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Abstract

This dissertation considers optimal government policy when agents in the econ-
omy are privately informed about their various characteristics. The first chapter deals
with optimal education policy. Raising children is an important productive activity
for a society since children’s outcomes depend on their parents’ investments. This pa-
per develops an intergenerational framework in which adult outcomes are determined
by parental investment, analyzes Pareto efficient allocations, and derives implications
for policy. There are two key frictions: first, parental altruism type is private in-
formation; second, it is impossible for society to monitor parental investment. The
main characterization result is that in any ex post Pareto efficient allocation, in any
generation, society should transfer extra resources to all poor parents. This implies
all agents, including the poor, should live above a certain welfare level, independent
of whether or not society cares about them. Regarding implementation, the paper
considers a market structure in which parents cannot sign contracts binding their
descendants. Under such a market structure, implementing any Pareto efficient al-
location requires government intervention. A feature shared by all Pareto efficient
income tax schedules is that income taxes of agents with currently low income are
negative.

The second chapter analyzes efficient allocation of resources in an economy in
which agents are initially heterogeneous with regard to their wealth levels and whether
they have ideas or not. An agent with an idea can start a business that generates
random returns. Agents have private information about (1) their initial types, (2)
how they allocate their resources, and (3) the realized returns. The unobservability of
returns creates a novel motive for subsidizing agents who have ideas but lack resources
to invest in them. The unobservability of initial types and actions implies that the
subsidy that poor agents with ideas receive is limited by incentive compatibility:
the society should provide other agents with enough incentives so that they do not

claim to be poor and have ideas. The paper then provides an implementation of the
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constrained-efficient allocation in an incomplete markets setup that is similar to the

U.S. Small Business Administration’s Business Loan Program.
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Chapter 1

Efficient Investment in Children

and Implications for Policy

1.1 Introduction

It is mostly parents who choose the level of human capital investment their children
receive. For instance, parents choose how many books to buy their children, how much
time to spend reading to them, or whether to pay for private tutors for their children.
It is empirically an established fact that these parental investments are significant in
determining adult outcomes.! Hence, parental investments are important productive

activities from society’s perspective. However, it is hard to monitor the level of

!Todd and Wolpin (2006) is a recent paper that provides evidence on the importance of parental
investment in explaining children’s cognitive test score gaps. This provides an indirect evidence
on the importance of parental inputs in determining adult outcomes since, as it is documented by
Leibowitz (1974), Neal and Johnson (1996), and Keane and Wolpin (1997), cognitive tests taken
during adolescence are predictive of adult labor market outcomes. For more direct support of the
effect of parental investments in determining future outcomes see Cunha and Heckman (2006).
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investment each child receives from her parents. This implies that society potentially
faces an agency problem regarding investment in children: society has to provide
parents with the right incentives so as to make them invest in their children.

This paper develops an intergenerational model in which parental investment in
children is subject to such an agency problem in order to accomplish two specific
goals. The first goal is to analyze the structure of the entire set of Pareto efficient
allocations. The main characterization result is that, independent of social prefer-
ences, in all generations, poor parents should receive subsidies from the rest of the
society. This implies all agents, including the poor, should live above a certain welfare
level, independent of whether or not society cares about them. The second goal is to
explore the types of market arrangements and policies that attain Pareto efficiency.

Specifically, the paper considers a dynastic model with heterogenous intergenera-
tional altruism. In any generation, there are two types of parents: altruistic parents
care about their children whereas selfish do not. Agents live for two periods. In the
childhood period, they simply receive human capital investment from their parents
which determines their output next period, when they become parents.? Investment
in children is in terms of forgone consumption, and there is diminishing marginal
returns to investment. In parenthood, agents first realize their altruism type and
then choose how to divide family resources between consumption and investment in
children.

I make two crucial informational assumptions. First, parents privately observe

whether they are altruistic or not. Second, parental investment in a child is private

2Becker and Tomes (1979), Loury (1981), and Becker and Tomes (1986) are seminal papers that
model adult output as being determined by parental human capital investments undertaken during
childhood.
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information at the time of investment. Society learns the level of human capital
investment a child receives from her parents by observing the child’s adult outcome,
and, thus, with a lag. The unobservability of parental investment implies that there
is an agency problem regarding parental investment in children. Society cannot force
parents to invest in their children; parents must be provided with incentives to do
so. Since parents are already replaced by their children by the time investment
becomes observable, the only way to provide parents with incentives is by rewarding
or punishing their children in terms of consumption.

In the absence of informational frictions, Pareto efficient resource allocation in-
volves two separate steps: (1) productive efficiency requires equating marginal re-
turns to parental investment across children within any generation; (2) distributive
efficiency then requires making transfers between agents so as to achieve the desired
consumption distribution, which depends on the welfare criterion of society. How-
ever, I show that, under informational frictions, productive efficiency and distributive
efficiency cannot be completely separated. Attaining productive efficiency implies
certain properties that are common to all Pareto efficient distributions of consump-
tion, independent of any social welfare criterion. The first major goal of this paper is
to establish these properties.

I show in any Pareto efficient allocation, for all generations, all poor parents
receive subsidies. That is, society should transfer additional resources to parents who
have not received much human capital investment from their parents, and, hence,
have low output. This then implies all agents at all periods live above a certain
welfare level. The intuition is simple. Without a subsidy, the amount of investment

children receive would be limited by parental output. Due to diminishing marginal
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returns to investment, this means children of poor parents would have relatively
high marginal returns. By redistributing resources from rich parents to poor ones,
society reallocates investment from low return children to high return children. As a
result, average returns to childhood investment increase, and, hence, there are more
resources next period to be distributed among those society cares about. However,
since parental investment is unobservable, in order to make parents invest, society
has to provide them with incentives in terms of their children’s consumption, because
otherwise parents would consume the subsidies intended for investment in children.
Therefore, subsidies toward the poor implies welfare transfers toward them, which
implies, all parents, including the poor, live above a certain welfare level.

Consequently, subsidizing the poor is required by Pareto efficiency because it
enhances productive efficiency. Since there are no assumptions about any particular
social welfare function, equality or insurance considerations play no role in the subsidy
result. In this sense the subsidy result in the current paper is distinct from most of
the redistribution results in public finance as these results are generally conditional
on assumptions about social welfare functions that value equity. This distinction is
a very important one because the result in this paper establishes that subsidizing
the poor is a necessary condition to be efficient whereas previous results merely say
redistributing to the poor is needed if we assume that society has a particular social
welfare criterion.

The second major goal of the paper is to find actual market structures and tax sys-
tems that implement Pareto efficient allocations. The paper first considers a market
in which initial generation parents can sign exclusive contracts ex ante that are legally

binding for all their descendants. A version of the First Welfare Theorem holds: the
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market equilibrium is Pareto efficient.® As a result, if such a market is in operation,
any government intervention would be based on redistributive motives rather than
efficiency considerations. However, such a market structure is highly unrealistic as it
crucially requires enforcement of contracts which, when signed by an agent, bind all
future descendants.

The paper then considers implementing Pareto efficient allocations in a more re-
alistic market setup in which contracts signed by parents do not bind their children.
Agents are allowed to sign all other types of contracts that respect informational
constraints. The market equilibrium is Pareto inefficient, which implies government
intervention is essential under such a market structure. An interesting property of
this market arrangement is that there is a subset of Pareto efficient allocations for
which there is no tax implementation. Then, the paper focuses on Pareto efficient
allocations that can be implemented with income taxes and derives an important
property shared by all Pareto efficient income tax systems: in any generation, income
taxes of agents with currently low income are negative. This result is essentially a
translation of the subsidy result about Pareto efficient allocations into a result on
Pareto efficient income taxation.

Finally, in section 1.6, I pay particular attention to the Pareto efficient alloca-
tion that arises when the social objective puts direct welfare weights only on initial
generation parents. The aim of this section is to investigate whether or not the cel-
ebrated immiseration result, which essentially says that in dynamic moral hazard

environments almost all agents’ consumption diverges to the lower bound, holds in

3The result that ex ante efficient allocations under private information can be decentralized as
through ex ante contracts is originally due to Prescott and Townsend (1984) for static economies.
Atkeson and Lucas (1992) and Golosov and Tsyvinski (2007) provide similar decentralizations for
different dynamic private information economies.
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the current environment. I show that the unobservability of investment creates a
novel force which breaks down the immiseration result.

Becker and Tomes (1979), Loury (1981), and Becker and Tomes (1986) are sem-
inal papers that develop dynastic models in which individuals’ adult income is a
function of the parental investment they receive during childhood. These papers
consider equilibria under different incomplete market structures with the aim of es-
tablishing investments within family as an important source of income inequality. A
recent paper in the same tradition is Aiyagari, Greenwood, and Seshadri (2002) which
quantitatively compares the performance of different market structures in terms of
welfare, aggregate output, and inequality in a model in which parental inputs are im-
portant determinants of adult outcomes. The main distinction of the current paper
from all these papers is that, instead of assuming the existence of market incomplete-
ness exogenously, I endogenize market incompleteness by assuming that there are key
informational frictions regarding investment in children. Furthermore, all the afore-
mentioned papers are essentially positive analyzes, whereas the current paper focuses
on the properties of Pareto efficient allocations and implications for optimal policy.*

Banerjee and Newman (1991), Galor and Zeira (1993), and Aghion and Bolton
(1997) are also related to the current paper. These papers study the link between the
distribution of wealth and productive activity in dynastic economies in which there
is individual level production with diminishing returns to scale. Even though they
do not focus on policy analysis, an implicit conclusion common to all these papers is

that redistribution towards the poor can enhance productive efficiency.® The main

4An exception is Loury (1981) which provides some policy experiments. Furthermore, Seshadri
and Yuki (2004) also investigates numerical policy experiments in an incomplete markets setup.
However, unlike the current paper, neither of these papers analyze optimal policy.

®Indeed, Aghion and Bolton (1997) explicitly carries out such a normative analysis. The paper
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difference with the current paper is that I focus on Pareto efficient allocations and
the resulting optimal public policies.

This paper is also related to a number of recent papers that explore constrained
efficient allocations in intergenerational settings with private information frictions,
such as Phelan (2006), Farhi and Werning (2007), and Farhi and Werning (2008). The
most important difference between the papers above and the current one is that the
papers above focus on social planning problems that maximize specific social welfare
functions whereas I analyze the properties shared by the entire set of Pareto efficient
allocations. This is a very important distinction because analyzing all Pareto efficient
allocations allows me to, as Stiglitz (1987) puts it, “separate out efficiency consid-
erations from the value judgements associated with choices among Pareto efficient
points.” As a result, I isolate and focus on the implications of productive efficiency
while the efficiency concepts used by previous papers include social preference for
equality.

The rest of the paper is structured as follows. In section 2, I introduce the model
formally. Section 3 characterizes properties common to all ex post Pareto efficient
allocations. Section 4 discusses two different implementations of Pareto efficient al-

locations. Finally, section 5 concludes.

takes output maximization as the social objective and shows that when there are moral hazard
problems due to unobservable effort, redistributing resources from the rich to the poor may increase
total output, boosting economic growth.
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1.2 Model

1.2.1 Environment

The economy is populated by a continuum of unit measure of dynasties who live
for a countable infinity of periods, t = 1,2, .... Each agent within a dynasty lives for
two periods: childhood and parenthood. In each period ¢, each parent has a child.
In period t + 1, the child becomes a parent and replaces the period ¢ parent.® The
economy starts at the beginning of period one with the first members of each dynasty:
initial parent generation and their children.

A period t parent has expected utility preferences, with utility function:
U = u(c) + BeUpsa,

where ¢ is period ¢ parent’s consumption, u(-) is instantaneous utility function, /3 is
period t parent’s altruism factor, and U, is the utility of the offspring of the period
t parent. Agents have to consume a non-negative amount, i.e. ¢; > 0. The above
specification of altruism is consistent with agents having a preference over the entire

future consumption of their dynasty:

Ut - Z Et[]j ﬁSU(CT)].

I make the following assumptions about the instantaneous utility function.

