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I. INTRODUCTION 

Previous analytical work examining strict liability has generally ignored the ex- 
istence of moral hazard problems within the firm. In this work, the firm has been 
implicitly modeled as a single individual (for example, Shave11 [1980, 19821, Landes 
and Posner [ 19811, Polinsky [1980], Polinsky and Rogerson [1983], and Mantel1 
[1984]).’ However, it is often the case that an owner of a firm (principal) hires an 
employee (agent) to perform activities which could result in the harm of a third 
party. For example, in the recent industrial accident case of the 1984 Bhopal, 
India gas leak, Union Carbide Corporation had established the subsidiary Union 
Carbide India Ltd., which in turn hired Indian employees to operate a chemical 
plant. In general, if the preferences of the agent differ from those of the owner 
and if the agent’s effort is unobservable, then a moral hazard problem may exist 
within the firm. This study examines the socially optimal level of care and the 
care taken under strict liability in the presence of moral hazard through the ap- 
plication of principal-agent economic models.* 

Since this paper examines environments in which a principal hires an agent to 
engage in a productive activity, the influence that strict liability has on firm be- 
havior can be analyzed in settings where firm ownership is separated from man- 
agement (for example, as in the Union Carbide Bhopal, India accident). While 
previous research has considered the direct influence of liability rules on the care 
taken by an owner-manager, this paper examines the influence that strict liability 

We are grateful for the insightful comments of Greg Niehaus, Jim Noel, Ted Snyder, and 
Robert Thomas. 
‘In the prior literature, the firm could be viewed as a collection of individuals whose 
preferences are identical. Analytically, there is no substantive difference between a firm 
comprised of a single individual and a firm consisting of a collection of individuals with 
identical preferences. The economics literature has long recognized that preferences may, 
in fact, differ across individuals. This paper demonstrates that moral hazard arising from 
a difference in preferences and effort unobservability can affect the level of care taken by 
the firm, 

2Essentially, under a strict liability rule, a party which causes a loss for a victim must pay 
damages whether or not the party was negligent. 

0 1990 Butterworth-Heinemann 
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has on the choice of employment contracts offered by the owner to the agent, 
which in turn, influences the agent’s choice of care.’ 

This paper finds that strict liability induces the owner to offer employment 
contracts that motivate the agent to take a socially optimal level of care. It is also 
found that the care exerted by the agent when moral hazard is present can be 
less than or greater than the care taken when moral hazard is absent. 

The remainder of this paper is organized as follows. Section 2 presents the 
fundamental principal-agent model employed in the paper. Section 3 considers 
the social welfare maximization problem. Section 4 uses the model developed in 
section 2 to compare the level of care taken by the agent under strict liability with 
the social welfare maximizing level of care. Section 5 compares the effort exerted 
when moral hazard is absent with the effort exerted when moral hazard is present 
under strict liability. The section also examines how the presence of moral hazard 
affects the socially optimal level of care. Conclusions and implications are given 
in section 6. 

2. THE PRINCIPAL-AGENT MODEL OF A FIRM ENGAGED 
IN HAZARDOUS ACTIVITIES 

Suppose a risk neutral principal hires a risk averse agent for his productive effort. 
Both the principal and agent act to maximize their respective individual expected 
utilities. The agent manages a potentially hazardous endeavor (for example, blast- 
ing activities or the operation of a chemical plant) where there is a probability 
that such activities can result in off-site property damage.4 The level of effort 
chosen by the agent affects the likelihood of an accident. Thus, effort can be 
interpreted as care. It is also assumed that it is too costly for a potential victim 
to unilaterally avoid damages caused by an accident. Thus, the socially optimal 
solution will involve the exercise of care by the firm in the prevention of an 
accident. The following notation is used in the paper. 

a = the level of care taken by the agent in managing the hazardous 
activity. 

p(a) = the probability of an accident given the agent’s level of care. 
W(Z) = the agent’s compensation as a function of I, where I is some 

mutually observable variable upon which an enforceable contract 
can be based. 

H(W(I), a) = the agent’s utility function as a function of compensation and 
effort. 

