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We study an overlapping generations version of the principal-agent problem, where
incentive contracts are determined in general equilibrium. All individuals are workers when
young, but have a choice between becoming entrepreneurs or remaining workers when old.
Imperfections in the credit market give rise to rents in entrepreneurial activities involving
capital. These rents motivate poor young agents to work hard and save to overcome the
borrowing constraints. With a labour market that is subject to moral hazard, the increased
eﬀort raises social welfare. Policies that reduce credit market imperfections, or redistribute
income, may reduce welfare by dampening this eﬀect.

1. INTRODUCTION
An important insight in the development economics literature is that credit market
imperfections can lead to poverty traps. As argued by Banerjee and Newman (1993,
1994), credit constrained individuals cannot enter proﬁtable occupations with set-up
costs, hence upward mobility is limited. But this gives an incomplete account of the
incentives for credit constrained individuals to work and save. For example, Banerjee
and Newman assume individuals live for one period only, and Aghion and Bolton (1997)
assume entrepreneurs must invest at the beginning of their lives. Under these assumptions, there is no way to become an entrepreneur through hard work and thrift. In
contrast, we argue that credit market imperfections give rise to rents in occupations
involving set-up costs, and these rents may motivate poor individuals to work hard and
save to overcome the borrowing constraints.
These conﬂicting views on economic mobility go well back in history. The address of
Abraham Lincoln at the Wisconsin State Agricultural Society in 1859 captures well the
idea of dynamic incentives to work and save: ‘‘The prudent, penniless beginner in the
world labors for wages awhile, saves a surplus with which to buy tools or land for himself,
then labors on his own account another while, and at length hires another new beginner to
help him. This . . . is the just, and generous, and prosperous system, which opens the way
for all, gives hope to all, and energy, and progress, and improvement in condition to all.’’
Others, such as Tocqueville, advocated a ‘‘mud-sill’’ theory, which is similar to the poverty
trap view.
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The ‘‘agricultural ladder’’ exempliﬁes the kind of economic environment we are
interested in: ‘‘. . .a potential entrant began his career as a hired hand and through
diligent work and wise spending, he accumulated suﬃcient funds to purchase a set of
machinery. Subsequently the new entrant became a renter, then a part-owner of real
estate, and ﬁnally the pinnacle of success was reached with full ownership of land and
machinery’’ (Boehlje, 1973). Financial constraints are believed to be the key to this
ladder phenomenon, and to the life-cycle pattern observed in the size of the farm (see
Gale (1994)). Historically, a similar process was observed in small-scale crafts and
manufacturing. Poor farm households, often working as hired labourers in peak seasons,
saved their meager earnings to buy tools and set up small scale rural industries (see
Kriedte et al. (1981)). In a recent study of a group of independent small-scale craft
enterprises in rural Scotland from the middle of the 19th to the early 20th century,
Young (1995) found that most of these craft producers were former workers who used
savings from previous wage employment for start-up capital. They were unable to secure
credit from banks or merchants because they could not oﬀer any collateral. Another
good example is businesses set up by immigrants in the U.S. In a recent study of nearly
four hundred Korean business owners in modern day Chicago and Los Angeles, Yoon
(1997) found that most of his respondents started in the U.S. as manual, service or sales
workers. After accumulating capital (mainly through personal savings) they frequently
bought the business from the existing owner. A survey of one hundred and ﬁfty Asian
businesses in Chicago in 1987-88 found that before starting a business most immigrants
worked for others and the single most important source of capital was personal savings
from wages earned in the labour market. Very few of these businesses received a bank
loan, often alleging discriminatory practices by banks (see Engstrom and McCready
(1990)).
The role of credit market constraints in limiting entry to entrepreneurship, and the
importance of inter-class mobility, are well documented phenomena. Several empirical
studies based on panel data from the U.S. and the U.K. have shown the importance of
credit market constraints for potential entrepreneurs. Evans and Leighton (1989) found
that men with greater assets were more likely to switch into entrepreneurship from wageemployment, other things being equal (see also Evans and Jovanovic (1989)). Liquidity
constraints seem to be an important explanatory variable for entrepreneurship even after
controlling for ability (see Blanchﬂower and Oswald (1998)). These studies also provide
evidence of signiﬁcant presence of individual transitions from worker to entrepreneur (see
Evans and Leighton (1989) and Quadrini (1997)).
In this paper, we study an overlapping generations version of the principal-agent
model that captures the type of mobility described above. Young agents are born
without any wealth, and are matched with entrepreneurs (principals) who own productive assets. There is moral hazard in the principal-agent relationship, and the wage
depends on a noisy measure of the eﬀort supplied by the agent, just as in Holmström
(1979). Young agents can invest in assets in order to become entrepreneurs when old.
The demand and supply of labour in the future depends on the incentive and the ability
of the current generation of young workers to borrow and save. The incentive to borrow
and save depends on expectations of future labour contracts, and on the imperfections
(transactions costs) in the credit market. The ability to save depends on current labour
contracts. Since any young agent may borrow money to buy the asset, bank-ﬁnanced
entrepreneurs cannot earn rents in equilibrium. However, agents who earn a high wage
when young can earn positive rents as self-ﬁnanced entrepreneurs when old, which
motivates young agents to work harder than they would if they were oﬀered the same
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labour contract in the standard static principal-agent model. The dynamic incentives for
young agents to work hard and save in order to become self-ﬁnanced entrepreneurs will
be referred to as the American Dream eﬀect. This captures the idea that ‘‘anybody can
make it’’ through hard work, thrift and luck and provides a sharp contrast with the
poverty trap view described earlier.1 The more imperfect the credit market is, the greater
are the entrepreneurial rents. A reduction of the imperfections leads to higher equilibrium
wages and increased eﬀort from old workers. But the fall in entrepreneurial rents reduces
the shadow value of earnings for young workers, hence reducing their dynamic incentives
to work and save. Just as suggested by the second best arguments of Lipsey and Lancaster
(1956), the net eﬀect on social welfare is ambiguous. Starting from a situation where the
cost of capital is small and most (but not all) entrepreneurs are self-ﬁnanced, reducing
credit market imperfections may in fact reduce social welfare.
Our paper is closely related to the recent literature on occupational choice. Like
Banerjee and Newman (1993, 1994), we consider the endogenous determination of returns
to diﬀerent occupations in the presence of imperfect credit markets and set-up costs.2 In
contrast to these papers, our model is driven by the joint presence of incentive problems in
the labour market and imperfections in the credit market. Moreover, in our model all
individuals are identical at birth, with no inherited wealth, and we focus on the life-cycle
aspects of work incentives, savings and occupational choice. In Banerjee and Newman
(1993), individuals live for one period only and the dynamics are driven by bequests.
Credit markets are imperfect so unless an agent has some threshold level of wealth, he
cannot enter into a proﬁtable occupation. In Aghion and Bolton (1997), poor individuals
have to borrow to invest, and debt overhang reduces entrepreneurial eﬀort, but entrepreneurs invest at the beginning of their lives so there is no way to reduce the need for
debt-ﬁnancing by hard work and thrift.3 Redistributing wealth, or reducing credit market
imperfections, is eﬃciency enhancing in the Banerjee and Newman (1993) and Aghion and
Bolton (1997) models.4 In our model, ex post inequality motivates young agents to work
hard, so redistributive policies will reduce the incentives to work hard and save, which may
reduce social welfare. Similarly, removing the credit market imperfections reduces the ex
post inequality, which discourages hard work. Another feature that distinguishes our
paper is that in the occupational choice literature, contracting issues are under-emphasized. For example, in Banerjee and Newman (1993) workers are paid a ﬁxed wage, and
there is a monitoring technology that enables the entrepreneur to perfectly monitor the
workers. In Aghion and Bolton (1997) and Piketty (1997) everyone is self-employed. In
contrast, in our model, as in the standard one-period principal-agent model, optimal
contracts are derived subject to incentive-compatibility and limited liability constraints.
However, in contrast to the standard principal-agent model, in our model individuals
make occupational choices, and the terms of labour market contracts are determined by
the demand and supply of labour.
1. This is not the only possible interpretation of the American Dream. One interpretation would focus on
heterogeneous ability, which is absent in our model.
2. For related contributions see Aghion and Bolton (1997), Galor and Zeira (1993), Legros and Newman
(1996), Newman (1992), and Piketty (1997).
3. One can re-interpret our model in such a way that the cost of credit is a reduced form for the cost of
entrepreneurial debt-overhang in the sense of Aghion and Bolton (1997). In this sense, our analysis is
complementary to theirs.
4. A large theoretical literature explores the idea that with an imperfect credit market, the distribution of
wealth across ﬁrms and investors have important consequences for real economic activity. See, for example,
Holmström and Tirole (1997). But this literature does not address the issues of occupational choice and the lifecycle incentives of individuals to work hard and save.
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Our paper is also related to the career concern model studied by Holmström (1999).5
Holmström’s workers diﬀer in terms of ability which cannot be directly observed by the
market. Since eﬀort and ability are substitutes in production, young workers work hard
because otherwise an unfavourable inference about ability will be drawn. Because of this
‘‘rat race’’ eﬀect, young workers’ eﬀort levels can be ineﬃciently high.6 Eﬀort will be
declining over time since the worker’s type is revealed over time. In our model all agents
are born identical. Successful young agents work hard, not with the aim of passing oﬀ as
more able workers, but because they hope to become self-ﬁnanced entrepreneurs. Old
workers do not have these dynamic incentives because of their limited time horizon. This
life-cycle pattern of eﬀort supply in our model is similar to that in the career concerns
literature. However, the mechanism leading to this feature, its eﬃciency properties, and
the features of the resulting market equilibrium are very diﬀerent. In our dynamic model,
as in the standard one-period principal-agent model, the limited wealth of the agent and a
limited liability constraint prevents the principal and agent from maximizing their joint
surplus (and hence social surplus). The equilibrium eﬀort levels will always be too low, and
hence the fact that the American dream eﬀect raises eﬀort levels of young workers is
always social welfare enhancing. The rents from self-ﬁnanced entrepreneurship represent a
net social gain from avoiding costly credit market transactions and does not signify an
externality. Thus, the eﬃciency properties of our model are diﬀerent from the career
concerns model. Notice also that the fact that a young worker supplies extra eﬀort raises
the principal’s proﬁt. In equilibrium, the size of these proﬁts determines how much extra
eﬀort the young worker will supply (since he hopes to become a principal in the future),
which in turn determines the wages young workers receive in the competitive labour
market. This interaction between equilibrium proﬁt rates and wages is missing in the
career concerns model where the worker does not expect to earn entrepreneurial proﬁts in
the future.
The paper is organized as follows. In Section 2 we introduce the model. In Section 3
we discuss some properties of equilibria. In Section 4, we prove existence and uniqueness
of equilibria, and characterize diﬀerent types of equilibria that exist for diﬀerent parameter
values. We focus our attention on the most interesting kind of equilibrium, where both
bank- and self-ﬁnanced entrepreneurs coexist. Section 5 discusses the role of economic
policy. Section 6 explains how the credit market imperfection can be endogenized, and
discusses the consequences of allowing bond posting. The ﬁnal section contains a brief
summary, and the Appendix contains technical proofs.

