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Abstract

This paper analyzes the impact of egalitarianism on economic efficiency
and individual incentives in an economy under uncertainty with many agents.
The socialist state, with an inequality-averse social welfare function based
on the agent's ex post utilities, is shown facing a tradeoff between equity
and efficiency when the agent's actions are not observable. However, it is
possible that effort is over-supplied under egalitarianism due to an effect
coming from a change in the relative size of the different income groups. The
analysis is also related to excessive profit-levelling among state-owned
enterprises in the reforming socialist economies.

Journal of Economic Literature Classification Numbers: D63, D82, P20



1. | NTRODUCTI ON

The socialist ideology of egalitarianism is well-known. Concern, not
only for economic efficiency, but also for equity in distribution, has a
profound impact on people's behavior. Equity, like freedom and efficiency, is
often conceived as one of the fundamental values of human society. However,
egalitarianism can also be utilized by politicians to rally political support
or maintain social stability.

The potential conflict, or tradeoff, between equity and efficiency has
been known for a long time. % Itis only recently, however, that economists
have been able to analyze the issue rigorously thanks to the development of
information and incentive theory. Indeed, the conflict is possible only if
there exists imperfect information and uncertainty at some point, because
remuneration for performance serves two roles in such a situation: as an
incentive scheme on the one hand and as income distribution on the other.

This paper analyzes the impact of egalitarianism on economic efficiency
and individual incentives under moral hazard in an economy with infinitely
many agents so that the Law of Large Numbers can be applied. The egalitarian
preference of the state is represented by an increasing and concave function
G, defined on the individual's ex post utility of all agents in the economy.
The equity issue addressed here is the ex post equity or equity on results.
Unlike many models on the subject restricted within the framework of partial
equilibrium, our model is general equilibrium in nature. °

In order to highlight the difference between ex anteand ex post,we
make an assumption that all agents start from an identical position a priori,
and we choose to model a problem of moral hazard instead of adverse selection.
Our purpose is to make the following point: even if everyone starts from an
identical position ex ant e, an unequal distribution may still arise ex post,
because of incomplete insurance in the presence of moral hazard.

Following the tradition of incentive theory, we study the strategic

interaction between the state and the agents where the state offers incentive



schemes first and the agents take an unobservable action afterward. On the
one hand, we do not place any advance restrictions on the form of incentive
schemes that the state may choose beyond those required by the allocational
and informational feasibility conditions. On the other hand, we enlarge the
action space of the agent so that there is only one incentive scheme for the
state implementing each action.

First, we show that in the model the possibility of conflict between
equity and efficiency depends critically on the informational assumption about
the agent's actions. There will be no conflict under perfect information,
both full efficiency and absolute equity being achieved. Conflict can arise
when actions of the agent are not observable by the state. Intuitively, the
tradeoff occurs when the constrained efficient allocation calls for an
incentive scheme with a large variance in remunerations and hence results in a
large variance in welfare distribution, which the egalitarian state tries to
avoid. Therefore, the reformers in socialist economies may face the dilemmas
of equity versus efficiency when improving efficiency is their goal but the
ideology of egalitarianism remains strong.

The model then is used to study the impact of egalitarianism on
individual incentives for the supply of effort when effort is not observable.

In our model, regardless of the risk attitude of the agent, it is necessary to
use an incentive scheme with a wider spread of utility differentiation between
good and bad outcomes in order to induce a higher effort. Nevertheless, we
find that egalitarianism does not necessarily lower the incentives for the
supply of effort from the agent relative to that under utilitarianism. The
reason for this seemingly counter intuitive result is as follows. There are
two effects on welfare distribution by implementing the higher effort levels
from the agent in the large economy. The first is the known effect, which
leads to a less equal welfare distribution due to greater rewards for success
and heavier punishment for failure in order to satisfy the incentive
compatibility condition. However, when the Monotonic Likelihood Ratio

Property is satisfied, increased effort also raises the probability of



success, and then the Law of Large Numbers implies that the size of the high-
income group increases and the size of the low-income group diminishes. This
second size effect may lead to a more egalitarian distribution.

Finally, we interpret the agents as state-owned enterprises and relate
our model of egalitarianism to an empirical observation of excessive profit-
levelling across the enterprises in the reforming socialist economies.

The paper is organized as follows. Section 2 introduces the model.
Section 3 derives properties of the optimal incentive schemes. Section 4
examines the trade-off between equity and efficiency. Section 5 analyzes the
impact of egalitarianism on the agent's incentive for the supply of effort.

Section 6 relates the model to the issue of profit-levelling.

