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Abstract 

This paper offers an analysis of the optimality of unemployment benefits based on the 
concept of no-envy. Using a general equilibrium framework with uncertainty, we derive the 
conditions for a trade-off between the intensity of envy and the expected percentage of 
envious persons. If the government's sensitivity to the intensity of envy is not too strong 
(alongside conditions on households' utilities), the optimal benefit is positive andbelow the 
full-insurance level. We also show that, for a low enough sensitivity to the intensity of 
envy, the optimal replacement ratio decreases with unfavorable changes in the distribution 
of the technological shock. 

JEL classification: D63; H53; J65 
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1. Introduct ion  

In recent decades, there has been a surge of  interest in formal criteria of  
distributive just ice.  There is now a quickly expanding literature on the axiomatics 
of  equity and fair distribution (see, among many others, Thomson and Varian, 
1984; Amsperger,  1994; Thomson, 1994; Fleurbaey, 1996; Kolm, 1995; Thomson, 
1995). A wealth of competing criteria have been elaborated, and their formal 
interconnections have been thoroughly investigated within specific, one might say 
'canonical ' ,  economic environments such as exchange economies or one-input, 
one-output production economies (see, among many others, Moulin, 1990). 
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What appears to be still missing for the moment, however, is the attempt to 
integrate this growing literature into more general economic frameworks - or, to 
put it differently, the attempt to actually use existing criteria of distributive justice 
to address economic problems developed in other segments of the profession. The 
literature on fair distribution could be very useful to gain understanding of some 
important issues in general political economy, but few or no attempts seem to have 
actually been launched. 

The present paper aims at making such an attempt. It seeks to integrate some 
aspects of fair-distribution theory into the analysis of a crucial problem in 
contemporary economies: the determination of unemployment benefits. Our contri- 
bution, as will quickly become apparent, will be largely methodological. We will 
not claim to display a positive description of how unemployment benefits are 
actually determined. Rather, we want to show how such benefits would be 
determined if a govemment were to focus on fairness concerns of a certain type. 
The predictive power of our results is therefore relatively limited. However, we 
believe that our model makes an important methodological contribution because 
the literature contains, as yet, no thorough discussion of the potential role of 
fairness considerations in the determination of unemployment benefits. 

It is a well-documented fact that unemployment benefits (henceforth UBs) are a 
powerful tool for the provision of unemployment insurance, but that they have to 
be set in a way that takes account of various incentive problems (see, among 
others, Baily, 1978; Easley et al., 1985; Brown and Wolfstetter, 1988; Wadsworth, 
1991). In the present paper, we want to investigate another - in fact, complemen- 
tary - view, namely that the govemment fixes UBs out of a concern for 
distributive fairness. There are signs that existing UB schemes also pursue 
objectives other than insurance against the loss of work. Indeed, UBs are, in some 
countries, linked to a resource condition (see OECD, 1988) i and/or  are unrelated 
to past wages (OECD, 1991). 2 

Moreover, UBs are paid out in some countries to persons who have never 
worked (as in Belgium) or have worked only a few weeks (as in Canada). In 
addition, even when unemployment programs are purely insurance-oriented and 
are not concerned with distribution (as in the USA), other complementary pro- 
grams are. 

The question we address is the following: If a govemment is concerned about 
fairness, at what level should it set the UB, and how will this optimal UB react to 
unforeseen changes in the state of the world? We feel this is a very relevant 
question in the face of current employment problems in Western countries. 

l These countries are Australia, Austria, Finland, France, Germany, Ireland, the Netherlands, New 
Zealand, Portugal, Spain and the United Kingdom. 

2 In Australia and the United Kingdom, there is only a lump-sum benefit. In other countries, such as 
Belgium, Denmark, France, Germany and Canada, the benefit is proportional but only up to a ceiling. 
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Governments are worried not only about insurance coverage, but also - and 
perhaps primarily these days - about social problems. It appears to us that social 
cohesion, especially in a context of economic uncertainty, can be secured only by 
maintaining a certain degree of fairness. Using the UB system as a tool to reach 
this goal seems to be a plausible option, and one we intend to analyze here in 
some detai l .  

The criterion of fairness which will be adopted is envy-freeness, which says 
that no individual should feel that he would be better off with one of his 
neighbors' income-leisure bundle than with his own. This criterion has received 
considerable attention in the axiomatic literature in recent years, and it is worth 
exploring in a more 'applied' perspective. Moreover, envy-freeness is a good 
criterion for judging the 'involuntariness' of unemployment. As pointed out for 
instance in Azariadis and Stiglitz (1983), involuntary unemployment can be 
viewed as a phenomenon of envy between unemployed and employed workers. 

We model a government which sets the UB so as to trade off optimally (from 
its own point of view) two evils linked to involuntary unemployment. Put 
differently, the government sets the level of the UB so as to maximize its objective 
function, which depends (negatively) on two central variables: the intensity of 
envy between individual agents and the percentage of envious persons, i.e., the 
unemployment rate. The first of these variables is an indicator of the intensity of 
individual envy, whereas the second is an indicator of how widespread the envy is. 
What we are assuming is that the government, of course, cares about employment, 
but also gives weight to envy in itself: for any given level of employment, it aims 
at minimizing the intensity of envy of the unemployed vis-~t-vis the employed. 

This decision takes place in a stochastic context: the government' s choice of the 
level of UBs is made under uncertainty about the state of the world, materialized 
here by an unknown productivity shock. This important aspect of the paper reflects 
the fact that the UB system aims at compensating those who lose their jobs, 
without knowing a priori the number of unemployed workers. The uncertainty 
affecting the unemployment rate is central in the analysis of UB systems. 

Moreover, in actual economies, UB decisions are taken for long periods. They 
are part of an institutional set-up and are not revised after every temporary shock. 
Rather, casual observation shows that it is taxes more than UBs which adjust to 
such shocks. This feature of the UB system is captured in our model by the 
following simplified sequence of decisions. First; the government fixes the UB by 
maximizing its expected objective function without knowing the particular state of 
the world. Then, a particular state of the world materializes. Finally, unions and 
firms negotiate the wage and the level of employment given the UB and the state 
of the world. Taxes adjust to balance the government's budget. Firms produce and 
sell on a perfectly competitive market, and individuals consume. 

But whereas UBs seem to be unaffected by temporary shocks, European 
economies appear to have experienced a permanent shift in their unemployment 
rate. This central feature of the current situation is modelled in our framework by a 
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change in the distribution of shocks. In the face of such a change, governments are 
likely to reconsider the structure of the UB system, including the level of the 
benefits. This is reflected, for instance, in the recent analysis of the Swedish 
situation by Lindbeck et al. (1993). It is thus important to see how a UB system 
aimed at maintaining fairness would react to permanent changes in the economic 
environment. 

