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I. Introduction 

A central point of  the economic analysis of  corporate liability for harm done to 
strangers (parties other than employees or customers of  a corporation) is that the level 
of  liability should generally equal the magnitude of  harm. The rationale is 2-fold. If 
liable firms must pay damages 1 equal to harm, then, first, firms will in principle be led 
to take appropriate care to prevent harm; and, second, product prices will tend to 
reflect the full social cost of  production, inducing consumers to make socially correct 
purchase decisions. 

Somewhat surprisingly, however, this familiar conclusion about optimal damages 
does not necessarily hold when it is recognized that the ability of  corporations to impose 
financial penalties on employees for causing harm is limitedZ; the major sanction 
suffered by a misbehaving employee is usually, at most, dismissal from his job. ~ If 
employees have less at stake than the harm they might cause, their motive to prevent 
harm may be inadequate from a firm's perspective. Firms can partially remedy this 
problem by paying employees an above-market wage, because that will raise employees' 
desire to keep their jobs and thus to prevent accidents. 4 But, as will be discussed, a firm's 

I would like to thank  Louis Kaplow and  A. Mitchell Polmsky for comments ,  Troy Brown for art  work, and  the J o h n  

M. Ol in  Cen te r  for  Law, Economics ,  and  Business at Hata,ard Law School for research support .  
1As is convent ional ,  the te rm "damages"  refers  to the  level o f  liability, the a m o u n t  a liable part}' has to pay. 

~Optimal dam ages  may also deviate f r o m  h a r m  ibr  o the r  reasons. Notably, opt imal  damages  exceed  h a r m  when  the 

probability of proving  that  a corpora t inn  caused h a r m  and  is therefore  liable is less than one; see, fk)r example ,  Cooter  
(1989), Landes  and  Posner  (1981), and  Shavell (1987) at p. 148. See also note 5 below. 

:~Other sanctions are of  course possible; an employee  might be den ied  pens ion benefi ts  o r  even par t  of  his assets 

(suppose that he were  sued personally by an in jured  party) as a consequence  of  his behavior.  But cons ider ing  sanctions 
in addi t ion  to dismissal and  loss of  wages would no t  alter Ihe points  to be m a d e  here,  as they d e p e n d  only on  the 

assumpt ion  that  the employee  m i g h t  cause h a r m  exceed ing  the sanct ion he  would sufter.  
4The paymen t  of  above-market  wages to induce  employees  to exercise extra  care to avoid accidents  is similar  to 

paymen t  of  "efficiency wages," above-market  wages to induce  employees  no t  to shirk on the  .job. On  efficiency wages, 
see, fur example ,  Shapiro  and  Stiglitz (1984), Weiss (1990), and  Yellen (1984). 

In ternat ional  Review of  Law and  Economics  17:203-213, 1997 
© 1997 by Elsevier Science Inc. 
655 Avenue of  the  Americas,  New York, NY 10010 

0144-8188/97/$17.110 
Pll S0144-8188 (97) 000l)3-3 



204 The optimal level of corporate liability 

incentive to pay a supernormal  wage deviates from the socially desirable incentive to pay 
supernormal  wages. This leads to the result  that  optimal damages can be either above or below 
harm. "~ 

To amplify, suppose provisionally that  corpora te  damages  equal  harm. Then  it is true 
that  a f irm will want its employees  to take care whenever  that  is socially desirable,  
whenever  the cost o f  care is less than the expec ted  reduc t ion  in harm that  it br ings 
about.  But a f irm faces a difficulty in inf luencing an employee  to exercise p r o p e r  care 
(assuming that  the firm canno t  directly control  his level of  care) if the employee ' s  wage 
loss f rom dismissal is less than the ha rm he might  cause. The  wages of  the employee  who 
sits at the control  console of  a nuc lear  power  p lant  will be far less than the hundreds  o f  
mil l ions of  dollars of  injuries that  he could  e n g e n d e r  th rough  an error.  Such an 
employee ' s  degree  of  care may well be suboptimal ,  less than what his firm and  society 
would wish. 6 To combat  this difficulty, a firm may decide  to pay an employee  an 
above-market  wage. I f  the employee  receives a supernormal  wage, he will have more  to 
lose if he commits  an e r ror  and  is dismissed, so he will take more  care than if he were 
pa id  only the marke t  wage. The  gain to a firm from payment  of  a supernormal  
w a g e - - t h e  reduct ion  in its expec ted  liability due  to the greater  level o f  care of  the 
e m p l o y e e - - m a y  outweigh the a d d e d  wage cost to the firm. The  marke t  wage of  the 
nuc lear  power  p lant  ope ra to r  may be $50,000, yet it may be worth the f i rm's  while to pay 
him $70,000 because the marginal  care he will exercise no t  to lose the $70,000job may 
reduce  the f i rm's  expec ted  liability by more  than $20,000. 