2. THE MODEL
2.1. Set-up
We consider an overlapping generations model. Risk-neutral individuals live and are
productive for two periods. Thus, in each period there are two generations alive, ‘‘young’’
and ‘‘old’’. We normalize the population size of each cohort to unity. There are no
bequests, so each individual is born without any wealth. Second period utility is
discounted by a factor  2 ð0; 1Þ.
5. See also Gibbons and Murphy (1992) and Long and Shimomura (1997).
6. Although in Holmström (1999) there is no asymmetric (as opposed to imperfect) information about
worker ability, the main result is similar to the well-known fact that equilibria of signalling models are often
characterized by socially ineﬃcient over-investment in the signal.
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Production requires three inputs: capital, labour and supervision. All agents are
workers when young. Entrepreneurial activity involves a set-up cost, k, which an agent can
incur at the end of the ﬁrst period of his life. This can be thought of as the purchase of one
unit of capital at a cost k. Paying this cost allows him to be a principal (or ‘‘entrepreneur’’)
rather than a worker when old.7 Buying more than one unit of capital is not feasible, and
buying a fraction of a unit is useless. The technology is ﬁxed-coeﬃcient type: a principal
with one unit of capital can supervise at most n >
¼ 2 identical projects, each operated by
one worker. Here n is an exogenously given parameter, not a choice variable.8 A principal
together with his workers is called a ﬁrm. Investment is irreversible, so once installed the
capital cannot be consumed. Capital perishes completely after one period. One possible
interpretation is that the investment k is a cost of acquiring human capital, which makes it
possible to perform the supervisory role of a principal.
An agent whose wealth is insuﬃcient to pay the investment cost k out of his pocket
can borrow money on the credit market, which is assumed to be exogenous to this
economy. The deposit interest rate is ﬁxed at r ¼ 1=  1. The eﬀective borrowing interest
rate is higher, since each loan is subject to a transactions cost  > 0. Here  is exogenously
given, and does not depend on the size of the loan.9 We take the size of  to be our
measure of the imperfections in the credit market. (In Section 6.1 we will interpret  as a
cost of monitoring done by banks.) The bank-ﬁnanced entrepreneur must give some
fraction of his proﬁts to the bank. For the bank to break even on average, the expected
repayment for a loan of size b must be ð1 þ rÞb þ  ¼ b= þ .10
The return from a project is y ¼ 1 with probability e and y ¼ 0 with probability 1  e,
where e 2 ½0; 1 is the amount of unobservable eﬀort supplied by the worker who operates
the project. We refer to y ¼ 1 as a ‘‘success’’ and to y ¼ 0 as a ‘‘failure’’ of a project. A
worker whose project succeeds is a ‘‘successful worker’’. The worker’s disutility of eﬀort is
ce2 =2. Returns of projects within a ﬁrm are uncorrelated, so there is no gain from making a
worker’s wage depend on the success or failure of other workers in the same ﬁrm. Let h
denote the success wage paid to the worker when the return from his project is y ¼ 1, and l
the failure wage paid when y ¼ 0. Even though workers are risk neutral, the presence of a
limited liability constraint implies that the incentive problem cannot be solved costlessly.
>
The limited liability constraint requires l >
¼ 0 and h ¼ 0. It is easy to see that l ¼ 0 is
optimal.11 Thus, from now on we set l ¼ 0, and a labour market contract will simply be
characterized by the success wage h >
¼ 0. The principal’s gain from the relationship with
the worker is 1  h if the project succeeds, and zero if the project fails. Since the project
succeeds with probability e, the expected gain is eð1  hÞ. An unemployed worker earns a
subsistence income normalized to 0. Since the current principal is an old individual who
dies at the end of the period, it is not possible to use long-term labour contracts with
young workers.
7. For simplicity, all agents who did not pay k when young remain workers when old: they are not allowed
to buy capital from some other old agent who did invest. This assumption is clearly justiﬁed in the case of
investment in human capital.
8. See the working paper version of this paper (Ghatak, Morelli and Sjöström (2000)) for the case n ¼ 1
which has some special properties.
9. In equilibrium, individuals will either borrow k or nothing. Thus, we could as well assume that the
transactions cost is a non-decreasing function ðbÞ of the size of the loan b, but the value of ðbÞ for b 6¼ k would
be irrelevant and the ﬁxed  would simply be replaced by ðkÞ.
10. See Ghatak, Morelli and Sjöström (2000) for a more detailed discussion.
11. If h < 1 and l > 0, then the agent will supply less than the joint surplus-maximizing amount of eﬀort.
Therefore, it is possible to reduce l and increase h in such a way that both the agent and the principal are better oﬀ
(the agent works harder, so the joint surplus is increased). So h < 1 and l > 0 cannot be optimal. On the other
hand, if h >
¼ 1 and l > 0 then the principal cannot break even. Thus, we conclude that l ¼ 0.
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To further simplify the exposition, the following assumptions on the parameters will
be maintained throughout the paper.
Assumption 1. c > 1 þ .
Assumption 2.  < ð2n  1Þ=8c  k=.
Assumption 3. k < 12.
Assumption 1 says that the cost of eﬀort is not too low. This simply rules out corner
solutions (the equilibrium eﬀort levels lie strictly between 0 and 1). Assumption 2 requires
that the transactions cost  should not be too large. Assumption 2 is equivalent to the
statement that in a situation of unemployment, where entrepreneurs are on the short side
of the labour market (and in eﬀect have all the bargaining power), becoming a bankﬁnanced entrepreneur is better than being unemployed (see the proof of Proposition 1). If
this were not true, then there would be no bank-ﬁnanced entrepreneurs, and given the
ﬁxed-coeﬃcient technology there would be no force to ensure full employment. With the
possibility of unemployment, the rents from self-ﬁnanced entrepreneurship would be
maximal and the American Dream eﬀect we want to illustrate would be large. Nonetheless,
we maintain Assumption 2 as we are interested in the role of the imperfections in the credit
market, but not so much in situations where these imperfections are so great that the credit
market shuts down completely. Assumption 3 guarantees that the cost of investment k is
suﬃciently small that in equilibrium all successful young workers earn at least k for sure.
Thus, they can become self-ﬁnanced entrepreneurs. If we dropped Assumption 3, the
equilibrium might involve a randomization: rather than paying successful young workers a
sure wage h < k, the entrepreneur would pay k with some probability q and 0 with
probability 1  q. Successful workers would earn rents as self-ﬁnanced entrepreneurs with
probability q. The equilibrating variable on the labour market for young workers would be
q rather than h. Except for that, our analysis would go through even with k > 1=2, at least
as long as agents are not too risk averse.
2.2. Time line
Each period starts with the birth of a new generation. Then the sequence of events is the
following.
Morning: Entrepreneurs and workers are matched. There are no frictions in the
matching process in the sense that unmatched individuals can never be found on both sides
of the market. Labour market contracts must be constrained eﬃcient: they must maximize
a weighted sum of the expected payoﬀs of the contracting parties subject to an incentivecompatibility (IC) constraint on the worker’s eﬀort choice, the limited liability constraint,
and the worker’s and entrepreneur’s participation constraints. The weights are determined
by market forces. If the number of projects does not equal the number of workers, then the
party on the short side gets all the weight. Thus, if there are more workers than projects,
the contract maximizes the entrepreneur’s payoﬀ subject to the IC and limited liability
constraints, and the worker’s participation constraint. If there are more projects than
workers, the contract maximizes the worker’s payoﬀ subject to the IC and limited liability
constraints, and the entrepreneur’s participation constraint. The worker’s participation
constraint is that he should get at least zero, the entrepreneur’s participation constraint is
that he should get at least as much as he would get if he switched occupation to become a
worker.
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Noon: Output is realized and publicly observed. Wages are paid and loans are
repaid.
Evening: Old individuals consume everything they have, since there are no bequests.
Young agents decide whether or not to invest in order to become entrepreneurs in the next
period. Those who do not invest remain workers in the next period. Income that is not
used for investment can be either consumed today or saved in a bank for consumption
tomorrow. These two options are equivalent since the deposit interest rate satisﬁes
1 þ r ¼ 1=.

2.3. The benchmark one-period model
Before analysing our dynamic model, we review the solution to the corresponding static
model. Two individuals who live for one period have been exogenously assigned the roles
of principal and agent. Since expected joint surplus is e  ce2 =2, the ﬁrst-best eﬀort level is
1=c < 1 (by Assumption 1). The agent sets eﬀort to maximize eh  ce2 =2 subject to
<
0<
¼ e ¼ 1. The ﬁrst order condition for an interior solution is e ¼ h=c, which implies an
expected utility of h2 =ð2cÞ for the agent. The principal sets the success wage h to maximize
eð1  hÞ ¼ hð1  hÞ=c subject to the participation constraint h2 =ð2cÞ >
¼ u . If the agent’s
reservation payoﬀ is u < 1=ð8cÞ then the solution involves