Our main conclusions are the following. There are conditions under which there 
is a trade-off between the intensity of envy and the expected percentage of envious 
persons. We then show that, if (alongside a condition on households' utility 
functions) the government's sensitivity to the intensity of envy is weak enough at 
low envy and strong enough at high envy, the optimal UB is positive but lower 
than in the full-insurance case. A strong sensitivity to the intensity of envy at high 
envy could arise, for instance, if the government is strongly averse to envy or if 
the level of envy itself is very high when there is no UB. On the contrary, when 
the government is strongly sensitive to the intensity of envy at low envy (for 
instance, when it is not interested in reducing unemployment that has become 
nearly completely voluntary), it chooses the full-insurance UB. We also show that, 
for a low enough sensitivity to the intensity of envy at equilibrium, the optimal UB 
is positively correlated with the mean of the technological shock and negatively 
correlated with the variance. In other words, if economic conditions become more 
favorable, the optimal UB will actually increase under some patterns of govern- 
ment preferences. 

Our essay is organized as follows. In Section 2, we describe the private 
economic agents and the bargaining framework in which employment and wages 
are determined. In Section 3, we offer a formalization of the objective function we 
think a 'fairness-oriented' government might plausibly possess. In Section 4, we 
discuss the existence of a strictly positive optimal UB without voluntary unem- 
ployment. Section 5 studies the influence on this optimal UB of shifts in the 
probability distribution of the productivity shock. Section 6 discusses various 
objections and possible extensions. 

2. The individuals' optimization 

The model we present in this paper has been specified in various particular 
ways. Making specific choices is necessary in order to get any conclusion. In the 
final section, we indicate our awareness that other choices could have been made, 
and we give some idea of how our analysis would be affected. 

2.1. The agents  

The economy is composed of a continuum of identical firms over [0, 1], each 
producing the same good. At each point on this continuum, there is a continuum of 
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consumer-workers distributed uniformly over the interval [0, N], each of them 
indexed by i, supplying their workforce to the corresponding firm. Each firm is 
owned by one capitalist, indexed by K. There is a decentralized bargaining 
process: The workers of each firm are all members of a trade union which 
negotiates with the firm. This symmetric framework allows us to work with a 
representative fLrm and a representative union. 

All workers have the same utility function U(-, .  ) defined over consumption 
and leisure, written as 

with 

U(c~, h - x 3 ,  

au  OU 
! t 

aci U,(ci,h xi) > 0, c~(h_xi)  U ~ ( c i , h - x i ) > O ,  

where U( - , - )  is assumed concave, continuous and twice continuously differen- 
tiable; c i denotes i 's  consumption and x i his work input. The amount h > 1 is the 
maximum level of available leisure. 

We assume that, because of labor indivisibility, x i ~ {0, 1}, so that labor time is 
either 1 if a worker is employed or 0 if he is unemployed. This assumption is 
conceptually useful in order to have a clear split between employment and 
unemployment, which is central for our purpose. Indeed, UBs are rarely, if ever, 
paid on a part-time basis. 

An employed worker receives a wage w and pays a lump-sum tax t. An 
unemployed worker receives a benefit b. Denoting income by I, we thus have for 
each i, 

( b - t i f x i  =1,  
li = if x i = O. 

The first-order condition for consumption is 

c i = l  i. (1) 

Since there are no savings in this model, consumption is equal to income. Each 
worker will accept to perform 1 unit of labor if the utility of working is no smaller 
than the utility of being unemployed, i.e. if 

V(w - t, h') > U(b, h) (2) 

where h~( = h - 1) denotes the leisure of an employed worker. 
The technology displays decreasing returns and is subjected to an exogenous 

multiplicative shift representing a stochastic productivity component: 

y = a f ( f ) ,  f ' ( f ) > O , f " ( / ) < O ,  
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where f denotes the number 3 of  employed workers. The production function 
f ( . )  is assumed continuous and satisfies the so-called Inada conditions: 

l i m f ' ( f )  = ~ ,  and l i m f ' ( / )  = 0 .  

The stochastic term a is distributed according to a distribution function 
G( ' I /x ,o  "2) over an interval [a ,a ] ,  where /z is the mean and 0 -2 the variance. 
G(-)  is continuous on [a, ~], and we shall write g( .  ) for the associated density 
function. The term a is the only stochastic component of  the model. It therefore 
describes the state of  the world. 

The capitalists are risk neutral. For simplicity, we just assume that 

U (c) =c .  

The first-order condition for K is then simply c K = I K, and since the capitalist 
is the sole owner of the firm, I K = a f ( f )  - w f .  (The role of the capitalists is 
very limited in this version of  the model. Possible extensions are discussed later on 
in Section 6.) 

2.2. The bargaining set-up 

The workers are grouped into a trade union which aims at maximizing a 
function V, defined as the expected utility of  its representative member (see 
Oswald (1985), for a discussion of  union utility functions). Using Eq. (1), this can 
be written as 

V ( w , t , b , f ) = - ~ U ( w - t ,  h t ) +  1 -  U ( b , h ) .  

The bargaining process is similar to the one in McDonald and Solow (1981), 
but with taxes and UBs added. It aims at reaching a bilaterally efficient outcome in 
terms of the wage w and the employment level f .  The agents take t as given, i.e., 
they do not internalize the effect of  their decisions on the government 's  budget 
constraint. This is most simply written as 

max/3 V(w,  t, b , / )  + a f ( / )  - w f  
w,f  

subject to / <  N and (2). This latter constraint guarantees that, at the negotiated 
wage, all workers would agree to perform 1 unit of  labor. The parameter /3 
measures the trade union's relative bargaining power. (It also incorporates the 

3 We use the expression 'number of employed (resp. unemployed, envious)' as a substitute for 'size 
of the employed (resp. unemployed, envious) portion of the interval [0, N].' 
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scaling operation necessary to 
comparable.) The first-order condition for the wage implies that either 

U ( w -  t , h ' )  = U ( b , h ) ,  

yielding an implicit function 

make the workers' and the capitalist's utilities 

o r  

U;(b, h) 
w=051(b)+t  with 05'1= U((w-t,h 1) >0' (3) 

1 
U ; ( w - t , h ) = - ~  if U ( w - t , h ' ) > U ( b , h ) ,  

yielding another implicit function 

If['r( w--  t, hl)l 
W ~- 6 2 (  /3 ) + t with 6~ = /32 > 0. (4) 

In other words, if working is preferred to being unemployed, the net wage is an 
increasing function of union power, whereas if workers are indifferent between 
employment and unemployment, the net wage is equal to the reservation wage and 
becomes an increasing function of the UB. These two conditions can be summa- 
rized as 

w -  t=  max[ 05~( b), 052(/3)] -- 05. 