The  incentive of  a firm to utilize a supernormal  wage to spur care f rom employees 
depar ts  f rom the social incentive to use supernormal  wages for two reasons. First, for a 
firm, supernormal wages are an added expense, whereas for society, supernormal wages are costless; 
they are mete transfer payments. The  extra  $20,000 the power  p lant  ope ra to r  may be pa id  
would not  represen t  a social cost but  ra ther  a shift of  purchas ing  power  from the firm 
to an employee.  I t  is only the opera to r ' s  $50,000 marke t  wage that  measures  his social 
cost, because this wage cor responds  to his productivi ty in an alternative job .  As super-  
normal  wages are costly to a firm but  not  directly to society, there  is a reason to believe 
that  a firm will no t  raise supernormal  wages as much  as would be socially desirable to 
st imulate greater  care from employees  (perhaps  it would be best  for the power  p lant  
ope ra to r  to receive $120,000 instead of  $70,000). 

Second,  supernormal wages are reflected in product prices and make product prices exceed social 
cost. This is of no moment to an individual f irm even though it is socially detrimental because it 
undesirably discourages purchases. If  wages are $70,000 or  some o the r  supe rnorma l  level, 
this will be ref lected in p roduc t  prices, as would any cost to the firm. But, as jus t  

5The conclusion reached here contrasts with those of several previous articles considering optimal corporate 
damages: Newman and  Wright (1990) demonstrated that optimal corporate damages equal harm unde r  the implicit 
assumption that employees are able to pay for harm; and  Polinsky and Shavell (1993) noted that optimal damages equal 
harm in a model allowing for employees to be unable to pay for harm, but  explicitly omitted consideration of  
supernormal  wages. (Several earlier articles, notably Kornhauser  (1982) and Sykes (1981), investigate models of 
corporate liability but  focus on issues apart  from optimal damages. Also, Segerson and Tietenberg (1992) study 
corporate liability but  place emphasis on the question of whether liability should be imposed on employees as well as 
on firms.) The conclusion obtained here is also different from that contained in Pitchford (forthcoming),  who 
examines a model of vicarious liability on lenders for harms caused by judgment -proof  firms and  finds that damages 
equal to harm may not  be optimal. The reason is that the higher  are the damages imposed on lenders, the more they 
will charge firms for  loans, and  thus the less assets firms will have remaining; this will lower firms' incentives to reduce 
risk. 

6His level of care will definitely be suboptimal if he is risk neutral, which is what is assumed for  simplicity in the 
model that is investigated. 
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emphasized,  the supernormal  c o m p o n e n t  of  wages does no t  r epresen t  a social cost of  
p roduc t ion ,  so that  p roduc t  prices will t end  to be too high, depress ing purchases  
undesirably.  This factor might  make it socially advantageous for the supernormal  wage 
to be lowered f rom the level the f irm would establish if damages  equal  harm, and  thus 
for society to induce  firms to decrease  supernormal  wages by reduc ing  damages  to a 
level below harm. 

In the next  section, I investigate the above issues in a s imple mode l  of  firm and 
employee  behavior.  I then  conc lude  with remarks  suggesting that  the analysis must  be 
very cautiously in te rpre ted .  

II. The  Model  

Firms hire  ident ical  employees to p roduce  a product ;  both  firms and  employees are risk 
neutral .  7 Employees incur  disutility from work. Employees also select a level of  care; the 
h igher  is the level of  care, the lower is the probabi l i ty  of  an accident  that  causes harm 
to strangers; firms canno t  observe employees '  levels of  care. Let  

k = disutility of  work pe r  uni t  of  output ;  k > O; 8 
x = level of  care o f  an employee;  x i> O; 
c(x) = cost of  care pe r  uni t  of  output ;  c(O) = O, c'(O) = O, c"(O) > 0; 9 
p(x) = probabi l i ty  of  an accident  pe r  uni t  of  output ;  0 < p(x) < 1; p'(x)  < O; 

p"(x) > O; and  
h = ha rm if an acc ident  occurs; h > O. 

Individuals  obta in  utility from consumpt ion  of  the firms'  product .  Define 

q = quanti ty of  ou tpu t  consumed  pe r  individual; and  
u(q) = utility of  an individual; u'(q) > O; u"(q) < O. 