2. THE MODEL

We consider a large economy consisting of an infinite number of
homogeneous economic agents. The state is endowed with legal power to
promulgate and enforce contracts between the state and all economic agents in
the economy. After the state announces the contract, agents take action
independently. The state is assumed not be able to observe the agents'
actions. The state does, however, observe the outcome of these actions. The
outcome could be regarded as output, profit, or revenue. For the sake of
simplicity, we use revenue throughout the paper. Following Grossman and Hart
(1983), we assume that there are only n possible revenue levels, denoted as a

vector Xx=(X ;,...Xx ,)wherex >x,>.>X .. LetA be the set of actions available

to the agent. Let P={ p=(P 1P W)IP 20, =ip;=1}be the unit simplex of
dimension n-1. We assume that there is a continuous function p: A -P, where
p(a)=(p ,(a),....p »(a)) gives the probabilities of the n outcomes x LreennX g f

action ais selected. The randomness is assumed to be independent across

agents. The agent knows the probability function p but not the revenue level
that results from his action. Let Q= p(A), a subset of P. The choice of
action  a implies the unique distribution p(a) Q. Given that the function p(a)



is common knowledge, a choice of acA is equivalent to a choice of peQ.

Therefore we can view p itself as the agent's action.

For example, only two possible outcomes exist such that x , is the
revenue for success and x , the revenue for failure. Let a be a measure of
agents' effort, which is one dimensional. Let p(a)=(p(a),1-p(a)), where

O<p<1, and p'(@)>0. Then p represents the probability of success, that is,
revenue level x .- Since the higher the level of agent's effort, the higher
the probability of success, we may regard p itself as the effort level.

The agents are all employed by the state, and we assume they have

identical von Neumann-Morgenstern utility function u(y)-v( p) which depends

both on his income y received from the state and on his action p. Here, uis

an increasing and concave function, and v( p)=v(p ..-P .1)represents any
disutility that the agent suffers by taking action p. If the agent is paid y

on outcome x ;, then the agent chooses action p<Q to maximize siqpuly v p),

where p ,=1- 20" p;.

Since aor p(a)is not observable by the state, it is impossible for the

state to pay the agents based on aor p. Instead, the state will pay the
agent according to outcome x of his action. An incentive scheme is therefore
an n-dimensional vector s=(s,,...S ,),wheres  isthe agent's remuneration in

the event the agent's revenue is x i -

The preferences of the state is such that ex ant e the same weight is
given to each agent in the evaluation of social welfare, but ex post an equal
distribution of utilities among agents is favored. To that end, an increasing
and concave function G is introduced so that if a fraction g . of agents has an
ex post utility level U i» Whereiruns from 1tom, q >0,and =i, =1, then the
state will evaluate social welfare as

210, G(U;). In a special case when G is linear, the state has the utilitarian

social welfare function, paying no attention to ex post equity. In

particular, if all agents take the same action p, and if the incentive scheme

s is chosen by the state, exactly fraction p ; of agents generate revenue X i
post , and therefore receive payment s i, according to the Law of Large Numbers.

ex



In such a case, social welfare is given by »1{p i G(u(s ;)-v( p))}. Because of the
independence of the randomness, the state faces no uncertainty at all in this
large economy.
The constraint we impose on the choice set of the state is the
requirement that the state not run a deficit. Therefore, sSp<xp must be
satisfied. This is indeed a minimum requirement whereas the feasible set of
the state is quite large. From the equation sp<xp, we see a second role of S
in addition to that of incentive scheme: the role of income redistribution
among all agents in the economy. It is the dual roles of s, i.e., the role of
an ex ant e contract between the state and the agents across the state of
nature, and the role of the income distribution of ex post realization of
uncertainty across the agents of the population, that is the cause of the
conflict between equity and efficiency. 6
The problem of the state can be formulated into the following

optimization problem:

Max  x1p,G(u(s )v( p)) 2.1)
s, peQ
s.t. (i) Sp<xp
(i) =2i{pu(s v p)=zi{pju(s DFv( p), forall p' cQ

Constraint (i) is a feasibility condition that requires that the state not run
a deficit. Constraint (i) is an incentive compatibility condition. In
comparison, a classical model of the owner-manager relationship (e.g.,

Grossman and Hart (1983)) is formulated as follows:

Max  s{{pi(x-s )} (2.2)
s, peQ
st. (i) 2P us DIv( p) >u
() 24P uGs FV( p)=Ehp i u(s (), forall p' €Q



where U is the reservation utility of the manager.

There are two major differences between our model (2.1) and the model of
the owner-manager relationship (2.2). First, our model is not one of partial
equilibrium. Since agents in our model are not allowed to quit, the usual
individual rationality constraint arising from the partial equilibrium
analysis is not imposed. Instead, the global condition that the total
payments to the agents cannot be greater than the total revenues generated in
the economy is included. Second, it is assumed that the state is not a profit
maximizer. In fact, the social welfare function here does not assign any
weight to profits. The state only evaluates ex post utilities of the agents
and nothing more.

In order to solve the model, it is instructive to decompose the main
problem (2.1) into two sub-problems. First, we find schemes to implement an

action  p, called implementation, by solving the following problem for a given

peq:

(i) spxp (2.3)
(i)  ={piuts v( p)==i{p;u(s )v( p), forall p' €Q

Let the solutions be the correspondence S(p). In general, p may or may not be

implementable, therefore, S( p) may be non-empty or empty. In the case when

is implementable, S( p) can be either single valued or multiple-valued.