6The terms period t parent and period ¢ adult will be used interchangeably to refer to agents
who have children in period .
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Assumption 1 The instantaneous utility function u : Ry — R satisfies:

a. u',—u" > 0.

b. lim,. v (c) < 0o and lim._., v'(c) = 0.

b. u(0) =k > —o0.

The first part of the assumption is standard: instantaneous utility functions is strictly
increasing and strictly concave in consumption. The second part of the assumption
simply says that the lowest period utility that an agent can receive is finite.

A period t parent chooses how to allocate family resources between own consump-
tion, ¢;, and human capital investment in the child, n;. So, investment in children is
in terms of forgone consumption.” Investment cannot be negative, i.e., n, > 0. When
invested n; units in period ¢, a child produces y;11 = f(n;) units in period ¢ + 1 as
an adult. During childhood, an agent is merely a production unit operated by the
parent and does not make any decisions. I make the following somewhat standard

assumptions on the production function f.

Assumption 2 The production function f : R, — R, satisfies:
a. fl,—f">0.
b. lim,, o f'(n) = occ.

c. f(0)=0.

The first part of the assumption is standard and says children’s outcomes are strictly

increasing and strictly concave in the amount of investment they receive from their

"I follow Loury (1981), Becker and Tomes (1986), and Cunha and Heckman (2006), among others,
in assuming that investment in children is in terms of forgone consumption.
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parents. The second part is simply the Inada condition. Finally, the last condition
means if children do not receive any investment then their adult outcomes are zero.

Parents are heterogenous with respect to the level of their altruism towards their
children. Some of them care about their children 8 = 3, and some do not, 3 = 3,
where 0 < 8 < 3 < 1. Define H = {3, 3} to be the set of all altruism factors.
Parents with altruism factor 3 are called altruistic, and those with altruism factor B
are called selfish. Agents learn how altruistic they are only after becoming parents.
Consequently, a period ¢ child learns how altruistic she is in the beginning of period
t + 1, before making any decisions. The probability that a child in period t is going

to be an altruistic parent in period ¢ + 1 is p(/3). With probability s(53), the child
becomes a selfish parent. The distribution of 3 is i.i.d. across dynasties and time.

In period ¢, dynasties are different from each other only with respect to the real-
izations of altruism factors up to that period. Therefore, in period ¢, each dynasty
is identified with its realized history of altruism factors, h* = (B, B2, ..., B;). Define
H? to be the set of all histories at time t. Let the notation Ah**7 > h! mean that httJ
follows h' (i.e. its first ¢ components are equal to h'). With some abuse of notation,
define p(h') to be the ex ante probability of a period ¢ parent having history h'. By
the Law of Large Numbers, pu(h') is also the fraction of dynasties with history h' at
time t.

To simplify notation, I define 6;(h7) = [[7_, 3. In words, 6;(h7) is the cumulative
altruism towards agent with history h™ from her period ¢ ancestor. For initial parents,
the cumulative altruism towards generation 7 history h™ descendant is denoted by
o(h7) = ITi2, B

I make two key informational assumptions. First, each parent privately observes
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her altruism factor. I believe this is a reasonable assumption as it is hard, if not
possible, for outsiders to know how much a parent cares about her child. Furthermore,
how a parent allocates family resources between consumption and investment in the
child is not publicly observable in the period in which the decision is made. Society
learns the level of human capital investment in a child by observing the child’s adult
income next period, and thus, with a lag. When the child becomes an adult society
observes her output and deduces the investment she received retrospectively.

An allocation in this economy is defined to be © = (¢, n¢)e>1, where
Cey Ty L Ht — 3%4_.

Here ¢;(h') and ny(h') are period ¢ consumption and investment levels for a dynasty

with an altruism history of h'. An allocation x is feasible if for all ¢,

S ) e + ma(h)) < 37 ) flo (), (12.1)

ht—l
ci(BY), ny(ht) > 0, (1.2.2)

where f(ng) > 01is given. The first condition merely says that for any generation ¢ the
sum of aggregate consumption and aggregate investment should be no greater than
aggregate output.® The second condition ensures that consumption and investment

are non-negative.

80Observe that one can write the feasibility condition as in (1.2.1), even though ¢; and n; are
private information. The reason is that the sum ¢; 4+ n; is publicly observable.
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1.2.2 Incentive-compatibility

There are two sources of private information in the model. First, there is hidden
information: parents privately observe their altruism types. Second, parents are in-
volved in hidden action: their consumption and human capital investment choices are
unobservable. Hence, in this world, parents can deviate from an allocation recom-
mended by the planner in three ways: they can lie about their altruism factor, they
can choose an investment level that is different from what the planner recommended,
or they can double deviate by doing both at the same time. A powerful Revela-
tion Principle due to Myerson (1982) says that if an allocation is implemented as an
equilibrium of an arbitrary mechanism, then it can also be implemented as a truth-
telling and obedient equilibrium of a direct revelation mechanism. Therefore, without
loss of generality, the rest of the paper restricts attention to allocations that can be
implemented as truth-telling and obedient equilibria of direct revelation mechanisms.

In this subsection, I first define what it means for an allocation to be implemented
as a truth-telling and obedient equilibrium of a direct revelation mechanism. Then,
I define a subset of the set of all direct revelation mechanisms which I call the set of
worst punishment direct revelation mechanisms. I prove that an allocation is imple-
mentable as a truth-telling and obedient equilibrium of a direct revelation mechanism
if and only if it is implementable as a truth-telling and obedient equilibrium of a worst
punishment direct revelation mechanism. This implies that one can further restrict
attention to allocations that can be implemented as a truth-telling and obedient
equilibrium of worst punishment direct revelation mechanisms. This is an important
simplification because it is enough to check a single inequality to see whether an

allocation can be implemented as a truth-telling equilibrium of a worst punishment
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direct revelation mechanism. This inequality is the incentive compatibility condition
and the allocations that satisfy this condition are called incentive compatible.

In the last part of the subsection, I show that one can replace the incentive compat-
ibility condition by a set of much simpler conditions, often referred to as temporary
incentive compatibility constraints in the dynamic contracting literature.® Conse-
quently, these inequalities completely represent the restrictions that informational
problems place on the set of allocations achievable by the society.

A direct revelation mechanism is (C, N) = (Cy, Ni)i>1, where Cy, Ny : H' X 3?1:1 —
R,. Here, C; and N, are the outcome functions. The planner transfers a total of
Cy(ht, n'=1) + Ny(ht,n'~!) to the dynasty with history (h*,n'~!) of reported altruism
types and observed human capital investment levels, and recommends the parent to
spend N;(h',7'~!) units on the child and the rest on her own consumption. Note that
the outcome functions depend on the past observed history of investment levels as
well as the history of reported types. This is due to the feature of the model that
investment becomes publicly observable with one period lag.

A dynastic strategy is (6,7) = (64, 7)>1, where 6, : H' X §Rﬁr_1 — H and ny; :
Hx R — [Cy(ht, A1) 4+ Ny(ht, 2t~1)]. Here, 6(h!, 7it1) is the report of the parent
with history (h',n'=1), and ny(h!,7'1) is the investment of the same parent in her
children. Define 6¢(h!, ') as the history of reports along (h',7n'~1) and nf(ht, n'~1)
as the history of investment levels along the same path. Let I' be the set of all dynastic
strategies. Finally, define (o, N) as the truth-telling and obedient dynastic strategy.

Define W(a,n|C,N) to be the expected lifetime payoff to a dynasty under the

9The term temporary incentive compatibility condition is due to Green (1987).
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dynastic strategy (6, n), given the direct revelation mechanism, (C, N) :
W (5,7|C, N) =

S S 6 G (50110 + N (5010 — ()]

t=1 pt
An allocation x is implemented as a truth-telling and obedient equilibrium of a direct
revelation mechanism (C, N) if two conditions hold. First, the payoff to each dynasty
of telling the truth and obeying recommendations should be at least as large as the
payoff from any other strategy. Second, consumption and human capital investment
allocations along the equilibrium path of the direct revelation game should correspond

to the allocation x. The formal definition is given below.

Definition 1 An allocation x is implemented as a truth-telling and obedient equilib-

rium of a direct revelation mechanism if and only if

a. For all (6,n) €T,

W (o, H|C,N) > W(6,7|C, N).

b. For all ht,
Cy(h', N'71(1)) = (),

Ny(h', N'7H(:)) = ne(R).

By the Revelation Principle, Definition 1, together with the feasibility constraints

(1.2.1) and (1.2.1), characterizes the set of all allocations that are achievable by
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society.

I define a worst punishment direct revelation mechanism to be a direct revelation
mechanism that sets consumption and investment levels to zero at all nodes following
a deviation from recommended investment. For each direct revelation mechanism,
(C, N), there exists a corresponding worst punishment direct revelation mechanism,

(C', N'), defined as follows:

For any ¢t > 1 and (h*,7i*"') € H' x R,

Zé(ht’ﬁtfl) — Zt(ht’ﬁt*l)7 if 7:Ltfl — Ntfl(htfl’ Nt72(‘));
ZL(hm,n"t) =0, if else,

for Z = C, N. Observe that for any period ¢, one can divide the public histories of
the direct revelation game, (h',7'7!), into two groups. First, there are paths along
which there have been no deviations from the recommended investment levels up to
t. Second, there are histories in which there has been at least one deviation in the
first ¢t — 1 generations. I call the first group of histories the obedience path. So,
(C', N') is identical to (C, N) on the path of obedience. The mechanisms differ in
their reaction to dynasties that deviate from the recommended investment level, i.e.,
off the obedience path. The worst punishment direct revelation mechanisms punish
disobeying dynasties in the harshest way possible. Note that the set of all worst
punishment direct revelation mechanisms is a subset of the set of all direct revelation

mechanisms.

Lemma 1 (Worst punishment) An allocation x is implemented as a truth-telling
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and obedient equilibrium of a direct revelation mechanism (C, N) if and only if it is
implemented as a truth-telling and obedient equilibrium of the corresponding worst

punishment direct revelation mechanism, (C', N').

Proof.
Relegated to Appendix 1.8.1. m

Consequently, the rest of the paper restricts attention to worst punishment direct
revelation mechanisms. Observe that worst punishment mechanisms are much simpler
objects compared to general direct revelation mechanisms. In fact, a worst punish-
ment mechanism offers a dynasty an allocation x along the obedience path and identi-
cally zero transfers off the obedience path. To see this, let C{(ht, N1 (ht=1 N"*72(.))) =
ct(h') and NJ(h*, N"=Y(h!=1 N"=2(.))) = ny(h'). In the rest of the paper, I refer to
a worst punishment mechanism by the allocation it corresponds to on the obedience
path since all worst punishment mechanisms are the same off the obedience path.

Restricting attention to worst punishment mechanisms is an important simplifi-
cation because it allows one not to worry about the nodes that are reached after a
deviation from an action recommended by the planner. At all such nodes, the plan-
ner will be transferring the dynasty zero units no matter what the dynasty reports.
Consequently, reports following a deviation from recommended action are payoff ir-
relevant. Also, human capital investment has to be zero at any node following a
deviation. These imply that one can redefine reporting and investment strategies
independent of the history of investments.

Redefine a dynastic reporting strategy as a sequence of functions, (6¢):>1, where
o, : H' — H. 64(h') gives a dynasty’s report at node h’, independent of the levels of

investment made in the past. Now, I similarly redefine human capital investment as a
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function of the history of past types only. First, observe an implication of Lemma 1 :
it is optimal from the point of view of a dynasty that deviates from the recommended
investment level to consume all the resources given by the planner in the period
of deviation. This is straightforward since under a worst punishment mechanism a
dynasty’s payoff following a deviation from recommended action is zero independent
of the investment level the dynasty deviates to.

Therefore, without losing generality, we can restrict attention to investment strate-
gies in which, at any period and node, the dynasty either invests at the level recom-
mended by the planner to the reported type or invests zero. As a result, é = (ét)tzl,
where gBt : H" — {0,1}, is sufficient to represent a dynasty’s investment strategy.
Here, q@t(ht) = 1 means a dynasty that follows strategy quS invests at the level recom-
mended by the planner to the reported type at node ht, n,(6%(h')), whereas ¢, (h') = 0
implies the dynasty chooses to invest zero.

