willing to behave in an
opportunistic way. In order to illudrate this dtuation, let us suppose that two sdfish
individuas want to share a cake. The best way to incite the one who is going to cut it to be
equitable is to give to the other person an exclusive right to take the piece of his choice, once
the firgt one has cut the cake. In the same way, a sdf-interested contractor will be discouraged
from behaving inefficently if the owner has the right to pay him once the project is complete,
using ether the predetermined fixed price or the actud cost plus agreed fee. In other words,
the contractor has the option to switch from one contract to another (Boukendour and Bah,
2001).

For ingance let us condder a craftsman who enters into a fixed price contract for painting a
house. Wanting to increase his profit, he may be tempted to work hagtily and to spare the
pant a the expense of the service qudity. The contract may contan some preventive
provisons but it cannot prevent dl future circumstances. The craftsman is able to find a way
to cut in corners. However, if the owner has the right to change the fixed price contract for a
cost-reimbursement  contract, the craftsman cannot benefit from providing a low qudity
sarvice. In contrast, under a cost-reimbursement contract, the craftsman may be tempted to
work dowly and not care about the quantity of used paint. If the owner has the right to change
the cost-reimbursement contract for a fixed price contract, the craftaman will assume the
coneguences. The craftsman, knowing how his pay is caculated, will typicdly behave
suitably.

In order to obtan such a choice, the owner must Smultaneoudy enter into a cost-
reimbursement contract and buy a call option upon the work to be performed by the terms of
the contract. In other words, the underlying asset of the option is nothing else but the debt
owed to the contractor. Practicaly, under the cost-reimbursement contract, the contractor
reessgns the actud cost of work performed plus the agreed upon fee into the owner’'s
account. Once the project is completed, the owner will cdl the option only if the amount due
exceeds the exercise price. When the option is caled, the debt is automaticaly deleted.

From another point of view, entering into the cost-reimbursement contract and writing the call
option upon the work to be peformed are collectivdly as sdling the same assst to two
different individuals. When it is ddivered to ore, it cannot be ddivered to the other. When the
owner exercises the option, the contractor abides to the decision and delivers work for a fixed



price. Consequently, the contractor has no power to make the cost-reimbursable contract
enforceable. However, if the option is not exercised, automaticaly the cost-rembursement
contract comes into effect. It is the owner who decides which contract is vdid and the
contractor must abide to the owner’ s decision.

Therefore, the option provides the owner with a dgnificant advantage over the contractor in
al crcumsgtances. If the inputs prices increase, the owner can exercise the option, and
consequently the contractor bears the cost increases despite his good behaviour.
Unfortunatdly, if the inputs prices drop, the contractor will not benefit because the owner will
certainly abandon the option and the cost-rembursement contract will gpply. Therefore, the
owner is obliged to give the contractor fair compensation, since the price fluctuaions are
beyond the contractor’s control. Still, the owner owes nothing to the contractor for the just
behaviour. Indeed, from an ethicd point of view, paying someone for not cheating cannot be
thought of as fair remuneration but as a bribe.

The man advantage of the option is to discourage the contractor from behaving
opportunigticaly at the owner's expense. On the other sde, it provides the contractor with a
sgnificant opportunity to demongrate his good faith and to make a credible promise without
referring to any previous experience. This seems far, especidly for new comers and
outdders, who would be disadvantaged by the traditional sdlection sysem based on
reputation.

How to Price the Option

Let K be the exercise price of the option; &, the actud cost at the expiration date T; and F,
the agreed upon fee. Both amounts K and F are contractualy determined, but § is unknown
a the garting date of the contract. We also assume that the actua cost remains uncertain until
the work is fully completed. Otherwise, if the contractor knows the actual cost before
completing the work, he can relax his effort to the owner's expense when input prices are
going down. The owner can protect himsdf by introducing in the contract a provison
requiring a congtant effort from the contractor.