In the second step, called optimization, the following problem is solved

by searching for the best pand s(p)eS(p):

Max  =M{p G(u( s, (p)-v( P} (2.4)

peQ, s(p)eS(p)

We note that the state budget constraint sp<xp is always binding at
solutions of (2.1). If this were not true, then by marginally increasing

payments to agents for each possible revenue achieved, and differential



amounts may be needed to achieve this, the new payment scheme would still be

feasible, and the incentive constraint would still be satisfied. As a result,

the utilities of the agents would increase. Because G is an increasing

function in u, social welfare would also increase. That implies that the

original scheme would not be the solution to (2.1). Therefore, in the

following discussion, the budget constraint sp<xp is replaced by the balanced

budget constraint Sp=xp.

3. PROPERTIES OF THE OPTI MAL | NCENTI VE SCHEME

Many useful insights will be obtained by analyzing properties of

incentive schemes implementing a given action, which can be achieved by

working out the first step, implementation, alone.

Let Q be a k-dimensional manifold in P. For any given action peQ chosen
by the agent, in order to select incentive schemes implementing p, the state
chooses solution s to (2.3). Since s is an element in an n-dimensional space,

solutions to (2.3) are generally of dimension (n-k-1), where 1 represents the
additional constraint sp=xp. Itis usually assumed that the agent's feasible
set of action A is 1-dimensional, e.g., a is effort, or k=1. If n>2, there is
typically an (n-2)-dimensional continuum of solutions to (2.3), that is,
(n-2)-dimensional continuum incentive schemes to implement the particular
action peQ. As the dimension of the agent's action space grows from 1, the
dimension of the state's options for implementing a given behavior becomes
correspondingly more limited. At the extreme, when the agent's action space
is of full dimension, that is, k=n-1, all incentive schemes to implement a
given action will be of dimension 0. !

Increasing dimensionality of the agent's action space to k=n-1 is one
way of obtaining a definite form of the incentive scheme selected by the
state. In fact, we will show that under certain conditions, every action p of
the agent is not only implementable by the state but also implementable in a

unique way: °



Lenma 1. Assume (i) Q has a non-empty interior in P; (ii) u(x) is an

increasing and concave function defined on (- «,+ =) such that u(+ )=+ « and
U(- «)=- o; and (iii) v( p) is continuously differentiable and convex on Q. Then

(2) for any action p in the interior of Q, there exists a unique incentive

scheme s which implements p;

(2) the incentive scheme s( p) is continuous in action p; and

(3) monotonicity of the partial marginal disultility ov( p) op,> ...

>ov( p)/ ap,., >0 implies monotonicity of the incentive scheme: s

,_\
[\
2]

N
[\
N
[%2)

>

Pr oof : See Appendix.

When there are only two outcomes, the incentive scheme implementing
action  p=(p,1-p) can be characterized in more detail. Applying part (3) of
Lemma 1 to the case of two outcomes, i.e., n=2, the condition v'(p) >0 implies
s,>S,. ° Infact, there exist in such a case other monotonic relationships
between the effort level of the agent and the related incentive scheme chosen

by the state, as shown in the following propositions.

Proposition 1. Let the incentive scheme s=(s ,,s ,) implementp  <(0,1) and
incentive scheme s'=(s ,,s ,)implement p' €(0,1). Thenp <p' implies

u(s 4) - u(s 2) <u(s {)-u(s 2)-

Pr oof : See Appendix.

Proposition 1 implies that implementing a higher effort level always
requires a greater discrepancy of utilities from incomes for success and for
failure, regardless of risk attitude and the shape of the disutility function
v( p). Notice that this property is derived exclusively from the incentive
compatibility condition. Therefore, a lower effort, which leads to a smaller
probability of success, corresponds to a more lenient contract with a smaller

spread of remuneration on two outcomes; and a higher effort, which leads to a



larger probability of success, calls for a harsher contract with a larger

spread.

Proposition 2. Let the incentive scheme s=(s ,,s ,) implementp  €(0,1) and let

X=(X ,X ,) implementp  %c(0,1). p % is called self reliant action. Then,

(1) implementing any lower effort p <p?® requires a smaller reward (s 1<X;)and a
smaller punishment (s ,>X,); and

(2) implementing any higher effort p >p® requires a greater reward (s 12X,)and a
greater punishment (s 2<X5).

Pr oof : See Appendix.

Corol l ary: For any action pair p and p' satisfying p <p®<p', implementing the
higher effort p' requires both a higher reward for success (s 1 2S;),and a
greater punishment for failure (s ) <S,).

Here the reference point is p & which can be viewed as the hands-off

incentive scheme, because no taxes or subsidies will be provided under any

circumstance ( s=x). To implement p >p?, Proposition 1 tells us that

u(s ,)-u(s ,) =u(x ,)-u(x ,). Proposition 2 says more: the reward for success s 1
must be actually higher than x ., and punishment for failure must be greater so

thats ,<X,. Therefore, whenever the state in this model starts to tax

successful agents and to subsidize unsuccessful ones, the state can only

a

implement an effort level lower than p . In order for the state to implement
an effort from the agent higher than p # the state must do the opposite:
subsidize the successful agents and tax the unsuccessful ones.