Social welfare is def ined  to be the utility a representat ive individual  derives f rom ou tpu t  
minus  the costs of  p r o d u c t i o n - - t h e  disutility of  work, the cost of  care, and  the expec ted  
ha rm associated with product ion .  Thus, social welfare is given by 

W =  u( q) - q[ k + c( x) + p( x) h ]. (1) 

The  socially opt imal  ou tcome is ident i f ied  by the level of  care x* and  the quanti ty q* 
that  maximize (1). It is appa ren t  that  x* minimizes k + c(x) + p(x)h, or equivalently, 
x* minimizes 

c( x) + p(x)h; (2) 

7Were I to allow part ies to be risk averse, the  qualitative na ture  of  the  conclusions would no t  be al tered (but  the  

analysis would  be needlessly compl ica ted) .  Notably, a l though  a risk-averse employee  would  tend  to take m o r e  care than 
a risk-neutral one,  he  would still take less than  opt imal  care i f  his assets were sufficiently low in relat ion to h a r m  and  

the  f i rm ' s  incent ive tO pay a supe rno rma l  wage would still deviate f rom the socially opt imal  incentive in the  two ways 
descr ibed  in the  in t roduct ion.  

SAlternadvely, I could  def ine  k as the  wage and  the  marg ina l  social p roduc t  o f  employees  were they to work in 
an o the r  indust ry  ( the in te rpre ta t ion  m a d e  in the  in t roduct ion) .  

° T h e  p resen t  formula t ion ,  with the  cost o f  care  be ing  d is t inguished f r o m  the level o f  care, is used chiefly for  

exposi t ional  reasons:  because  c' (0) = 0, there  will be an in ter ior  solution for the choice of  care  wheneve r  an employee  
will suf fer  a positive loss in wages for caus ing an accident.  U n d e r  the  m o r e  usual formula t ion ,  where  in effect  c ( x )  = 

x, an  employee ' s  choice  of  care  would  be zero for all positive wage losses that  are sufficiently small. To  take this into 
account  would  no t  c h a n g e  the  conclusions  bu t  would  cause me  to m a k e  tedious qualif ications to the  a rguments .  
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therefore x* is de termined by the 

More generally, let us denote  by 
optimal q maximizes u( q) - q[ k + 

u'(q) 

first-order condit ion 

- p ' ( x ) h  = c'(x).  (3) 

x*(h) the socially optimal x, given h. The socially 
c(x*) + p (x*)h i  and is de te rmined  by the condi t ion 

= k + c(x*) + p ( x* )h .  (4) 

This has the usual interpretat ion that marginal  utility equals social marginal  cost. 
Finns  are assumed to be strictly liable for accidents caused by their employees. ~° Let 

d = damages that a firm must  pay if there is an accident. 

Firms select the wage that they pay their employees. The wage is assumed to depend  
only on whether an accident occurs (because firms cannot  observe their employees'  
levels of care). Specifically, define 

w,, = wage if there is an accident, w a >~ 0; 
w,, = wage if there is not  an accident, w,, >10. 

(The latter wage can be thought  of as a base wage from which a penalty is subtracted in 
the event of an accident.) It is assumed for simplicity that an employee has no assets, so 
that the wage cannot  be negative, u A firm chooses wages w a and  w,, to minimize its 
expected costs per un i t  of output,  inc luding its liability costs, for this is necessary to 
maximize profits. Expected uni t  costs are 

(1 - p(x))w,~ + p(x)(w~, + d). ( 5 )  

Firms nfinimize (5) over w~, and w,~ subject to two constraints. First, an employee's  
expected net  w a g e I h i S  expected wage net  of his cost of c a r e i m u s t  be at least equal 
to his disutility of work, 

(1 - p(x ) )w , ,  + p(x )w~ - c(x) >! k. (6) 

If the left side of (6) exceeds k, an employee is said to earn a supernormal wage. Second, 
an employee chooses care x to maximize his expected net  wage. Because an employee's 
expected net  wage is the left side of (6), x is de te rmined  by 

- p ' ( x ) ( w , , -  w,)  = c ' (x ) ,  (7) 

which has the interpretat ion that the marginal  expected e n h a n c e m e n t  in the wage due 
to a reduct ion in the likelihood of an accident equals the marginal  cost of care. Because 

mlf  f irms are instead assumed  to be liable u n d e r  the  negl igence  r u l e - - m e a n i n g  that  f irms are liable i f  and  only i f  

x < x* (and  thus m e a n i n g  that  f i rms themselves can pay" wages based on x, contrar) '  to the assumpt ion  that  is m a d e  
b e l o w ) - - t h e  main  dif ferences  in the  analysis and  conclusions would be as follows. First, the p rob lem of  inadequa te  
employee  care would no t  be as severe,  because an actor 's  motive to take care unde r  the neg l igence  rule is sha rpe r  than 
unde r  strict liabilib'; see Shavell (1987), at pp.  179-182. Second,  use of  supe rno rma l  wages would no t  necessarily raise 
price above social marg ina l  cost, because if  employees  are nonneg l igen t ,  f i rms escape liability for  har in  caused; see, 
generally, Shavell (1980). 