h¼

1
2

and e ¼

1
:
2c

ð1Þ

The principal’s proﬁt is
eð1  hÞ ¼

1
:
4c

The participation constraint does not bind since
h2
1
> u ;
¼
2c 8c
and eﬀort is strictly less than the ﬁrst best level 1/c. If u > 1=ð8cÞ, then the participation
constraint binds. In this case, a fall in u would allow the principal to increase his proﬁt
by lowering h (which however would reduce e, leading to a reduction in total social
surplus).
Intuitively, the basic problem is as follows: with limited liability and the fact that
agents have no wealth, the principal cannot ‘‘sell the ﬁrm’’ to the agent, and the only way
he can extract any transfers from the agent is by taking a share of output ð1  h > 0Þ. As a
result, the agent’s eﬀort is below the ﬁrst best ðh=c < 1=cÞ. The higher is 1  h, the lower is
e. The optimal contract balances these two concerns of rent extraction and incentive
provision. Two implications of this basic trade-oﬀ are worth noting. First, in order to
provide good incentives the principal would never reduce the agent’s share below a certain
minimum level (12 in this case), no matter how low the reservation payoﬀ is. Second, an
agent with a high reservation payoﬀ has to receive a large share of the surplus. Given the
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incentive problem, this is most eﬃciently done by giving him a large success wage, which
leads to a high eﬀort level.12
3. STEADY STATE EQUILIBRIUM
Young agents choose the occupation that oﬀers them the highest expected payoﬀ, given
rational expectations about next period’s wages and the proﬁts of self-ﬁnanced and bankﬁnanced entrepreneurs. The age of a worker is public information, so young and old
workers can receive diﬀerent contracts. On the competitive labour market, entrepreneurs
must be indiﬀerent between hiring young and old workers, or else the wage of the more
desirable type of worker would be bid up. We will focus our attention on steady state
equilibria. Since all endogenous variables are constant over time we can omit time-subscripts without much loss of generality. Since capital depreciates fully after one period,
there are no interesting issues of economic growth. In fact, we show that if the discount
factor  is large, there is a unique steady state equilibrium, and no other (non steady state)
equilibria.13
Let ho and h y denote the success wages paid to old and young workers, respectively.
Let eo and e y denote the eﬀort levels chosen by old and young workers, respectively. Let p
denote the number of entrepreneurs. The number of available jobs (individual projects) is
pn, the number of young workers is 1, the number of old workers is 1  p.
3.1. Labour market equilibrium
Our ﬁrst result is that in equilibrium neither workers nor entrepreneurs can be in short
supply.
Proposition 1. In any steady state equilibrium the number of workers equals the number
of projects (full employment). The number of entrepreneurs is p ¼ 2=ð1 þ nÞ < 1.
In the proof, Assumption 2 is used to show that if there is unemployment among
workers (so entrepreneurs in eﬀect have all the bargaining power), then every young agent
will want to become an entrepreneur when old, even if it means paying the transaction cost
on a bank loan. Thus unemployment cannot persist.
3.2. Occupational choice
In this section we derive the expected value of becoming entrepreneur. We show that in
any steady state young agents who can self-ﬁnance the investment prefer (at least weakly)
to become entrepreneurs, while other young agents can at best be indiﬀerent between
borrowing to become entrepreneurs and remaining workers.
12. The static model has been extended by Lewis and Sappington (2001) to the case where the agent has
private information about both his ability and wealth. They allow wealthy agents to post bonds (in eﬀect setting
l < 0) in exchange for a higher-powered incentive contract (higher h). Interestingly, for the same level of ability,
while wealthier agents will get a more high-powered incentive schemes in exchange for posting a greater bond
when ability is known, it is not necessarily true when ability is unknown. Such a change in the contract that leaves
the expected payoﬀ of a low ability agent constant will generate rents for a high ability agent. As a result, the
principal may be unwilling to oﬀer higher-powered incentive schemes unless the agent has both higher wealth and
higher ability.
13. If multiple steady state equilibria exist, then in the beginning of any period t there are many beliefs that
are self-fulﬁlling but lead to diﬀerent future paths. In this case there will be large numbers of non steady state
equilibria. Conversely, if there are non steady state equilibria, there must be multiple steady states.
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Consider a ﬁrm with o old and  y young workers, o þ  y ¼ n. Since the eﬀort level
equals the success probability, the entrepreneur’s expected revenue minus wage payments
is
A

o eo ð1  ho Þ þ  y e y ð1  h y Þ:

ð2Þ

Competition between entrepreneurs ensures that in equilibrium they are indiﬀerent
between hiring young and old workers. Thus, in equilibrium A does not depend on the
age-composition of the labour force
eo ð1  ho Þ ¼ e y ð1  h y Þ:

ð3Þ

Since there are no bequests, the income of a young agent at the end of his ﬁrst period
y
equals his wage. If h y >
¼ k then a successful young worker can invest k, consume h  k,
and become a self-ﬁnanced entrepreneur when old. His expected discounted payoﬀ will be
h y  k þ A. The expected discounted payoﬀ from consuming his wage today and
remaining a worker when old is h y þ uo , where uo denotes the payoﬀ from being an old
worker.14 Let S denote the rent from becoming a self-ﬁnanced entrepreneur
S

h y  k þ A  ðh y þ uo Þ ¼ A  k  uo :

ð4Þ

The young successful agent wants to become a self-ﬁnanced entrepreneur when old if and
only if S >
¼ 0 (if S ¼ 0 he is indiﬀerent).
A young agent whose ﬁrst-period income is strictly smaller than k needs to use the
credit market in order to become an entrepreneur. A bank-ﬁnanced entrepreneur can do
the same things a self-ﬁnanced entrepreneur can do, but the bank loan involves a transactions cost  > 0 incurred in the period when production takes place. Thus, the rent from
being a bank-ﬁnanced entrepreneur is B ¼ S  . Becoming a bank-ﬁnanced entrepreneur is desirable if and only if B >
¼ 0 (if B ¼ 0 the individual is indiﬀerent). Of course, in
equilibrium bank-ﬁnanced entrepreneurs cannot earn positive rents. Indeed, if B > 0 then
all agents prefer to become entrepreneurs when old, so p ¼ 1, in contradiction of Proposition 1. Conversely, if S < 0 then nobody wants to be an entrepreneur, so p ¼ 0, again
contradicting Proposition 1. Thus, we have:
<
Proposition 2. In any steady state equilibrium, S >
¼ 0 and B ¼ 0.
Thus, in equilibrium an agent whose ﬁrst period income exceeds k at least weakly
prefers to become a self-ﬁnanced entrepreneur. An agent with a ﬁrst-period income strictly
smaller than k at least weakly prefers not to borrow to become an entrepreneur. Hence, if
an agent who receives income w when young makes an optimal occupational choice, his
o
payoﬀ from this moment on will be w  k þ A if w >
¼ k and w þ u if w < k. Using
equation (4), the value function for a young worker who receives income w can be written
as
(
w þ uo þ S if w >
¼k
VðwÞ ¼
ð5Þ
w þ uo
if w < k
The value function is discontinuous at w ¼ k if S > 0. Notice that Proposition 2 and the
fact that B ¼ S   implies S 2 ½0; .
14. Since we always have full employment, this payoﬀ is guaranteed.
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3.3. Eﬀort
In this section we show how eﬀort levels of young and old workers depend on wages, ho
and h y , and the rents going to self-ﬁnanced entrepreneurs, S. Given that w ¼ h y if his
project is successful and w ¼ 0 otherwise, the young worker will set e y to maximize
e y Vðh y Þ þ ð1  e y ÞVð0Þ  12 cðe y Þ2 ;

ð6Þ

y <
subject to 0 <
¼ e ¼ 1. Let us assume that the solution to a worker’s eﬀort choice is
interior, and consider the ﬁrst order conditions. (Below we will conﬁrm that the worker’s
eﬀort choice is indeed interior). From the ﬁrst order condition we obtain the young
worker’s IC constraint:

ey ¼

Vðh y Þ  Vð0Þ
:
c

ð7Þ

y
y
From (5), Vðh y Þ  Vð0Þ ¼ h y þ S if h y >
¼ k, otherwise Vðh Þ  Vð0Þ ¼ h . Thus,
( y
if h y < k
h =c
y
e ¼
ð8Þ
ðh y þ S Þ=c if h y >
¼k

For the principal to break even we must have h y < 1, and we know that S <
¼ . So a
suﬃcient condition for the solution to the worker’s eﬀort choice to be interior is
ð1 þ Þ=c < 1 which is ensured by Assumption 1. An old worker faces the same decision
problem as in the static model of Section 2.3, since this is the last period of his life. His
eﬀort-choice is, therefore, determined by the IC constraint
eo ¼

ho
:
c

ð9Þ

The following lemma characterizes the wages of young and old workers and the
corresponding eﬀort levels in a steady state equilibrium.
Lemma 1. In any steady state equilibrium:
o > 1
y
o
(1) 1 > h y >
¼ h ¼ 2, with h > h if S > 0;
y > o
(2) ð1 þ S Þ=c > e ¼ e
1=2c with e y > eo if S > 0.
1
o >
Just as in Section 2.3, for incentive reasons we have ho >
¼ 2 and thus e ¼ 1=ð2cÞ. For
employers to be indiﬀerent between hiring young and old workers, we must also have
1
y
hy >
¼ 2 which by Assumption 3 implies h > k so that self-ﬁnancing is possible. Therefore, from (8) the young worker’s IC constraint is

ey ¼

hy þ S
:
c

ð10Þ

In a match between a young worker and a principal, the joint gain from success is
1 þ S. The principal does not have to pay for S. It is a private beneﬁt from success that the
agent receives from outside the relationship. In addition, S also represents a net social gain
since successful young workers are able to save on costly credit market transactions in the
next period. In contrast, in a match between an old worker and a principal the joint gain
from success is 1. Since h y < 1 and ho < 1 must be true for the principal to break even, the
IC constraints (9) and (10) imply that both young and old workers supply strictly less than
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the joint surplus maximizing eﬀort levels (which are ð1 þ S Þ=c and 1=c, respectively). In
contrast with Holmström (1999) where a worker ends up supplying too much eﬀort, in our
model eﬀort is always too low from the point of view of social surplus.15
Using (9) and (10), the condition that entrepreneurs must be indiﬀerent between
hiring young and old workers, equation (3), can be written as
e y ð1  ce y þ S Þ ¼ eo ð1  ceo Þ:

ð11Þ

If S ¼ 0 then the IC constraints of old and young workers, (9) and (10), are
equivalent, so old and young workers work equally hard for any given wage. Equation
(11) implies that they must receive the same pay ðh y ¼ ho Þ and supply the same eﬀort
ðe y ¼ eo Þ. However, if S > 0 then the IC constraints imply that for any given wage, young
workers work harder than old workers, since they get an extra beneﬁt S from succeeding.
This is the American Dream eﬀect. Therefore, if S > 0 and h y ¼ ho then young workers
would be more attractive to hire than old workers, violating (11). In the competitive
labour market h y must be bid up until equation (11) is satisﬁed, which further raises e y .
Consequently, if the equilibrium is such that S > 0 then h y > ho and e y > eo .16
The American Dream eﬀect implies that young workers work extra hard in order to
earn entrepreneurial rents in the future, and in a competitive spot market for labour this
translates into higher wages for young workers. But if for some reason young workers
cannot be paid more than old, the young worker’s IC constraint still implies an American
Dream eﬀect. The appendix shows this formally.17
4. CHARACTERIZATION OF EQUILIBRIA
From Proposition 2 and the fact that S  B ¼ , it follows that there are three possible
types of steady state equilibria: (I) S ¼  > B ¼ 0; (II) S > 0 > B; (III) S ¼ 0 > B. Case I
and II display the American Dream eﬀect: as S > 0, young workers work extra hard in
15. If S is large enough, then the eﬀort of a young worker can exceed 1/c, which is the ﬁrst-best level in the
static model. However, eﬀort is always below ð1 þ S Þ=c, which is the social surplus maximizing level in the
dynamic model. The entrepreneurial rent S, which represents a saving of credit market transactions costs, must
count toward social surplus. From the social point of view, it is therefore justiﬁable that young workers put in
extra eﬀort in order to save on these transactions costs. In contrast, in the Holmström (1999) model eﬀort exceeds
the social surplus maximizing level because of a rat-race like problem—the worker puts in extra eﬀort in order to
convince the principal that he has a high ability, but in equilibrium the principal cannot be ‘‘fooled’’. Clearly, this
extra eﬀort is not justiﬁable from the social point of view.
16. In the benchmark one-period model with a monopolistic principal, if a worker receives a private beneﬁt
from success (say, pride) then the principal would lower his success wage (since the highly motivated worker
works hard ‘‘for free’’). In our model, the competitive market rewards young workers for their extra motivation.
17. We expect to ﬁnd an American Dream eﬀect on the age proﬁle of wages in situations where credit
market imperfections are important. This suggests looking at data for developing countries, or for groups of
workers in developed countries that face serious credit constraints, but unfortunately there is no empirical study
that directly addresses this issue. Indeed, on an aggregate level existing evidence from large data-sets covering
many ﬁrms and sectors does show a positive relationship between overall labour market experience and wages in
the U.S. contrary to what the model predicts, although the eﬀect of tenure on wages is small over a given job
match (see Abraham and Farber (1987)). However, there is also evidence that productivity in fact falls after a
certain age in some sectors of the U.S. economy, especially in technical ﬁelds. Dalton and Thompson (1971)
report that performance ratings of engineers in technology based companies fall after the age of 35, and Medoﬀ
and Abraham (1980) found that the eﬀect of age on ordinal performance rankings was negative or zero among
professional and managerial workers in two major U.S. manufacturing corporations. In our model, the labour
market is a competitive spot market, so falling productivity would translate into falling wages although in models
with long-term labour contracts, wages may increase over time even though productivity does not (see Lazear
(1979)). There is in fact a recent study by Baker, Gibbs and Holmström (1994) that shows in some industries real
wages fall for workers who stay in the same job for a long time without getting promoted.
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order to capture the rents from self ﬁnanced entrepreneurship. By (11) their wages must be
higher than those of old workers. This further increases the diﬀerence between young and
old workers’ eﬀort levels, so in equilibrium e y > eo . In type III equilibria there are no
rents ðS ¼ 0Þ, so young and old workers get the same labour contracts and e y ¼ eo .
In order to ﬁnd the steady-state equilibria, we ﬁrst solve for eﬀort levels (and
implicitly for wages from the IC constraints) as functions of S. The supply of entrepreneurs
is a function of the eﬀort levels of young workers, so we can then solve for S by equating
the supply of entrepreneurs to p ¼ 2=ð1 þ nÞ. Once we know the steady-state level of S, we
can determine all endogenous variables.
By diﬀerentiating (11), we ﬁnd that (holding S ﬁxed) an increase in eo means e y must
increase to maintain equality in (11), using the fact that e y ¼ ðh y þ S Þ=c >
¼ ð1 þ S Þ=ð2cÞ
and eo >
¼ 1=ð2cÞ (from Lemma 1). Since the entrepreneur is indiﬀerent between hiring
young and old workers, the rent going to a self-ﬁnanced entrepreneur can be evaluated as
if he hired n old workers


ðeo Þ2
o
o
S ¼  ne ð1  ce Þ  c
 k:
2

ð12Þ

Here we used the fact that, from the IC constraint and the fact that there is full
employment, the expected payoﬀ of an old worker is
uo ¼ eo ho  12 cðeo Þ2 ¼ 12 cðeo Þ2 :
Equation (12) implicitly determines the old worker’s eﬀort as a function of S; eo ¼ eo ðS Þ.
We can obtain e y ¼ e y ðS Þ as a function of S by substituting eo ¼ eo ðS Þ in equation (11).
Lemma 2 shows that these functions are well deﬁned.
Lemma 2. For any S 2 ½0; , there exist real numbers

eo ¼ eo ðS Þ

nþ

qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
n2  4cðn þ 12Þðk þ S Þ=

ð13Þ

2cðn þ 12Þ

and

e y ¼ e y ðS Þ

1þSþ

qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ð1 þ S Þ2  4ceo ðS Þð1  ceo ðS ÞÞ
2c

;

ð14Þ

such that (11) and (12) hold. The corresponding wages for old and young workers are
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
n þ n2  4cðn þ 12Þðk þ S Þ=
ho ¼ ho ðS Þ
ð15Þ
2ðn þ 12Þ
and

h y ¼ h y ðS Þ
o
1
where h y ðS Þ >
¼ h ðS Þ > 2.

1Sþ

qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ð1 þ S Þ2  4ceo ðS Þð1  ceo ðS ÞÞ
2

;

ð16Þ
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Lemma 2 characterizes the eﬀort levels and wages of young and old workers that are
consistent with any given value of the rents of self-ﬁnanced entrepreneurs. For any S,
eﬀort levels and wages are uniquely determined by (11) and (12).18 In the optimal contract
of the benchmark one-period model, the eﬀort level and wage can also be expressed as a
function of the reservation payoﬀ of one party. However, in the dynamic model young
workers work harder due to the American Dream eﬀect, and the wages of young and old
workers adjust to make entrepreneurs indiﬀerent between hiring young and old workers.
Moreover, the rent S will be endogenously determined in equilibrium. Before showing
precisely how S is determined, we will describe the relationship between entrepreneurial
rents and workers’ eﬀort levels.
Lemma 3. The function eo ðS Þ is always decreasing in S. If there exists S0 such that
0
e ðS Þ is increasing at S ¼ S0 , then e y ðS Þ is increasing for all S >
¼S.
y

Since the expected proﬁt per young worker must equal the expected proﬁt per old
worker, both must increase if S increases. The principal can extract more proﬁts from old
workers only by lowering ho , which however also reduces eo . The reasoning here is the
same as in the benchmark one-period model of Section 2.3, where any redistribution of
surplus from agents to principals is necessarily associated with a fall in eﬀort. Indeed, the
old worker’s situation is essentially the same as in the static model. Therefore, eo ðS Þ is
decreasing in S. However, in our dynamic model a redistribution of surplus from agents to
principals does not necessarily lead to lower eﬀort from young agents since, from equation
(10), there are two opposing eﬀects. If h y is reduced then there is a direct negative eﬀect on
e y . However, a higher S has a direct positive eﬀect on e y since the young worker wants to
succeed and become a self-ﬁnanced entrepreneur when old. On balance, young workers
may work harder even if their wages fall. The worse it is to be a worker instead of a
principal, the harder the young worker may work today to try to become a principal
tomorrow. The direct positive eﬀect of S on eﬀort is more important the higher is S, so
0
that if e y ðS Þ is increasing at S ¼ S0 , then e y ðS Þ is increasing for all S >
¼ S . We will now
describe how the equilibrium value of S is determined.
In a type I equilibrium, the credit market is active, B ¼ 0 and S ¼ . Eﬀort is e y ðÞ
for young workers and eo ðÞ for old. In each cohort, on average e y ðÞ young workers
succeed, and they all go on to become entrepreneurs, as S > 0. Unsuccessful workers are
indiﬀerent between becoming bank-ﬁnanced entrepreneurs and old workers, as B ¼ 0.
Thus, any fraction of them may become entrepreneurs. As we need p ¼ 2=ð1 þ nÞ entrepreneurs from Proposition 1, the necessary and suﬃcient condition for a type I equilibrium
to exist is

2 > y
e ðÞ:
1þn ¼

ð17Þ

The number of bank-ﬁnanced entrepreneurs in each generation is 2=ð1 þ nÞ  e y ðÞ.
In a type II equilibrium, the credit market is inactive, B < 0, and 0 < S < . All
successful workers become entrepreneurs but there are no bank-ﬁnanced entrepreneurs, as
18. We are solving quadratic equations, but as argued in the proof of Lemma 2 only the larger root is
relevant.
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B < 0. Thus, the number of entrepreneurs equals the number of successful young workers,
e y ðS Þ. Given Proposition 1, S must be determined by
e y ðS Þ ¼

2
:
1þn

ð18Þ

Finally, consider a type III equilibrium. Unsuccessful workers will not invest since
B < 0, but any fraction of the successful workers may invest, as S ¼ 0. Young and old
workers earn the same wages and supply the same eﬀort. Since the number of successful
workers is e y ð0Þ and we need 2=ð1 þ nÞ entrepreneurs, the necessary and suﬃcient condition for a type III equilibrium to exist is
e y ð0Þ >
¼

2
:
1þn

ð19Þ

Having described the characteristics of the three types of equilibrium, we can now
locate them in the parameter space. If the cost of eﬀort is low, success is very easy to
accomplish so the entrepreneurial rent will be driven to zero. If success is more diﬃcult,
then self-ﬁnanced entrepreneurs will earn rents. Since e y ð0Þ ¼ eo ð0Þ, setting S ¼ 0 in (13)
and combining with (19) holding as an equality gives us the following threshold cost of
eﬀort that determines which type of equilibrium will result:


1þn
k
n  ð1 þ nÞ
cðn; kÞ
:
2n þ 1
2
Proposition 3. If c > cðn; kÞ then there exists a steady state equilibrium with positive
rents ðS > 0Þ. If c <
¼ cðn; kÞ then there exists a steady state equilibrium with no rents ðS ¼ 0Þ.
The proof of Proposition 3 is simple and can be done diagrammatically. Figures 1, 2
and 3 show the diﬀerent ways the ‘‘supply schedule of entrepreneurs’’ can look, given
Lemma 3. If S ¼ 0, then there are e y ð0Þ successful workers who are indiﬀerent between
becoming entrepreneurs and old workers, so the supply schedule has a vertical element at
S ¼ 0 of height e y ð0Þ. If 0 < S <  then all successful workers strictly prefer to become
entrepreneurs, but no unsuccessful workers want to do so. The supply of entrepreneurs is
therefore precisely e y ðS Þ. Finally, if S ¼  (maximum rent for entrepreneurs) then all
e y ðÞ successful workers strictly prefer to become entrepreneurs and the ð1  e y ðÞÞ
unsuccessful workers are indiﬀerent. Thus, the supply schedule has a vertical segment at
S ¼ , from e y ðÞ to 1.
From equation (14) we see that e y ðS Þ is a continuous function of S, and the ‘‘supply
schedule’’ is a continuous curve from (0, 0) to ð; 1Þ. In Figure 1, e y ðS Þ is always
increasing in S. In Figure 2, e y ðS Þ is decreasing in S for every interior value of S. Figure 3
illustrates the possibility that e y ðS Þ is ﬁrst decreasing and then increasing.
The equilibrium number of entrepreneurs is p ¼ 2=ð1 þ nÞ < 1 from Proposition 1.
Thus, S 2 ½0;  is an equilibrium rent if and only if the ‘‘supply schedule’’ crosses the
horizontal line p ¼ 2=ð1 þ nÞ at S. This must happen at least once, which implies the
existence of an equilibrium. An equilibrium with S ¼ 0 exists if and only if the horizontal
line crosses the left vertical segment of the supply schedule, which is true if and only if (19)
holds. Indeed, (19) implies that there are enough successful workers when S ¼ 0 to ﬁll the
necessary number of entrepreneurial positions. Using (13) and the fact that eo ð0Þ ¼ e y ð0Þ
we ﬁnd that (19) is equivalent to c <
¼ cðn; kÞ. If instead the cost of eﬀort c exceeds the
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FIGURE 3