The Corollary characterizes the incentive schemes to implement any two

effort levels that are separated by the self reliance action p 4 What about
the two effort levels that are both greater or smaller than p a2
Proposition 3. Let the incentive scheme s=(s ,,s ,) implementp  €(0,1) and the

10



incentive scheme s'=(s ,,s ,)implement p' €(0,1). Then,

Q)ifp <p' <p?, implementing the higher effort p' needs a higher reward for
success (s ;' »s,);and

2)ifp d<p<p', implementing the higher effort p' needs a greater punishment

for failure (s ) <S,).

Pr oof : See Appendix.

Proposition 3 implies that in order to implement a higher effort than
the current one from the agents, additional reward is more effective when the
current reward is low relative to the reference point x 1, on the other hand,
additional punishment is more desirable when current reward is already high
relative to the reference point x 1

When the agent is risk neutral (i.e., u(y)=y), the optimal incentive
scheme that implements p can be easily solved in a closed form from equations
(A.1) and (A.2) in the Appendix. For example, when n=2,
s,(p)=px ;+(1-p)x ,+(1-p)v'(p) and s L(p)=px ;+(1-p)X ,-pVv'(p). This formula can be
interpreted as an average income (px +H(A-p)x ) plus a bonus (1-p)v'(p) in the
event of success (X 1), and an average income with a punishment equals to
pv'(p) in the event of failure (x ,). Furthermore, the difference between the
bonus and the punishment should be exactly s 1-S , = V'(p). Thatis to say, the
marginal disutility of an additional unit of effort should be exactly equal to

S, minuss .

4. EQUI TY AND EFFI Cl ENCY

An allocation is called efficient if there exists no other feasible
allocation that makes one agent better off without making another agent worse
off. Under alternative informational assumptions, efficiency depends on the
set of informationally feasible allocations. Under full efficiency, the first

best, information is perfect and any physically feasible allocation is

11



informationally feasible. Under constrained efficiency, the second best, a

feasible allocation must be both physically feasible and incentive compatible.

In our model, a constrained efficient allocation is then defined as action

implemented by s®, such that no other solution ( p, s) to (2.3) gives higher

expected utility to the agents.

Lenma 2. Let Q be compact, such that for all peQ, p ;>01 <i <n. Then,
(1) a full efficient allocation exists, and
(2) a constrained efficient action p° and the associated incentive scheme

also exists.

Pr oof : See Appendix.

Consider first the case of perfect information. We show that both
efficiency and absolute equity can be achieved by the state. Therefore, there
is no conflict or tradeoff between equity and efficiency when action is

observable:

Proposition 4. Assume G is an increasing and concave function. Then if the

agent's action is observable by the state, the state will command a full

efficient allocation p' with absolute equality of income, xp' for everyone.

Pr oof : See Appendix.

Now consider the case of imperfect information where the agent's action
is not observable. First note that in such a case a fully efficient
allocation is not sustainable under any system if u is strictly concave. This
is because when agents are risk averse, a fully efficient allocation calls for
a complete insurance so that the agent's remuneration is independent of
outcome, that is, s=s 1=S,=...=s ,. However under such a scheme, the agent's

utility function becomes u(s)-v( p), so he will minimize his disutility v(

12



which makes him choose an action other than p " in general.

But the constrained efficient allocation can be supported by a
hypothetical market in our model when action is not observable. Imagine that
there are many insurance companies offering insurance policies s. Assume that
the insurance companies are pure expected profit-maximizers in perfect
competition. Then their objective function is E( X- S)= Xp- sp and each earns
zero expected profits in equilibrium. With imperfect information, an

insurance company solves the following problem by choosing pand s:

Max  (xp-sp)

s, peQ
st 2l u(s IV( p)=Eifpiu(s Fv( p), foral P €Q
Perfect competition implies that Xxp-sp=0. Itis easy to see that in
equilibrium, ( p, S) is a constrained efficient allocation. Therefore, in this

model, the hypothesis of pure expected profit maximizing is consistent with
the constrained efficiency criterion even when imperfect information is
present. °

In comparison, the state chooses the optimal peQ to solve (2.4), namely,

to carry out the second step of optimization.

Proposition 5. Assume action is not observable. Then,

(1) an optimal solution of the state still exists; and

(2)ifu P denotes the expected utility of the agent under the optimal choice
by the state, and u ¢ represents the expected utility of the agent under

conditions of constrained efficient allocation, then u Poyc.

Proof : See Appendix.

When actions of agents are not observable, Proposition 5 shows that the

egalitarian state may implement an inefficient action even when the

13



informational constraint is taken into account. That is, the efficiency loss
may be additional to that caused by imperfect information in a utilitarian
world, and the optimal choice of the state may not be the second best solution
as in a comparable model of the owner-manager relationship.