We now introduce the following definition: 

Definition 1. Let b~ the benefit for which 051(b ~ = 05z(/3). 

Since 05'1 > 0, this implies that 05 = 051(b) > 052(/3) for all b > b ~ The amount 
b ~ is the minimum UB such that unemployment is voluntary. In other words, it is 
the benefit that makes the workers indifferent between working and not working: 
b ~ thus represents the full-insurance benefit. 

The first-order condition for employment yields either f =  N or 

4) + t - / 3  [U(05, h') - U(b, h)] - c ~ f ' ( f )  = 0. (5) 

Given a level of the UB and a realization of the productivity shock, this 
equation defines a decreasing relationship between employment and taxes. 

2.3. The government's budget constraint 

Since our model is static, the government's budget has to be balanced: 

N - f  
t = b  f , (6) 

which yields a second decreasing relationship between employment and taxes. 
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There is a fiscal externality because the union and the firm do not take into 
account the effect of their decisions on the government's budget constraint. 
Moreover, there is a 'strategic complementarity' in the sense of Cooper and John 
(1988) between the union-firm pair and the government. These two characteristics 
may lead to multiple equilibria which can be Pareto ranked. If  the economy gets 
stuck in a dominated equilibrium, there is a 'coordination failure'. While the 
purpose of our paper is not to study the potential occurrence of coordination 
failures in employment and tax determination, we must emphasize that our 
subsequent analysis will be limited to studying one of potentially numerous 
equilibria. We also have to assume that at least one equilibrium exists. 

Let f * ( b ,  a ,  13) denote one of the solutions of the system (5)-(6). The 
optimality condition for employment thus becomes 

ee= rain[ ee* (b ,  o~,/3), N ] .  (7) 

This makes it possible to define the realization of the stochastic shock such that 
the labor force constraint bites: 

Definition 2. Let &(b, 13) be such that ee *(b, &,/3) = N. 

2.4. Goods market equilibrium 

Total consumption is given by adding up the consumption levels of the 
capitalists, the workers and the unemployed: 

c=  a f (  ee) - w e e +  ( w -  t)ee+ ( N - f ) b .  

A balanced government budget (Eq. (6)) is necessary for the goods market to be in 
equilibrium, i.e., c = a f ( f ) .  

2.5. Unemployment benefits and employment 

Let us now analyze the effect of UBs on f *, the employment level when the 
total labor force is not a binding constraint. This effect will differ according to 
whether the reservation wage constraint is binding or not. The following notation 
will be convenient: 

Definition 3. Let ~ be an indicator function such that 

if w - t = 'b = '~l(b)  [unemployment is voluntary] 

if w - t =  ~b = q~2(/3) [unemployment is involuntary] 
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Using this notation, it follows that 

Lemma 1. I f  and only if 

bN 
~ l f " ( f * ) l >  ( f *  )------5 

holds, Of* /Ob < O. 

(P.1) 

Proof The derivative of f *  with respect to benefits is 

~.U((fb, hl ~ + ( 1 - ~ ) U ~ ( b , h ) +  - 1  Of* 

Ob bN 
f,-------~ + otf"( f * )  

Given our assumptions about the utility function, this expression is negative if 
and only if its denominator is negative. 

Lemma 1 shows that raising the UB may not go hand in hand with the usual 
deterioration in employment because (P.1) may fail to hold. In that case, lowering 
t will lead to an increase in employment in such a way that tax revenues actually 
increase, allowing a rise in the UB. (This corresponds to a kind of Laffer effect.) If 
condition (P. 1) does hold at the equilibrium, the function t c~ af'(1) defined by (5) 
is steeper than the function t = b(N - f ) / f ,  so that raising the UB implies raising 
the tax level and this has a detrimental effect on employment. 

The negative effect of UBs on employment pervades the literature and can flow 
from a variety of mechanisms (see Atkinson and Micklewright (1991) for a 
survey). In our model, if (P.1) holds, UBs are detrimental to employment because 
they raise reservation wages and taxes, leading to a rise in the rate of equilibrium 
unemployment. To restrict the scope of our analysis, we shall remain in line with 
the literature and we thus focus our attention on equilibria at which (P.1) holds. 

3. The government's problem 

3.1. Envy 

We now move on to the specification of the government's objective function, 
which is the central part of our analysis of fairness. Concern for fairness enters the 
government's objective via the notion of envy-freeness, which states that in a fair 
society individuals should envy one another as little as possible (see, e.g., Foley, 
1967; Varian, 1974). More specifically, we assume that the government is 
sensitive to the magnitude of envy via two indicators taken from the social-welfare 
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literature: the proportion of  envious persons in the population and the intensity of 
the envy of  any given envious person. Let us discuss these two components in 
turn. 

Proportion of envious persons: Feldman and Kirman (1974) were the first 
authors to study the measure of  envy. They proposed the simplest possible 
measure, which is the number of  envious persons. This can be readily applied to 
our notation. Since U(b, h)< U(05, hi), every unemployed worker will, unless 
b > b ~ envy every employed worker. Provided b < b ~ the number of  unem- 
ployed N - /  is thus the number of  envious persons, and as a percentage of  the 
population it is simply ( N - f ) / N ,  that is, the unemployment rate. In our model, 
unemployment is thus considered an indicator of  the extent to which envy is 
widespread in the population. It is, in this relevant sense, involuntary unemploy- 
ment: an unemployed worker would be prepared, despite the fact that he gets a 
benefit, to trade places with an employed worker. 

Intensity of envy: To measure the intensity of  envy between two individuals, we 
adopt the criterion proposed by Chaudhuri (1986). Chaudhuri 's definition, as 
applied to our model, is the following: 

Definition 4. Let e(b,/3) < 1 be such that U(b, h) = U(e05, ehl). 

The scalar e is an indicator of  distance. It measures the percentage by which 
one would have to 'shrink' an employed worker 's bundle so that, given the wage, 
tax and benefit, he is no longer envied by an unemployed worker. Since the utility 
functions are identical for all workers and hence interpersonally comparable, one 
might object to our use of Chaudhuri 's measure on grounds that it might be much 
simpler to measure envy through the difference or ratio of  utilities. However, this 
measure, which was initially constructed for ordinal preferences, makes our 
present model generalizable in subsequent research to the case of  heterogeneous 
agents. Furthermore, note that, if U is linear homogeneous, e is in fact the ratio 
U( 05, h ') /U( b, h). 

It is important to note that e is a counterfactual magnitude, which can be 
defined even if the allocation associated with it is not feasible. If e < 1, and given 
the assumption of  identical utility functions, all unemployment is involuntary. It is 
clear that since w - t  is equal to the function 05 defined earlier (05= 
max[051(b), 052 (/3)]), e is a function only of  b and /3 and not of  a.  The relation 
between e and b is therefore known with certainty by the govemment.  