UWere  the assumpt ion  instead that an  employee  has positive assets, the essential na ture  of  the conclusions would 

not  be altered.  For  instance, Proposi t ion 1 would still hold; the  only d i f ference  would be in the location of  the 
thresholds  d~ and  d. e. 
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C ~, r e  = x 

w~ (d) = d w (d) > dl 
~(d)-  w a (d) = d w. (d) = 0 w~ (d) = 0 . . .  . . . . .  

_ . .  t x ( d )  = x*(dl) 

d~ d2 
Damages = d 

FiG. 1. 

m i n i m i z a t i o n  o f  (5) subjec t  to (6) and  (7) d e t e r m i n e s  w~, w n, and  x as func t ions  o f  d, 
we may  write  wa(d), w~(d), and  x(d),  and  we have: 

PROPOSITION 1. 

(a) I f  damages d are less than or equal to a threshold da: supernormal wages are not paid, the 
wage i f  an accident does not occur exceeds the wage i f  an accident occurs by d (that is, w n (d) 
- wa(d) = d) ,  and the level of care minimizes the cost of care plus expected liability (that 
is, x(d)  = x* (d ) ) .  

(b) I f  damages are in the interval between d I and another, higher threshold d2: supernormal 
wages are not paid, the wage i f  an accident does not occur is dl,  the wage i f  an accident occurs 
is zero, and the level of care is x * ( d l ) ,  which is less than x*(d) .  

(c) I f  damages exceed the threshold d2: supernormal wages are paid, the wage i f  an accident does 
not occur exceeds d 1, the wage i f  an accident occurs is zero, and the level of care exceeds 
x*(d l )  but is less than x*(d) .  

Notes. This  resul t  is i l lus t ra ted in F igure  1 and  is e x p l a i n e d  as follows. (The  p r o o f  is 
in the  A p p e n d i x . )  A f i rm can c rea te  incent ives  for  an  e m p l o y e e  to take care,  and  thus 
lower  its e x p e c t e d  liability, by r e d u c i n g  the  wage if an  acc iden t  occurs.  In  par t icular ,  i f  
a f i rm sets wages so that  they fall by d if  an acc iden t  occurs,  an  e m p l o y e e  will choose  care  
as the  f i rm wou ld  wish, so as to m i n i m i z e  the  costs o f  care  plus e x p e c t e d  liability, c(x) 
+ p(x)d;  that  is, the  e m p l o y e e  will choose  x* (d). T h e r e f o r e ,  a f i rm will want  to choose  
wages in this way as l o n g  as the  gap d in wages is n o t  too  large.  If, however ,  d is 
Sufficiently large,  t h e n  it will be  imposs ib le  for  the  f i rm to crea te  a gap  in wages o f  d, 
even  if  i t  sets wc~ equa l  to zero,  w i thou t  m a k i n g  w,~ so h igh  tha t  the  e x p e c t e d  n e t  wage 
exceeds  k. This  expla ins  why, if  d is be low a t h r e s h o l d  dl, the  gap in wages will be  d, a n d  
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it suggests that  if d is sufficiently high, the gap will not  be d. The  reason that  there  is a 
second  threshold  d~ that  must  be surpassed before  the firm begins to pay a supernormal  
wage is somewhat  subtle and  is best de fe r red  to the proof.  12 

Now let us descr ibe the de te rmina t ion  of  p roduc t  price and  d e m a n d  for the product .  
Firms are assumed to be in compet i t ion ,  so that  price will equal  min imized  uni t  cost. 
That  is, if we let  

then 

~r = p roduc t  price,  

~r = (1 - p ( x ) ) w ~ +  p(x ) (wa+ d). (8) 

Because a consumer  chooses q to maximize u(q) - ~rq, quanti ty purchased  is deter-  
m i n e d  by u ' (q)  = ~r, or  

u'(q) = (1 - p ( x ) ) w ,  + p(x)(wa + d). (9) 

This condi t ion  implicit ly de te rmines  q as a funct ion of  d, because x, w,, and  w~ are 
funct ions of  d. 

We may thus rewrite social welfare (1) as a funct ion of  d, 

W(d) = u ( q ( d ) ) -  q(d)[k + c(x(d)) + p(x(d))h].  (10) 

Hence ,  

W ( d )  = q'(d){u'(q(d))  - [k + c( x(d)) + p( x(d))h]} 

-q (d )x ' (d ) [c ' ( x (d ) )  + p ' (x(d))h] .  (11) 

The  first term in (11) is the effect of  a change  in d on social welfare due  to a change  
in purchases.  Note that  the factor in braces, and  thus the first term, will be zero 
whenever  price equals social marginal  cost. In part icular ,  if supe rnorma l  wages are no t  
pa id  when d = h, price will equal  social marginal  cost [from (6) and  (8), it is clear  that  
• r will equal  k + c(x(d)) + p(x(d))h].  However, the factor in braces will be positive 
whenever  price exceeds social marginal  cost, so that  the first term will be negative [ q' (d) 
is negative because a rise in d raises prices and  lowers demand] .  This will be so if a 
supernormal  wage is pa id  when d = h. The  second  term in (11) is the effect of  a change  
in d on  welfare due  to a change  in the level of  care. This will be positive if the level of  
care is below x* (h). Let  us next  state how opt imal  damages  and  t h e  opt imal  solut ion 
relate to the magni tude  of  harm. 