Assuming the input prices being log normdly digributed, the cdl option can be edimaed
using Black and Scholes formula:

(1) C=5N(dy)- Ke'" N(d,)

Where:
d :In(SO/K)+(r+32/2)T
1 S'\/?
_ I(S,/K) +(r- s2/2)T o
d, - d; - sA/T

N(d): cumulative probability for a standardized norma distribution
r: risk free interest rate

s: daly standard deviation
So: current spot price



To deermine S, let us condder the exercise price K as the future price of the asse.
According to the cost and carry mode, the spot price must be such that $=Ke'". Since the
asst does not yet exist physicdly, there is no cost of storage and thus the cost of carrying
consgs only of therisk freeinterest rate.

By substituting Ke'™ for S in (1), we get:

() C=Ke T[N(dy) - N(d,)]

With: d, =%ﬁ and d,=- % T

Beddes, let us suppose that the premium C will be paid a the expiration date of the contract,
the equation (2) becomes:

(3) C =K[N(d,)- N(d,)]

Findly, the vaue of the option depends only on two parameters, the input prices voldility and
the exercise price K.

The dgandard gpproach to estimating the volatility computes the dally standard deviation of
the logarithms of daily returns on the bass of higtoricd data (Hull, 2002). However, there 5 a
great difference between financid options and red options due to the uncertainty. In financid
options, there is no mgor obstacle to gather historica data necessary to edtimate the volatility
because the underlying asset and the option itsef are both traded on the market and their
prices are observable. The red options are more complex because they often have multiple
sources of uncertainty. For ingtance, any project has a multiple input prices condgting of
different kinds of materids, equipments and labour. The consolidation of al these multiple
sources of uncertainty in one dngle esimate of volaility is necessary to goply the option
pricing modd.

Monte Calo smulation method can be used, but this process requires defining many
parameters and to establishing many hypotheses. For the sake of smplicity, a synthetic price
index, that aready consolidates many different prices, can be used as a proxy. Further, a
French nationd condruction index BTOl, published monthly in the “Journd Officid,” is
used. This index tekes into account dl the congruction trades, and it is used for indexing
congtruction contracts and pricing sales on drawings.

Since the option is payable at the expiration date of the contract, its price can be calculated i
the bass of the actud volaility occurring within the contract duration ingead of usng
higoricd voldility. In fact, the price index is published with two or three months of delay.
Sill, this problem can be resolved by consdering a number of the most recent indexes that
correspond to the contract duration. For example, a contract starting in January, 2003 and
finishing in March, 2004 would use the series of the indexes from October, 2003 till January,
2004. For this period we get a monthly standard deviation of 0.889%, which trandates into

0.889%«/E = 3.45% for the whole contract duration.

Assume for example a fixed price of $200 000, the vaue of the option according to equation
(3) is $2ooooo[N (34) - N(- @)J =$2752.57. Table 1 below displays the vaue of the

option as a function of various volatilities and time duraions for a hypothetic contract with a
fixed price of $1000. The results show that the value of the option increases as a function of



the volaility of input prices and the time duration of the contract. It is more sengtive to the
former than to the latter.

Table 1. Thevalue of an option for K= $1000

Volatility Contract duration in months
Month Year 6 9 12 15 18 21 24
0,50%  1,73% 4,89 5,98 6,91 7,73 8,46 9,14 9,77
1,00  3,46% 9,77 11,97 13,82 15,45 16,92 18,28 19,54

1,50% 5,20% 14,66 17,95 20,73 23,17 25,38 27,42 29,31
2,00% 6,93% 19,54 23,93 27,63 30,89 33,84 36,55 39,07
2,50% 8,66% 24,43 29,91 34,54 38,61 42,29 45,68 48,83
3,00%  10,39% 29,31 35,89 41,44 46,33 50,74 54,80 58,58

Conclusion

The success of condruction projects depends particularly on the contract efficacy. A huge
difficulty to write complete and enforcesble contracts in rea world makes this success
problematic, especially when the contractors atempt to take individua advantages a the
owner’'s expense. Monitoring and providing incentives can only dleviate but not eiminae the
problem completely.