We can now measure the intensity of  an unemployed's  envy as follows: 

Definition 5. The measure of  the intensity of  envy is a function 

1 
,~(b, /3)  = - -  1. 

e(b, /3)  

In particular, let A(/3) - A(0,/3 ). 
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b ~ b 

Fig. 1. The intensity of envy as a function of benefits. 

This is the measure suggested by Chaudhuri. When b = 0, the envy of the 
unemployed worker is maximal (A). By definition, the intensity is equal to zero 
when b > b ~ More generally, the effect on the intensity of  envy of a change in the 
UB is given by 

Lemma 2. An increase in unemployment benefits reduces the intensity of  envy as 
long as unemployment is involuntary: 

OA OA 
~ : = 0 = - - < 0  and ~ = 1 ~ - - = 0 .  

Ob Ob 

Proof. The derivative of the intensity of  envy with respect to benefits is 

O---b A - U ( ( b , h 2 1 -  [ U ( ( e dp ' e h l ) / u ; ( (a ' h ' ) l e ~ ( - ~ ,  - ~  ~ -~ ~ ,  --~-~) <0 .  

It is clear that if ~ = 0 ,  OA/Ob<O and if ~ =  1 (the reservation-wage 
constraint becomes binding), 8 becomes equal to 1 by definition, implying 3. = 0 
and OA / Ob = O. 

The evolution of the intensity of envy as a function of UBs is shown in Fig. 1. 
(For the continuity of  this function, see Appendix A.) 

The government determines the level of  b. Under condition (P.1), Lemmas 1 
and 2 imply that both f and h decrease with b: in its decision about the level of  
b, the government thus faces a tradeoff between the intensity of  envy and the 
proportion of envious persons. 
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This  t radeof f  is dr iven by the presence  o f  unions.  Indeed,  in eff ic ient  bargain-  

ing, when  the U B  increases,  the union is prepared  to accept  a lower  e m p l o y m e n t  
level .  4 

3.2. The government's objective function 

The  gove rnmen t  is averse  to both intense envy,  represented by A, and to 

widespread  envy,  represented by ( N - f ) / N .  W e  assume the objec t ive  funct ion to 

be mul t ip l ica t ive ly  separable: 

( N - f )  N - f l ' 2 ( h ) ,  wi th  s  > 0, ~2 '_>0.  S ------~-, h N 

This  part icular  form is cont inuous in f and h i f  the funct ion 62( . )  is 

cont inuous,  which  we shall assume. The  main  concern  o f  the gove rnmen t  is 

(realist ically) the reduct ion o f  unemployment ,  so that the welfare  funct ion S 

reaches  an absolute  m a x i m u m  at the fu l l - employmen t  point  f =  N. (This a l lows us 

to avoid  an all too trivial setup in which  the gove rnmen t  would  sys temat ica l ly  

m a x i m i z e  its welfare  by setting b = b ~ regardless  o f  the associated level  o f  

employmen t . )  But  as long as f <  N, the gove rnmen t  may  cons ider  it equ iva len t  to 

have  very  few but very intensely envious  persons,  or  to have  numerous  but only 

sl ightly envious  persons. This  seems to be a rather intui t ive way to mode l  a 

g o v e r n m e n t ' s  concern  for fairness. 5 

Note  that S is not a social  welfare  function.  This  is d iscussed further in Sect ion  

6. An  objec t ion  may  now be that min imiz ing  envy may  lead to a non-Pareto  

opt imal  result.  Indeed,  this is one reason why  Diamantaras  and T h o m s o n  (1990) 

in t roduce the Pareto cri terion a longside their  envy  min imiza t ion  criterion. In our 

case, however ,  things are much  s impler  because,  as soon as there is at least  one 

u n e m p l o y e d  worker  in expected  terms (as wil l  be shown to be the case in L e m m a  

4 One referee stressed that a similar tradeoff could also be obtained without a union as a result of the 
moral hazard aspect to unemployment insurance. This requires some heterogeneity in worker prefer- 
ences. Those who put a relatively high weight on leisure will withdraw from the labor market and thus 
reduce labor supply. If the draw of a is high, firms may want to employ all available workers and UBs 
may reduce the pool of available workers. Raising b closer to envy-free levels will at the same time 
increase unemployment. 

5 Notice that, since h is an inverse function of e, the government's welfare function can in some 
cases be viewed as representing a sensitivity to inequality rather than envy. This is the case, as 
mentioned earlier, if U is linear homogeneous. In that case, 12 > 0 means that S is a decreasing 
function of e, which is itself equal to the ratio U(~b, hl)/U(b, h), i.e., an index of inequality of 
welfare. There is thus a possibility to link our analysis to some aspects of the theory of inequality 
indices, with however one important caveat: even under linear homogeneity, 6 is not merely an 
indicator of income inequality, but rather of inequality in the overall quality of life (income plus 
leisure). Hence, e represents a more extensive index of inequality than the indices of income inequality 
traditionally used in much of applied inequality analysis. 
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3), there is never a Pareto-dominated b _< b ~ This is of  course conditional on the 
structure of  the model (bargaining, uncertainty . . . .  ). 

We now introduce the following definition: 

Definition 6. The govemment ' s  sensitivity to intense envy (henceforth SIE) is 
written 

to(A) = - -  
os/o,  o ' ( x )  

s o ( A )  

The SIE is the relative variation of the government objective function with 
respect to h. It also represents the fraction of the gap between S and its maximum 
(which here is O) that is due to the intensity of  envy being non-zero. It measures 
the sensitivity of  government utility to a change in the intensity of  envy. A 
particular case arises when / 2 ( 0 ) =  O: the government is then not interested in 
unemployment  as long as it is entirely voluntary, and it follows that S is also 
maximal at h = 0. At this point, to(h) is ' infinite'  since any rise in the intensity of  
envy creates a deviation from maximal government utility. 

Before moving on, it is instructive to relate our form of S to the Chaudhuri 
(1986) model. He chooses to take as an indicator of  envy in the society 
Z = ( N - f ) A ,  that is, the sum of ' individual envies ' .  (His notation is different 
from ours. This definition of X is adapted to our own model, which is simpler 
than Chaudhuri 's  because, as explained earlier, we assume there to be no 
heterogeneity in preferences.) The government objective function S which we 
postulate in our paper is rather similar to the Chaudhuri function: 

S ~ - -  - - - ~  

h N 

The only essential difference is that we take S to be non-linear in h because we 
want to investigate the role of the government 's  'sensitivity'  to intense envy. 
(Chaudhuri implicitly assumes that the SIE is 1 /h . )  

3.3. Expectations 

Since it does not know the realization of the productivity shock a at the time 
when it sets the level of  b, the government maximizes E(S), its expected welfare. 
Since h is not a function of a ,  this is written as 

N - E ( f )  
E ( S )  = - / ~ ( h )  N ' (8)  
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where 

E ( f )  = fa (~) f  * ( b, o t ) d a ( o r )  + Nf~(b)da (or). (9)  

Let us now report a few simple properties of  the function E ( f ) :  

Lemma 3. I f  

Vb > 0, 3fi  ~ [c~,~] such that f *  ( &, b) < N, (P .2)  

then E ( f )  < N. 