threshold cðn; kÞ, then e y ð0Þ < 2=ð1 þ nÞ and the horizontal line must cross the supply
schedule at a point where 0 < S <
¼ , in which case an equilibrium with positive rents
exists.
Proposition 3 can alternatively be stated as follows in terms of the size of the ﬁrm.
Corollary 1. For any c and k, there exists a threshold size of the ﬁrm n ðc; kÞ such that
an equilibrium with S ¼ 0 exists if n exceeds the threshold, and an equilibrium with S > 0
exists otherwise.
When n is large, workers are more scarce than entrepreneurs in the labour market and
to guarantee full employment some successful agents must be indiﬀerent between being
workers and self-ﬁnanced entrepreneurs. So a zero-proﬁt equilibrium will result. The
dynamic incentives emphasized in this paper are more likely to be large in a situation
where ﬁrms are small, so that entrepreneurs are more scarce in the labour market. To
ensure full employment, all successful young workers, and perhaps even some unsuccessful
young workers must be induced to become entrepreneurs. As a result, the rents for selfﬁnanced entrepreneurs must not be driven to zero.
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Figure 1 shows the case of a unique equilibrium with 0 < S < . Figures 2 and 3
illustrate that there can be multiple steady-state equilibria. Generically, we can have three
steady states: one must be of type III and one of type II, while the third can be type II or
type I. To show this, start from a type III steady state where S ¼ 0 and
e y ¼ e y ð0Þ > 2=ð1 þ nÞ. Now suppose agents expect wages to be slightly lower (today and
in the future) and S to be correspondingly higher. For young agents this means a lower
immediate beneﬁt from working hard but a larger future gain from becoming a selfﬁnanced entrepreneur. If young agents do not care much about the future, they reduce
their eﬀort and therefore the supply of (self-ﬁnanced) entrepreneurs e y ðS Þ falls. When
0 < S <  the supply of entrepreneurs equals the number of successful young workers,
which equals the young workers’ eﬀort level e y ðS Þ. As long as the supply of entrepreneurs
e y ðS Þ exceeds the equilibrium number of entrepreneurs 2=ð1 þ nÞ, the wages of young
workers can fall, until e y ðS Þ falls to 2=ð1 þ nÞ. At this point, the balance on the labour
market is restored with lower wages and eﬀort levels than before. This is the type II
equilibrium. If wages fall even further, the number of successful young workers falls below
2=ð1 þ nÞ. Two things can happen: proﬁts eventually get so high that bank-ﬁnanced
entrepreneurs appear (type I equilibrium, as in Figure 2), or the dynamic incentives caused
by higher proﬁts push the number of successful young workers back to 2=ð1 þ nÞ (a second
type II equilibrium, as in Figure 3). This argument suggests that the impatience of young
agents may lead to multiplicity of steady states. If  is high we can indeed prove that a
unique steady state equilibrium exists (and in this case there cannot be any non-steady state
equilibria either).
Proposition 4.

If  > 12 then a unique steady-state equilibrium exists.

The intuition behind this result is that the strength of the American dream eﬀect
increases with . Hence for high values of , the eﬀort of young workers is always
increasing in rents of self-ﬁnanced entrepreneurs. As a result, the ‘‘supply schedule of
entrepreneurs’’ of entrepreneurs is always upward sloping and a unique equilibrium
results.19

5. ECONOMIC POLICY
In this section we consider the implications of economic policy. First, we consider a policy
that lowers the transactions cost on the credit market. The eﬀects on social welfare are
ambiguous in general. However, we show that a reduction in the transactions cost  is
welfare-reducing if k, c, and  are small enough. Second, we consider a transfer of money
from successful to unsuccessful workers. We show that a small amount of redistribution
unambiguously reduces total output. While the eﬀect on social welfare is ambiguous in
general, if  is small, welfare decreases as well. Due to the non-convexity inherent in this
model, we restrict our analysis to the eﬀects of local variations, which can be studied using
calculus. An economic policy of suﬃciently large size may shift the economy from one type
of equilibrium to another, and the eﬀects of such large shifts are diﬃcult to evaluate
analytically. Our measure of social welfare will be the expected utility of a new-born agent
19. If  < 12 the steady state equilibrium may still be unique. If n >
¼ n ðc; kÞ then not many entrepreneurs are
needed, and successful agents must be indiﬀerent between being workers and self-ﬁnanced entrepreneurs. As a
result, a unique zero-proﬁt equilibrium will result. Conversely, when n is very small a unique equilibrium with an
active credit market will result.
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in steady state equilibrium.20 Notice that the results are all second best results. With no
imperfections in the labour market, a decrease in  must raise social welfare. However, in a
model with multiple imperfections in diﬀerent markets, a reduction in one of them (here,
) is not necessarily welfare enhancing since it may exacerbate the problems in another
market (here, the labour market).
5.1. Reduction of credit market imperfections
A natural economic policy in the context of poverty trap models such as Banerjee and
Newman (1993) is to reduce the transactions cost in the credit market. For example, if the
government can administer loans without transactions costs (to make the most generous
assumption), it could simply provide cheap loans to unsuccessful agents. This would be
equivalent to a reduction of  to zero. In our model such a reduction of  may be social
welfare reducing. The transactions cost  imposes a penalty on bank-ﬁnanced entrepreneurs. This amounts to a penalty imposed on unsuccessful agents, which may be welfare
enhancing if agents respond by altering their behaviour in a productive way. The fact that
some unlucky agents suﬀer the penalty may, from a social point of view, be less important
than the fact that the penalty motivates agents to succeed more often. The penalty will
most likely be beneﬁcial to society if most individuals manage to avoid it, so for social
welfare to be increasing in  the cost of eﬀort c should be small enough.
In type II and type III equilibria, variations in  are irrelevant since there are no
bank-ﬁnanced entrepreneurs. So we focus on the type I equilibrium, where
e y ¼ e y ðS Þ; eo ¼ eo ðS Þ and S ¼ . In terms of Figures 1, 2 and 3, by reducing  we push
the right-most vertical segment of the supply curve towards the vertical axis. Clearly, for
small enough  the equilibrium will be unique. The type of equilibrium will be determined
by whether e y ð0Þ is smaller or greater than p ¼ 2=ð1 þ nÞ. If c > cðn; kÞ then for suﬃciently
small  there is a unique steady state equilibrium, which is of type I. The expected utility of
a new-born agent in steady-state equilibrium is
c
WðS Þ ¼ e y ðh y þ S þ uo Þ þ ð1  e y Þuo  12cðe y Þ2 ¼ ½ðe y ðS ÞÞ2 þ ðeo ðS ÞÞ2 :
2

ð20Þ

Here we have used the fact that uo ¼ cðeo Þ2 =2 and e y ¼ ðh y þ S Þ=c. Since there is 1 young
worker and 1  p old workers, the total output in this economy is
YðS Þ ¼ e y ðS Þ þ ð1  pÞeo ðS Þ:
YðS Þ and WðS Þ diﬀer in the way the eﬀort levels are weighted, with WðS Þ taking into
account also the disutility of eﬀort. The level of output is determined by the number of
ﬁrms ðp ¼ 2=ð1 þ nÞÞ and the eﬀort levels of young and old workers. Eﬀort levels depend
on the proﬁt rate of self ﬁnanced entrepreneurs. In a type I equilibrium this proﬁt rate is 
and a change in it induces diﬀerent eﬀects on the eﬀort levels of young and old workers.
Diﬀerentiating (20) and using dS=d ¼  we obtain

dW
de y
deo
¼ c e y
þ eo
:
d
dS
dS

ð21Þ

20. Speciﬁcally, we take the expected utility of a new-born agent in steady state equilibrium before the
change in policy, and compare it with the expected utility of a new-born agent in the new steady state equilibrium
that is reached after the (small) change in policy. This implies that we ignore the eﬀect of the policy on welfare
during the transition to the new steady state.
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Thus, social welfare is increasing in  if and only if
e y ðS Þ

de y ðS Þ
deo ðS Þ
þ eo ðS Þ
> 0;
dS
dS

ð22Þ

evaluated at S ¼ . By Lemma 3, deo =dS < 0. Thus, for social welfare to be increasing in
, the positive eﬀect on the young worker’s eﬀort must be suﬃciently strong to dominate
o
the negative eﬀect on the old worker’s eﬀort. In particular, since e y >
¼ e and  < 1, an
y
o
increase in  raises social welfare if de =dS > jde =dSj. Ghatak, Morelli and Sjöström
(2000) present numerical examples where (22) is satisﬁed. What we can show analytically is
that (22) holds if , c and k are small enough.
Proposition 5. Assume there exists a unique type I equilibrium. Reducing the credit
market imperfection strictly lowers social welfare and total output if , c and k are strictly
positive but suﬃciently small.
Proposition 5 shows that, starting with no credit market imperfection, introducing a
little bit of it may increase output and welfare. This result is in sharp contrast with the
implication of models displaying poverty traps such as Banerjee and Newman (1993)
where improving the functioning of the credit market always improves eﬃciency. Our
model shares with Banerjee and Newman (1993) the presence of indivisibility of investment and credit market imperfections. In addition moral hazard in eﬀort supply and
limited liability combine to create an additional distortion—workers supply too little
eﬀort. The prospect of earning the rents created by the ﬁrst distortion causes agents to
work harder, thereby alleviating the second distortion.
Even if the expected utility of a new-born agent is increasing in , inequality is
increasing in  too, both between successful and unsuccessful workers and between young
and old workers. Therefore, a social planner who puts suﬃcient weight on reducing
inequality may prefer a lower  even if this reduces average welfare. The utility diﬀerential
between a successful and an unsuccessful worker is Vðh y Þ  Vð0Þ ¼ h y þ S which is
increasing in  (otherwise young workers wouldn’t work harder when  increases).
Moreover, not only the relative position but also the absolute payoﬀ of unsuccessful
agents is decreasing in  (this follows from Lemma 3 and the fact that uo ¼ cðeo Þ2 =2).
Furthermore, the income inequality between young and old workers is also increasing in .
The average income of old (resp. young) workers is eo ho (resp. e y h y ). Since ho ¼ ceo , the
average income of old workers always decreases with . For young workers,
h y ¼ ce y  S, so it is possible that their eﬀort and wages move in opposite directions. But
we can calculate
dðe y h y Þ
dS