The intuitive reason for the conflict between efficiency and equity
under the circumstance of imperfect information can be explained as follows.
In the Taylor approximation of function G, the first two terms are the mean
and variance of the agents' ex post utility distribution. Since G is concave,
the variance is entered as a negative term. The tradeoff between the mean and
the variance is the main reason for the state to face the conflict between
efficiency and equity. When information is perfect, we can obtain the highest
mean, without any variance, so that both efficiency and equity are obtained.
When action is not observable, an incentive scheme is needed to induce the
mean in the constrained efficient allocation, but likely accompanying a higher
variance. If the state is utilitarian, i.e., G is linear, the variance does
not enter the picture, so only the mean of the ex post utility distribution
matters. But that coincides with the expected utility of the agent, hence
efficiency is maintained. If the state is egalitarian, i.e., G is concave,
the high variance of welfare distribution is evaluated negatively. The state
may prefer a welfare distribution with a low variance, even when that implies
a possible low mean, implying a loss of efficiency.

We have shown that ex post egalitarianism leads to an ex ant e loss for
everyone. Therefore, ex ant e every agent prefers a constrained efficient
allocation to an allocation chosen by the egalitarian state. Apparently, the
Pareto principle of social choice, i.e., if every one in the society prefers A
to B, then the society prefers A to B, is violated in a certain sense. 2 This
illustrates a point that, in an uncertain environment, the perspectives of ex

ante and ex post are different. If individuals evaluate their utilities in

ant e expected terms while the state or society cares about ex post equality in
distribution, then the tension between ex ant e efficiency and ex post equity
may arise.

14



5. EGALI TARI ANl SM AND | NCENTI VES

The result of the efficiency loss due to egalitarianism is not
surprising. However, the direction of the distortion, that is, the effects of
egalitarianism on the agent's incentive for the supply of effort has not been
analyzed. Intuition seems to suggest that equity consideration should reduce
people's incentive to work. But this intuition is not quite right. Itis
possible that effort is over-supplied under egalitarianism, as we show below.

We assume that n=2 throughout this section, since effort is measured in
one dimension. Also for the sake of simplicity, we assume risk-neutrality of
the agent, which implies that the first best and the second best coincide, and
that efficient allocation p % is achieved by the hands-off incentive scheme
X=(X ;,X ,), such that v'(p =x ,-x ,orp °*=1if v'(1)<x X,

Starting with the first best effort level p 2¢(0,1) with no efficiency
loss, we increase the effort by a tiny amount dp>0, to p=p d+dp. By
Proposition 2, the incentive scheme s=(s ,,S ,) implementing p must satisfy s 12X
and s ,<X,. Thatis, for this slightly higher effort, more reward for success
and greater punishment for failure are required. Note that moving away from
p? by dp does not change the mean of the welfare distribution, since p

maximizes the mean. The intuitive argument goes as follows: Since the new

income difference between the two income groups is s 1-S », Which is larger than
X,-X ,, any egalitarianism would prefer p % to p and effort will never be
increased in the neighborhood of p g

The above reasoning is incomplete, because it implicitly takes the size
of each income group as fixed and considers only the effect on income
discrepancy, which only makes the variance larger. Suppose a fraction p of
people receives s , and the remaining (1-p) people receive s nands -8 ,>X;X ,.
Then the variance of income distribution is given by
ps,*+(1-p)s ,*-(ps +(1-p)s ,)°
=p(l-p)s  152)°%

which is larger than p(1-p)(x 1-X ,) %, the variance of income for the same

15



fraction p of people who receives x , and the remaining (1-p) who receive x
However, as we increase the effort level from p top=p ?+dp, by the Law
of Large Numbers, we also increase the size of the high income group from p
to p=p *+dp. ** Here is the second effect, the effect on the size of income
groups comes into the picture. Since more people receive higher income and
less people remain in the low income group, it is possible that this effect
makes the variance of the income distribution smaller. If the second effect
is indeed good on income distribution, and furthermore, if it is strong enough
to offset the first bad effect of the increased income discrepancy between the
two income groups, the variance of income distribution will be smaller by
implementing a higher effort.
To illustrate the point clearly, imagine only two effort levels: High
and Low. Assume that Low gives slightly higher mean utility net of effort
than High, so Low is more efficient. Assuming further that implementing Low
needs an incentive scheme that leaves half of the population in the higher
income group and another half in the low income group, and thus there will be
an income discrepancy. It is also assumed that implementing High requires a
much larger reward for success, as well as a heavy punishment for failure;
however, if High is implemented, the project will be successful for sure,
i.e., the project is safe. Thus, by the Law of Large Numbers, everyone takes
a high reward by exerting effort High, therefore everyone is in the high
income group and no one receives heavy punishment. 6 Apparently, society is
more egalitarian if High is implemented than if Low is implemented, and the
egalitarian state will choose High rather than Low, although the latter is
more efficient. Here the second effect of the higher effort is so strong that
it virtually merges the two income groups all the way into one, making
everyone absolutely equal. o
Therefore, the effect on the relative size of income groups can not be
neglected in analyzing incentive effects of egalitarianism, despite the fact
that the intuitive argument usually goes without such a consideration. 18

Although effort may be over-supplied under egalitarianism, the efficiency loss

16



is still present because of the lower expected utility of individual agents.
The higher effort, therefore the harsher contract, is used in order to reduce
the variance of remuneration across different outcomes and the variance of
welfare distribution by increasing (or decreasing) the size of the high (or
low) income group in the population.