Proof Direct using Eq. (9). 

Corollary. (P.2) implies a E ( f ) / O b  < O. 

Proof Direct using Eq. (9) and Lemma 1. 

Condition (P.2) is very weak; it means that for every b there exists at least one 
possible realization of  the shock ~ such that there is unemployment.  This amounts 
to assuming that the distribution g is not ' too generous '  in terms of  the shocks it 
generates. Under  (P.2), E ( f )  is always lower than N and is always decreasing in 
b. In what follows, we shall be assuming (P.2) to hold. 

We shall later have use for the following technical result on the government ' s  
expected welfare function: 

Lemma 4. The function E(S) is continuous in b on ]0, b~ 

Proof See Appendix A. 

4. The optimal unemployment benefit 

Let us now move to the government 's  maximization. For  any b > b ~ the 
function E(S)  is non-increasing because h = 0 while employment  decreases due to 
rising taxes and benefits. Thus, if  there exists an optimal benefit b * > b ~ then b ~ 
is also optimal and indifferent to b* for the government. Hence we can restrict 
our analysis to [0, b ~ ] without loss of  generality. 6 

6 It must be noted that, because of the Inada conditions, Eq. (5) will never yield f *  (b, a ) =  0. 
Therefore, there is never any risk of having to stop short of b ~ because of financing constraints: even if 
there are very few workers ( f  * > 0 but close to 0), their real wages will be so high that the bulk of 
unemployment benefits (equal to f * t) will always be financed. 
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Fig. 2. Expected government utility: Corner solutions. 

Since the derivative of Eq. (9) with respect to the integration limit & is zero, 
the first-order condition for the benefit maximizing expected government welfare 
is 

fa~2[ a~ " /ab]dO( ~) 
to(A) [ N -  E ( f ) ]  = - (10) 

aa/ab 

The left-hand side of Eq. (I0) is the government's marginal rate of substitution 
between intense and expected widespread envy. The right-hand side represents the 
way the private agents' reaction in the bargaining process transforms intense envy 
(connected with wages) into expected widespread envy (connected with expected 
employment) in the face of changes in UBs. The equality between the govern- 
ment' s marginal rate of substitution and the private marginal rate of transformation 
is a necessary condition for the optimality of the UB. This is, however, not 
sufficient to ensure that there exists an optimal benefit located within the open 
interval ]0, b~ Proposition 1 below provides conditions which, if satisfied to a 
'sufficient' extent, guarantee an interior optimal benefit. If the conditions of 
Proposition 1 are not satisfied to a sufficient extent, the economy could end up in 
one of two situations: either b = b ~ and all unemployment is voluntary, or b = 0 
and envy is at its most intense. Examples of these two extreme situations are 
presented in Fig. 2. 

Proposition 1. There exists b* ~]0, b~ /f ( P.1) and (P.2) hold and if 

l im to(h) > 0 (C.1) 
h~3. 

and 

l im to(A) large enough and lim U[ ( b, h) small enough; 
A--*A b--+b ~ 

and~or 

lim to(A) small enough and g2 convex enough; 
A~0 

(C.2) 

(c.3) 



134 C. Arnsperger, D. de la Croix / Economic Design 2 (1996) 119-146 

and~ or 

lim to(A) small enough and -A large enough. 
A ~ 0  

(C.4)  

Proof See Appendix B. 

Condition (C.1) is neCessary. The three others are qualitative sufficient condi- 
tions. They are complementary, and they will ensure the result if they are satisfied 
to a 'sufficient '  degree. Interpreting them gives a fuller understanding of  the 
mechanisms at work in our model for the fixation of  the UB. The four conditions 
in fact display the various forces which, in our simple model, can combine to 
diverse extents to drive the optimal UB away from the two extreme values, 0 and 
b ~ (Fig. 2 shows what could occur if some or all of  the four conditions were not 
satisfied to a sufficient extent.) 

Condition (C. 1) says that, when the UB is close to zero, so that the intensity of  
envy is close to its maximum A, the government has to have a nonzero SIE. If  not, 
b = 0 is welfare-maximizing for the govemment. 

Condition (C.2) adds that the optimum has all the more chances to be an 
interior one if the govemment 's  SIE at h is very strong - so that it will want to 
push the UB above zero - , and if, at the other extreme, the unemployed 's  
marginal utility of  income in the neighborhood of  the full-insurance UB becomes 
very small - which means that they are close to being saturated at that point, so 
that a small decrease in the UB below b ~ would have a negligible effect on the 
intensity of  envy, and hence on the government 's welfare. 

Condition (C.3) says that the optimum has all the more chances to be an 
interior one if the government 's SIE is very small in the neighborhood of  b ~ but 
very large in the neighborhood of  0, due to the strong convexity of  the function 
12. This strong convexity can be interpreted as a strong aversion for intense envy. 

Condition (C.4) says that a large value of  the maximal intensity of  envy itself, 
"h, will add fuel to the forces driving the UB away from 0. 

An example where the conditions of  Proposition 1 are satisfied to a sufficient 
extent is given in Appendix C. 

Proposition 1 does not require E(S) to be concave. It is possible, however, to 
show that E(S) is locally concave at the equilibrium: 

Lemma 5. Under condition (P.1), the function E(S) is concave at b* 

Proof If  the second derivative is well-defined at the optimum, then it should be 
negative and E(S) is concave. We just have to prove that the second derivative is 
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well-defined. Tedious calculations show that this is indeed the case under the 
conditions 

bN b 
ot -~ and & --/= 

I / " ( f *  ( b * ) ) [ ( f *  ( b * ) ) 2  [ I " ( N ) I N '  

which are satisfied under (P.1). 

5. Uncertainty and the sensitivity to envy 

Since the presence of uncertainty at the time of the government's decision is a 
central feature of our framework, we now investigate how the optimal unemploy- 
ment benefit derived in the previous section is affected by a change in the 
distribution of the productivity shock. More precisely, it is interesting to analyze 
how government preferences with respect to envy, summarized in the SIE, 
determine the reaction of the optimal UB in the face of a change in the mean /x 
and /or  in the variance o- 2 of the distribution. 