PROPOSITION 2. 

(a) I f  harm h is less than or equal to the threshold dl, optimal damages equal h. In this case, 
supernormal wages are not paid and the level of care and the quantity produced are socially 
optimal. 

rxThe essence of the explanation is that when damages equal dl, the finn would obtain n o  benefit from inducing 
an increase in care through paying a supernormal wage: When damages are dl, the firm will set w n equal to d I (and 
w a equal to zero), meaning that if an accident occurs, the firm will save in wages exactly what it pays in damages. 
Similarly, if damages are slightly above da, the marginal benefit to the firm from inducing an increase in care will be 
small, but the marginal cost of inducing an increase in care (which is accomplished by paying a supernormal wage) is 
bounded from below. Hence, damages must exceed d I by a sufficient amount  for the firm to find it worthwhile to pay 
a supernormal wage. For details, see the part of the proof after (AT). 
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(b) I f  harm is in the interval (dl ,  d2] , optimal damages are either equal to h or exceed d 2. I f  
optimal damages equal h, then supernormal wages are not paid, the level of care is 
suboptimal, but the quantity produced is optimal given the level of care. I f  optimal damages 
exceed 82, then supemormal wages are paid, the level of care is suboptimal, and the quantity 
produced is suboptimal. 

(c) I f  harm exceeds d2, optimal damages may be above or below harm. In either case, damages are 
greater than d 2, supernormal wages are paid, the level of care is suboptimal, and the quantity 
produced is suboptimal. 

Notes. We can explain  why opt imal  damages  are as c la imed (most o the r  aspects of  the 
p ropos i t ion  follow from knowledge of  opt imal  damages)  by using the previous propo-  
sition and  the in te rpre ta t ion  of  (11). (The p r o o f  of  the propos i t ion  is again given in the 
Appendix . )  First, when h <~ d 1, we know from Proposi t ion 1 (a) that  if d = h, firms will 
create  a gap of  h between the nonacc iden t  and  accident  wages, without  the use of  
supe rnorma l  wages, so that  the opt imal  ou tcome will result. Hence,  the opt imal  d must  
be h. 

When  h is in (dl, d~], we know from Proposi t ion 1 (b) that  if d = h, the wage gap will 
be  d 1, the level of  care will be x* (da) < x* (h), and  supernormal  wages will no t  be paid.  
Moreover,  we know, as i l lustrated in Figure 1, that  the level of  care will equal  x* (d 1) for 
all d in (dl,  d~]. This means  that  x ' (d)  is zero in the interval, so that  the second term 
of  (11) is zero. We also know from Proposi t ion l ( b )  that  supernormal  wages are no t  
pa id  for d in the interval, so that  in par t icular  for d = h, the first term of  (11) is zero. 
Thus W (h) = 0, suggesting that  d = h is a local maximum.  It is possible, however, that  
sett ing d above d~ is super ior  to d = h: Raising d will lead to a h igher  x, improving  social 
welfare, and  this effect might  domina te  the oppos ing  effect that  price will exceed social 
cost, lowering purchases.  

When  h exceeds d2, Proposi t ion  1 (c) tells us that  if  d = h, the wage gap will be less 
than h, the level of  care will be less than x* (h), and  supernormal  wages will be paid. 
Because of  the latter, the first term in (11) will be negative; raising d will increase the 
difference between price and  social marginal  cost, lowering social welfare. And  because 
the level of  care will be inadequate ,  the second  term in (11) will be positive; raising d 
will increase care and  increase social welfare. This suggests that  W (h) could  be positive 
or  negative, and  thus that  the opt imal  d could be above or  below h. 

111. Concluding Co mme n t  

Al though  it has been  shown that  opt imal  clamages may be different  f rom harm,  this 
result  should  be cautiously in te rp re ted  for a variety of  reasons. First, it was implicit ly 
assumed that  the only ins t rument  the state could  use to affect social welfare was the level 
o f d a m a g e s .  However,  if the state is able to impose  cr iminal  sanctions on employees,  
thei r  behavior  can be improved.  13 Fur ther ,  if the state is allowed to subsidize wages and 
p roduc t  prices, it can achieve its objectives without  a l ter ing damages  from their  usual 
level equal  to harm: The  state can induce  greater  employee  care by cont r ibu t ing  to the 
nonacc iden t  wage; and  the state can offset any undes i red  increase in pr ice associated 
with the payment  of  supernormal  wages with an appropr ia t e  p roduc t  price subsidy. 