Redefine (7, ¢E) = (0y, ét)tzl as a dynastic strategy. Let (o, ¢) be the truth-telling
and obedient strategy, where o;(h') = 3; and ¢;(h') = 1, for all ¢, h'. Now, define

the expected dynastic payoff under strategy (&, ¢) given the worst punishment direct

revelation mechanism z :

W (6, dlz) = ;;u(ht)é(ht)u[(h@igt O-(h7)) (e (1)) + (1 = b(h)mil6" (1)) |

(1.2.3)
Finally, I can define what it means for an allocation to be incentive compatible. An
allocation z is incentive compatible if and only if there exists a worst punishment
direct revelation mechanism z that implements it. The formal definition is given

below.
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Definition 2 (Incentive compatibility) An allocation x is incentive compatible if

~

and only if for all (5, ¢),

W (o, d|z) > W (6, d|z). (1.2.4)

An allocation that is feasible and incentive compatible is called incentive feasible.
These are the allocations society can achieve.

The remainder of this subsection shows that the incentive-compatibility conditions
represented by (1.2.4) can be replaced with temporary incentive constraints. Given
allocation z, define V' (h'|z) to be the continuation utility to dynasty A’ from period
t + 1 on when truth-telling and obedience is followed in all the nodes succeeding h'

and there has been no detection of disobedience in the past:

V(ht|z) = Z > (TR S (R Yuler (R7)).

T7=t+1 h™>=ht

If a dynasty member has already deviated in the past, then the continuation utility
from period t + 1 onwards is equal to the expected discounted utility of consuming
zero in all nodes from period ¢+ 1 onwards, which is equal to k, where [E denotes

1]Eﬁ

the expectation operator.

Proposition 1 (Temporary incentive compatibility) An allocation x satisfies
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incentive constraints (1.2.4) if and only if it satisfies for all t,h*™1, 3, 3°

(ICL) u(c(h'=1, 8)) + BV (R, Blz) = ule (W', 5)) + BV (', 39),

(ICp) u(er (R 8)) + BV (R, Bla) = u(e (™1, B) + ne(h', B)) + Brggzh,

(ICrp) (a1, B)) + BV (R, Blz) > ule(h'™, 5°) + ne(h'™, 5°)) + Bigh-
(1.2.5)
Proof.
Relegated to Appendix 1.8.1. m

The rest of the paper uses the three sets of inequalities in (1.2.5) to represent
incentive compatibility of allocations. The first set of incentive-compatibility condi-
tions, type L, is the usual one that says no parent should find it profitable to lie to
be of the other type at any time and node. Type D incentive constraints say that
parents should not find it profitable to disobey the investment level recommended
by the planner. Finally, type LD constraints say that under an incentive-compatible
allocation, parents should not be getting better off by double deviating: lying to be
of the other type and investing zero in the child.

Observe that type D and type LD incentive constraints are novel in the dynamic
contracting literature. These incentive constraints are very simple compared to the
ones that usually arise in the presence of hidden action. This is due to the assumption
that private information regarding actions (investment in children in the current

context) is temporary.
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1.2.3 Pareto Efficient Allocations

Now, I define Pareto efficient allocations for this economy.'® In that regard, define
U(B'|z) = u(c1(8Y)) + BV (Bx) to be the dynastic welfare of agent with history h'

under allocation z.

Definition 3 An allocation x* is Pareto efficient if it is incentive feasible, delivers
welfare (U(B'|x*))¢ gt and there is no other incentive feasible allocation x that delivers
(U(B|z))e gt with U(Sx) > U(B*z*) for all ', t and at least one of these inequalities

holding strictly.

Pareto efficient allocations solve the following social planner’s problem:

max Y Y (51U (Blz) (1.2.6)

t=1 gt

subject to for any t, 3

U(B'z) = v(8")
and subject to incentive-feasibility.

Observe that the social planning problem is indexed by (9(8")); se5. Therefore,
by changing the stochastic process (0(3")); g3, We can trace the infinite-dimensional

Pareto frontier of this economy.!!

10Throughout the paper, the term Pareto efficient allocation refers to Pareto efficient allocation
under informational problems.

1Obviously, not all such processes define a Pareto efficient allocation. For a stochastic process
(@(ﬂt))t)ﬁt?gg to define a Pareto efficient allocation, there should be at least one incentive feasible
allocation delivering each agent a welfare level that is weakly greater than the welfare level assigned
to her by that stochastic process.
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1.3 Characterization of Pareto Efficient Allocations

The aim of this section is to analyze the properties that are common to all Pareto
efficient allocations. Put differently, I am interested in features that are shared by all
allocations on the Pareto frontier of the economy. I assume 3 = 0 in the main body
of the paper. This assumption is mainly for expositional purposes and is not needed
for any of the results that follow.!?

Before analyzing the Pareto problem of the previous section, I first analyze effi-
ciency under two different benchmark environments, which makes it easier to under-

stand the role of informational assumptions and the resulting agency problem.

1.3.1 Two Benchmark Cases

Full Information Benchmark. First, consider an economy that is identical to
the one described in section 2 except for all economic activity is public information. I
want to characterize the whole set of Pareto efficient allocations. An allocation x is full
information Pareto efficient if it is feasible, delivers welfare (U(h!|x*)); e, and there
is no other feasible allocation x that delivers (U(h'|z)); e with U(ht|x) > U(h'|z*)
for all h!,t and at least one of these inequalities holding strictly.

Full information Pareto efficient allocations solve the following social planner’s

problem:
o0
. _
max .0,
ax Y > u(h)U(Ble) (1.3.1)
t=1 pt
12T show in subsection 5.3 of the paper that the main result of the paper holds as long as B is

below an upper bound @
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subject to for any t, ht
U(ht|z) > v(h")

and subject to feasibility.

It follows simply from the first-order optimality conditions of the above problem
that in any full information Pareto efficient allocation marginal returns to human
capital investment in children is equated across children within any generation. This
implies that in any generation all children receive same investment independent of
which dynasty they belong to, i.e., n,(h") is independent of h. Since there are no
ex ante productivity differences among children and there is diminishing marginal
returns to investment, productive efficiency calls for an equal division of investment
across children.

Under the full information assumption, productive efficiency is separated from
distributive efficiency. Society invests in children in the productively efficient way

and then distributes the output among agents in the way social norms call for.

Observable Investment Benchmark. Consider the same economy as before,
but, now, the only source of private information is parental altruism types. In such
a world, due to parental types being unobservable, only a subset of the set of all
feasible allocation, those which are incentive compatible, are achievable by society.
When the only source of private information is parental type, an allocation is in-
centive compatible if IC, is satisfied in all generations and histories. Observe that
the incentive constraints ICp and ICp are not required for incentive compatibility

when investment is observable. This is simply due to the fact that in this case the
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only way a parent can deviate is by lying to be of a different type; since investment
is observable, parents have to obey the social planner’s recommendation about how
to allocate family resources.

Below I define a planner’s problem, the solution of which gives the set of all observ-
able investment Pareto efficient allocations as one varies (T(h)); i35 appropriately.
Observe that the only difference between the problem below and the social planning

problem in (1.3.1) are the incentive constraints, ICy.

mngZu(ht)U(B\:c) (1.3.2)

subject to for any t, h'

and subject to feasibility and ICp(h'™1, 3), for all h'~1, 3, 3°.

Similar to the full information case, in any observable investment Pareto efficient
allocation, human capital investment in children is independent of their dynastic
history. Since investment is still observable, there is nothing preventing society from
ensuring that marginal returns to investment are equated across children. To see
how this follows from the social planner’s problem above, observe that the only way
investment enters the problem is through the resource constraints; it does not enter
incentive constraints. Therefore, productive efficiency and distributive efficiency are
separated in the model with observable investment as well. The main difference from
the full information case is that, due to types being unobservable, society has to take
into account incentive constraints ICy, when distributing consumption among agents.

Consequently, both in the full information and observable investment benchmark
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cases, investment in children is independent of history. This is due to the fact that
the agency problem regarding investment in children disappears when investment is

observable.

1.3.2 Characterization of Pareto Efficient Allocations

This subsection analyzes Pareto efficient allocations in the economy introduced in
section 2 when investment in children, as well as altruism types of parents, is private
information. The goal is to prove that in any Pareto efficient allocation, for any
generation, poor parents are subsidized, and, hence, all agents, including the poor,
live above a certain welfare level.

The first step in analyzing Pareto efficient allocations is simplifying the incentive
compatibility constraints. In that regard, Lemma 2 below shows one can disregard
some incentive-compatibility conditions from the outset. First, given an allocation, if
an altruistic parent does not lie to be a selfish parent and the latter does not deviate
by disobeying the recommended investment, then the altruistic parent does not devi-
ate by disobeying either. Hence, incentive constraints regarding deviations in which
a currently altruistic parent disobeys (type L and type LD constraints) are automat-
ically satisfied. Second, observe that for any h'~!, if x satisfies ICp(h'™*, 8), then
it also satisfies ICL(h'™!, 3). In words, if selfish parents do not deviate by lying and
disobeying, then they do not deviate by only lying either. This follows straightfor-
wardly from the facts that selfish parents do not care about their descendants and

investment in children is non-negative.

Lemma 2 For any h'™!, incentive constraints ICp(h'=*, 3), ICpp(h'™1, 3), and ICL(h*Y, B)
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are redundant.

Proof.
Relegated to Appendix 1.8.2. m

As a result, in the rest of the paper, incentive compatibility conditions in which
altruistic parents disobey and those in which selfish parents only lie are going to be
omitted without loss of generality.

It is evident from the Pareto problems that social and parental objectives are not
necessarily aligned. When parental investment is unobservable, this implies that so-
ciety faces an agency problem regarding childhood investment. As a result, if society
wants parents to invest in their children, it has to provide them with incentives to do
so. This implies that resource cost is not the only social cost of investment in chil-
dren; there is also an incentive cost. Since this incentive cost is potentially different
for parents with different histories, it is no longer Pareto optimal to equate marginal
returns to investment across children in any generation. To see the incentive cost of
investment mechanically, observe that investment enters not only into the resource
constraints but also incentive compatibility constraints in the social planner’s prob-
lem. Consequently, productive efficiency and distributive efficiency are not separated
when there is an agency problem in childhood investment.

Lemma 3 below which establishes two important properties of parental investment
in children that are common to all Pareto efficient allocations. The subsidy result
follows directly from these properties. The first property is that the Pareto efficient
level of investment in children of selfish parents is zero in any generation. This follows

directly from ICp and 3 =0
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u(ci (W1, 8)) > u(c; (B, B) + n; (K, B))
= nf (R, 3) =0.

Since deviation from the recommended investment level is detected only after the
children become adults, the only way society can make parents invest in their children
is by punishing the children of deviating parents. However, since selfish parents do
not care about their children at all, there is no reward/punishment mechanism that
can make them invest in their children.

The second property of Pareto efficient investment in children is that, in all gen-
erations, children of all altruistic parents receive strictly positive investment. That
is, even if society does not care at all about the welfare of an altruistic parent or
any of her successors, it should still make sure that her child receives parental invest-
ment. Clearly, no notion of equality is responsible for the result. It follows solely from
productive efficiency. Since there is diminishing marginal returns, society wants to ex-
ploit investment opportunities in all children. Smoothing investment across children
in a period means higher average returns and, hence, higher output next generation,

which the society can distribute among those it cares about.
Lemma 3 For any allocation x* in the set of Pareto efficient allocations,
1. ni(h'=1,8) =0, for all h*1.

2. nf(h=1,3) > 0, for all k'~

Proof.

Relegated to Appendix 1.8.2. m
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Now, I show the main result of this section. First, define

Ay(h') = nu(R') + ci(h') = (e (R7)).

In words, A;(h') is the net transfer that an agent with history h’ receives from society
under allocation x. I say that an agent h' is subsidized under allocation x if A,(h') > 0.
I make one more definition. I say that an agent h' lives in misery under allocation x
if ¢, (h7) =0, for all A7 = h'. In words, an agent lives in misery if own and all future
descendants’ consumption is equal to zero.

