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ABSTRACT

During the process of project construction, owners and contractors have a principal-agent relationship. The
asymmetric information between owners and contractors causes moral risk. This moral risk should be prevented or
controlled. In this paper, the principal -agent theory in information economics is applied to construct the model for the
moral risk of the contractors. The quantitative analysis revealed how the interests can be maximized and how the
management level of the project is increased by establishing a constraint mechanism. Subsequently, specific
suggestions to constrain the immoral behaviors of the contractors are proposed.
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INTRODUCTION

In the process of modernization, China has accueulla large amount of material wealth accumulasioce the
reform and opening up, which significantly improvéte living standards of its people. However, tlapid
development of the economy also brought negatifectsf such as the disregard for values and mor&fée
prevalence of materialism, utilitarianism, and nhatecline, doubts on the dominant ideology, and geeeral
decline of social identity. All these effects sealgraffect the overall formation of the social irgst relationship
adjustment system. As a result, some people halimitedly expanded their economic requirementshia tarket
economy, resulting in utility supremacy and unsafaps competition.

The moral risk of project areas is especially preeni in China. Local construction projects freqlebecome the
channel for money circulation for some governmdfitials. Thus, moral risks in the management afistouction
projects exhibit a rapid increase, constitutingeptiil risks to the lives of residents and threagnhe security of
properties at a certain extent. However, reseanctmaral risk in construction projects in China lekow at present.
First, the role of moral risk in construction prcjananagement is not fully recognized and is ofteglected in
macroscopic planning, policy making, project impéaration, and theoretical research. Second, miskals caused
by many factors, which render the difficulty in pe@iting them at both theoretical and practical leve

LITERATURE REVIEW AND THEORETICAL ANALYSIS

From the perspective of information economics, astveselection and moral risk caused by asymmetfaecrnation
and its corresponding opportunistic behavior agertiot causes of behavioral risk among principatigipants in
projects. Before the contract is signed, asymmaétfmrmation leads to adverse selection. For examgliring the
bidding stage, the tender knows little about thehmécal strength, management level, and servicditgua the
bidder, while the bidder knows little about the swaction intention, financial capacity, and busseeputation of
the tender. With the asymmetric information betwées tender and the bidder, adverse selectionyeasdurs.
After the contract is signed, asymmetric informatieads to moral risk. For example, during the grenfince stage,
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by utilizing their own advantages, contractors diitée attention to the quality of engineering stnuction or fail to
perform as required, consequently damaging thedste of owners and the entire society. Such dasnagemostly
caused by the moral risk behavior[1]. Baiman andlidis analyzed the theoretical role of informatiand

incentives in contracts[2], particularly in contiog the quality and cost of products and then jated a detailed
theoretical formula[3].Abdulazizand Berendsstudidte significance and role of incentive mechanisms
contracts[4], particularly in controlling the caatd schedule of construction projects and realiiregproject goals
from the empirical perspective[5].

Different theories have explained moral risk froifiedent perspectives. Information economics argtineg under
asymmetric information, the principal cannot actelsaunderstand the wisdom, behavior quality, affioles of the
agent who may take advantage of this defect to raeh@ersonal utility while disregarding the intésesf the
principal. Thus, moral risk and adverse selection @roduced. From this perspective, moral riskased on the
assumption that a rational economics-inclined iitliml pursues the maximization of his/her self+iegt. This
assumption is one of the basic hypotheses in magtmynomics and is an important basis in socialrmadagement
sciences research. This assumption holds thatehaviors of people in social activities are ratlcarad motivated
by self-interest and that people seek to maximétkisterest at the least cost. Project stakehsldespecially those
with information advantages, choose to violate ditlgrduring the implementation stage to maximiz#-sgerest.
This action brings risks to the entire project émather stakeholders. Without the constraintsxéémal forces, the
pursuit of particular interests drives participatdsmake selfish choices that violate morality andximizes the
moral risk for the entire project. In this papée principal-agent theory is used to create theatmak model of the
contractor in project construction. Suggestiondiow to constrain the immoral behaviors of the cactsr and how
to improve the level of project contract managenagatproposed based on the quantitative analysis.

EXPERIMENTAL SECTION

The idea of solving moral risk is as follows. Whilkee effort of the agent is not a variable that bancompletely
controlled, the principal can suggest the effoat imust be at the level and preference of the adémt moral risk
model has three parts. The first part is objecfiuection in which the contractor attempts to mazenhis/her
interests. The second part is incentive constiainthich at the approval of the contract and whk thcomplete
confirmation of the effort of the contractor, thiéogt level of the maximized objective functiondeosen. The third
part is involvement participation in which the dags of the contractor are higher than or equahtise of the
market upon signature of the contract. To fac#itdte discussion, both the project quality and taoson period
are considered in estimating the project cost.tihemowords, the actual project cost in the presamty includes not
only the bidding price and the claims in generdaldiso the losses caused by disqualified projeudsdelays.