In what follows, we analyze two cases of function G: the maximin case
and the quadratic case. We show that with the maximin preference of the
state, the effort level exerted by the agent is unambiguously reduced relative
top 2 However, with the quadratic preference of the state, both situations
exist; one in which effort is reduced, and one in which effort is over-

a

supplied, relative to p

The Maxi min Case

The maximin state maximizes 19

PG(s -v(P)+(1-p)G(s  »V(P)
=min{s ;-v(p),s ,-v(p)}.
Substituting the result obtained in Section 3, social welfare becomes
W=min{s ;-v(p),s ,-v(p)}
=s ,v(p)
=px 1 +H(1-p)x  ,-pV'(p)-v(p)
=Hpx 1 +(1-p)x ,-v(P)}-pV'(P)-
Since p ? maximizes px ,+(1-p)x ,-v(p), evaluated at p=p ,
dw/dp = -d(pv'(p))/dp < O.
Therefore, with the maximin preference of the state, the effort level
exerted by the agent is unambiguously reduced. % This is because in such a
case only the utility of the worst treated person is evaluated, and the size
of income groups is never taken into consideration by the egalitarian state.
As higher effort requires greater punishment, the state will avoid higher

effort as long as there is some one (p +0) to be punished more.

The Quadratic Case

17



With G being a quadratic function, the Taylor approximation of G becomes
precise, the state is only sensitive to the mean and the variance of ex post
utilities of the agent. When the agent is risk neutral, the conflict between
the state and the agent arises entirely from the part of the variance of
incentive schemes, or the variance of ex post utilities among the population.
Let G(y)=(b/2)y 2+y+b. Then G'(y)=by+1, and G"(y)=b. Assume b<0, and

by+1>0 in the relevant region. Then G is increasing and concave. From

G(y)=G(Ey)+G'(Ey)(y-Ey)+(1/2)G"(Ey)(y-EY) ?,
where E is the expectation operator, we obtain
EG(y)=G(Ey)+(1/2)G"(Ey)E(y-Ey) ?.

This implies social welfare
W = G(Es-v(p))+(b/2) eVar(s)
=G(ps ,+(1-p)s ,-v(p))+(b/2) o(s 1S ,)?
=G(px  +(L-p)x V(P)HB2)  ep(l-pV(P) %

Therefore,
dW/dp = G'(px 1 +(1-p)x > V(PD(X 41X -V(P))*
+(b/2) o[(1-2p)V'(p)  *+2p(1-P)V'(P)V'(P)]-
Since p ? maximizes px  ,;+(1-p)x ,-v(p), the first term evaluated at p=p # vanishes,
the sign of dW/dp at p=p % is the same as the sign of the second term. Because
p? is determined by v'(p %=x ,-x , alone,p , may lie anywhere between 0 and 1.

We first show that under certain conditions it is possible for effort to
be reduced, relative to p % due to egalitarian considerations. Consider the
case p %<1/2. Thenitis clear that dW/dp<0 at p # because b<0. This means
that effort should always be reduced locally due to egalitarian considerations
when only a minority of the population receive the higher income at the first
best allocation. 2! This is because by increasing the effort level, the size
of the smaller high income group increases, which can only increase the
variance of welfare distribution, other things being equal. As the only way
to get good effect from increasing effort is blocked, the effort must be
reduced even though that means more people will be put into the low income

group and be punished.
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We next show that under alternative conditions it is also possible for
effort to be over-supplied relative to p # due to egalitarian considerations.
Consider the case p 8>1/2. Ifp P WP H<@p -U/2(1-p  F), then dW/dp>0 at
p=p?. A sufficient condition for the above inequality to be satisfied is that
v"(p) is bounded and p %is close to 1. Under such a condition, only a handful
people are in the low income group at the first best, then, by increasing
effort, although income discrepancy becomes larger, some people in the tiny
group of low income will be transferred to the dominating group of high

income, the welfare distribution actually improves.

6. CONCLUDI NG REMARKS

A generic term agent is used in the paper. If an individual citizen is
used for agent, the model is naturally interpreted as that of optimal income
taxation. Another option is the manager of state-owned enterprises in
socialist economies. A third possible interpretation of agent is the state-
owned enterprise itself in socialist economies, which represents workers and
managers. 2 With this interpretation, our model may be related to the
empirical observation of excessive profit-levelling across state-owned
enterprises in the reforming socialist economies. 2

It is sometimes suggested that egalitarian consideration is one reason
for profit-levelling in socialist economies. ** From the above analysis, we
know that the egalitarian preference of the state over the ex post
distribution of profits retained by the enterprises does not always imply
profit-levelling. Only if we assume that the size effect of income groups
alone does not reduce very much the variance as the effort increases, does our
model, with a certain form of the social welfare function, imply that both
reward and punishment will be reduced with the result that profit-levelling
will occur. Despite the efficiency loss under egalitarianism, the variance of
after-tax profits among state-owned enterprises as well as variance of

workers' income and benefits received from their units could be smaller.
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APPENDI X:  MATHENMATI CAL PROOFS