The main result of this section is Proposition 2 below. It has three parts. First,
children of selfish parents have zero output when they become adults. This follows
from part one of Lemma 3 : children of selfish parents do not receive any human
capital investment.

Second, in any generation, poor agents receive subsidy from the rest of society,
independent of the social welfare criterion. The intuition is very simple. According
to part two of Lemma 3, productive efficiency requires all altruistic parents to invest
in their children. This then implies that altruistic parents with no output should be
subsidized so that they can invest in their children. Selfish agents with no output are
subsidized because parental altruism is private information.

Third, in any Pareto efficient allocation, all agents live strictly above misery.
Exploiting investment opportunities in children requires society to reward people who
operate them, their parents, due to the private information nature of the investment.
Then, selfish parents should also receive consumption, since otherwise they would lie

to be altruistic and consume the transfers intended for altruistic agents. Consequently;,
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Pareto efficiency requires society to ensure that none of its members live in misery,

even when some of these agents are not valued at all by society.
Proposition 2 In any Pareto efficient allocation x*,

1. If =Y = (h'2,B), then y; (R'=1, B) = 0.

2. If yr(h') = 0, then A7 (h') > 0.

3. No agent lives in misery.

Proof.
Part 1. By Lemma 3 part one, nj_;(h'~2, 3) = 0, which implies y; (h'~2, 3, 8) = 0.

Part 2. By Lemma 3 part two, n} (h'™%, 3) > 0. If y; (h*~!, 3) = 0, then A (R, 3) >
0. Then, from incentive-compatibility condition ICpp(h!™1, ), it follows that Aj (R, 5) >
0 too.

Part 8. ni(h'=Y,8) > 0 and ICpp(h'~1, B) imply ¢} (hi—1,3) > 0. Thus, no self-
ish agent is miserable. Since the altruism factor is privately observed, ICL(h'™t, 3)
implies altruistic agents are not miserable either. m

Note that this subsidy result is a powerful one, as it does not depend on society’s
preferences. Even if a society does not care at all about its poor citizens, it still
should subsidize them on productive efficiency grounds. Similarly, independent of
the social welfare criterion, society should guarantee a minimum level of welfare for
all its members. Equity or insurance considerations play no role in these results. The
results depend crucially on two features of the model. First, all parents in the model
“operate” individual level “production technologies,” their children, with decreasing

returns to scale. Obviously, there would be no issue of productive efficiency if the
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current model were an endowment economy or there were constant returns to scale
to investment in children; in that case, there would be no need to subsidize any
agent unless it is required by a particular social welfare criterion. Second, parental
investment is unobservable, which implies that in order to exploit these investment

opportunities, society has to provide parents with incentives, and, thus, welfare.

1.4 Implementation

This section is concerned with the following question. What kinds of markets and
policies are sufficient to attain Pareto efficiency? I analyze the implementation of

Pareto efficient allocations in two different market setups.

1.4.1 Market with Dynastic Contracts

The first market structure I consider is one in which generation one parents can
sign contracts ex ante, before any uncertainty is realized, and, importantly, these
contracts are legally binding for all their descendants. There is a continuum of in-
termediaries that are owned equally by all dynasties. In the beginning of generation
one, before realization of any uncertainty, each intermediary signs a contract with
a continuum of initial parents which binds all following generations. The contracts
are offered competitively, and initial parents choose the contract with the highest
promised ex ante expected utility.

A contract is = (¢, ny)i>1, where ¢;,ny : HY — R. Here, ¢;(h') + ny(h') is the
total amount of resources transferred to a dynasty who have reported h! and obeyed

the intermediaries’ recommendations up to period t. Any dynasty that deviates from
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the actions recommended by an intermediary receives zero units forever after the
deviation is detected. Thus, without loss of generality, I confine intermediaries to offer
worst punishment direct revelation mechanisms. Facing such a contract, each dynasty
chooses a participation strategy, (y, 9 )i>1, receives either ¢, (&,(h)) + ny(64(ht)) or
zero depending on past deviation from recommendation, and chooses how to allocate
the total amount received. Intermediaries take into account that each generation a
parent can choose a different allocation of total resources handed to her than what is
intended by the intermediary. The incentive compatibility conditions summarized by
(1.2.5) in section 2 completely characterize the set of allocations intermediaries can
offer to dynasties through period one contracts.

Intermediaries trade one period claims with each other. Denote by ¢; the price of a
claim a; that pays one unit of consumption good in period ¢+ 1. I consider symmetric
equilibria in which all intermediaries are price takers. Letting U be the equilibrium

utility each dynasty receives, representative intermediary’s problem is

mas S5 ) [T [ (W) — b —mi)] (1)

t=1 e
subject to (1.2.5) and ), upU(h|z) > U.

A formal definition of market equilibrium is as follows:

Definition 4 A competitive equilibrium is prices (q;)i>1, allocations (cp,ny)i>1, trades

of one period claims (at)i>1, and a utility level U such that

1. Taking (q:)e>1 and U as given, (ct,ne, at)i>1 solves the intermediaries’ problem

(1.4.1);
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2. Initial generation parents choose contracts that offer the highest utility;

3. Claims market clears every period.

I now prove a version of the First Welfare Theorem for this private information
economy. This result was originally proven by Prescott and Townsend (1984) for
a static private information economy. Atkeson and Lucas (1992) and Golosov and
Tsyvinski (2007) prove the same result for different dynamic private information
economies. The result follows from the observation that the intermediary’s problem
is the dual of the social planner’s problem of maximizing ex ante dynastic utility. The
proof uses a property of the equilibrium that is easy to show: in equilibrium, perfect

competition drives intermediary’s profits to zero.

Proposition 3 The competitive equilibrium in which initial parents can sign con-

tracts that bind all their descendants is Pareto efficient.

Proof.

It suffices to show that equilibrium z solves the social planner’s problem of maximiz-
ing ex ante utility. Suppose this is not true. That the claims market clears every
period implies that the equilibrium allocation satisfies aggregate feasibility. Incentive
compatibility of the equilibrium allocation follows directly from the intermediary’s
problem. Hence, it must be that ex ante expected utility dynasties receive under the
efficient allocation, call it U*, is strictly greater than the utility under equilibrium
allocation U. Observe that the efficient allocation is available to the intermediary
since U* > U. Now, consider a third allocation 2’ identical to the efficient one except

for ¢} (B) = ¢;(B) — €. For € > 0 small, the ex ante utility this allocation offers, U,
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is still strictly greater than U, and 2’ is incentive compatible. Observe that under x’
the intermediary makes strictly positive profits, which is a contradiction. m

The analysis above suggests private markets achieve Pareto efficiency without gov-
ernment intervention. As a result, any intervention would be based on redistributive
motives rather than efficiency considerations. Put differently, government should in-
tervene only if social norms call for a different Pareto efficient allocation than the
one achieved under private markets. * However, observe that efficiency of private
markets crucially depends on a very strong assumption about the set of contracts
available: period one parents can write contracts that legally bind all their descen-
dants. This assumption is highly unrealistic, as in most countries around the world
contractual arrangements signed by individuals are not binding for their children.
The next subsection analyzes a different, more realistic market structure in which

there is no intergenerational trade.

1.4.2 Market without Intergenerational Trade

Consider a market setup in which contracts signed by parents do not bind their
children. Agents are allowed to sign all other types of contracts that respect infor-
mational constraints. The aim is to provide an implementation of Pareto efficient
allocations in this market setup. Towards this goal, let "= (7});>1 be an income tax

system where

Ttﬂ?i—ﬁ]?

13Under this market structure, markets only attain the Pareto efficient allocation that maximizes
the ex ante welfare of initial generation parents. This result is in the same spirit as Bernheim
(1989) which shows that many Pareto efficient allocations cannot be achieved in dynastic models
with altruistically linked individuals.
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Here, T;(y") is the income tax levied on a period ¢ parent with a dynastic history of

incomes y' = (y1, ..., ;). Therefore, a dynasty’s problem now reads:

max Y p(B)U () (1.4.2)
B
subject to for all ¢ and A,

ce(h') + ne(h') < ye(h') — Tu(y' (R')).

Definition 5 An equilibrium with income tazes in a market without intergenerational

borrowing and lending is income taxes T' and an allocation x such that

1. Given T, x solves the dynastic problem;

2. Government budget balances every period.

It is easy to see that the unique equilibrium allocation under laissez-faire is equivalent
to the autarkic allocation. In that allocation, call it z%, n¢(h') = 0, for all ¢ > 1,

ht # (j3,..., ). By Proposition 3, this is clearly Pareto inefficient.

Proposition 4 The laissez-faire market equilibrium without intergenerational bor-

rowing and lending is Pareto inefficient.

Under the equilibrium allocation, all agents who have at least one selfish ancestor
have zero income. Therefore, altruistic parents who have at least one selfish ancestor
cannot invest in their children, which means society cannot exploit very high return

investment opportunities in children of altruistic parents. This breaks productive
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efficiency and creates Pareto inefficiency. As a result, as long as intergenerational
borrowing and lending is absent, government intervention in the economy is essential
since there is room for Pareto improvement over the existing market. A natural next
step is to see what a government should do in order to ensure Pareto efficiency.

An interesting property of this market structure is that there is no tax imple-
mentation for some Pareto efficient allocations. To see this, remember that in the
current model an agent’s income is determined by parental investment during her
childhood, i.e., y; = f(n:(h*™1)). As a result, current income, ;, does not reveal any
information to the government about the agent’s current type, §;. But, then, the tax
system cannot differentiate between agents with the same history of ancestors, h*~1.
Thus, period ¢ parents with histories (h'~1, 8) and (h'~!, 3) receive the same transfers
in any allocation that is implemented with income taxes. This implies that Pareto
efficient allocations in which, in some period t, transfers depend on agents’ period ¢
types cannot be implemented through taxes on income under the market structure
with no intergenerational trade.

If there were an intergenerational market of some kind, it could be possible for
the government to deduce information about whether an agent is altruistic or not by
observing her actions in the market. However, when such markets are absent, gov-
ernment has no way of screening altruistic and selfish parents with the same dynastic
histories. As a result, Pareto efficient allocations in which selfish and altruistic par-
ents with the same histories receive different transfers cannot be implemented through
taxes. Fortunately, it is possible to completely characterize the set of Pareto efficient

allocations that can be implemented by income taxes, as shown by Proposition 5.
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Define Y;* = {y* € R, [y, = f(ni_;(h" 1)), for all 7 <t and A7~! < h!~!, for some h'1}.
In words, y' is in Y;* if there exists some type h'~! that receives income history 3' in
the Pareto efficient allocation.

Now set the tax system as follows:

Tr(y') = —Ap(h' 1), iyt €Yy

(1.4.3)
T (yh) = o, if else.

Proposition 5 A Pareto efficient allocation x* can be implemented in a market with
no intergenerational borrowing and lending through taxes on income if and only if

(0(R"))s1.nezp s such that ICLp(R'™", B) holds with equality for all h'~'.

Proof.
(=) : Suppose a Pareto efficient allocation x* can be implemented by an income
tax system in a market with no intergenerational trade. This implies ¢} (k™1 3) +
ny(k'~1, B) is independent of 3, for all A=, which implies ICpp(h'~*, §) holds with
equality for all At
(<) : Now, suppose ICp(h'~!, 3) holds with equality for all A'~! in a Pareto effi-
cient allocation z*. Then, since ICp(h'~!, 3) binds for all A'~* in any Pareto efficient
allocation, ¢ (h'™!, 8) + n;(h'~1, B) is independent of 3. Set the taxes as in (1.4.3).
Consider the dynastic problem with taxes. Define a dynasty’s income strategy
as y = (y)i>1, where y; : H™! — R,. A dynastic income strategy gives a dynastic
children investment strategy since income is a one-to-one function of childhood in-

vestment. The investment strategy then implies a consumption strategy through the

budget constraint. Therefore, given taxes, the only object a dynasty is choosing is its
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income strategy. Let y* be the income strategy in which y;(h'™!) = f(n}_,(h'™1)).