To answer this question, we need to specify a distribution function. Since the 
solution of the model is already rather complicated, we shall confine our analysis 
to the simplest possible function, i.e., a uniform distribution function: 

- ,  ~ <  o~ < a .  G(c~) a - a  - 

We assume that ~ is low enough to meet (P.2). Notice that dG(a) = 1 / (a  - a)d~,  
tha t /x  = ( a  + a ) / 2  and that o -2 = (a  - o02/12. 

We first consider a shift of the distribution consisting in a small variation in a 
and a of the same magnitude, let us say d/x, so that the mean of c~ varies by d/x 
and the variance of a remains unchanged. Under these conditions, we have 

Proposition 2. Suppose the productivity shocks are distributed uniformly. If the 
government has a low enough SIE at the equilibrium, the optimal unemployment 
benefit is positively correlated with the mean of the distribution. 

Proof. 
the first-order condition (10) with respect to a ,  a, and b yields 

&E(S(b*) )  2 

( a - _ a ) ]  02 b Idb* 

= l - t o ( A ( b * ) ) ( N - / * ( b *  ,_a)) + OA(b*)/Ob 

Under (P.1), 3E(S(b* ))2/(a2b) is negative by Lemma 5. Differentiating 

0 / *  (b*,  a)/&b 
do~. (11) 
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Knowing that d/z --- dot, we obtain 

db* I O/*(b*,a) /Ob 
d/z > O ~ t o ( h ( b * ) )  < N - / * ( b * , a )  Oh(b*)/Ob 

which completes the proof. 

Before giving an interpretation to this result, we consider a change in the 
variance of the distribution, i.e., a variation in ~ and o~ of the same magnitude, let 
us say da, but in opposite directions. This amounts to modifying the variance 
while leaving the mean unchanged. Assuming this shift not to violate (P.1) and 
(P.2), we obtain 

Proposition 3. Suppose the productivity shocks are distributed uniformly. I f  the 
government has a low enough SIE at the equilibrium, the optimal unemployment 
benefit is negatively correlated with the variance of the distribution. 

Proof Differentiating the first-order condition (10) with respect to ~, a and b 
yields Eq. (11). Knowing that do -2 = - ( d  a)2/3,  we obtain 

db" 1 0 / *  (b*,  a_)/Ob 

do.2 < 0 r  t o ( A ( b * ) ) <  N - / * ( b * , a )  OA(b*)/Ob ' 

which completes the proof. 

N-E(t) 
N 

(a) w(A(b*)) small (b) w(A(b')) large 

A 

C 

\ 

D 

-A 

Fig. 3. Effect of distribution shifts. 
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Propositions 2 and 3 can be better understood by considering Fig. 3: 
- We have drawn two possible indifference maps of the government. On the 

left, the SIE at b * is small enough to satisfy Propositions 2 and 3. On the right it 
is too large. The straight lines are a stylized representation of the right-hand side 
of  Eq. (10). Each line gathers the combinations of  intense envy and expected 
widespread envy resulting from the bargaining process (at given /3 and G(ot ) )  for 
various possible values of b. 

- At point A, the government 's  marginal rate of  substitution between intense 
and expected widespread envy equals the slope of  the bargaining reaction function. 
In the case of  a low SIE at b* (panel (a)), the government 's  initial opt imum is 
characterized by relatively low unemployment and high intense envy. In the case 
of  a high SIE at b * (panel (b)), the initial situation is characterized by relatively 
high unemployment  and low intense envy. 

- The shift of  the line represents a favorable shock, i.e., either an increase in 
the mean of the distribution of the shocks or a drop in its variance. Such a shock 
implies higher expected employment  for any given value of A. If  the government 
were to keep b * constant, the economy would move to point B: the favorable shift 
of  the distribution would profit employment  exclusively. 

- In case (a), unemployment becomes so low that it is optimal for the 
government to increase the UB, thus reallocating part of the gain in employment  to 
reduce the intensity of  envy. In case (b), the government will amplify the effect of  
the shock by reducing the UB. In the case of a negative shift, the opposite holds. 

- This shows that, when the distribution of the shocks becomes more favorable, 
the difference between a government with low or high SIE subsides. When the 
distribution of  the shocks becomes less favorable, the difference is exacerbated: 
the low-SIE government will choose a lower UB, and the high-SIE government 
will choose a higher UB. 

Let us now consider a government whose SIE satisfies Propositions 1, 2 and 
3.7 We then have the following implications. 
�9 Due to the specific bargaining set-up we have chosen (other possible frame- 

works are discussed in the next section), the wage is not affected by the 
productivity shock neither directly through the bargaining system, nor indi- 
rectly through the government budget constraint (because net wages are not 
affected by taxes). Although this is a particular case, it is consistent with the 
very low statistical correlation between observed wages and output (see e.g. 
Blanchard and Fischer, 1989, ch. 1). Moreover,  under the conditions of  
Propositions 1 and 2, i.e., a low SIE, UBs are positively correlated with the 

7 Technically, this means the following. We focus on a government whose ~ function is such that, 
at b*, the conditions of Propositions 2 and 3 hold. Moreover, this function has to be such that, at h 
close to zero and close to ~, the conditions of Proposition 1 are also satisfied to a sufficient extent. 
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mean of the productivity shocks. This implies that the replacement ratio (the 
ratio of UBs to wages) should vary positively with shifts in the mean. Under 
the same assumptions, the response of employment to such shifts is affected by 
the fact that at least part of the 'employment effect' of the shift is offset by the 
change in UBs. 

�9 With respect to the full-insurance case, it is clear that since wages are not 
sensitive to productivity and since net wages are not affected by taxes, b ~ is 
not affected by d/x. This means that even if the full-insurance UB is constant, 
the envy-minimizing UB is affected by shifts in the distribution of the shocks. 
Because this envy-minimizing UB reduces the response of employment to such 
shocks, it is also likely that employment will be less volatile in our model than 
in the full-insurance case. 

�9 Proposition 3 implies that periods characterized by higher uncertainty should 
display a tendency for governments to pay lower UBs. 

6. Open problems and possible extensions 

The aim of this paper has been to make some steps in the direction of an 
analysis of the optimality of unemployment benefits (UBs) based on the concept 
of envy-freeness. Using a general equilibrium framework, we have derived the 
conditions under which there is a trade-off between the intensity of envy and the 
expected percentage of envious persons. If (alongside a condition on households' 
utility functions) the government's sensitivity to intense envy (SIE) is weak 
enough at low envy (A close to 0) and strong enough at high envy (A close to A), 
the optimal UB is positive and lower than in the full-insurance case. The strong 
SIE can come from the fact that the government might be strongly averse to 
intense envy or that the intensity of envy itself might be very high when there is 
no UB. We have also shown that, for a low enough SIE at equilibrium, the optimal 
replacement ratio decreases with unfavorable changes in the distribution of the 
technological shock. 