Second,  for the state to know how to adjust  damages  optimally as descr ibed  in the 
analysis here,  it has to possess a great  deal  of  informat ion:  It must  know the funct ion 

t3This is the main point of Polinsky and Shavell (1993). 
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p ( x ) ,  relat ing employee care to the accident  probabil i ty,  and  also u(x),  embodying  
consumer  demand .  (By contrast,  the state need  only know the harm h to set damages  
equal  to the usual level h.) Because the state will often have only imperfec t  informat ion  
about  p(x )  and u(x ) ,  the expected  benefits der ived from setting d unequal  to h will be 
lower than those in the analysis. 

Third,  in the analysis there  was only a single type of  employee,  and  there  were no 
actions that  firms could take directly affecting safety. Realistically, however, there  will be 
many types of  employees,  some of  whom will have adequate  incentives to take care, and  
there  will also be equ ipmen t  and o ther  investment  decisions that  firms can make that  
directly p romote  risk reduct ion.  In respect  to these employees  and r isk-reducing deci- 
sions, use of  damages  unequal  to harm will have undes i rable  effects. Sett ing damages  
above harm, fbr example ,  will lead some employees to take excessive, defensive pre- 
cautions and will induce firms to invest unduly  in safety; these disadvantages may 
outweigh any benefits from al ter ing the behaxdor of  employees whose care is inade- 
quate. 

In the end,  therefore,  the conclusion reached in this article seems to be mainly of  
theoret ical ,  not  policy, interest; the best  course for society ordinar i ly  is probably  to set 
damages  equal  to harm. 

Appendix  

PROOV OF PROPOSITION 1: Part  (a): Let  d~ be def ined  implicit ly by the condi t ions  

( 1  - p ( x ) ) ( t ~  - c ( x )  = k, ( A 1 )  

- p ' ( x ) d  I = c ' ( x ) .  (A2) 

The  in te rpre ta t ion  of  the condi t ions  is that  if z0,, = d 1 and  w,, = 0, an employee  who 
chooses his x will be jus t  willing to work. Note that  d I is uniquely de t e rmine d  and must  
be positive. 14 

Now the following two claims are readily established: (i) If  d ~< dl, there  exist w,, and 
w,, such that  w,, - w ,  = d and  such that (6) holds with equality. 15 (ii) The  p rob lem of  
minimizing (5) subject  only to (6) has as a solut ion x*(d)  and  any w, and w, satisfying 
(6) with equal i ty)  6 It follows from (i) and  (ii) that  for any d ~< d I a firm will choose 
wages such that w,, - w,  = d and that  employees will choose x* (d). Specifically, a f irm's 
p rob lem is to minimize (5) subject  to (6) and  (7). Thus, certainly if w,,, w,,, and x 
minimize (5) subject  only to (6), and  they also satisfy (7), they must  solve the f i rm's  
p roblem.  But (ii) describes solutions to the minimizat ion of  (5) subject  only to (6), and  
(i) tells us that  such a solut ion can be found  that  also satisfies (7). 

Parts (b) and (c): I claim that w,, = 0 for any d > d 1. Assume otherwise, that  w~, > O, 
and suppose that  a supernormal  wage is paid. This leads to a contradict ion,  because 

>~Uniqueness follows because the  left side of  (AI)  is an employee ' s  expec ted  utility, and  this is clearly increas ing  in 

u,,,. Hence ,  there can lye only one  level o f  w,,, namely  d~, fi~)r which the left side of  (AI)  equals k. 
W'At d I the  claim is t rue by def ini t ion (set w o = 0). I f  d < dl ,  let w.  d + t and  7~5, t; the claim will be established 

i f  we can show (6) holds with equality fbr some  t /> 0. I f  t = 0, the  left side of  (6) is less than k (for the left side equals  

k if  d = d~, and  the employee  mus t  be worse off  if  w.  is lower than d 1). Thus ,  i f  t is increased  sufficiently, (6) will be 
satisfied. 

l~iCondition (6) mus t  hold with equality, fi:)r othm~' ise  w.  and  w,, could be lowered, r ednc ing  (5). Because (6) mus t  

hold with equality', we may substi tute f rom (6) to obtain that (5) equals  k + c(x) + p(x)  d. This  is m i n i m i z e d  i f  and  only 
i f  x is x* (d).  
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t h e n  w~ a n d  w,, c o u l d  each  be  r e d u c e d  by a posi t ive e (it is c lear  tha t  w,~ mus t  also be  
posi t ive because  w,  > w,, mus t  be  t rue;  I o m i t  detai ls) ,  m a i n t a i n i n g  an e m p l o y e e ' s  
c h o i c e  o f  x, b u t  r e d u c i n g  a f i rm ' s  un i t  costs. H e n c e ,  i f  w~ > 0, it mus t  be  tha t  no  
s u p e r n o r m a l  wage  is paid.  But  this impl ies  that  x < x*(d).17 This  in t u rn  can  be  shown 
to l ead  to a con t r ad ic t ion ,  because  it m e a n s  tha t  a f i rm ' s  un i t  costs cou ld  be  lowered  by 
an  a p p r o p r i a t e  a d j u s t m e n t  in wages. Is 