First, observe that if a dynasty chooses an income strategy i’ such that for all
t, Ryl (hY) = f(n;_((o]_,(h'™1))), then by construction of the tax system, flow
budget constraints imply that the dynasty receives allocation (¢} (o} (h')), n;(o;(h'))),
where ¢ (o} (h')) is the consumption of history h* dynastic member. Hence, the ex-
pected discounted dynastic welfare under " would be equal to W (o', ¢|x*).

Second, suppose a dynasty chooses income strategy y. Suppose in some period ¢
in some node h!, y calls for setting human capital investment in the child to some
level such that the dynastic income history next period is not going to be in Y% ;. By
the construction of income taxes, this implies, beginning from generation ¢+ 1 on, all
output of the dynasty will be seized by the government. Hence, it is optimal for the
period t member of the dynasty to consume all resources.

As a result, any potentially optimal income strategy y can be decomposed into two
parts: an income strategy v’ such that for all ¢, h*=1 yi(h*™1) = f(n}_,(o,_,(R'71))),
and a decision made at each node about whether to deviate from the income path
that occurs under 3. Denote the latter decision by v/ = (v})>1, where v/(h') = 1
means at node A’ the dynasty makes an amount of investment in children that makes
the dynastic income equal to y;; (h"). Thus, the expected discounted dynastic welfare
under y is equal to W (o', ¢'|z*), for ¢/ = v/'.

Then, under the tax system 7™, if a dynasty chooses y*, then the dynasty receives
(c¢*,h*) and the expected discounted utility, W (o, ¢|z*). If a dynasty chooses any
other y, then the dynastic utility is W (o', ¢'|z*.) Then, by incentive compatibility of

x*, the dynasty chooses y*. m
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Section 3 already proved that ICp(h'~!, 3) binds for all h*~! in any Pareto efficient
allocation. Ifit is also the case that ICp(h'™t, §) holds with equality for all A=, then
ci (R, 8) +n}(h'~1, 3) is independent of 3, which means Aj(h*~!, 3) is independent
of [.

In the rest of the subsection, I confine analysis to Pareto efficient allocations that
can be implemented with income taxes and derive an important property of Pareto
efficient taxes. The corollary below essentially translates the subsidy result about
Pareto efficient allocations derived in section 3 into a result on income taxes. Remem-
ber that by Proposition 3, in any Pareto efficient allocation, z*, Aj(h'~2,5,h) > 0,
for all A'~2. Remember also that by the same proposition, ny(h'~!,3) = 0, for all

ht=!. Combining these two results, I get the following corollary.

Corollary 1 Under the market structure with no intergenerational trade, in all Pareto
efficient income tax systems, all agents with zero income receive strictly positive sub-

sidies, i.e., T} (y"™1,0) <0, for all t and y*=' € V" ;.

1.5 Discussion

In the first two subsections of this section, I discuss whether the main characteri-
zation result of the paper survives generalizations of the model along two important
dimensions. The last subsection provides a robustness check: the main result of the

paper does not depend on the assumption that 3 is exactly zero.
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1.5.1 Public Investment in Children

Throughout the paper I assume that government can only indirectly regulate
investment in children through subsidizing their parents. In real life, on the other
hand, governments also try to control childhood investment directly through in-kind
subsidies.

A natural question then is: What happens to the main result if we equip the
government in the model with in-kind subsidies? One way to answer this question is to
expand the “production function” of children by introducing an additional investment
good, ¢, which is publicly observable.!® The adult output of a child is now equal to
f(n,g), where n is the investment in children that is carried out privately by the parent
as before. Now, the government has two ways to regulate investment in children.
First, it can provide a parent with resources and incentives to invest in her child.
Second, the government can directly invest in the child through publicly observable
investment good.'® The latter way represents in-kind subsidies in the model.

Whether or not the main result of the paper still holds depends on how good public
investment is in terms of substituting parental investment. To see this, consider the
extreme case in which parental and public investments in children are perfect substi-
tutes and f(n,g) = (n+ g)%, « € (0,1). In this case, the government can completely

control the level of investment children receive through public investment. The set of

4Head Start is an example of an in-kind subsidy program in the U.S. It is a preschool program
that aims to prepare disadvantaged children to school. See Currie (2001) for more information about
Head Start and various other early childhood education programs.

15Tt is important to note that the only aspect that is public about this good is information. Each
child receives her publicly observable investment separately and this investment affects only her
adult output. Put differently, there is no public good aspect to g.

16 Alternative to direct public provision, one can also think that the government is transferring
consumption goods to the parent and the transfer is conditional on investing a specific amount of g
in the child. The exact way in-kind subsidy is provided is not important for the question I am after.
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Pareto efficient allocations is identical to the one in the observable benchmark case
studies in subsection 3.1. All children receive the same level of investment which
implies, in any period, all agents have the same level of output. Therefore, there
is no poor to subsidize. Furthermore, since investment is completely controlled by
the government, there is no need to provide parents with incentives to invest in their
children. As a result, some people do live in misery depending on the social welfare
function. Consequently, if public investments can completely substitute parental in-
vestments without any extra costs, then the main characterization result does not
hold.

If, on the other hand, we assume that some components of parental investment
are essential in raising children and cannot be substituted by public investment, then
one can show that the main result of the paper still holds provided that we still have
the assumption that there are arbitrarily high returns to parental investment as the

level of this investment decreases to zero, i.e. lim,_odf(n,g)/0On = coc.

1.5.2 Persistent Ability

The main characterization result of the paper follows from the intermediate result
that the children of all altruistic parents, rich or poor, should receive some level of
investment in any Pareto efficient allocation. In this subsection I ask the question:
How does this intermediate result depend on the simplifying assumption that there
are equal returns to investing in poor and rich children?

One way to answer this question is to modify the model so that adult output
is not only a function of parental investment but it is also a function of the child’s

ability, 6, and ability is persistent over generations. So, suppose parents know their
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children’s 6 before they make the investment decision. A child with ability # and
investment n produces f(n, ) next period. Suppose also that the children of parents
who are highly able are more likely to be highly able themselves. Also, for simplicity,
suppose children’s ability is public information. In such a world, marginal returns
to investing in rich children is on average higher than marginal returns to investing
in poor children at any investment level. Therefore, keeping everything else the
same, one would expect that, on average, poor children should receive less investment
compared to the level of investment they receive in the original model where poor and
rich children have equal returns to investment. As a result, the amount subsidies poor
receive is smaller than the amount they receive in the original model. However, as
long as Inada condition holds at all ability levels, meaning lim,,_.odf(n,0)/0n = oo
for all 6, children of all altruistic parents should receive investment, which implies the

main result of the paper still holds.

1.5.3 A Robustness Check: @ >0

I show the main characterization result of the paper under the assumption that
selfish parents do not care at all about their children, i.e., 3 = 0. This subsection
shows that this specific assumption is not required for the main result. The crucial
assumption is that (3 is sufficiently close to zero. More precisely, I show that, in any
finite horizon version of the model economy, there is an upper bound for 3, call it @ ,

such that, as long as 3 is weakly below @ , the main characterization result holds.

Proposition 6 For a version of the model with arbitrary finite length, there exists @

such that if § < @, then in any Pareto efficient allocation x* :
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1. For any t, there exists y, such that if h'~' = (h'~2, B), then y; (h"~', B) < y,.

2. If y(h') <y, then Ay(h*) > 0.
3. No agent lives in misery.

Proof.

Relegated to Appendix 1.8.3. m

1.6 Ex ante Efficient Allocation and Long-Run In-

equality

In this section I consider the following family of social welfare functions parame-

terized by generational Pareto weight p :

SO w0 ).

t=1 ht

In particular, I focus on the case where p = 0. This is the case in which society cares
about only period one parents directly; all other generations are valued solely indi-
rectly through their parents.!” I refer to the particular Pareto efficient allocation that
arises from maximizing this social welfare function as the ex ante efficient allocation.
The previous literature on dynamic contracting mostly focused on characterizing ex
ante efficient allocation and one arguably robust result stated in this literature is

the celebrated immiseration result. This result, which was initially shown by Green

I"Note that the social planning problem with the objective function in (1.6) corresponds to the
Pareto problem in which o(h*) = 0, for all ¢ > 1 and for all h # (.
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(1987) and Thomas and Worrall (1990) independently, states that in dynamic moral
hazard environments almost all agents’ consumption diverges to the lower bound (as-
sumed to be zero in the current paper).'® In other words, in the long run, almost all
agents live at misery.

In this section, I show that the immiseration result does not hold in the current
environment. Phelan (2006) and Farhi and Werning (2007) also show that immis-
eration result does not hold; they attain the no-immiseration result by allowing the
social planner to put welfare weight on future generations directly.'® The novelty of
my approach is that I attain the no-immiseration result without modifying the social

planner’s objective.?’

Proposition 7 In the ex ante efficient allocation, 3¢ In such that

lim Pr{h'|ci(h") > n} > e.

Proof.
Relegated to Appendix 1.8.4. m
The proposition says that in the ex ante efficient allocation, a strictly positive

fraction of agents consume an amount strictly above the lower bound on consumption

18Both of these papers are partial equilibrium models. Atkeson and Lucas (1992) shows immiser-
ation result holds under general equilibrium as well.

9Putting direct welfare weight on future generations can be shown to be equivalent to putting
lower bounds on the continuation utility levels of future generations in a social planning problem
with no direct weight on future generations in the sense that the two problems would generate
same allocations. In that sense, Phelan (2006) and Farhi and Werning (2007) are closely related to
Atkeson and Lucas (1995) and Sleet and Yeltekin (2006) who get rid of immiseration by putting
lower bounds on continuation utilities.

20A recent paper that also attains no-immiseration result without requiring that the objectives
of the planner and the private agents disagree is Hosseini, Jones, and Shourideh (2009). It is the
addition of the fertility decision into the planning problem that gets rid of immiseration in their
environment.
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(zero in the current paper) in the long run. So, immiseration of almost all agents does
not occur in the long run.

In order to understand why immiseration does not occur in the current environ-
ment, it is helpful to understand why immiseration holds in the previous models. In
those models, at ny history, in order to insure current consumption and still induce
truth telling, the planner chooses to spread out continuation utilities. Therefore,
continuation utilities are constantly pushed outward. Due to the concavity of the
utility function, it is cheaper to provide incentives in the future when continuation
utilities are lower. This is why continuation utilities are pushed to their lower bound
for almost all agents. This same force is present in the current environment. Indeed,
it is possible to show that in the version of this model where only altruism factor is
private information (parental investment is observable), the same force implies that
the immiseration result holds. However, when parental investment is also unobserv-
able, then parents have to be provided with incentives to invest in their children, as
it is represented by ICp and ICpp. This implies that there is a novel force implied
by productive efficiency to distribute consumption across agents. This force balances

the force that gives rise to immiseration and hence we get the no-immiseration result.

1.7 Conclusion

Parental investment is a key factor in determining children’s adult outcomes, which
implies it is an important productive activity for society. However, society cannot
force parents to invest in their children since it is hard to monitor such investments.

Furthermore, social and parental objectives are often not aligned. As a result, society



CHAPTER 1. EFFICIENT INVESTMENT IN CHILDREN 44

faces an agency problem regarding childhood investment. This paper provides an
intergenerational framework with such an agency problem and focuses on the entire
set of ex post Pareto efficient allocations. The main characterization result is that,
independent of social preferences, in all generations, poor parents receive subsidies.
This implies that all parents, including the poor, live above misery.

The paper then provides two market structures which achieve Pareto efficiency.
In the first one, parents can sign dynastic contracts that bind all their descendants.
A version of the First Welfare Theorem holds for this economy: market equilibrium
attains a Pareto efficient allocation. However, this market structure is not practical
as in most parts of the world contracts signed by parents are not binding for their
children. In the second one, I construct a more realistic market structure in which no
intergenerational trade is enforced and show that a government can restore efficiency
through taxes on income. A property common to all Pareto efficient income tax
structures is that agents with low income pay negative taxes.