M = the agent’s reservation level of utility, where u > 0. 
R = the firm’s (principal’s) net profits prior to compensation payments 

to the agent and any legal damages that might be payable to the 
victim if an accident occurs.5 

‘Principal-agent models have been used to examine the economic effects of the imposition 
of a vicarious liability rule on firm behavior (Sykes 1981, 1984; Kornhauser, 1982). Through- 
out this paper a vicarious liability rule is employed since it is the extant rule of law. Thus, 
principals are assumed to be held liable for the torts of their agents. 

“Damages for personal harm can also be incorporated into the model if there is a monetary 
equivalent for personal harm incurred as a result of an accident. 

‘The results of the paper would not change if R is made dependent on whether an accident 
occurs (i.e., the firm might incur costs resulting from an accident due to the loss of assets 
and impairment of operations). 
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G(-) = the potential victim’s utility function where the argument is the 
level of total wealth. 

y = the potential victim’s initial wealth endowment (that is, wealth 
prior to any accident). 

L = the monetary loss sustained by a victim if an accident occurs. 

The following assumptions will be employed in the paper. 

(Al) The agent’s feasible action set: The agent chooses an action from a set of 

(A2) 
actions represented by a closed real interval, [a, z]. 
The accident prevention technology: Regardless of the level of care taken 
by the agent, an accident is never certain nor impossible. Furthermore, the 
probability of an accident is strictly decreasing in care, but at a decreasing 
rate. Thus, 0 < p(a) < 1, p’(a) < 0, and p”(a) > 0 for all a E [a, 51 where 
p’(a) and p”(a) are the first and second derivatives of p(a), respectively. 
This assumption is consistent with the prior literature (for example, Shave11 
[1980, 1982, 19841). 

(A3) The agent’s utility: The agent is risk and effort averse and has a util- 
ity function which is separable in wealth and effort. Thus, H(W(Z), a) = 
U(W(Z)) - a, with U’(.) > 0 and U”(e) < 0 where U’(.) and U”(.) are the 
first and second derivatives of U(e), respectively.6 Let U-’ represent the 
inverse of U(e) with U-l’(*) and U-l”(.) denoting the first and second de- 
rivatives of U-‘(e), respectively.’ 

(A4) The principal’s utility: The principal is risk neutral. 
(A5) The victim’s utility: The victim is risk averse so that G’(.) > 0 and G”(a) < 

0 where G’(e) and G”(a) are the first and second derivatives of G(.), re- 
spectively. 

(A6) Moral hazard: The agent’s efforts cannot be observed. 
(A67 No Moral hazard: The agent’s efforts are observable. 

In order to introduce moral hazard into the principal-agent model, it will gen- 
erally be assumed that the agent’s efforts cannot be observed (A6). Thus, the 
employment contract offered to the agent must be based on some other variable 
which is observable. Since an accident is observable and its likelihood is influenced 
by the agent’s effort, the occurrence of an accident itself can serve as a variable 
upon which an enforceable and motivational contract can be based. Thus, let 
Z = 1 if an accident occurs and I = 0 otherwise. 

The analysis of section 5 will at times utilize assumption (A67 in order to 
examine the impact moral hazard has on optimal employment contracts and levels 
of care compared to what occurs when moral hazard is absent. 

The principal’s task is to offer an incentive compatible contract to the agent 
which maximizes the principal’s expected utility given the firm operates under a 
strict liability system. Solutions to the problem are considered in section 4. 

3. THE SOCIAL WELFARE MAXIMIZATION PROBLEM 

The social welfare maximization problem is provided so that the social welfare 
maximizing level of care can be compared with the care taken under strict liability. 
A social planner would maximize a weighted average of the victim’s and the 

6The assumption that the agent’s utility is linear in effort is made without loss of generality 
since units of effort can always be chosen so that this is true. 