¼
S¼0

e y ð0Þ
ð1  2cfðe y ð0ÞÞÞ;
2ce y ð0Þ  1

ð23Þ

where f is deﬁned by equation (31) in the Appendix. As shown in the proof of Proposition 5, ð1 þ nÞfðe y ð0ÞÞ < 1, so (23) is non-negative if ð1 þ nÞ >
¼ 2c. So long as k is
small, Assumption 2 guarantees this, so that average income of young workers increases
with .
Remark 1. As argued above, c has to be suﬃciently small to obtain the positive
eﬀect of credit market imperfections on social welfare. On the other hand, if c < cðn; kÞ
then there will be suﬃciently many successful young workers to drive the rents from
entrepreneurship to zero, and in this case credit market imperfections are irrelevant for
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social welfare. Thus, for an increase in  to strictly raise social welfare, we need c > cðn; kÞ.
There exists a non-empty interval where c is small enough to make sure welfare is
increasing in , but large enough to guarantee the existence of a type I equilibrium. The
interval is
n2 þ n
n2
<c<
:
2n þ 1
2n  1

ð24Þ

The proof of Proposition 5 shows that social welfare is strictly increasing in  if  and k are
suﬃciently small and (24) holds (the left hand side of (24) is simply cðn; 0Þ). Since the
American dream eﬀect is the strongest the more patient young agents are, let  be close
enough to 1. Since
n2
n2 þ n
;
>
2n  1 2n þ 1
for all n, for  close enough to 1 the interval indicated by (24) always exists although the
size of it shrinks as n increases.
Remark 2. We have shown that a social planner might want to artiﬁcially create
credit market transactions costs even if none were originally present. Could an individual
young worker also gain by artiﬁcially creating a private borrowing cost for himself, if this
were publicly observed? The answer is no. Suppose  ¼ 0 and so S ¼ 0. If one agent
creates a borrowing cost for himself, then it will be commonly known that this agent will
not borrow money if he fails (since S ¼ 0 it would not pay). Hence, this private cost will
not change his incentives or his wage. In contrast, a social planner can increase S by
increasing everybody’s borrowing cost, which has an eﬀect on incentives.
5.2. Redistribution of income
The advantage of a reduction in  is that it does not directly tax successful agents
(although it does reduce the penalty for failure). Now we consider an alternative redistributive taxation that taxes successful agents and subsidizes unsuccessful agents. Such a
policy introduces a penalty for succeeding (while simultaneously reducing the penalty for
failing). This must reduce the incentives for young agents to work hard and succeed, hence
it must reduce total output. However, the eﬀect on social welfare is ambiguous, if the tax
revenue collected from successful agents is redistributed to unsuccessful agents in the form
of a lottery that enables some unsuccessful agents to become self-ﬁnanced entrepreneurs. If
self-ﬁnanced entrepreneurs earn rents, such a redistribution is not completely zero sum
from the point of view of a young agent who does not know the outcome of his project
yet.21
Suppose we impose a small tax t on each successful young agent. This tax is small
enough so that all successful young agents can still become self-ﬁnanced entrepreneurs.
The total tax revenue, e y t, is redistributed to the 1  e y unsuccessful young agents via a
lottery where each winner gets k. Since the lucky winners may become self-ﬁnanced
entrepreneurs and earn rents S, the gain from winning the lottery is k þ S. Of this gain, k
21. Even though agents have risk-neutral preferences, because of the investment indivisibility it is as if
young workers are risk loving. It is well known that in such a model, some amount of inequality may be desirable.
Still, if eﬀort were ﬁxed, there would be no negative eﬀect of redistributive taxation as long as the tax would be
small enough that the successful workers could still all become self-ﬁnanced entrepreneurs. In our model,
however, even a very small amount of taxation has a negative eﬀect: it reduces the incentive to work hard, hence it
reduces the number of successful workers.
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represents a pure transfer from successful to unsuccessful agents. Such pure transfers
reduce social welfare since they reduce the dynamic incentives to work hard. But S
represents a non-zero sum component, a net social gain from allowing some unsuccessful
agents to become self-ﬁnanced entrepreneurs and earn rents. It is clear, however, that for
S=k small enough, the social loss due to lower eﬀort will dominate the social gain from
allowing more agents to earn rents, and the tax must reduce social welfare. The type I
equilibrium is the one where the redistributive policy has the greatest hope of raising
social welfare, since the entrepreneurial rents are maximal ðS ¼ Þ. If  is small, however, then rents are also small and the above argument shows that the tax reduces social
welfare.
Proposition 6. Assume there exists a unique type I equilibrium. A small amount of
redistribution from successful to unsuccessful agents always reduces total output. It also
reduces social welfare if  is suﬃciently small.
In poverty trap models such as Banerjee and Newman (1993), redistribution of
income can increase the number of ﬁrms operating in the economy. This eﬀect is absent in
our model, since we always have full employment. If we drop Assumption 2, then there
can be unemployment in equilibrium and policies that enable some unemployed workers
to set up new ﬁrms, such as redistribution of income or reducing , would increase
employment. Instead, redistribution has a negative eﬀect on output in our model because
of its negative incentive eﬀects on eﬀort and saving. In the models displaying the poverty
trap feature, these eﬀects are absent. While redistribution cannot increase total output in
our model, it can allow some unsuccessful agents to avoid the transactions costs related to
borrowing and receive the rents enjoyed by self-ﬁnanced entrepreneurs. But if  is not too
big, the negative incentive eﬀect dominates the ‘‘transactions cost saving’’ eﬀect, and
redistribution reduces social welfare.

6. EXTENSIONS
6.1. Endogenous cost of credit
This section shows that if the transactions cost  is endogenized using the model of
Holmström and Tirole (1997), the results derived above still remain valid. Suppose the
probability that a project yields a high output depends on actions taken by the worker and
by the entrepreneur. The entrepreneur can either shirk or work hard. Shirking yields him a
private beneﬁt M > 0. If the entrepreneur works hard, the probability of success is e as
before, where e is the worker’s eﬀort. But if the entrepreneur shirks, then all his projects
fail with probability one. The entrepreneur’s eﬀort can only be observed by the bank if it
monitors the entrepreneur. Monitoring costs the bank , and makes it impossible for the
entrepreneur to shirk.
If M is very large, even self ﬁnanced entrepreneurs will shirk, and if M is very small,
bank-ﬁnanced entrepreneurs will work hard even if they are not monitored. We now show
that if M lies in an intermediate range, the analysis of the previous sections goes through
unchanged. Notice that on the competitive credit market the borrower has to bear the full
cost of the monitoring. Thus, a borrower with a loan of size k has to expect to make a
repayment of k= þ , where ¼  if the bank monitors, and ¼ 0 otherwise. If we force
banks to monitor each loan, then we know from Section 4 that a steady state equilibrium
exists. Let A denote the entrepreneur’s expected revenue minus wage payments in that
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equilibrium (as in equation (2)). To show that this remains an equilibrium in this section,
we need to show that no bank wants to deviate by oﬀering credit contracts with no
monitoring. Suppose in fact a bank deviates in this way. To be proﬁtable, the new contract
must induce the bank-ﬁnanced entrepreneur to work hard even without monitoring (since
otherwise the loan cannot be repaid). Without loss of generality we can assume the
deviation is such that the bank still makes zero proﬁt. If the entrepreneur works hard he
earns A, and his expected repayment of the loan is k= (since there is no monitoring,
¼ 0). If he shirks, all his projects fail, and he will not pay anything to the bank; his
payoﬀ will be M. Thus, the entrepreneur will shirk if M > A  k=, so the new contract is
not proﬁtable for the bank if M > A  k=. The self-ﬁnanced entrepreneur will work hard
if M <
¼ A. Therefore, we have:
Proposition 7. The equilibrium found in Section 4 is still an equilibrium with endogenous cost of credit, as long as the private beneﬁt M satisﬁes A  k= < M <
¼ A.
If the beneﬁt from shirking is lower, M < A  k=, then the following situation may
occur. Banks do not monitor their debtors, and make zero proﬁt. Bank-ﬁnanced entrepreneurs are indiﬀerent between shirking and not shirking. There is full employment.
Bank-ﬁnanced and self-ﬁnanced entrepreneurs both earn strictly positive rents, so all
unsuccessful young agents want a loan. However, despite the excess demand for credit,
banks will not raise interest rates, since an agent paying a higher interest on the loan will
be expected to shirk (with the original interest rate, they were just indiﬀerent). Instead
there is equilibrium rationing on the credit market. There is still an American Dream eﬀect:
the young agent has an incentive to work extra hard, since successful young workers can
avoid being rationed on the credit market and will earn entrepreneurial rents for sure (see
Ghatak, Morelli and Sjöström (2000) for details).
6.2. Posting of bonds
In the static model, the main cause of ineﬃciency is the limited wealth of agents and the
limited liability constraint. Asking workers to post a bond, to be forfeited in case their
project fails, would allow the failure wage to be negative and lead to an eﬃciency gain
(more eﬀort). We have ruled this out by the assumption l >
¼ 0. Many authors have provided theoretical arguments that support the assumption that workers cannot post
bonds.22 Dickens, Katz, Lang and Summers (1989) provide an excellent discussion of this
literature, and in addition, argue convincingly that both legal restrictions and social norms
rule out the use of bonds in practice. Nevertheless, we may comment on the consequences
of allowing workers to save and post bonds in our model.
When bonds are allowed there are potentially two kinds of old workers: ‘‘rich’’ old
workers who can post bonds and ‘‘poor’’ old workers who cannot. Entrepreneurs will
compete to hire rich workers, so these workers will reap the eﬃciency gain from the bond.
Let  > 0 denote the size of this gain. As before, the fact that successful agents do not
need credit makes them more willing to become entrepreneurs, but now the fact that they
have to give up the eﬃciency gain  by not becoming a rich old worker adds an eﬀect that
makes them less willing to become entrepreneurs. The question is which of these eﬀects
22. For example, there could be commitment problems on the part of the ﬁrm not to usurp the bond using
false pretexts, or more subtly, not to increase the intensity of monitoring the worker from the level that is speciﬁed
in the contract in the hope of catching him shirking (see Carmichael (1985)). Ritter and Taylor (1994) argue that if
ﬁrms have private information, then workers may believe that any ﬁrm that asks for a bond knows that it is likely
to go bankrupt, which discourages the use of bonds.
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dominates. If we again let S (resp. B) denote the rent received by self-ﬁnanced entrepreneurs (resp. bank-ﬁnanced entrepreneurs), then we now have S  B ¼ ð  Þ. If  > 
then S > B and the previous analysis would be essentially unchanged. Suppose instead
that  <  so that S < B. The value of being a worker who can post a bond is so high that
successful agents are less likely to want to become entrepreneurs than unsuccessful agents.
There are three possibilities. If S < 0 < B then the supply of entrepreneurs equals the
number of unsuccessful young workers. If S < B ¼ 0 then the unsuccessful young workers
are indiﬀerent between becoming entrepreneurs and old workers, while all successful
young workers go on to become rich old workers. If S ¼ 0 < B then the successful young
workers are indiﬀerent between becoming entrepreneurs and rich old workers, while all
unsuccessful young workers become entrepreneurs. Corresponding to these three diﬀerent
cases, there would be three kinds of equilibria, and the analysis would mirror the one in
Section 4. The main diﬀerence is that now there is an American Dream eﬀect in all
equilibria. Young agents work strictly harder than they would for the same wage in the
benchmark one-period model, since the money they earn can be posted as bonds when
they are old, which raises its shadow value.