Empirical literature often interprets the dependence of children’s outcomes on
parental incomes as a sign of inefficiency.?!’ When the only cost of investing in chil-
dren is the resource cost, put differently, when there are no informational frictions,
the current model confirms this interpretation: in all full information Pareto efficient
allocations, investment in children is independent of dynastic history and, hence,
parental income. Since children’s outcomes are determined by parental investment
in children, this means if there are no informational frictions, efficiency requires chil-

dren’s outcomes to be independent of parental incomes. On the other hand, when

21See Solon (1992), Zimmerman (1992), and Mazumder (2001) among others for empirical papers
that establish intergenerational persistence in outcomes such as earnings and income. See Stokey
(1996) for a paper that interprets intergenerational persistence as a sign of inefficiency.
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there is an agency problem regarding investment in children, there is an additional
incentive cost of investment in children, which depends on the dynastic history of the
children. In this case, I show that investment in children and, hence, their outcomes
depend on parental incomes in Pareto efficient allocations. Consequently, it is not ob-
vious a priori that intergenerational persistence in outcomes observed in data implies
data is generated in an inefficient world. One can see whether the agency problem in
childhood investment, not the inefficiency of the society in allocating resources, can
account for the persistence in outcomes between generations by taking an appropri-
ately modified version of the current model to data. I believe that this is an exciting

area for future research.
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1.8 Appendix

1.8.1 Incentive Compatibility

Proof of Lemma 1.

W (o, N|C", N") = W (s, N|C, N)
> W(4,4|C,N) > W(5,a|C", N'),

where the first and last inequalities are true by construction and the second inequality
is true since (C, N) induces truth-telling and obedience. W
Proof of Proposition 2.

Obviously, incentive constraints (1.2.4) imply temporary incentive constraints
(1.2.5). Therefore, I only show the other direction.

Suppose for contradiction that there exists an allocation z satisfying (1.2.5) and

violating (1.2.4). This implies there exists a strategy (7, ¢) such that

W(a,|x) — W(o,¢|z) =€ > 0.

Define a new strategy (67, ¢") that is identical to (7, ¢) up to and including period 7
and that, for ¢ > 7, prescribes telling the truth and obeying the recommendation at
all nodes, i.e., o7 (h') = 3; and ¢ (ht) = 1.

Since f3, f < 1, and assuming the appropriate boundary condition, it is obvious

that as 7 — oo, W(&7, ¢"|r) converges to W (&, ¢|x). Thus, there exists a 7 such that

(W(o™, ¢"|z) — W (o, ¢lz)| <e/2.
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As a result, if one can prove that W (a7, ¢"|x) < W (o, ¢|z), one gets a contradiction.
Define a new strategy (6771, ¢7!) that is identical to (&,¢) up to and including
period 7 — 1 and that, for ¢ > 7 — 1, prescribes telling the truth and obeying the

recommendation at all nodes, i.e., 57 (k') = 8, and ¢] '(h') = 1.

W@ o7 a) = W(@™, ¢7|x)

= Zu(ht){ [u(( min @t(ht)>07(67_1(h7_1), ﬁr))

+8.V (min 6e(h)) @™ (077). B Jx) ) |

[ (im0 )ex (07 () + (1 = 6 (W7 (57(h)))

ht<h™

£ ((min 610 (9.0 00)1)]

ht<hT

where V'(0) is defined as the expected discounted utility from consuming zero in all
future nodes, i.e., V(0) = ﬁ/{.

For histories h™ such that there exists a h* < h™ with ¢,(h') = 0, the value inside
the brackets is zero, since both expressions inside the brackets is equal to the expected
discounted utility of consuming zero in the current period and in all future nodes.

For histories h™ such that there is no h* < h™ with ¢,(h!) = 0, the value of the

expression inside the brackets is greater than or equal to zero due to the temporary

incentive constraints (1.2.5). Thus,

W@ o7 a) > W(a™, ¢7|w).
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Define new strategies (5%, ¢*), for s € {0,1,...,7—2}, that are identical to (7, ) up to
and including period s and that prescribe telling the truth and obedience for periods

t > s. By backwards induction, one can show that
W(a®, &) = W(a", & |x).

Observing that the strategy (6, ¢°|z) is by definition the truth telling and obedience

strategy, (o, ¢), gives the desired contradiction. H

1.8.2 Pareto Efficient Allocations

Proof of Lemma 2.

First, I prove ICp(ht~, 3) and ICp(h'~, 3) are redundant.

u(c (W1, 3)) + BV (W', Blx)
> u(e, (R, B)) + BV (K, Blz)
> u(e ('™, 8)) + BV (', Blx)
> u(e (W1, B) +ni(R'1, 3)),V06 € H,

where the second inequality follows from 3 > B, the first inequality follows from

ICL(h'=1, ), and the third inequality follows from ICp(h'~!, 8) and ICp(h'™1, ).
Next, I show IC(h'™!, 3) is redundant. IC'— C(h'™!, §) being satisfied implies

u(e (=, 8)) = u(cy(h'=, B)+n, (A", B)), which implies u(c,(h'~", 8)) > u(e,(h'"", B))

since investment has to be non-negative. ll

Proof of Lemma 3.

Part 1. This follows directly from ICp(h'™1, ).
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Part 2. Suppose for a contradiction that for some constrained Pareto efficient
allocation x*, n}(h'*"1, 3) = 0, for some h*~L.

First, I show that nj(h"~', 3) = 0 implies incentive-constraint ICrp(h""1, 3)
binds. Suppose for a contradiction that it does not. Dropping this incentive-constraint
and the non-negativity condition on n;(h"*!, ) from the planner’s problem and tak-
ing the first order condition with respect to n, ("1, 3), one gets f'(n;(h'"',3)) =
Ai /A1 > 0. By Inada assumption on the production function, this implies ny (R, §)
0, which is a contradiction.

Now, I show that ICrp(h'*~!,3) binding implies c;(h"~*,3) > 0. Suppose to
the contrary that c¢;(h"1,3) = 0. Consider the solution to the planner’s problem
without the incentive constraint ICpp(h*~1, §). In the solution, it has to be the case
that ¢;(h'*"', ) > 0. Then, ICp(h"*"1, ) is automatically satisfied, meaning it is
indeed slack, which is a contradiction.

Therefore, c¢;(h'*~1,3) > 0. Now, consider the allocation Z, which is the same as

the constrained Pareto efficient allocation except for:

ét(h/tfljg) — C?;(h/tfl’B) — €,

ﬁt(h/t_lvg) = n:(h/t_lvﬁ_) +e= €,

and

G (W', 8,8) = ¢j (W1, 8,8) + ¢,

where € > 0 is small and € is chosen to keep the welfare of parent with dynastic
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history (h'*~!, 3) unchanged:

u(ci (W1, 8) =€) + B 25 n(B)[ulciy (R, 8, 8) + €) + BV ("1, B, Bl2)] =

u(c; (W1 8)) + B2 5 n(B)ulciey (W, 8,8)) + BV (W', 8, Bl*)).
(1.8.1)

By construction, V(h'*=1, 3, 8|7) = V (R, 3, B|x*). Then, for small €, (1.8.1) implies
that the resources needed in period t + 1 to keep the welfare of parent (h"~!,3)

unchanged are:

/ o' (cf (W*=1,8)—¢) (1.8.2)

€ T BT uB (e, (T B A

New resources created in ¢ + 1 due to human capital investment in the children of
parents with dynastic history (h"~!, 3) is equal to f(e). For e small, this is equal to

ef’'(€). As a result, in period ¢ 4 1, total resource change is:

/ o u'(cf (W1 B)—e)
¢ [f (6) B g u(B)u! (i (WE1,8,8)+¢) |7

As € approaches 0, by the Inada condition on f, the first term in the brackets tends to

R ()
B 5 m(BN (e, (W 1.5.5))

00, whereas the second term goes to ), which is a finite number.
Therefore, for small €, the allocation Z raises some extra resources in period t + 1.
By construction, the welfare levels of all parents besides those with dynastic history
(R"*1, 3, ) are unchanged, and the welfare of the latter is strictly increased under 7.
Hence, showing that the new allocation 7 is incentive compatible amounts to showing
that it Pareto improves over z*, which is a contradiction.

Now I show that 7 is indeed incentive compatible. Since the only change from the

original allocation is following the node (h'*~!,3), and by construction this agent’s
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utility is left unchanged, all incentive-constraints preceding node (h/*~%, 3) are satisfied
in the new allocation. ICpp(h"~1,3) is satisfied since ¢ (h"~1, 3) + nj(R"~1, ) is
unchanged in the new allocation. IC7(h/*~!, 3) is satisfied since the welfare of parent
("1, 3) is unchanged. Since the new allocation adds the same amount, €, on top
of ¢f, (W'=Y, 3, 8) for both 3, ICL(K*™1, 3, 3) and ICp(k"'~1, 3, 3) are also satisfied.
There is no reason for the descendants of parents with history (h"*~!, 3, 3) to deviate
since their allocations remain unchanged in the new allocation. Finally, allocations in
all other branches are also kept the same, completing the proof that the new allocation

is incentive-compatible. H

1.8.3 (>0

Proof of Proposition 6.

I need to find (1 )y, for every ¢ and (2) 3 such that the proposition holds.

(1) Remember that I already proved that nj(h'=*,3) > 0 for all t,h'"!, when
B = 0. Similarly, one can show that n;(h!~1,3) > 0 for all ¢, h!"1, for all 8 € [0, 3.

Then, for any ¢, let Yy, = minﬁe[ minge—1 n (b1, 3). Clearly, y, >0 for all t.

0,0]
(2) I first prove the following claim:

Claim: ny(h*=1,3) — 0 for all t,h""! as § — 0.

To see this, suppose this is not true for some ¢, h'~!. That means there exists ¢ > 0
such that no matter how small § is nj(h'~',3) > e. Then, consider the incentive

constraint ICp(h'™1, 3) :

u(cp (W1 8)) + BV(h', Bla”) > ulci (b, B) +ni (W', 8)) + 8
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By rearranging this constraint we get:

1

t—1 *
1_]E5I€—V(h ,Bla)|.

u(c (W™, B)) = u(cy (B, 8) + nj (R, 8)) = 8]

Since there is a finite amount of resources in this economy at any point in time,
L.H.S. of the above expression is a strictly negative number bounded away from zero
for any 8 € [0, B]. R.H.S. of the above expression, on the other hand, converges to 0
as (3 — 0. But this is a contradiction.

Given the claim it is straightforward that, for every t, there exists @t such that for
all § < @t, f(n; (=1, 5)) < n,44. T also choose @t small enough so that ICrp(h'™1, )
implies that ¢} (h™1, B) — [¢; ('™, B) + nj (k™Y B)] > —0; where §; > 0 is arbitrarily
small. Now let @ = min, @t.

Now I am ready to prove the proposition.

Part 1. y;(h'=2,8,8) = f(n;_1(h'"2,3)) < y, where the inequality is true by
construction.

Part 2. Suppose y; (h'™", B) < y,. Then, A;(A'™1, 3) = cf (b1, 3) +n; (B, 3) —
y; (h*=1,3) > Osince nj (h'~", B) > y, by construction. Then, Aj(h'™", §) = ¢; (h*"", B)+
ni(h'=1, B)—y; (h'~1, 3) > 0since, by construction, ¢; (h'~!, 8)—[c; (h'~1, B)+n; (R, B)] >
—6; where §; > 0 is arbitrarily small and n;(h'~!, 3) > Y,

Part 8. Similar to proof of Part 3 of Proposition 2. l

1.8.4 Long-Run Inequality

Proof of Proposition 7.

The proof proceeds in two steps.
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First, I prove that 3n 3¢ V¢ Pr{ht=tin;(h'=1, 3) > n} > ¢.
Suppose for a contradiction that this is false. Hence, Vn Ve 3t,, : Pr{h"~|n; (A"~ B) >

n} <e.

From first order necessary conditions, it is easy to show that
(e B) > B ua (G (WL B, B) F (i (L B), (18.3)
B

for all h*=1, ¢.

Letting n — 0 and keeping ¢ fixed, f’ (nf{n(htn_l, 3)) — oco. By the assumptions
on the utility function, this implies u’(cz‘nﬂ(ht"*l,ﬁ_, B3)) — 0, for some § € H. This
implies ¢}, (R B, 3) — oo. So, I have shown so far that consumption in period
t, + 1 converges to oo for a strictly positive measure of agents as n converges to zero.