‘Since U’ > 0 and U” < 0, U-’ exists and is strictly increasing and convex. 
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principal’s utility functions.X This is equivalent to maximizing one party’s expected 
utility subject to the other earning his reservation level of utility as in Shave11 
[ 19821. If the agent’s level of care is unobservable, the tools available to the social 
planner for this task consist of the choice of social welfare maximizing employment 
contracts and the direct transfer of wealth between the principal and victim, 
contingent upon the occurrence of an accident. Let fl(f2) represent the wealth 
transfer between the principal and potential victim if an accident occurs (does not 
occur). Let c and 1 - c be the weights applied to the principal’s utility function 
and the agent’s utility function, respectively, where 0 < c < 1. 

The socially optimal level of care is found by solving the following maximization 
problem: 

max c[R 
Wu).rr.r,.tz 

Subject to 

- E(W)) - p(a)t, - (1 - P(U))f*l 

+ (1 - c)[P(uE(Y + TV - L) + (1 - ,da))G(y + fd1 (1) 

E[U( W(Z))] - a P u 

a E argmax E[ U( W(Z))] - ci 

h E [a, a] _ 

where E is the expectation operator. 
It is useful to note several points about this social welfare problem and its 

solution. First, the objective function is linearly decreasing in the expected com- 
pensation of the agent, E(W(I)). Second, the first order conditions, with respect 
to t, and fZ, imply rz = I, - L. Consequently, the potential victim’s wealth will 
be y + t2 = y + I, - L whether an accident occurs or not, a well-known result 
of optimal risk sharing imposing no risk on the risk averse potential victim. There- 
fore, the objective function can be rewritten as 

c[R - E(W(Z)) - p(a)L - tz] + (1 - c)G(y + tz). 

Third, r2 solves the expression G’(y + r2) = c/(1 - c) and hence does not depend 
on the contract, W(I), or the agent’s level of care, u. If the social planner does 
not desire to transfer wealth in the absence of an accident, c can be chosen so 
that the optimal value for tZ is 0. Finally, the assumptions that (1) the probability 
of an accident decreases as more care is taken (p’ < O), (2) the marginal benefits 
from additional care are decreasing (p” > 0), and (3) the agent is risk averse (also 
employed by Shave11 [1980, 1982, 19841) meet the sufficient conditions given in 
Rogerson [ 19851 to guarantee that the agent’s effort choice is unique (that is, given 
an employment contract, the set of actions maximizing the agent’s expected utility 
consists of a single element). 

Intuitively, the optimal employment contract equates society’s expected mar- 
ginal benefits from additional care with society’s expected marginal costs. The 
expected marginal benefits consist of the change in the probability of an accident 
multiplied by L. The expected marginal costs consist of the additional expected 

Hln fact, the social welfare between the principal, agent and potential victim is being 
managed. The welfare of the agent is governed by u and can be interpreted as a variable 
under the control of the social planner. 
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compensation necessary to induce the agent to exert greater effort in the preven- 
tion of an accident. 

4. STRICT LIABILITY UNDER MORAL HAZARD 

This section compares the effort exerted under strict liability with the socially 
optimal level of care. Under strict liability the principal must pay damages, L, in 
the event of an accident regardless of the level of care taken by the agent. Thus, 
the principal’s maximization problem can be stated as: 

max R - E(W(Z)) - p(a)L 
W(l)@ 

(2) 

Subject to 

E[U(W(Z))] - a 2 u 

a E argmax E[U(W(Z))] - b 

Proposition 1 compares the effort exerted by the agent under strict liability with 
the socially optimal level of care. 

Proposition 1 Given (Al)-(A5) and the existence of moral hazard (A6), a strict 
liability rule induces the principal to offer an employment contract which moti- 
vates the agent to provide a socially optimal level of care. 

Proof: The constraints in the social welfare optimization problem (1) and in the 
principal’s maximization problem under strict liability (2) are identical. Thus, 
solutions to one problem are feasible in the other. As noted earlier since y + 
t2 = y + tl - L, the social welfare objective function reduces to: 

max {c[R - &W(Z)) - p(a)Ll} + ((1 - c)G(y + t2) - ct2}. 
a.wm.r* 

Since t2 was shown not to depend on a or W(Z), the objective function is separable 
into two independent terms: 

max c[R - E(W(Z)) - p(a)L] 
a.W(f) 

max (1 - c)G( y + t2) - ct2 
f2 

The first of these two expressions is the principal’s objective function multiplied 
by the weighting factor, c. Thus, optimizing contracts in the principal’s problem 
(2) also serve to maximize the social welfare function in (1). 