Because  w~ can be  t aken  to be  zero,  a f i rm ' s  p r o b l e m  for  d > dl is 

over  w,, such that  

min(1  - p ( x ) )  w,~ + p(  x )d  (a3) 

(1 - p( x))w, ,  - c( x) >1 k, (A4) 

- p ' ( x ) w , ,  = c ' ( x ) .  (A5) 

Now (A4) and  (A5) are  satisfied if  a n d  only if  w,, /> dl, 1" so that  a f i rm ' s  p r o b l e m  
b e c o m e s  

rain(1 - p(  x ) ) w  n + p(  x )d  (A6) 

over  w , / >  dl, whe re  x = x(w,,)  is implici t ly  d e t e r m i n e d  by (A5). T h e  derivat ive o f  (A6) 
with respec t  to w,, is 

p ' ( x ) x ' ( w n ) ( d  - w,,) + (1 - p ( x ) ) .  (A7) 

It  is c lear  that  i f  d > d~ is sufficiently close to dr, the  first t e r m  in (A7) will be  d o m i n a t e d  
by (1 - p ( x ) )  for  w,, in [dl,  d], imply ing  that  (A7) will be  posit ive for  all w,,/> d 1 [for 
the  first t e r m  in (A7) is posi t ive for  w~ > d] ; thus, the  f i rm ' s  cho ice  o f  w~ for  such a d 
is the  c o r n e r  so lu t ion ,  w~, = d 1. It  is c lear  as well that  i f  d is sufficiently large,  (A7) will 
be  nega t ive  w h e n  eva lua ted  at w,, = d~, imply ing  that  the  f i rm ' s  cho ice  o f  w,~ will e x c e e d  
d~ a n d  tha t  s u p e r n o r m a l  wages are  paid.  Moreove r ,  i f  for  s o m e  d, the  f i rm chooses  w,~ 
> d 1, that  mus t  also be  t rue  for  any h i g h e r  d. 2° H e n c e ,  the  c l a imed  d~ 2 > d~ exists. 
Finally, w h e n  the  f i rm chooses  w,, > dl, because  (A7) mus t  be  zero,  we know that  w,, < 

I7If x ~ x* (d),  then  w,, - w .  >1 d. Now lower w. to zero and  w,, to w',, w,, - w.. This  will preserve the  employee ' s  

choice of  x, bu t  the  employee  will be worse of f  by w,,. Next  raise w',, until (6) holds with eqnaliu' .  This  const ruct ion 

results in (A1) and  (A2) be ing  satisfied at a rJ  n exceed ing  d, which exceeds  d l - - c o n t r a d i c t i n g  the un iqueness  of  dl. 
t s I f  w.  > 0, it is possible to reduce  w,, by ~ > 0 for any small e. This  will raise x, for  x is d e t e r m i n e d  by p' (x) (w,, - 

w .  - e) = c ' (x) .  W e  can therefore  write x = x(e),  where  x ' (e )  > 0. Now raise both  w,, and  w~, by t(e),  so as to satisR' 

(6) with equalily, no t ing  that  this does not  change  x inasmuch  as w,, + t(e) - (w~, + t(~) - e) = w,, - w.  - ~. Uni t  

costs o f  the  f i rm as a f l m c t i o n  of~  are (1 - p(x))  (w .  + t(e))  + p ( x ) ( w ~  + t(e) - e) + p(x)  d = k + c(x(e) )  + p ( x ( e ) ) d .  

Differen t ia t ing  with respect  to e gives x' (e) [ c' (x(e))  + p'  (x(e))  d]. But at e = 0, c' (x) + p'  (x) < 0, because x < x* (d) 

is the ma in t a ined  hypothesis.  Thus ,  unit  costs can be lowered by rais ing • f rom 0, a cont radic t ion  to the optimality of  

w , , >  O. 

mThis  follows because an employee ' s  expec ted  utility is increas ing  in w,, and  because his expec ted  utility equals  k 
i f  w,, - d> 

e°Let the  f i rm ' s  choice of  w,, be w',, at d, so that  in par t icular  its unit  costs are lower than if  w,, is d 1. Tha t  is, 

(*)(1 p ( x ( w ; ) ) w ' , ,  + p ( x ( w ' , ) ) d <  (1 - p ( x ( d O ) d l  + p ( x ( d l ) ) d .  