We realize that the predictive power of our results is relatively limited. 
However, we believe that our model makes an interesting methodological contri- 
bution because the literature contains, as yet, no discussion of the potential role of 
faimess considerations in the determination of UBs. 8 Given this predominantly 
methodological aspect, it is useful to discuss the specific assumptions we intro- 
duced, to point out their role in our results and to assess the relevance of 
alternative hypotheses. 

s Two exceptions are Marceau and Boadway (1994) and Phipps (1991). 
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6.1. Other non-competitive wage formation structures 

Due to the specific bargaining set-up we have chosen (efficient bargaining with 
representative member ' s  expected utility), the wage is not affected by the produc- 
tivity shock. The interest of  this assumption is to give a simple wage reaction 
function which, in addition, is consistent with the observed non-cyclicity of  wages. 
Of course, it may be desirable to have a wage function affected by productivity. 
Other wage formation structures would change this result. One may for instance 
use a Nash product instead of  a utilitarian criterion for the efficient solution, use a 
noncooperative bargaining framework (right-to-manage bargaining) instead of  a 
cooperative framework, or use an eff iciency-wage model  instead of  a bargaining 
model. Al l  these are a priori possible but will  make the analysis of  the reaction of  
UBs to changes in the distribution of  shocks substantially more complicated. This 
is because, in addition to employment,  the intensity of  envy too will be affected by  
such changes. Whatever  the case may be, the results of  Lernmas 1 and 2, which 
are necessary to get a tradeoff between the intensity of  envy and the number of  
envious persons, are likely to be consistent with a large variety of  non-competit ive 

9 alternative wage formation structures. 
It is worth noting, furthermore, that we have assumed that the union is not 

concerned by envy as such, or more generally about issues of  distribution among 
the workers. As a result, the government 's  and the union 's  objectives are of  a very 
different nature. Our rationale for this is that we have wanted to focus on envy 
minimization as a public objective when private agents behave in a standard 
fashion. However,  introducing fairness considerations in union objectives could 
also be a fruitful avenue of research (see de la Croix (1994) for a survey on wage 
envy in bargaining models). 

6.2. Other modes o f  financing of  the UBs 

Our analysis assumes a balanced budget with lump-sum taxes paid by the 
workers. Other possible frameworks would include proportional wage taxation, 
taxation of profits in addition to wages, etc: In these cases, the wage would be 
affected by any changes in the level of tax~s, and the intensity of  envy would 
therefore be affected by changes in the tax base, i.e., by employment.  

9 It is nevertheless possible to build a simple counterexample in which the tradeoff does not arise by 
removing unions and by keeping the assumption that labor supply is vertical above the reservation 
wage. Assume that firms commit to a wage equal to the expected marginal product of labor under full 
employment and that the government sets the UB and taxes to balance the budget in ex-ante, expected 
terms. Unemployment may result from a bad draw of t~. The utility of the unemployed increases with 
b, but the number of these unemployed is unaffected. It is then always envy-minimizing to set b = b ~ 
However, in this framework, the government budget is not balanced ex-post, so that it might be 
necessary to introduce money or bonds into the model. 
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The choice of other wage formation processes or other modes of financing 
would make individual envy stochastic and therefore unknown by the government 
at the time of its decision. The govemment 's  first-order condition would then 
include the covariance between aggregate and individual envy, making the analy- 
sis richer but also more complicated. 

6.3. Heterogeneous workers 

The assumption of identical utility functions is rather strong. In particular, does 
it not take the interest out of the very notion of envy? It is true that with a single 
good, identical utilities make envy-freeness a bit trivial: everyone should receive 
the same fraction of the available quantity of the good. With more than one good, 
however, this is no longer the case. What envy-freeness tells us then is that all 
individuals should be located on the same indifference curve; this leaves consider- 
able room for combining income and labor. Some heterogeneity is lost by 
assuming a single utility function, but not all of it. Envy still makes sense: there is 
envy as soon as two individuals are located on two different indifference curves. 
The fact that we assumed labor time to be indivisible (one either has h or h I hours 
of leisure) additionally restricts us to two points in the commodity space, 
(w - t, h ~) and (b, h). The comparison of these two points yields our particularly 
simple measure of envy, A. If there were many types of preferences, we would 
have a large number of coefficients hi~ (where i and j designates any pair of 
preference types), and we would have to aggregate them in one way or another, 
for instance via the summation rule suggested by Chaudhuri (1986). Defining a set 
M = {(i, j)l hij > 0}, this would then yield an envy indicator 

A =  E Aij" 
(i,j)~M 

Such an extension could be useful if one wanted to study the design of UBs as 
a function of individual characteristics. However, making this operational would 
require identifying, at any particular allocation, the size of the set M, and the 
analysis would become much more complex. Additional complexity would be 
introduced through the use of the more elaborate envy measure suggested by 
Diamantaras and Thomson (1990), which relies on a lexicographic operation on 
the hi/ 's rather than a summation, thus avoiding the potentially very uneven 
distributions of envy that Chaudhuri criterion makes possible. 

It is certainty worthwhile to analyze the case of heterogeneous agents. How- 
ever, let us point out one advantage of our homogeneity assumption, beyond its 
tractability. It turns out that, with identical utility functions, our conclusions apply 
to other equity notions. We are thinking here, in particular, of the main alternative 
to envy-freeness, namely egalitarian-equivalence (Pazner and Schmeidler, t978). 
Indeed, in this case, the two notions coincide, so that our index A measures 
departures from egalitarian-equivalence as well. 
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6.4. Capitalists included in envy calculation 

Another objection is that we have excluded the capitalist agent from the 
calculation of envy. Could profits not be so low that the capitalists might envy the 
employed workers, in particular if the union power parameter/3 is large enough? 
Is the exclusion of the capitalists not the sign of an unjustified 'dictatorship of the 
proletariat'? Focusing on solely workers - and thus leaving the capitalists essen- 
tially in the role of 'firms' which are neutral in terms of individual welfare - 
seemed to us relevant enough in the first step represented by this paper. However, 
including a profitability constraint in the form of envy-freeness would surely have 
an impact on the level of the UB that can be distributed. However, if N is much 
larger than 1 (i.e. the density of the capitalist interval is much smaller than that of 
the worker interval), the impact on government welfare of adding the capitalists is 
likely to be negligible anyway. 

6.5. Risk auerse government 

In our analysis, we have assumed the government to be risk neutral: its 
objective function S is linear in the stochastic component f .  It might be relevant 
to assume instead risk aversion in the form of non-linearity in f .  One simple way 
to introduce this would be to slightly modify the objective function into 

S((  N - f )  f ,  A) = - ( U - f )  f~0(A) .  