For period t,, + 1 feasibility condition to be satisfied, we need total amount of
resources in period ¢, + 1 to converge to oo as well. However, it is easy to show that
with a strictly concave production function like f and with no exogenous technological
improvements, the total amount of resources in this economy is bounded from above
at any point in time. Thus, we achieve the desired contradiction.

In the second step of the proof, I show that the claim just proved implies that at
least € measure of agents consume at least n units in the long run.

In Je vt Pri{ht='n; (", 3) > n} > ¢ implies that lim; .o, Pr{h*~!|n}(h*"1, 3) >

)

LB
n} > e. Then, by ICpp(hi™1, B), we have lim,_,o, Pr{ht~t|c;(hi™%, B) > n} > e((—é)). u

“w
o



Chapter 2

Business Start-Ups and Productive

Efficiency

2.1 Introduction

Starting a business requires two main ingredients: a productive idea and resources
to invest in that idea. Unfortunately, it is not necessarily the case that whoever has
one of these ingredients also has the other one. Consequently, there is a potential
mismatch among individuals in a society in terms of who holds productive resources
and who can use them most efficiently. In a frictionless world, a solution to this
mismatch is private markets: those with ideas (potential start-ups) can borrow from
those with resources, invest, and then pay back. This paper explores how a soci-
ety should cope with this mismatch in an environment in which individuals possess

asymmetric information at all stages of the process of starting a business. Ex ante,

o4
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individuals privately know their wealth levels and whether they have ideas or not;
interim, their actions are unobservable to others; and ex post, they privately observe
investment returns. The paper shows that under these informational frictions, the
society has to subsidize poor agents who start businesses so as to cope with this mis-
match. Therefore, the paper provides a novel rationale for governments to subsidize
business start-ups.

Individuals in the model economy live for two periods and are risk-neutral. In
period one, agents are heterogeneous with respect to wealth levels and whether they
have ideas or not. Agents with ideas can create businesses that generate risky returns
in the next period and feature diminishing marginal returns to capital. In the absence
of informational frictions, efficient resource allocation involves two separate steps: (1)
productive efficiency requires transferring resources to poor and productive agents
initially to make sure that all productive agents can invest at the socially efficient
level; (2) distributive efficiency then requires making transfers between agents so as to
achieve the desired consumption distribution, which depends on the welfare criterion
of the society.

Unfortunately, it is hardly the case that all relevant information about business
start-ups are known publicly.! The paper assumes that agents’ ex ante types (wealth-
idea), how they allocate their resources, and ex post returns to business start-ups are
private information. The result that poor agents with ideas should be subsidized
depends solely on the assumption of unobservability of returns. The assumption that
ex ante types and actions of agents are private information only limits the scope of this

subsidy. The role of each informational assumption on the results will be discussed

1See Hubbard (1998) for a survey of the literature on informational problems in capital markets.
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in detail in section 3.

In order to understand the intuition for the subsidy result, one first needs to know
what society cares about in this economy. I assume the social welfare function to
be utilitarian with equal weights on every agent. This assumption, together with
risk neutrality of agents, implies that society has a preference only for the amount
of total consumption, not for how it is distributed across agents. The society is only
concerned about agents making right amounts of investment. Therefore, the problem
that the society is facing is maximizing production subject to incentive compatibility
and feasibility.

The intuition for the subsidy result is simple. Since there are diminishing marginal
returns to capital, it is socially optimal to have all agents with ideas invest at the same
socially efficient level. However, since returns to start-ups are unobservable, agents
cannot write contracts with state-contingent repayment schedules. This market in-
completeness then implies that agents can, at most, borrow an amount that they
can pay back the next period in the lowest return state.? This borrowing constraint
binds for poor agents with ideas when they want to invest at the efficient level. If

the society can transfer some of its resources to these individuals, it would relax their

2Observe that I do not allow for default in the model. Following Diamond (1984), one can add
default to this model by assuming that if a start-up continues to operate after period two, this brings
a continuation value to the owner; if not, then at least some strictly positive fraction of this value
gets destroyed. Then, agents can write state-contingent contracts by conditioning the continuation
of a start-up business on the level of repayment. The fear of losing a fraction of the continuation
value can make the agent make the payment associated with her true return level. In such a world,
0; state can be interpreted as a default state. Even though in such a model poor agents with ideas
would be able to borrow more than they can in the original model, one can show that this level
would still be strictly less than the amount they need to finance socially efficient investment level.
Therefore, the subsidy result would still be true under this alternative model. The reason why such
an extension can be interesting is because it can make the details of the efficient social contract more
realistic, giving rise to a more realistic implementation. A paper along these lines is currently work
in progress.
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budget constraints, enabling them to produce at a level closer to the social optimal,
which is the social objective.

Consequently, this paper focuses solely on productive efficiency, leaving aside dis-
tributional concerns. The motivation for subsidy in this model is the need to finance
the investment of poor agents with ideas. In fact, due to the choice of social welfare
function and risk-neutrality assumption, this is the only reason why subsidy is socially
desirable.

If the society knew who were the poor agents with ideas, then it would be very
easy to implement the subsidy. However, when there are benefits at stake, such as a
subsidy, people can pretend to be poor and to have productive ideas, get the subsidy,
and consume it. As a result, the amount of subsidy going to poor agents with ideas is
constrained by incentive compatibility: agents should not find it optimal to lie about
their wealth and ideas, and use the subsidy for reasons other than investment.

Of course, it is possible that the society can try to understand whether people’s
ideas are productive, and monitor their wealth and how they use the subsidy. How-
ever, these activities are all costly. The assumption that it is impossible to pursue
such monitoring activities corresponds to assuming that monitoring costs are pro-
hibitively high.? T accept that this is an extreme assumption; however, assuming that
agents’ wealth, ideas, and actions are perfectly, costlessly observable is also extreme.
I focus on the less studied of the extremes. 1 conjecture that the subsidy result would
still be true if I allowed for monitoring technologies as long as the cost of monitoring

is not zero.

3Formally introducing monitoring technologies to the model that allow the user to observe another
agent’s wealth, idea, or actions and setting the cost of this technology to infinity restores the current
model.
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It is important to note that the subsidy result is not an artifact of risk neutrality;
it survives even if agents have strictly concave utility functions. However, in that case,
society would also have a taste for equality that would force a redistribution from the
rich to the poor. Furthermore, since agents would be risk-averse, society would like to
smooth their consumption across states and periods. The risk-neutrality assumption
makes it possible to abstract away from these additional distributive forces and focus
solely on what productive efficiency dictates.

A corollary that follows from the subsidy result is that how productive activity
(distribution of investment in the current context) should be organized in the economy
depends on the distribution of wealth. This result depends crucially on the existence
of informational frictions. The result and the assumptions behind it are further
explained in section 3.

The paper provides a decentralization of the constrained efficient allocation in
an incomplete markets setup where people trade risk-free bonds in a competitive
market. Given that markets cannot provide subsidies on their own, an incomplete
markets equilibrium under laissez-faire cannot attain constrained efficiency.* In order
to implement the efficient allocation, the paper introduces two separate institutions
to the market environment: a government and a government agency that deals with
start-up firms. The government taxes all agents in a lump-sum manner and subsidizes

its agency from its budget. The agency then subsidizes some individuals from a pool

4Note that I do not allow for markets to open ex ante, meaning before agents know whether they
are rich or poor and whether they have ideas or not. If that is allowed, then the interpretation of the
optimal contract would be completely different. Instead of calling the transfers in the optimal social
contract subsidies, we would call them state-contingent payment schedules of the optimal financial
contract written between agents behind the veil of ignorance. This is the implementation technique
proposed in Prescott and Townsend (1984). Thus, constrained efficiency requires either markets to
open ex ante or government to execute subsidies.
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of applicants based only on their level of bond holdings. The tax-subsidy system
is chosen such that only agents with ideas get subsidized. A comparison of the
implementation with the U.S. Small Business Administration’s (SBA) Business Loan
Program is provided in section 4.

This is not the first paper to put forth the idea that, under informational frictions,
productive efficiency may require subsidizing a certain group of individuals in a soci-
ety. Aghion and Bolton (1997) also takes output maximization as the social objective
and shows that when there are moral hazard problems due to unobservable effort,
redistributing resources from the rich to the poor may increase total output, boosting
economic growth. However, the underlying mechanisms behind the subsidy results in
the current paper and in that paper are completely different. Another difference of
the current paper from Aghion and Bolton (1997) is that these authors focus on a par-
ticular equilibrium notion, whereas the current paper analyzes constrained-efficient
allocations.

Loury (1981), Banerjee and Newman (1991), and Galor and Zeira (1993) are also
related to the current paper. These papers share a common result: in the presence
of capital market imperfections, the distribution of wealth affects the distribution of
investment, and hence aggregate output.® This is akin to the following result I derive
in this paper: the distribution of wealth affects the distribution of productive activity
in the constrained-efficient allocation. However, there is an important distinction be-
tween the two results. All the papers mentioned above assume some form of market
incompleteness and show that the wealth distribution affects equilibrium the distri-

bution of investment under this assumption. The contribution of the current paper

®Aghion, Caroli, and Garcia-Penalosa (1999), section 2, not only proves a similar result but also
provides a discussion of related papers.
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is that, instead of making arbitrary assumptions on the space of contracts available
to agents, it takes as given informational frictions and shows that the distribution
of wealth affects productive activity in an economy even in the constrained-efficient
allocation. Consequently, this paper directly establishes that it is due to informa-
tional frictions that the distribution of wealth affects the distribution of productive
activity.®

Another strand of literature that is related to this paper is on optimal venture
capital contracts since both this literature and the current paper consider the question
of how to finance business start-ups.” In general, venture capital literature focuses on
characterizing the structure of optimal contracts in principal-agent relationships in
which venture capitalists monitor everything but entrepreneurs’ effort. The current
paper assumes less transparency between agents by assuming that people cannot
monitor each other’s investment levels or output realizations. This rules out the
existence of venture capital in the current model.® Consequently, this paper deals with
the complementary problem of how a society should allocate productive resources in
an environment in which agents are more opaque and hence less capable of allocating
resources themselves.

The rest of the paper is organized as follows. Section 2 introduces the baseline

model formally and analyzes the full information benchmark. Section 3 defines and

6Banerjee and Newman (1991) is closer to the current paper in the sense that it explicitly models
an informational friction that causes the market imperfection. However, it restricts the contract
space available to the agents arbitrarily. Therefore, essentially, it also focuses on some exogenously
specified equilibrium notion, not on constrained efficiency.

"See Admati and Peiderer (1994), Gompers (1995), and Jovanovic and Szentes (2007) for impor-
tant contributions to this literature.

8The paper does not claim that venture capital does not exist in real life or it is not important.
However, given that it requires some resources that are limited in supply (like time of experts)
and, hence, serves a relatively small portion of business start-ups, an alternative less transparent
relationship is also present.
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solves for the constrained efficient allocation. Section 4 provides an implementation
of constrained efficient allocation similar to the U.S. SBA’s loan program. Section
5 studies some extensions and generalizations of the model and shows how robust

results are. Finally, section 6 concludes.

2.2 Model

2.2.1 Environment

The economy is populated by a continuum of unit measure of agents who live for
two periods. Agents are risk-neutral with the instantaneous utility function u : & — R
defined as u(c) = ¢, for ¢ > 0 and u(c) = —oo, for ¢ < 0. They are expected utility

maximizers with

Ey{u(cr) + Bu(ea)},

where ¢; is period t consumption and 3 € (0, 1) is the discount factor.

At the beginning of period one, some agents are born with ideas and some without.
Let ¢ denote whether an agent has an idea or not. Those who have ideas are called
i = 1 types, and those who do not are called i = 0 types. Let I = {0, 1}. The fraction
of agents born with (without) an idea is 7y (70). In order to produce, an agent must
have an idea. Agents are also born with different levels of initial endowment of the

only consumption good, w € W = {p,r}, p < r. Fraction (, are born with initial

9Allowing for negative consumption but setting utility derived from it to negative infinity is a
convenient way of securing non-negativity of consumption in the solution. The reason for requiring
non-negativity of consumption is as follows. The only reason why there is any exchange between
agents in this model is to finance investment. If utility function were u(c) = ¢ for all ¢, then any
agent can finance her own investment by consuming a negative amount. Then, even under autarky
full information efficiency would be achieved.
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wealth level w. There is no endowment in period two. So, there are four types of
agents initially, at the beginning of period one: {(p,0), (p,1), (r,0), (r,1)}.