This  impl ies  that  fbr d ° > d, 

(**)(1 - p( ~Cw',))w'. + p( x(w',,))do < (1 - p( x(d,))cl~ + p( x(clO)a ° 
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d, which impl ies  tha t  x < x*(d).  We also no t e  for  fu ture  r e fe rence  that  for d >t d2, w~,(d) 
> 0, 21 so that  x'(d)  > 0, where  x(d) = x(w, , (d)) .  

PROOF OF PROPOSITION 2: Par t  (a): Suppose  that  h ~< d 1 a n d  that  d = h. T h e n  by 
Propos i t ion  l ( a ) ,  x(h) = x*(h) .  Also, because  n o  s u p e r n o r m a l  wage is paid,  (6) a n d  (8) 
imply  that  ~r = k + c(x*(h))  + p ( x * ( h ) ) h ,  so that  (4) a n d  (9) imply  that  q = q*. Hence ,  
the o u t c o m e  is socially opt imal ,  so that  d = h mus t  be  socially opt imal .  

Par t  (b): Suppose  that  h is in (d 1, de]. T h e n ,  by Propos i t ion  l ( b ) ,  if d = h, n o  
s u p e r n o r m a l  wage is paid.  Hence ,  (6) a n d  (8) imply  that  ~r = k + c(x(h))  + p ( x (h ) )h .  
Thus ,  the first t e rm in  (11) is zero, so that  W ( h )  = - q ( h ) x ' ( h )  [c ' (x(h))  + p ' ( x ( h ) ) h ] .  
But  x ' (h)  = 0, so that  W ( h )  = 0. For  d < h b u t  still in  (da, d2], ~r = k + c(x(d))  + 
p ( x ( d ) ) d  < k + c(x(d))  + p (x (d ) )h ,  so that  the  first t e rm in  (11) is positive, a n d  
because  the  second  is zero, W (d) > 0. Hence ,  such d c a n n o t  be  op t ima l  ( and  a s imilar  
a r g u m e n t  shows that  d ~< d I c a n n o t  be  opt imal ) .  For  d/> h b u t  still in  (d  a, d2], the price 
is ~r = k + c( x( d) ) + p( x( d) ) d > k + c( x( d) ) + p( x( d) ) h, so that  the  first t e rm in  (11) 
is negative,  a n d  because  the  second  is zero, W (d) < 0, so tha t  such d c a n n o t  be  opt imal .  
Hence ,  d = h is a local o p t i m u m .  However,  d = h may n o t  be  a global  o p t i m u m ,  for 
W ( d )  > 0 is possible for d > d 2. Specifically, for such d, the  first t e rm of  (11) is still 
negative,  b u t  the second  t e rm is positive in  a n e i g h b o r h o o d  of  de [for x' (d) > 0 for d > 
de a n d  [c' (x(d))  + p' (x(d))h]  is negat ive  in  a n e i g h b o r h o o d  of  de because  x(d) will be  
close to x*(dl ) ,  which  is less t h a n  x*(h)] .  In  this case where  the  op t imal  d exceeds de, 
x(d) mus t  be  less t han  x*(h):  Otherwise,  the  second  te rm in  (11) is less t han  or  equa l  
to zero, a n d  because  the first t e rm is negative,  W ( d )  would  be negative.  Because 
s u p e r n o r m a l  wages are  pa id  a n d  d > h, the  quan t i ty  p r o d u c e d  is subopt imal .  

Par t  (c): Suppose  that  h > d 2 a n d  d = h. T h e n  the  first t e rm of  (11) will be  negative,  
because  ~r > k + c(x(h))  + p (x (h ) )h .  Also, the second  te rm o f  (11) will be  positive 
because,  by Propos i t ion  l ( c ) ,  x(h) < x*(h).  Thus  W ( d )  can  be of  e i the r  sign a n d  the 
op t imal  d can  be  above or  be low h. T h e  op t ima l  d mus t  exceed  d 2, however,  for W (d) 
is positive for d < de, a n d  is also positive in  a n e i g h b o r h o o d  above d, 2. Addi t ional ly ,  the  
level o f  care mus t  be  less t han  x* (h) : Otherwise,  the second  te rm in  (11) is less t han  or  
equa l  to zero, a n d  because  d mus t  exceed  h (this follows because  x*(d) > x(d) a n d  x(d) 
/> x* (h)) ,  the  first t e rm in  (11) mus t  be  negative,  so that  W (d) mus t  be  negative,  a 
con t rad ic t ion .  Because x(d) < x*(h) at the op t imal  d, the second  t e rm in  (11) mus t  be  
positive, imply ing  that  the first t e rm mus t  be  negative,  m e a n i n g  that  the  quan t i ty  
p r o d u c e d  is subopt imal .  
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