The following lemma characterizes the optimal employment contract under 
strict liability and will be useful in section 5 when examining the effects of moral 
hazard on strict liability models. Let an employment contract in the presence of 
moral hazard be of the form W(Z) = {W(O), W(l)} where W(0) is the compensation 
paid to the agent if no accident occurs and W(1) is the compensation in the event 
of an accident. 
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Lemma 1 Given (AZ)-(A4) und the existence of moral hazard (A6), 

(I) The employment contract, W;(l), inducing the level of care, d, that minimizes 
expected labor costs, EC(&) = [p(a’)w(l) + (1 - p(h))w(O)] is: 

W;,(I) = w(0) = w(I) = CJ ‘(u + 8) for ci = u - 

L w(O)=U-’ ll+b-- c PW 

WciU) = 
p’(4 > fbr pi # a _ 

M’(I) = u ’ 
( 

II + d + 
1 - P(b) 

P’(6) ) 

(2) EC(d) is strictly increasing in the induced level of care, k. 

Proof: See Appendix 1. 

5. THE EFFECTS OF MORAL HAZARD ON STRICT 
LIABILITY MODELS 

The previous section examined the influence of strict liability on firm behavior in 
the presence of moral hazard. This section examines how the results in the pres- 
ence of moral hazard compare with those when moral hazard is absent. 

The first step is to derive principal-agent models of the accident problem where 
moral hazard is absent. This is accomplished by relaxing assumption A6 and 
assuming the agent’s effort is observable (A6’). It is then seen how the presence 
of moral hazard affects the socially optimal level of care and the care taken under 
strict liability. 

An enforceable employment contract can be based on effort when it is observ- 
able. Denote a contract in which the agent’s compensation is a function of (pos- 
sibly) both the agent’s action and the occurrence of an accident by S(a, I). 

The socially optimal level of care, when the agent’s effort is observable, is 
found by solving the following maximization problem: 

max c[R - E(S(a, 1)) - p(a)t, - (1 - p(a)hl 
sco. /).a./, .1? 

+ (1 - c)lp(a)G(y + tl - L) + (1 - p(a))G(y + tn)l (3) 

Subject to 

E[U(S(a, I))] - a 2 II 

a E argmax E[U(S(d, I))] - d 

The principal’s maximization problem under strict liability is given by: 

max R - E[S(a, I)] - p(a)L 
.%,I. I).0 

(4) 
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Subject to 

E[U(S(u, Z))] - a 2 u 

a E argmax E[U(S(a, Z))] - 6 

li E [a, iIf] _ 

The following lemma regarding the optimal employment contract between the 
principal and the agent is used in proving the main results of this section. 

Lemma 2 Given (Al)-(A4) and the absence of moral hazard (A6’): 

(1) The employment contract, S;,(u, I), inducing a given level of cure, a, that 
minimizes expected labor costs is the forcing contract: 

Sii(a, 0 = 
s(u, I) = u- $2 + ri) ifu = a 
() otherwise 

(2) .~(a, I) = V’(u + a) is strictly increasing and convex in a. 

Proof: See Appendix 1. 

The following proposition is a restatement of Proposition I from section 4 but 
for firm environments in which moral hazard is absent. It is provided for com- 
pleteness and for use in proving the main results of this section. 

Proposition 2 Given (Al)-(A5) and the absence of moral hazard (A6’), a strict 
liability rule induces the principal to offer an employment contract which moti- 
vates the agent to provide a socially optimal level of cure. 

The proof for Proposition 2 is identical to the proof for Proposition 1, except 
for notation. It is omitted for purposes of brevity. 