7. CONCLUDING REMARKS
In a dynamic market economy, current hard work is motivated by expected future
rewards. If the credit market is imperfect, rents will be available in occupations involving
capital. When there is moral hazard in the labour market, these rents perform a socially
useful function by encouraging individuals to work hard and save. As a result, policies that
reduce these rents will dampen the incentives to work hard and save, which may reduce
social welfare. This is the main point of this paper. We now brieﬂy discuss how this
conclusion depends on the assumptions of the model. The roles of Assumptions 1, 2 and 3
have already been discussed in Section 2.1. As we noted there, there is a non-convexity
associated with the transactions cost in the credit market which in general may make
randomized contracts valuable, but Assumption 3 guarantees that the set-up cost k is low
enough to make randomization unnecessary. Removing Assumption 3 would have a
substantial eﬀect only if agents were risk averse.23 In that case, randomized contracts
would impose a cost on the agent, and for suﬃciently high k the agent would prefer a nonrandom success wage rather than getting k with some very small probability. In this case
an American Dream eﬀect would only exist if the transactions cost on a loan were proportional to the size of the loan (since the failure wage would be lower than the success
wage even with risk averse agents, as in Holmström (1979), successful agents would need a
smaller loan than unsuccessful agents).
While risk aversion does limit the operation of the American Dream eﬀect in the
current model, they need not conﬂict in general. Consider an alternative model where
workers have diﬀering unobservable disutilities of eﬀort, and there is a deterministic
relation between eﬀort and output. If output is observable but not eﬀort, the wage would
in general be a function of output and there would be some eﬃciency loss due to the
presence of private information. If however lumpy investments and credit market
imperfections generate rents from self-ﬁnancing as in the current model, there would be an
American Dream eﬀect for young workers with lower disutility of eﬀort.
23. In general, our main results depend on risk aversion being not too important, because very risk averse
individuals do not respond to incentives, static, or dynamic (of the kind emphasized in this paper).
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We now turn to the basic role of the market imperfections in this model. Our
argument relies on the existence of incentive problems in the labour market. Without
moral hazard, the entrepreneur and the worker would maximize their joint surplus; the
old worker’s eﬀort would equal 1/c and the young worker’s eﬀort would equal ð1 þ S Þ=c.
This would be socially eﬃcient as well as joint surplus maximizing since the rents from
self-ﬁnanced entrepreneurship represent a net social gain from economizing on costly
credit market transactions. We still would get a kind of American Dream eﬀect, but, with
no imperfections in the labour market, abolishing the credit market imperfections would
always be socially optimal. Alternatively, suppose there is moral hazard but we relax the
assumption of limited liability. This can be done by assuming there exists non-monetary
ways of transferring utility between the principal and the agent (e.g. free labour). This
case, however, is just like the case of no moral hazard, since with perfectly transferable
utility and risk-neutral agents the moral hazard problem can be solved costlessly. The
limited liability would also be relaxed if young workers are born with enough wealth
(say, due to bequests) so that they can post bonds and/or self-ﬁnance their enterprise. If
enough agents are born wealthy, the entrepreneurial rents will be driven to zero and the
American dream eﬀect will disappear. The limited liability is also relaxed if old workers
can post bonds as discussed in Section 6.2.
Our argument also relies on the existence of imperfections in the credit market. This
imperfection could be modelled in a more general way, as could the production technology, without signiﬁcantly changing any of our conclusions. In a more general model,
the production technology need not be ﬁxed coeﬃcients type, the transactions cost for a
small loan could be smaller than for a large loan, and projects could have more than two
possible outcomes. As long as the credit market is imperfect, entrepreneurial proﬁts will
in general not be driven to zero. Even if the technology has constant returns to scale and
each entrepreneur can buy more than one unit of capital, each individual’s ﬁnite wealth
will put an upper bound on how much capital he can buy without using the credit
market. An agent whose ﬁrst period income is low must either choose a smaller size ﬁrm
(and hence make less proﬁts) than an agent whose income is high, or he must borrow
more money and so pay a higher transactions cost. In any case, the shadow value of an
extra dollar is raised by the credit market imperfections, which provides the dynamic
incentive to work hard.
Since we have assumed individuals are identical ex ante, there is equality of
opportunity, and the ex post inequality of earnings may be socially acceptable. Social and
occupational mobility are aﬀected in reality by both eﬀort and ability. We have stressed
the importance of eﬀort. In the opposite case where mobility is only due to ability, credit
market imperfections may prevent the most talented agents from competing for entrepreneurial rents, which reduces output.24 In the real world, the relative importance of
eﬀort and ability may vary. In our model the American dream eﬀect is most important
when n is small, i.e. in a world of small ﬁrms. In such a world heterogeneous ability may
play a limited role given that the necessary human and physical capital may be rather
standardized. Still, further research allowing for heterogeneous ability in a similar framework is clearly needed.

24. Adverse selection could cause credit market imperfections. If successful workers are more likely to
become successful entrepreneurs, then banks will be reluctant to give loans to unsuccessful workers. This will give
rise to dynamic incentives to generate earnings when young.
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8. APPENDIX
8.1. Proofs
Proof of Proposition 1. If workers are in short supply then (by assumption) labour market contracts will
give each entrepreneur his reservation payoﬀ, i.e. what he could get by becoming an old worker. Then the
entrepreneur does not recoup the sunk cost k, however, so he must have made the wrong occupational choice,
which is impossible in equilibrium.
Suppose instead entrepreneurs are on the short side of the market. Then labour contracts maximize the
entrepreneur’s payoﬀ subject to the worker receiving his reservation utility of zero, and subject to the IC
constraint. Since the old worker’s problem is a static one, the entrepreneur would oﬀer him the same contract as
in the static model of Section 2.3 with u ¼ 0. Thus, ho ¼ 12, and the principal’s expected proﬁt from a single project
operated by an old worker is 1/(4c). The old worker’s expected utility is 1/(8c). The discounted expected proﬁt
from becoming a bank-ﬁnanced entrepreneur with n old workers, net of the discounted opportunity cost of not
being an old worker, =ð8cÞ, the cost of capital, k, and the discounted transactions cost, , is


1
1
 n 
 ðk þ Þ:
4c 8c
Assumption 2 guarantees that  is small enough to make this expression strictly positive. Since the gain from
hiring a young worker can never be lower than the gain from hiring an old worker, becoming a bank-ﬁnanced
entrepreneur is strictly proﬁtable. So every old individual will be an entrepreneur, i.e. p ¼ 1. But each entrepreneur can hire n >
¼ 2 workers, and the number of young agents is 1. This contradicts the assumption that
entrepreneurs are on the short-side of the market. Since neither workers nor entrepreneurs can be in short supply,
the number of projects, pn, must equal the number of (young and old) workers, 2  p. Hence
p ¼ 2=ð1 þ nÞ < 1: k
o
y
Proof of Lemma 1. For S >
¼ 0 to be true we must have h < 1 and h < 1. We now ﬁnd lower bounds for
y
o
1
h and h . Since h ¼ 2 maximizes the entrepreneur’s expected gain from the old worker, eo ð1  ho Þ, subject to
o
o
o > 1
ho >
¼ 0 and the IC constraint e ¼ h =c, we clearly must have h ¼ 2 in any steady state. Similarly, ﬁx some S and
y
consider choosing h to maximize the entrepreneur’s expected gain from the young worker subject to h y >
¼ 0 and
the IC constraint (8). By Assumption 3, k < 12. Since the expression h y ð1  h y Þ=c is maximized at h y ¼ 12 > k, the
solution to this programme cannot involve h y < k. Therefore, h y must maximize ðh y þ S Þð1  h y Þ=c subject to
y
y
hy >
¼ k. The solution is h ¼ maxfk; ð1  S Þ=2g. This is clearly a lower bound on h . Thus, in any steady state
y >
we must have h ¼ max fk; ð1  S Þ=2g.
Since h y >
¼ k, using (8) and (9) we can write equation (3) as
o

hy
S
ho
ð1  h y Þ þ ð1  h y Þ ¼ ð1  ho Þ:
c
c
c

ð25Þ

If S ¼ 0 then h y ¼ ho . Suppose S > 0, and ﬁx any ho 2 ½1=2; 1Þ. If h y ¼ ho then the left hand side of (25) is
strictly greater than the right hand side. But the left-hand side of equation (25) decreases monotonically for all
h y 2 ½ð1  S Þ=2; 1Þ. Therefore, equation (25) forces h y to be strictly greater than ho .
Part 2 follows from inspection of (8) and (9), using part 1, and the fact that S >
¼ 0. k

Proof of Lemma 2. For a given S, the old worker’s eﬀort eo must solve (12), which is a quadratic equation
in e . It can be easily veriﬁed that one root of the equation is given by (13). Notice that
o

n2  14
n
1
¼  ;
4cðn þ 12Þ 4c 8c
so from Assumption 2 and the fact that S <
¼  we can conclude that
n2  14
kþS
<
:

4c n þ 12

ð26Þ
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Therefore, in (13) we take the square root of a strictly positive number, so eo ðS Þ is real. There is in fact another
root to the quadratic equation (12), which is smaller. However, the expected payoﬀ of an old worker is
uo ¼ eo ho  cðeo Þ2 =2 ¼ cðeo Þ2 =2 which is increasing in eo . Hence, for the same proﬁt for the entrepreneur the larger
root will give a higher expected payoﬀ to the worker. So only the larger root can be relevant for an eﬃcient
contract.
Next, from (11), e y ðS Þ solves the quadratic equation
e y ðS Þð1  ce y ðS Þ þ S Þ ¼ eo ðS Þð1  ceo ðS ÞÞ:
The explicit solution is given by (14). Again, we have selected the larger root because a young worker’s expected
payoﬀ

u y ¼ e y h y  12 cðe y Þ2 ¼ 12 cðe y Þ2  Se y ;
y
y
is strictly increasing in e y for e y >
¼ S=c, and from the IC constraint e ¼ ðh þ S Þ=c > S=c. Note that the
maximum value of the expression 4ceo ðS Þð1  ceo ðS ÞÞ is 1, which is attained at eo ðS Þ ¼ 1=ð2cÞ. Therefore e y ðS Þ is
a real number if ð1 þ S Þ2 >
¼ 0.
¼ 1, which is satisﬁed for any S >
We obtain (15) and (16) by substitution of eo ðS Þ and e y ðS Þ into the IC constraints. But when ho ðS Þ is
deﬁned by (15), the condition ho ðS Þ > 1=2 is equivalent to (26). Therefore, ho ðS Þ > 12. The same argument as in
o
the proof of Lemma 1 establishes h y ðS Þ >
¼ h ðS Þ. k