A new sdf-control mechanism intended to force the contractor to behave in congruency with
the owner's interests was discussed in this article. The mechanism is based on a blend of a
cost-reimbursement contract and a call option upon the work to be performed by the terms of
the contract. The system acts as if the owner enters into a cost-reimbursement contract and a
fixed price contract with the exclusve right of choosing gpplicable contract upon the project
completion when the actud cost of work performed is known. As such, the contractor is in a
position of bearing the consequences of possible bad behavior. Also, the contractor may seize
a dgnificant opportunity for demongrating his good faith and for making a credible promise
without backup of his reputation. This seems a far practice, more so than the traditiona
system based on reputation, which generdly favors the established contractors.

However, the contractor’s behavior only partidly determines the actud cost since the input
prices fluctuations are beyond his control. Due to this reason, he deserves a fair compensation
that is esimated using the option pricing model.

Findly, the proposed mechanism is based more on a threst of bearing the consequences of his

bad behavior rather than on direct supervison or incentives. Thus, this method seems less
cogtly, more effective and ethica rather than the traditiond systems.

References

Amram, M., and N. Kulatilaka (1999). Real Options : Managing Strategic Investment in an
Uncertain World. Harvard Business School Press: Boston, MA.

Baker, G. (1992). Incentive Contracts and Performance Measurement. Journal of Palitical
Economy, 100(3), 598-614.



Boukendour, S., and R. Bah (2001). The Guaranteed Maximum Price as Call Option.
Congtruction Management and Economics, 19(3), 563-567.

Canadian Congruction Documents Committee (1998). CCDC Sandard Construction
Documents. CCDC: Ottawa, ONT., Canada.

Copeland, T., and V. Antikarov. (2001). Real Options. a Practitioner’s Guide. Texere LLC:
New York, NY.

Cummins, JM. (1977). Incentive Contracting for Nationa Defenset a Problem of Optima
Risk Sharing. Bell Journal of Economics, 6, 447-470.

Datar, S, S. Kulp, and R. Lambert (2001). Baancing Peformance Measures. Journal
Accounting Research, 39(1), 75-92.

Dixit, A.K., and R.S. Pindyck (1994). Investment Under Uncertainty. Princeton Univeraty
Press. Princeton, NJ.

Federd Acquigtion Inditute (1999). Contract Pricing Reference Guide: Price Analysis.
Volume 1. FAI: Washington, DC.

Fdtham, GA., and JXie (1994). Peformance Measure Congruity and Diversty in Multi-
Task Principa-Agent Relaions. The Accounting Review, 69(3), 429-453.

Graham, R. (2003). The Trandformation of Contract Incentive Structures. Acquisition Review
Quarterly, 10(3), 235-259.

Holmstrom, B.(1979). Mora Hazard and Observability. Bell Journal of Economics, 10(1).
Holmsrom, B., and P. Milgrom (1991). Multitask Principa-Agent-Andyss  Incentive
Contracts, Asset Ownership, and Job Design. Journal of Law, Economics, and Organization.
7, 24-52.

Hull, J. (2002). Options, Futures, and Other Derivatives. 5 ed. Prentice Hal: Englewood
Cliffs, NJ.

Ker, S. (1975). On the Folly of Rewarding A While Hoping for B. Academy of Management
Journal, 18, 769-783.

Lafont, JJ., and J. Tirole (1986). Usng Cost Obervation to Regulate Firms. Journal of
Political Economy, 94, 614-641.

McAffee, R.P., and J McMillan (1987). Competition for Agency Contracts. RAND Journal of
Economics, 18(2), 326-338.

Milgrom, P.R., and J. Roberts (1992). Economics, Organizations and Management. Prentice
Hall: Englewood Cliffs, NJ.



Trigeorgis, L. (1996). Real Options. Managerial Flexibility and Srategy in Ressource
Allocation. MIT Press: Cambridge, MA.

Weitzman, M.L. (1980). Efficient Incentive Contracts. The Quarterly Journal of Economics,
44, 719-730.