Proposition 3 states the main result of this section. Proposition 3 compares the 
socially optimal level of care in the presence of moral hazard with the socially 
optimal level of care in the absence of moral hazard. The proposition also com- 
pares the level of care induced by the principal under strict liability when moral 
hazard is present and absent. The proof of Proposition 3 assumes that the induced 
action under strict liability is interior to the feasible action set, so that the first 
derivatives of the objective functions equal zero. Let a,* denote the level of care 
induced by the optimal employment contract in the solution to the principal’s 
strict liability problem (2) when effort is unobservable. Let a,* denote the level 
of care induced by the optimal employment contract in the solution to the prin- 
cipal’s strict liability problem (4) when effort is observable. 

Proposition 3 Given (AI)-(A5), 

(1) Under strict liability, the cure induced by the optimal employment contract 
offered in the presence of moral hazard, a:, can be either greater than, equal 
to, or less than the cure induced by the optimal employment contract in the 
absence of moral hazard, a,*. 

(i) Zf $ EC(a,*) > UP”(u + a,*), then the induced level of care will be 
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smaller in the presence of moral hazard. 

(ii) If $ EC(a,T) = UP “(u + at), then the induced level of care will be 

the same in the presence and absence of moral hazard. 

(iii) If $ EC (a,*) < U “(u + a:), then the induced level of care will be 

greater in the presence of moral hazard. 

(2) The socially optimal level of care in the presence of moral hazard can be 
either greater than, equal to, or less than the socially optimal level of care 
in the absence of moral hazard. 

(i) 
d 

If - EC(a,*) > U- “(IA + a,*), then the socially optimal level of care 
da 

will be smaller in the presence of moral hazard. 

(ii) If $ EC(a,T) = U “(IA + a,*), then the socially optimal level of care 

will be the same in the presence and absence of moral hazard. 

(iii) If $ EC(a,T) < W”(u + a:), then the socially optimal level of care 

will be greater in the presence of moral hazard. 

Proof: 

(1) (i) Since a,T and a,* maximize the principal’s expected utility for the two 
strict liability problems, they satisfy the first order conditions from the 
two maximization problems: 

-p’(a,*)L - $ EC(a,T) = 0 

-p’(a,T)f. - U “(u + a:) = 0 

However, if 

f EC(a,*) > UP “(u + af) 

then 

-p’(a,*)L - UP”(u + af) > 0. 

This implies a,* > a,* since the principal’s expected utility in the absence 
of moral hazard is concave in a. 

The proofs for parts (1) (ii) and (1) (iii) of the proposition follow in 
similar fashion and are omitted for the sake of brevity. 

(2) The proof is immediate from Propositions 1, 2, and 3( 1). 

It is, of course, true that for any given level of care, 4, the expected compen- 
sation costs in the presence of moral hazard, EC(d), exceed the compensation 
costs in the absence of moral hazard, V’(u + 4. In fact, the excess of EC(d) 
over UP ‘(u + a’) can be regarded as the costs of moral hazard. However, the fact 
that moral hazard is “costly” at any induced effort level does not imply that the 
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equilibrium solution to the agency problem produces a lower level of care in the 
presence of moral hazard than when moral hazard is absent. Proposition 3 dem- 
onstrates that the level of effort exerted under strict liability in the presence of 
moral hazard can be either greater than, equal to, or less than the effort exerted 
in the absence of moral hazard. 

The intuition behind this result is as follows. The equilibrium solutions to the 
two principal-agent problems equate the marginal benefits from effort with their 
marginal costs. The marginal benefit of a unit of additional effort on the part of 
the agent is represented by the reduced expected loss from an accident, p’(d)L. 
For any given level of effort, a’, these marginal benefits are the same in the presence 
or absence of moral hazard. However, the marginal costs of inducing additional 
effort differ, depending upon the presence or absence of moral hazard. If at a,* 
the marginal costs of effort in the presence of moral hazard are increasing at a 

faster rate than in the absence of moral hazard 
( 

2 EC(a,T) > u-“(U + a,*) , 
1 

then the costs of moral hazard are increasing in effort. In other words, the marginal 
costs of inducing an additional unit of effort would be less in the absence of moral 
hazard than in the presence of moral hazard. This implies that the induced effort 
in the presence of moral hazard is less than the induced effort in the absence of 
moral hazard, since the marginal benefits of additional effort are the same in both 
circumstances. Of course, when the marginal costs of moral hazard at a,* are de- 