Proof of Lemma 3. The function eo ðS Þ satisﬁes

ðeo ðS ÞÞ2
 neo ðS Þð1  ceo ðS ÞÞ  c
2

k þ S:

ð27Þ

Diﬀerentiating totally with respect to S we have
deo ðS Þ
1
¼
< 0;
dS
½nð1  2ceo ðS ÞÞ  ceo ðS Þ

ð28Þ

where the inequality follows from
eo ðS Þ >
¼

1
n 1
>
:
2c n þ 12 2c

The function e y ðS Þ is deﬁned by the relationship
eo ðS Þð1  ceo ðS ÞÞ

e y ðS Þð1  ce y ðS Þ þ S Þ:

ð29Þ

Diﬀerentiating totally with respect to S, and using (28) we get
de y ðS Þ
1
¼ ½e y ðS Þ  fðeo ðS ÞÞ
:
dS
2ce y ðS Þ  ð1 þ S Þ

ð30Þ

where
fðeÞ

2ce  1
:
nðceð2n þ 1Þ=n  1Þ

ð31Þ

From Lemma 2, h y ðS Þ > 12. Therefore,
e y ðS Þ ¼

h y ðS Þ þ S 1 þ S
>
c
2c

so the denominator in (30) is positive. Hence, de y ðS Þ=dS > 0 if and only if e y ðS Þ  fðeo ðS ÞÞ > 0. It is easy to
o
verify that f0 ðeÞ > 0 for the relevant range (i.e. e >
¼ 1=ð2cÞÞ so (28) implies fðe ðS ÞÞ is monotonically decreasing in S.
This completes the proof. k

Proof of Proposition 4. If the ‘‘supply schedule’’ e y ðS Þ does not cross the horizontal line p ¼ 2=ð1 þ nÞ at
any S > 0, then clearly there is a unique equilibrium, which is of type III. Similarly, if it does not cross at any
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S <  there is a unique equilibrium, which is of type I. Suppose, instead, that a crossing occurs at some point
0 < S < . Let S ¼ min fS : S > 0 and e y ðS Þ ¼ 2=ð1 þ nÞg. We claim
de y ðS Þ
dS

S¼S

> 0:

From (30), it suﬃces to show
e y ðS Þ  fðeo ðS ÞÞ > 0;

ð32Þ

where f is deﬁned by (31). Now eo ðS Þ <
¼ 1=c, and f is increasing in e, so
 
1
1
2
fðeo ðS ÞÞ <
¼ f c ¼ ð1 þ nÞ < 1 þ n
since  > 12. But e y ðS Þ ¼ 2=ð1 þ nÞ by assumption, which proves (32). Thus, as we raise S from zero, the ﬁrst time
e y ðS Þ crosses the horizontal line p ¼ 2=ð1 þ nÞ; e y ðS Þ is upward sloping. By Lemma 3, e y ðS Þ > 2=ð1 þ nÞ for all
S > S : k
Proof of Proposition 5. Using (28), (30), (21) and the fact that e y ð0Þ ¼ eo ð0Þ we obtain,
dW
d

¼ ce y ð0Þ
¼0

e y ð0Þ  ð1 þ Þfðe y ð0ÞÞ
:
2ce y ð0Þ  1

ð33Þ

Since 2ce y ð0Þ > 1 this expression is strictly positive if and only if e y ð0Þ > ð1 þ Þfðe y ð0ÞÞ. (The proof of
Lemma 3 showed that e y ðS Þ is upward sloping if and only if e y ð0Þ > fðe y ð0ÞÞ. Here, a strengthening of that
condition is needed for social welfare to be increasing in .) Turning to total output, the corresponding necessary
and suﬃcient condition is e y ð0Þ > ð2  pÞfðe y ð0ÞÞ. Thus, a suﬃcient condition for total output and social welfare
to be strictly increasing in  in a type I equilibrium is
e y ð0Þ > 2fðe y ð0ÞÞ;
which is equivalent to
n þ 12 ð1  kÞ
1
>1þ
1  ðn=4cÞ
n

sﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
4c n þ 12 k
1
:
n n 

ð34Þ

If c < n2 =ð2n  1Þ, then (34) holds for small enough k: k.
Proof of Proposition 6. Under the redistribution scheme, the successful young worker gets a payoﬀ of
Vðh y Þ ¼ h y  t þ S þ uo . Each of the 1  e y unsuccessful workers has a probability of winning the lottery equal
to
"¼

ey t
:
ð1  e y Þk

ð35Þ

So the average unsuccessful young worker gets a payoﬀ Vð0Þ ¼ "ðk þ S Þ þ uo . The eﬀort supply functions are
ey ¼

h y  t þ S  "ðk þ S Þ
;
c

ð36Þ

for the young worker, and eo ¼ ho =c for old workers as before. Since the eﬀort supply of old workers is not
aﬀected by the tax, the function eo ðS Þ is given by (13) as before. At the type I equilibrium, S ¼  and eo ¼ eo ðÞ
are independent of t. Now, (3) must hold, which using (36) implies
eo ð1  ho Þ ¼ e y ð1  ce y  t þ S  "ðk þ S ÞÞ:

ð37Þ

We can use (37) to calculate
de y
dt

¼ ey
t¼0

1 þ ððe y =ð1  ev ÞÞ þ ððk þ SÞ=kÞÞ
:
1  2ce y þ S

y

Since 1  2ce þ S < 0 (see the proof of Lemma 3), and total output is Y ¼ e y þ eo ð1  pÞ we conclude that
dY=dt < 0 when t ¼ 0. The expected welfare of a new-born worker is
W ¼ e y ðh y  t þ S þ uo Þ þ ð1  e y Þð"ðk þ S Þ þ uo Þ  12 cðe y Þ2 ¼ 2c ½ðe y Þ2 þ ðeo Þ2  þ "ðk þ S Þ:
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Here we used (36) to substitute for h y , as well as the fact that uo ¼ cðeo Þ2 =2. Using this result and (35) we obtain
dW
dt

¼
t¼0

ð1 

2ce y






ey
S
S
ð1 þ S Þ 1 þ
 ce y 1 þ ð2  e y Þ
y
k
k
þ S Þð1  e Þ

ð38Þ

In general the sign of the expression within parentheses is ambiguous: while ce y <
¼ 1 þ S (by Lemma 1),
¼1<
1 þ ð2  e y ÞS=k > 1 þ S=k since e y < 1. However, for small enough  the expression within parentheses will be
positive since S will be very small and 1  ce y > 0 by Lemma 1. Hence the expression in (38) is strictly negative
for  close enough to 0. k
8.2. Equal wages for young and old
Suppose age is not observed by the employer, so old workers cannot be paid less than young. Equivalently, age
could be observed but ‘‘age discrimination’’ ruled out by law or social norm. Then h y ¼ ho ¼ h. As before,
p ¼ 2=ð1 þ nÞ and h >
¼ k. If S > 0 then young workers work harder than old at the same wage (the American
Dream eﬀect), and young workers are strictly more attractive to employers. The only diﬀerence now is that since
the relative wage of young workers cannot be bid up, the greater incentives for young workers come only from the
entrepreneurial rents, not from a higher success wage. As a result, for any S 2 ½0;  the young workers work less
hard, and old workers harder, than they would do if the ﬁrm could discriminate between them (and pay diﬀerent
wages). Forcing the two wages to be equal therefore yields ambiguous welfare results.
We now sketch how to solve for the equilibrium wage h. Consider a ﬁrm with o old and  y young workers,
o þ  y ¼ n. Let ¼ o =n denote the proportion of old workers in the ﬁrm. Each ﬁrm would prefer to hire only
young workers, but since they cannot be distinguished (or cannot be selectively attracted due to legal restrictions),
let us assume that ﬁrms hire young and old workers in (expected) proportion to their frequencies in the overall
population. The expected fraction of old workers in a ﬁrm is
^¼

1p n1
¼
;
2p
2n

since p ¼ 2=ð1 þ nÞ. Now (11) no longer holds. Instead, since h y ¼ ho ¼ h, the IC conditions (9) and (10) imply
e y ¼ eo þ S=c. Using this, the entrepreneur’s expected proﬁt, gross of the cost of capital but net of wage
payments, can be expressed as
A ¼ nð ^ eo þ ð1  ^ Þe y Þð1  hÞ ¼




 
n1 o
n1 y
e þ n
e ð1  hÞ
2
2



n þ 1S
¼ neo þ
ð1  ceo Þ:
2 c
We have


1
n þ 1S
1
ð1  ceo Þ  k   cðeo Þ2 :
S ¼ A  k  cðeo Þ2 ¼  neo þ
2
2 c
2

ð39Þ

Equation (39) implicitly determines eo ¼ eo ðS Þ as a function of S. Since (39) is a quadratic function in eo , we can
solve explicitly for eo ðS Þ, and we obtain e y ¼ e y ðS Þ ¼ eo ðS Þ þ S=c. Since e y ðS Þ is a continuous function of S,
the same kind of graphic method as in section 4 can be used, and qualitatively the results are the same as is
Section 4. Quantitatively, however, the eﬀort levels and wages are diﬀerent. For example, rewrite (39) as follows
S ðeo Þ ¼ ðneo ð1  ceo Þ  12 cðeo Þ2 Þ  k;

ð40Þ

where ðeo Þ 1  ðn þ 1Þð1  ceo Þ=2c < 1. The right hand side of (40) is identical to the right hand side of
equation (12). Notice that for S ¼ 0, the equations (40) and (12) will yield identical values of eo . Given that
0 o
ðe Þ > 0 and since the lowest value eo can take is 1/2c, if ðeo Þ < 0 for some feasible value of eo it must be that
ð1=2cÞ > 1, or, 4c=ðn þ 1Þ < . But that implies 4c=ðn þ 1Þ < 1 which is equivalent to 2=ðn þ 1Þ < 1=2c, so that S
must be 0 in equilibrium. Hence the equations (40) and (12) will yield diﬀerent values of eo only when S > 0 and
0 < ðeo Þ < 1. But that implies, for any S > 0 the eﬀort level eo of old workers must now be greater than if
h y > ho were allowed, and hence e y will be higher as well, although the equilibrium value of S will now be
naturally diﬀerent.
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HOLMSTRÖM, B. (1999), ‘‘Managerial Incentive Problems: A Dynamic Perspective,’’ Review of Economic
Studies, 66, 169–182.
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