The rationale for such a modified form could be as follows. Instead of being 
sensitive to widespread envy in the form of the proportion of envious persons as a 
proportion of the population, the government might, rather, be sensitive to the 
number of envy relations: if there are N - f  unemployed, each of them envies 
each of the f workers, and (N - f ) f  is thus the number of 'occurrences' of envy 
in the society. Thus, slightly modifying the indicator of aggregate envy could 
allow us to work with a risk averse government. However, this would introduce 
substantial complications in the derivation of the first-order condition (10). 

6.6. Why not a social welfare function? 

Another objection that can be raised against our analysis is that the govem- 
ment's objective function, S, is not explicitly derived from the aggregation of 
individual preferences: it is not, in any relevant sense, a 'social welfare function' 
(henceforth SWF). In other words, there appears to be no easy way to write 

N - Z  
N J ~ 2 ( h ) = W ( U ( w - t ' h l ) ' U ( b ' h ) ) '  

where W would be the SWF. Indeed, as we already emphasized when discussing 
the function S earlier, it is a rather specific function designed to capture the 
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trade-off between two envy magnitudes, the 'number'  of envious persons and the 
'intensity' of each envious person's envy. To the best of our knowledge, there is 
nothing in the literature on the derivation of SWF's from envy considerations, and 
since our focus in this paper is explicitly on the role of UB's  in the alleviation of 
envy, we have chosen to neglect the SWF aspect. 

However, some may raise an even more fundamental objection: why take envy 
as an indicator of fairness? Why not assume that the government fixes b on the 
basis of some other criterion of fairness? This, again, is a broad debate which we 
can address only very sketchily. Rather than maximize S, the government could 
maximize, for example, the utilitarian SWF (see, e.g., Moulin, 1984): 

m a x E ( t )  U(~b, h 1 ) + ( N -  E ( f ) ) U ( b ,  h).  
b 

This would yield the following first-order condition: 

( N -  E ( f ) ) U ; ( b ,  h) + fa(b) Of* (b, a) dG(or)  [ U(c;b, h I ) - U(b, h)] 
"o Ob 

+ hl)-  = 0, 

which would imply b* --* oo: since the government would no longer care about 
unemployment, it would raise b (which would lead to a rise in w) as much as 
possible, even at the cost of having (expected) employment tend to zero. Although 
this result would be formally coherent with the utilitarian framework, it does not 
seem appealing to us. 
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Appendix A. Proof of Lemma 4 

The proof essentially relies on the fact that a differentiable function is continu- 
ous. (This is only a sufficient condition for continuity, but it will be enough for 
our purpose.) Let us proceed in steps. 
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1.a. From Definition 4, it is obvious that 

de U;(b,h) 
db qbU~(~qb, ~h l) + hlU~(e6, 8h l) 

which is defined for all b ~ 0. Hence s is differentiable on ]0, b~ This implies 
continuity on ]0, b~ 

1.b. As a consequence, from Definition 5, h is continuous on ]0, b~ 

2.a. Define the antiderivative 

P(b, a )  = f / *  (b ,  a ) g ( o t ) d a .  

By assumption, g is continuous. Moreover, it is clear from Eq. (5) that 

Of* f ' ( f f * )  

Oot bN/ f  .2 + af"( fl* ) '  

which is defined for all a under (P.1). Hence under (P.1), f * ( . [ b )  is differen- 
tiable and thus continuous in a. Consequently, P( .  [b) is also continuous in a. 

2.b. This allows us to write 

E ( f f )  = P( b, &( b)) - P( b,O) + N[ G('A) - G ( & ( b ) ) ] .  

G is continuous by assumption, and by definition G(A)= 1. By definition 

da Of*/~b 

db 0ff * / 0 a "  

Since Off * / 0 a  > 0 under (P.1), this is defined whenever 0 f  *lOb is defined, 
i.e., for all b > 0. (For b = 0, the expression U~(b, h) may not be finite, so that it 
is better to exclude this border value of b here.) Consequently, & is differentiable, 
and hence continuous, on ]0, b~ 

2.d. Since Of*/Ob exists for all b > 0 ,  f * ( ' l a )  is continuous on ]0, b~ 
Hence, P ( - ] a )  is continuous in b. 

2.e. From 2.c and 2.d, E ( f )  is continuous on ]0, b~ 

3. From 1.b and 2.e, E(S) is continuous on ]0, b~ This completes the proof. 

Appendix B. Proof of Proposition 1 

Since E(S) is continuous on ]0, b~ by Lemma 4, it is sufficient to prove that 

lim dE(S)/db > 0 and lim dE(S)/db < O. 
> < 0 b--,0 b--,b 
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1.5 

1 
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-0.1 
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-0.2 
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After some elementary manipulations, these two conditions read 

(1 + A ) 2 w ( ] . ) [ N -  E( / *  (0, ~ ) ) ]  

145 

and 

r 1 6 2  +A) ,  h i / ( 1  + A ) )  + hlU~(qb2/(1 H--A), h' /(1 +-A)) 

/.a(o) 1 + [ ( N / f *  (0, or)) - 1]/U((O,h 1) 
+ )_ a f " ( f *  (0, a ) )  

dG(or) > 0 

w ( 0 ) [ N -  E ( f l ' ( b  ~ c~))] 

qbzU[( ~b2,hl) + hlU~( ~b2,h l) 

+ f~(b o) l + ( ( N / f * ( b  ~ 1 7 6  1) d G ( a ) < O .  

In both inequalities, the integral is negative from condition (P. 1). Therefore, a 
necessary condition for the first inequality to hold is w('A) > 0. The three other 
conditions given in Proposition 1, if satisfied to a sufficient extent, will allow the 
two inequalities to hold simultaneously. 

Appendix C. Example 

It is easy to build an example of an optimal UB strictly between 0 and b ~ Let 
us take U(c i, h - x  i) = ~ / +  3(h - x i ) / l O  and h = 2. The technology is y = 

ax/ff. Union power is /3 = 2 and population is N = 1. Government preferences are 
- ( 1  - f ) e ~ .  The technological shock can take one of two values: Pr[ a = 1.8] = 
3 /4 ,  Pr[a = 2] = 1/4.  Numerically, we obtain b ~  0.49 and b* = 0.167. Fig. 4 
displays graphs of the key variables for 0 < b < 0.6. The first panel confirms that 
the net wage is constant up to the full insurance point and then rises monotoni- 
cally. In the second panel, we see that, as expected from Lemma 1, expected 
employment decreases with the UB. The third panel shows that the intensity of 
envy is monotonically decreasing (Lemma 2) and converges to zero for large UBs. 
Finally the fourth panel displays a strictly concave expected government welfare 
function, which is a particular case of the result proven in Proposition 1. 
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