creasing $ EC(&) < V”(u + a,*) , 
( ) 

then the reverse is true. This implies 

a,* < a,*, since the loss in benefits by inducing lower effort is less than the savings 
in compensation. Further, since Propositions 1 and 2 demonstrate that the socially 
optimal level of care and the induced level of care under strict liability are the 
same (either in the presence or absence of moral hazard) it follows immediately 
that the socially optimal level of care can either increase or decrease with the 
introduction of moral hazard in the firm. Finally, since the case involving higher 
induced effort in the presence of moral hazard (a,* < a,*) may be counterintuitive, 
an example is provided in Appendix 2. 

6. SUMMARY AND CONCLUSIONS 

This paper uses a principal-agent economic model of the firm to analytically 
examine issues surrounding the use of strict liability for the accident problem. 
This includes examining the consequences of the presence of moral hazard within 
the firm on the level of care induced by the principal under strict liability and on 
the socially optimal level of care. 

The results show that strict liability motivates the principal to offer a contract 
which induces a socially optimal level of care. This is true either in the presence 
or absence of moral hazard within the firm. The analysis demonstrates that the 
care exerted under strict liability when moral hazard is present is generally dif- 
ferent from the care taken when moral hazard is absent. The induced level of care 
can be either greater or lower in the presence of moral hazard than in its absence- 
depending on the marginal costs of moral hazard with respect to increases in 
effort. Similarly, the socially optimal level of care can be either higher or lower 
in the presence of moral hazard than when moral hazard is absent. 

APPENDIX 1 

This appendix provides proofs to Lemmas 1 and 2. 

Proof of Lemma 1: 



228 Strict liability in a principal-agent modal 

The principal’s employment contract inducing the level of care, pi, that mini- 
mizes expected labor costs is derived by solving the following minimization prob- 
lem: 

Subject to 

min p(&~(l) + (1 - p(&i))~(O) 
MO).M,( 1) 

p($U(w(l)) + (1 - p(b))U(w(O)) - 6 2 u (cl) 

P(b)WW(l)) + (1 - P(d))U(W(O)) - 4 

(1) (9 

(ii) 

2 p(a)U(w(l)) + (1 - p(n))U(+t~(O)) - u for all a E [c, N] (~2) 

Consider ri = a. Since p’ < 0 and p” > 0, a necessary and sufficient 
condition for satisfying the second constraint (~2) is 

p’(u)[U(w(l)) - cJ(W(O))l - 1 5 0. (c3) 

Thus, (~3) can replace (~2) to produce an equivalent minimization prob- 
lem. Now, at w(O) = w( 1) = U ‘(u + a) constraint (cl) is binding while 
(~3) is not. Therefore, the Kuhn-Tucker sufficient condition for min- 
imization is that there exists an s e 0 such that: 

p(a) - sp(aW’(w( 1)) = 0 

1 - p(g) - s(1 - p(L7))U’(w(O)) = 0 

which is satisfied by s = l/U’(w(l)) = llU’(w(0)). 
Consider a’-E (a, 5). Since p’ < 0 and p” > 0, a necessary and sufficient 
condition for satisfying the second constraint (~2) is 

p’(&)[U(Mt(l)) - U(w(O))] - 1 = 0. (c4) 

Thus, (~4) can replace (~2) to produce an equivalent minimization prob- 
lem. Now, at 

w(O)= I/-’ ( P(b) 
u+h-- 

P'($ ) 
w(l) = u ’ ( 14 + 6 + 

1 - P(4 
P’(b) J 

constraint (~4) is satisfied and (cl) is binding. Therefore, the Kuhn- 
Tucker sufficient conditions for minimization are that there exist an 
s 2 0 and a t such that: 

p(h) - sp(h)U’(w(l)) - tp’(LqU’(w(1)) = 0 

1 - p(b) - s(1 - p(b))U’(w(O)) + tp’(LQU’(w(0)) = 0 

which are satisfied by: 
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(1 - P@))U’(W(l)) + P(4U’(W(O)) 
S= 