Proof of Lemma 1: (1) Because of the convexity of v( p), for any p in the
interior of Q, s implements  p if and only if s solves the first order
conditions:

fuis )-us )= ov(p) dp,
...... (A1)
L U(S n-l) - U(S n) = aV( p)/ apn-l

pPS;+...tp S, =P Xt AP (X, (A.2)

Definew ;=u(s ;), and let h=u 1. Then,s =h(w;) and function h is increasing and
convex. Substituting w i=w,+( ov( p)/ dp;) into equation (A.2), we have

p.h(w +(ov( p) op))+...tp o hWw, +(ov( p) op,.))+P h(w,)=xp (A.3)
Now consider the function

ay)=p h(y+( ov(p) op))*..+p  ny h(y+( ov(p) pus))+P wN(Y).
Since g'>0, g(y) is strictly increasing. Moreover, g(+ )=+« and g(- «)=- o
since h=u . Therefore, there exits a unique solution w , o equation (A.3).
Because the relevant transformations are one-to-one, there exists a unique
solution s to (A.1) and (A.2).

(2) The continuity of function s( p) follows from the uniqueness. Since

equations in (A.1) are linear in w i, itis possible to consider only equation
(A.3). Suppose there were a discontinuity at some p. Take two sequences {p i}
and {p ,;'}leading to p, but the corresponding limits of w , are different. By
the continuity of the underlying functions, (A.3) has two different solutions
for a given p, thus contradicting the result of uniqueness.

(3) The monotonicity of s ; follows from equations in (A.1). |

Proof of Proposition 1. From the incentive compatibility conditions,
puis )+(I-p)u(s  ,)-v(p) =pu(s N+(I-pHu(s  ,)-v(p),
and

puis )+@-pluls  )v(pP)  =pus )HI-pus  )-v(P).
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Adding up these two equations, we obtain
(P-p)lu(s  1)-u(s I <(P-p)u(s  1)-us )l
Therefore, p<p' implies

us 4)-u(s ) <u(s,)us ;) N

Proof of Proposition 2 (1) Takeanyp <p% and let p'=p %in (A.4), we have
uis )-us 5 <ux p-ux ).

Because of the balance budget constraint
ps,;+(1-p)s ,=px +(1-p)x

it must be the case
S;<X;ands ,>X,.

A similar proof applies to part (2). |

Proof of Proposition 3: From the balance budget constraints,
ps;+(1-p)s ,=px +(I-p)x
and
p's ;+(1-p)s  ,=pXx HIP)X
Subtracting (A.5) from (A.6), we get
p's ;+(1-p)s  ,-ps -(I-p)s L= (P-P)X X o)
Rearranging terms, we obtain
Pi(s 1-s PHA-P)s -5 ) =(p-p)l(x 17X 2)-(S 175 ).
Letp <p' <p? Proposition 2 implies s 1S , <X ;-X ,. Therefore, (A.7) implies

p'(s 1-s DHI-P)s .-s ;) =0

Suppose s ,'<s ,, then (A.8) implies s ,">S ,, contradicting to Proposition 1.
Therefore,s ;' >s;. A similar proof applies to p d<p<p’. W
Proof of Lemma 2: (1) The full efficient action p " is obtained by solving max

u(xp)-v( p)for peQ. Since Q is compact, and the objective function is

continuous, the existence of p' is guaranteed.
(2) Since every peQ is in the interior of P, by Lemma 1, s is uniquely
determined and is continuous in p. The constrained efficient action is
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obtained by solving max sifpiu(s(p)kv( p)for peQ. Since the objective

function is continuous in p, compactness of Q guarantees the existence of a
constrained efficient allocation. [ ]
Proof of Proposition 4: Forany action peQ and any feasible payment schedule

Y 1.y ), the utility of the state is evaluated by
PHP Gl )V( P} <GEHp Uy RV P) <G(U( »ipiyi)-v( p)) <G"),

because of the concavity of u and of G. [ ]

Proof of Proposition 5 The state solves the problem
max z3{p ; G(u(s ; (p))-v( p))}, for peQ.
Since Gand s are continuous, compactness of Q implies that an optimal
solution does exist. On the other hand, since
ut=max z{pu(s (p)}-v( p)for  peQ,
which is maximized on the same set as the state's problem. Therefore the
optimal solution of the state ( p®, sP) is also a feasible choice here, which

impliesu  P<u. B
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Footnotes
1. | am most grateful to Janos Kornai, Andreu Mas-Colell and Eric Maskin for
their advice and encouragement. | also wish to thank Abihijit Banerjee,
Oliver Hart, Amartya Sen, Michael Spagat, Martin Weitzman and Chenggang Xu for

helpful discussions.

2. Okun's Equality and Efficiency: The Bi g Tradeof f (1975) is a popular book

on the subject. Kornai (1986) studies conflicts between economic efficiency
and the principles of socialist ethics in socialist economies. At a more
philosophic level, Gordon (1980), among many others, provides a pluralist view
on values of welfare, justice, and freedom, and illustrates possible
complementarity and conflicts between them.