M odel Construction
We propose the following hypotheses. (1) The effextel of the contractor is a 1D continuous va®alil €

[-¢1, &2], where ah = 0, the contract completes the project by effortsdemted according to the bidding price
of the contract). (2) The owner is risk neutral,endas the contractor is risk adverse, but bothraienal. (3) The
effort cost ¢ (n) of the contractor is equivalemttie monetary cost, and the cost coefficiefit) = mn?/2, where
m > 0. Therefore, the enhanced management levitleo€ontractor or the lazy work of the worker irages effort
cost. Lastly, (4) the actual project costais- m, where a is the budget cost amds the difference between the
budget and actual costs. The linear form of thetion that expresses the actual completion condisadopted to
simplify the calculation:m = —n + 8, where0 is the mean value 0 and the variance is the ndyndadtributed
random variable of?, which represents the exogenous uncertain factors.

Objective function (i.e., the expected cost of the owner): According to Hypothesis (4)Em = E(—n + 0) =
—n, Var(n) = 02. That is, the efforts of the contractor can redtlee project cost, and the effort level of the
contractor determines the mean valuer dut does not affect variance. Considering thealirmntracts(n) = a —
ur, where a is the budget cost gnés the risk quota set by the contractor, everyease or decrease opromotes
the reward of the contractor to increase or deergalf p = 0, the contractor does not undertake the risk, wasere
if p=1, the contractor undertakes all risks. The expected of the owner is computed &8 = E(a + - um) =

a+ E(l—u)n=a—(1—u)a.

Involvement Restriction: According to Hypothesis (2), the utility functiaf the contractor has the absolute risk
aversion characteristics, that is,= —e™?®, wherep is the absolute risk aversion measure antg the actual
monetary income. The fixed cost of the contractosét to F, which is the fixed cost of the projeatculated
according to the calculation rules of the bill efagtities issued by the country and enterpriseayuidius, the actual

2
income of the contractor is =s(m) —c(n) —F= a—u(—n+06) — % — F. The followingis thecertainty
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2
equivalent income of the contractdiCE = Ew —%puzcz = a+un —%puzcz —%— F, where B is the

expected income of the contractor ?pdzcz is the risk cost. Ifu = 0, the risk cost is 0. The maximized expected

utility function of the contractdu = —Ee™P® is equivalent to the maximized certainty equivali@eome. Given
w as the reserved income level of the contractahdfcertainty equivalent income is less thanthe contractor
will not accept the contract. Therefore, the ineshent restriction of the contractor can be exprkasdollows:

1 m
a+un—§pu202—?n2— F>w

Incentive Constraint: p is given because the effort level n cannot be miese The incentive constraint of the
contractor means = p/m.

Model Construction: The problem of the owner is to sel@db solve the following optimization problem:

Myina— (1 —wWn
st(IR)a+un—%pu202—?n2— F>zw (1)
(IC)n = p/m

Model Analysis
Risks set by the contractor: The previously mentioned optimization problem ¢t&nre-expressed by bringing IR
2
and IC into the objective functioMgax - — > pp20? — = [ﬁ] — F — ®. The first-order condition igt = ——
m 2 2 lm 1+upo
0, which means that the contractor must bear ceriaks. o/ dp < 0, du/do? < Ocan be determined from

u= ! That is, for a giveru, the larger the or ¢, the higher the risk cost. Therefore, the optimisk

1+mpo2’
allocation requires a smaller The more the contract avoids the risks, the grethie variance of. Besides, the
lower the management efficiency, the lower is tis& set by the contractor. Extremely, if the coatoa is risk
neutral p = 0), the optimal contract requires the contractaadsume all riskgu= 1).

Agency cost of the contractor: Under symmetric information, that is, under thexdition that the efforts of the
contractor can be observed; does not work and a can be realized at any leyedabisfyinglR. Therefore, the
problem of the owner is to selgcto solve the following optimization problem:

Myina— (1 —wWn
st(IR)a+ un—%puzoz—?nz— F>w @)

The first-order condition of optimization means tthe =i and p* = 0. While the owner is risk neutral, the

contractor is risk averse. The Pareto optimum siskring requires the contractor to not undertakerisk (u* = 0),
while the optimal effort level requires that thergiaal expected profit of effort is equal to its ngimal cost, that is,

. 1
1 = mn. Therefore,n* = .

Under asymmetric information, the owner cannot aliyeobserve the effort level of the contractohefefore,
agency costs are divided into two types. The firse is risk cost that appears because Pareto wptirisk sharing
cannot be achieved under symmetric information. 3éwond type is incentive cost that is obtaineduitracting
the effort cost from the net loss of the expectegppat caused by the low effort level.