U’(w(O))U’(w(l)) 

t = _ PW(l - P(4)[U’(W(lN - U’(w(O))l 
P’(~)U’(W(O))U’(W(l)) 

(iii) Consider d = 5. Since p’ < 0 and p” > 0, a necessary and sufficient 
condition for satisfying the second constraint (~2) is 

p’(S)[U(w(l)) - U(w(O))] - 1 2 0. (c3 

Thus, (~5) can replace (~2) to produce an equivalent minimization prob- 
lem. Now. at 

w(O)= Up’ ( P(4 
u+a-- 

P’(4 ) 

w(l)= U-1 
( 

u+a+ 
1 - Pm 

P’(a) ) 

both constraints (cl) and (6) are binding. Therefore, the Kuhn-Tucker 
sufficient conditions for minimization are that there exist S, t 2 0 such 
that: 

pm - s,G)U’(w(l)) - tp’@)U’(w(l)) = 0 

1 - p(Z) - S(1 - p(Z))U’(w(O)) + lP’(Ti)U’(W(O)) = 0 

which are satisfied by: 

(1 - P(au’(w(l)) + P(aU’(w(O)) 
s= 

U’(w(O))U’(w(1)) 

t = _ Pm1 - P(2l))[U’(W(l)) - U’(w(O))l 
P’(~)U’(W(O))U’(W(l)) 

(2) The first derivative of expected labor costs with respect to ci is: 

$(p(d)u~‘(u+6+1p,~~)) +(I-p(ri))u-(u+d-~)} 

=p’(Li) [ ( u-1 u+ci+ 1 - P(4 

P' (4 ) ( 
-UpI Mt(i_po 

P’(4 11 + P(4P”@i)(P(4 - 1) 

(P’(4)2 [ ( 

u_” u + b + 1 - P(4 

P' (4 ) 

- Up” 

( 
u++$)] I 

which is strictly greater than zero by 0 < p(4) < 1, p’ < 0, p” > 0 and UP ’ 



230 Strict liability in u principal-agent model 

strictly increasing and convex in d. 

Proof of Lemma 2: 

(1) The employment contract, S&(a, I), inducing the level of care, ci, that min- 
imizes expected labor costs is derived by solving the following minimization 
problem: 

Subject to 

p(ci)U(s(ci, 1)) + (1 - p(ci))U(s(ci, 0)) - ci 2 U 

p(b)U(s(&, I)) + (1 - p(&))U(s(b, 0)) - ci 

2 p(a)U(s(a, 1)) + (1 - p(a))U(s(a, 0)) - a for all u E [a, U] _ 

From Harris and Raviv [1979], any contract based on u and I is equivalent 
to a forcing contract of the form: 

S/da, I) = 
s(u, I) = t(Z) ifu = Q 
o 

otherwise 

which induces the agent to take action 6 such that 

p(b)U(t(l)) + (1 - p(ci))U(t(O)) - ri 2 II. 

Therefore, the contract minimizing expected labor costs is t(1) = t(0) = 
I/-‘(u + hi) since U(.) is concave. Hence, the agent’s actual and expected 
compensation will be Up ‘(~1 + d). 

(2) Since U is strictly increasing, UP l is as well. Therefore, the first derivative 
of s(ci, Z) = UP ‘(u + 6) with respect to ri is positive. 

APPENDIX 2 

The purpose of this appendix is to provide an example that demonstrates that the 
level of care induced under strict liability can be larger when moral hazard is 
present than when moral hazard is absent. 

Let p(u) = (1 - u)‘.05 where a E [.Ol, .99], U(Z) = (l/lO,OOO)Zx where Z is 
the agent’s wealth, u = .2, R = $S,OOO,OOO, L = $120,020. 

In this example, the optimal employment contract in the presence of moral 
hazard is W(Z) = ($124,974, $7,555) which induces the agent to exert effort uf = 
.9. When moral hazard is absent, the optimal contract pays the agent $80,537 if 
effort level a = .641 is chosen and $0 otherwise. The agent will then choose 
u,T = .641, of course. Therefore, in this example the effort induced in the presence 
of moral hazard is greater than in the absence of moral hazard. 
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