3. For examples, Conn (1982) and Murrell and Miller (1984) investigate the
possible conflict using models of a central planner and a manager under the
circumstance that the manager possesses some information the center does not.
4. Hammond (1983) argues for a welfare function based on the individual's
post utility in order to obtain a dynamically consistent objective for

collective choice under uncertainty. The static model here may be viewed as a
reduced form of a dynamic model for the purpose of studying dynamically
consistent policies of the state.

5. Our model in many aspects is similar to the models of optimal income
taxation (e.g., Mirrlees (1971)). However, those are adverse selection

models, where ability is known to the individual, but not to the state.

6. Note that, in our model, agents maximize expected utility where the
concavity of u means risk-aversion across different states of nature.
Meanwhile, the state maximizes social welfare (under certainty) where the
concavity of G represents inequality-aversion across agents of the population.
7. See Holmstrom and Milgrom (1987) on this point.

8. In the remaining part of the paper, we will maintain the assumptions of

Lemma 1 and always use the unique incentive scheme s( p) which implements
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9. Itis worth noting that the Monotone Likelihood Ratio Property (MLRP) is

satisfied automatically in this case, because actions p' <p if and only if the
likelihood ratios (p'/p) <(1-p")/(1-p). We know already that MLRP would imply
s,>S, in a more general model.

10. However, with heterogeneous agents, a competitive equilibrium in general

needs not to be constrained efficient.

11. When G is linear, i.e., inequality neutral, efficiency is obtained:

uP=u°.

12. The optimal choice of the state is still ex post efficient. Thatis,
after states of nature have been revealed, there is no other feasible

allocation that makes one agent better off without making any other agent

worse off.

13. One possible way to reconcile the tension is to internalize the

externality of the inequality by redefining the individual's utility function.

For example, Sen (1966) defines U i=2y;U;, where  zy,=land v;>0,in order to
incorporate sympathy among people.

14. The second order condition is satisfied because v( ) is convex.
15. What is important here is the Monotone Likelihood Ratio Property (MLRP),

which says that a higher effort makes success more likely to happen. Then, by

the Law of Large Numbers, more people are successful and end up in the high

income group.

16. It should be noted that although implementing a safe project always

implies a safe remuneration and therefore implies an equal income

distribution, the converse is not true at all: A sure remuneration may

implement a very risky project. What is important in the consideration of

income distribution is not the variance of the projects that are undertaken,

but rather the variance of income distribution, which is equal to the variance

of the underlying incentive scheme in our model.

17. Note that in this example, in order to give a sharp comparison, we have

used p=1 or 1-p=0. But our argument does not depend on this. Therefore, our
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argument here differs from the famous Mirrlees (1974) argument for non-

existence of the second best, when the first best can be arbitrarily

approached by applying larger and larger punishment with smaller and smaller

probability (p =0). In our model in the paper, this non-existence problem is

ruled out by requiring Q to be compact and in the interior of P.

18. In fact, any inequality index used in reality is always related to the

size of income groups, like the Gini Coefficient and the income shares of the

bottom or the top 20 percent population.

19. Consider the narrow power function family: G(x)=[1/(1-B)]x 8 where B
the relative risk aversion coefficient. When B=0, the linear function G(x)=x

is obtained. If B=1, G(x)=log(x). LetB goto + «, then G(x) is equivalent to
the maximin function.

20. Sinced 2W/dp?=-3v"-pv", the second order condition is satisfied provided

v"(p)>0 for all O<p<1.

21. A sufficient condition for effort to be reduced globally is

pv"(P)IV'(p) >1/(2(1-p)) for all p >1/2. This is because G'(x 1-X ,-V'(p)) is
always negative for p >p?, and (b/2)[(1-2p)v'(p) 2+2p(1-p)V'(p)V"(p)] is non-
positive for p >p? under the given condition, therefore, dwW/dp <0 for all p>p

22. Itis well-known that enterprises in socialist economies are not only
work places, but also welfare organizations. To a very large extent, workers'
well-being depends on the welfare benefits they receive from the enterprise.
The care for distribution of profits of the enterprises is an indirect way of
caring for the distribution of workers' income. According to this
interpretation, v( p) is the aggregated disutility of all workers in the
enterprise.

23. In China, there officially exists an adjustment tax with the explicit
purpose of equalizing after-tax-profits between enterprises (Naughton (1985)).
In Hungary, data shows very little correlation between a firm's pre-tax
profitability and its profitability after levelling (see Table 3 on page 233

in Kornai (1983)).
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24. Some people are doubtful, and correctly so, that a government in a
socialist economy really pursues egalitarianism economywide. Although it is
true that in socialist economies the non-monetary income distribution is much
less equal than monetary income distribution, that occurs mainly along the
vertical lines of the hierarchy. Since our interpretation of agent here is

the state-owned enterprise, which is positioned horizontally rather than

vertically in the hierarchy, egalitarianism may still be a relevant issue.
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