If the behavior of the contractor can be obsertied,risk cost of the contractor is zero. Otherwike, risk of the

2
contractor isp = ——. The risk cost isARC == p?po? = —F% __ > 0. The incentive cost iARK = An —
14+mpo 2 2 (1+mpo?)
2 2 2y 2 2
Ac =—PLo__zoim o) _ _m o) o Therefore, the general agency cost of the cotris
1+mpo 2 (1+mpo?) 2 (1+mpo?)
2
AC = ARC +ARK =—2" >0 3)
2(1+mpo?)

Expected cost of the owner: Under symmetric information, the expected coshefowner under optimal incentive
conditions isEv= a—n* =a —i , While under asymmetric information, the expectedt of the owner under
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po?

. . . - . o ok _ _ l po‘2 ’
optimal incentive conditions i€v' = a = 1-w=a 5 . Arguably, —~> Tompod) Therefore, k< Ev'.

- (1+mpo

Supervision strength of the owner: As shown byu = m,the greates?, the smaller are the incentives obtained

2
by the contractor and the higher is the generah@ge:ostz(lf;;pcz). The certainty equivalent income of the
1-pmo?
2m(1+mpo?2)
supervision requires cost. Thus, the owner muiktestr balance between profit and cost. Witl{o?) = k/o? as
the cost supervision function, where k is the supam difficulty (i.e., the greater k, the moreffitiult is the

1- 2 k
— P — F——. The owner selects’ to
2m (1+mpo?) o

contractor,TCE = a + —F, is also smaller. To redueg, supervision must be strengthened. However,

supervision), the net welfare function is as fokoW (¢?) = a +

2 2_ 2
obtain the first-order condition of optimizatie—">—°__ — _ X and utilizes the derivative to obtaﬂi— >
2m (1+mpo2) o 9

2
0 andai > 0.
on

Visually, the higher the marginal productivity dfet contractor, the higher is the marginal incomsught by the
supervision. Moreover, the higher the marginal adshe efforts of the agent, the lower is the affupply under
any given incentive and the lower is the optimaleintive under a given®. The lower the marginal income of
supervision, the lower is the enthusiasm of the ewregarding supervision. Lastly, the more diffictihe
supervision, the higher is the marginal cost ofesuigion and the lower is the enthusiasm of the ewegarding
supervision.

RESULTSAND DISCUSSION

We conclude the following based on the resultdefrhodel analysis:

(1) The optimal effort level under asymmetric infation is strictly lower than that under symmetnformation.
Therefore, when the owner cannot observe n, theador will selectn < n* to increase his/her own benefits. The
contractor can impute the blame to an unfavoraktiereal influence (e.g., force majeure) to avoithgeblamed by
the owner. Subsequently, the actual project caseases, which is called as moral risk.

(2) Based oru = m, wherey is the decreasing function pfe?, and m, the more conservative the contractor, the

lesser are the risks shared. However, the contrectenerally risk averse. Hence, optimal riskrsttaholds that the
contractor should not bear all risks.

(3) When the owner cannot observe the effort Ie@f¢he contractor, the contractor will bear largsks than those
under symmetric information. At the same time, thes effort level results in increases expected ctistis
producing incentive cost. Therefore, asymmetriolimfation causes the contractor to bear the agervsty whereas
symmetric information eliminates this cost.

(4) All information about the efforts of the conttar is valuable because it can reduce the coshefcontract.
Therefore, the owner will prefer to pay money foe information, such as entrusting the engineeupervise the
behaviors of the contractor. Controlling the atigds that have no influence on the result may bisaiseful despite
their costs, as long as they can be used to iritted effort of the contractor. The choice of thegpal on

supervision strength still depends on the balamtevden the relevant cost of supervision control #aedmarginal
income of supervision.

CONCLUSION

As a result of the asymmetric information betweles tarket entities, the behaviors of the contractannot be
completely observed by the owner after the consagting, thus leading to moral risk. The modelcdiéed in this
study shows that under asymmetric information, tleforts of the contractor are often less than ¢hasader
symmetric information. Moral restraints can be imal by designing an internal mechanism and imm@\he
external market.

Internal mechanism refers to the process of obtgiai reasonable contract with the agency to atterbehavior
goal of the contractor to be close to the owneidalgthus achieving a win-win situation and redgcithe
opportunistic behavior of the contractor. To imprahe operational effectiveness of this mechanisim,owner
must consider the corresponding measures and pestain price to drive the contractor to conformte contract.
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Therefore, the internal mechanism can reduce tieffcy in the agency relationship at a certain rextbut its
effectiveness is restricted by information costd #ie resulting incomplete information.

Externally, the fundamental solution to inhibitingpral risk is to reduce the degree of informatisprametry in the
market [6]. The owner must obtain information rethto the project to be built and must hire theti@mtor to
implement the project. To form the complete systetwork information for the project, the verticaldahorizontal
information communication and delivery network ahe database system should be constructed. Ini@udihe
prices of building materials and labor costs in ti@rket should be determined, as well as the aact&tn period
and the price of branch engineering. Finally, tladshould be classified according to type, areastcuction
standard, and construction time.
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