Agent of type (w,i) operates the following production technology:

y =i0k* a € (0,1),1°

where £ is the amount invested in period one, # is the random return on capital,
and y is the random output produced in period two. @ is drawn from the set © =
{6:,0,}, where 6, < 05, according to the probability distribution p, independently

' The probability of drawing 6; is y; and 6, is u,. An agent gets

across agents.
to learn the realization of return after the investment is made. Hence, agents face
idiosyncratic investment risk. The term i is in the production function to denote that
only agents with ideas can start businesses.

There is also a risk-free, linear storage technology that is available to all agents.

An agent who stores s; units in period one wakes up with As; units in period two.

The assumption below says that the storage technology is wasteful.

Assumption 3 A < 1/0.

The information structure and timing of events are as follows: An agent’s initial
type, actions, and period two realized returns are private information. The rest of the
data of the economy is public information. Given her initial type, an agent chooses

how much to consume, invest, and store in period one. Then, in period two, 6 is

10T his specific form of the production function is not needed for any of the results; all the results
go through if y = 6f(k), where f(0) =0 and f/,—f" > 0.

HThe assumption that the cardinality of the set of returns is two is immaterial for any result. All
the results go through if © has any finite number or a continuum of elements.
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realized and hence output is produced, and the agent consumes.!?

One way to think about resource allocation is to consider a benevolent social
planner who chooses allocations for agents. Since consumption-investment choice is
unobservable, the planner cannot choose allocations directly. Instead, each period
the planner makes transfers between agents based on their reports of their private
histories. This way the planner manipulates agents’ actions. In addition, there is
no outside party, which means the planner cannot save or borrow resources through
3

time.!

An allocation in this economy is a vector (¢, k, s,0) = (¢, ¢2, k1, 81,01, 02), where

g WxI—R
ky: W xI— R,
s1:WxI—R,
o WxIxO—R
O WxI—=%R
dp: W XIxO —R

In the above, ¢;(w, 1), k1(w, ), and s;(w, 7) refer to period one levels of consumption,
investment, and storage of the agent who has initial wealth w and idea 7. Similarly,
ca(w, 1, 0) is the consumption level of the agent of type (w,7) who has a realized re-
turn @ in period two.'* §;(w,4) and do(w,i,6) are the levels of transfers received by

corresponding types.

12Whether @ is realized in period one or two is immaterial for the results; the important thing is
that it is realized after the investment decision is made.

13All results go through if the planner can borrow and save at a risk-free rate of 1/4.

14Since an agent with no idea cannot produce, her period two consumption is independent of 6.
So ea(w,0,6;) = ca(w, 0, 6).
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Feasibility. An allocation (c, k, s,0) is feasible if

> Comidi (w, i) <0,

(2.2.1)
Zw,i ZG Cwni:ue(;Z(wv i? 9) S Oa
and for every (w,i) € W x I
Cl(wul)+kl<w7l>+51(waz) §w+51<w72>7 (222)
eo(w,,0) < 10k (w,d)* + Asy(w,7) + 62(w, 7, 0), -
ki(w, ), s1(w, i) > 0.1 (2.2.3)

Here, (2.2.1) is the aggregate feasibility condition, which says that the planner should
balance its budget every period. (2.2.2) is individual feasibility and stands for the
fact that allocation assigned to each agent should be affordable by him. (2.2.3) is just

the non-negativity constraint on investment and storage.

Incentive compatibility. Using the terminology of mechanism design litera-
ture, there are two sources of private information in the model. First, there is hidden
information: an agent’s initial type and period two investment returns are observed
privately by the agent. Second, agents are involved in hidden action: their consump-
tion and investment levels are hidden. Hence, they can deviate from an allocation
recommended by the planner in two ways: they can lie about their private information
and/or they can choose an investment level that is different from what the planner

recommended. Due to these informational frictions, only incentive-compatible alloca-

15As it can be understood from (2.2.2), we assume that there is full depreciation of capital. This
assumption is only made for notational simplicity and is not needed for any of the results.
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tions are achievable. I invoke a powerful revelation principle introduced by Myerson
(1982) and characterize the set of incentive-compatible allocations as follows.

Let (w, 5) eWxITandf:0 — O be agent’s period one and period two reporting
strategies, respectively. Also, define (/;;1,51) € R% as agent’s investment strategy.
Then, 5 = (,1,0, ki, 51) is a complete strategy of agent (w,i).'® Let T' be the set
of all complete strategy profiles. Given the allocation (¢, k, s,0), for any (w,1), the

utility of following a strategy 7 is:
Vw,i(i/; C, k, S, (5) = u[w + 51 (’U~), 5) — ]~€1 — §1] + ﬂ Z MaU[ie%la + A§1 + 52(?]), %, é(@))]
6

Define v = (w, ,0, k1, $1) to be the strategy consisting of truthful reporting and

obeying recommendations, where 6(6) = 0 denotes the truth-telling reporting strat-

egy.

An allocation (c, k, s, ) is incentive-compatible if for each (w,i) € W x I,
Vwi(v;e,k,s,0) > V(Y5 ¢,k,s,0),for all ¥ € T (2.2.4)

An allocation that is feasible and incentive-compatible is called incentive-feasible.

2.2.2 Benchmark: Full Information Efficiency

The aim of this subsection is to analyze what society can achieve when everything
in the economy is publicly observable. Full information efficient allocation turns out

to be a useful benchmark for the constrained-efficient allocation. Under the utilitarian

6\ yerson (1982) calls this participation strategy. Also, note that consumption is not a part of
the strategy since it is implied by the choice of other actions.
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objective, the efficient allocation with full information is the solution to the following

problem:

Planner’s full information problem.

maXZCwm{ u(cr(w, 1) +ﬁZM¢9U (2 IU,Z,@))}

s.t.

Zgwnl{cl(w i)+ k1 (w, i) + s1(w, 1 } wa

> ot Y oca(w,i,0) < D7 G 3 o ik (w, ) + Asy (w,) },
w,t 0 w,t (%
ki(w,i),s1(w,i) >0, for all (w,i) € W x I.

Since s is wasteful, it is obvious that in the full information efficient allocation
s1(w,i) =0, for all (w,i) € W x I.
Assuming that total initial wealth in period one is large enough, the first-order

optimality condition for investment of agents with an idea reads:

1/8 = aky(w,1)*! Z Lgh.
9

The left-hand side of the equation is the marginal social cost of investing an additional

unit in terms of period two utility. The right-hand side is the marginal social benefit
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of investment in the same units. This condition defines

k= {@04 Z Mz‘(gi}l_la

as the full information efficient level of investment provided that the following holds:

Assumption 4 Total resources in the economy in period one are sufficient to finance

k7" investment for each (w,1) agent, or

nlkfi S Z wa-

Assumption 4 formally states that cumulative initial wealth is sufficiently large.!”

Lemma 4 Suppose Assumption 4 holds. Then,

1. The full information level of investment for agents with ideas is equal to k'?
wrrespective of theiwr wealth. The full information level of investment for agents

without ideas is zero.
2. The full information level of storage is zero for all agents.

3. As long as it provides non-negative consumption to all agents and uses all out-

put, distribution of individual consumption does not matter.

ITTf Assumption 4 does not hold, then the full information level of investment will be a corner

solution: %, and all the results of the paper go unchanged.
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Looking at the objective function of the full information problem, one can see that
utilitarian welfare with equal weights and risk neutrality together imply that society
has no preference for how total consumption should be distributed, as long as no
one gets negative consumption. The society is only concerned about the right agents
making the right amounts of investment. Therefore, there is a set of full information
efficient allocations that are unique up to the distribution of consumption.

The next section analyzes a problem with exactly the same objective function,
but this time with a different constraint set due to private information. As a result,
that problem will be one of maximizing production subject to feasibility and incentive
compatibility. Thanks to Lemma 4, it is clear now that the challenge that awaits the
society under private information is to make agents with ideas invest as close to the

full information efficient level as possible.!'®

2.3 Constrained-Efficient Allocation

In analyzing the benchmark case, the only assumption made was about total initial
wealth. However, with private information, the comparison of p,r and k% becomes

important. The first assumption about this comparison is the following:

Assumption 5 p < kf* < 7.

The first part of this assumption, p < kf?, says that the initial wealth of the poor is
not large enough to cover the full information level of investment. Thus, a poor agent

with an idea cannot operate her idea at the most efficient level on her own. If, to the

BOf course, without making any agent consume a negative amount.
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contrary, p > k/* were the case, the economy would reach full information without
agents interacting at all. Obviously, this case is neither interesting nor realistic. The
second part of the assumption, that k/* < r, simply says that a rich agent who has
an idea can invest at the efficient level even under autarky. Therefore, Assumption 5
ensures that there is a reason for the planner to intervene in this economy: to ensure
that poor agents with ideas invest at the efficient level.

The remainder of this section first defines and then characterizes constrained-

efficient allocation.!?

Definition 6 An allocation (c*,k*,s*,6%) is called constrained-efficient if it solves

the following social planner’s problem:

subject to (2.2.1), (2.2.2), (2.2.3), and (2.2.4).

As in the benchmark case, the objective function clearly shows that society does
not care about how consumption is going to be distributed among individuals. Con-
sequently, the above problem is one of constrained productive efficiency. This implies
there can be many constrained efficient allocations, all of which have the same in-
vestment allocation and hence the same total production and welfare, but different
consumption allocations. Nonetheless, it should also be noted that incentive compat-
ibility arising from private information does put some discipline on the distribution

of consumption across agents compared to the full information benchmark.

9Throughout the paper, I refer to efficient allocation under the informational problems as
constrained-efficient allocation so as to distinguish it from the full information efficient allocation.
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2.3.1 Characterizing the Constrained-Efficient Allocation

First make the following observation, which simplifies the analysis. If transfer
levels depend on period two announcements of agents, then any agent will report
the type that brings the highest level of transfers in period two. Therefore, any
transfer mechanism in which a transfer level depends on a period two shock cannot
be incentive-compatible. Consequently, without loss of generality, the rest of the
paper restricts attention to allocations in which transfers are functions of period one
announcements only, d1,09 : W x I — R.

Now I make the second assumption comparing p and k/?.

Assumption 6 kf;*p > G,k

To understand this assumption, suppose it does not hold. Observe that in order to
invest at the full information efficient level, the poor agent with an idea needs at least
k/* — p additional resources in period one. Also observe that the most this agent can
pay back in period two in low-return state is 6;k*”. When Assumption 6 does not hold,
even in the worst contingency in period two, the poor agent with an idea would be able
to pay back the amount she borrowed in period one to finance the full information
level of investment. Obviously, in this case, the fact that entrepreneurial returns
are private information would not have an effect. Therefore, no subsidy would be
necessary for constrained efficiency. The society can implement the full information
outcome by just making sure that simple, not state-contingent debt contracts are
perfectly enforced (by punishing very harshly anyone who does not pay back the
amount she borrowed in period one). Agents, then, sign these contracts that an set

interest rate of 1/ and optimal investment would be attained. However, that even in
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the worst case an entrepreneur can pay back her debt is highly unrealistic, especially
for businesses that are newly forming.?"

The proposition below formally shows that when Assumption 6 does not hold, the
full information allocation is trivially reached without any net present value (NPV)
of transfers between agents.

Before getting to the proposition, define A(w, i) = §;(w, i) + Bd2(w, 1) as the NPV
of transfers an agent gets under a given allocation. An agent (w,i) is said to be

subsidized by the society under allocation (c, k, s,9) if A(w,i) > 0.

Proposition 8 Suppose that kf;_p < 0k, Then, in the constrained-efficient allo-

cation:?!

1. ki (w,1) = k7" and ky(w,0) = 0, for all w € W;
2. si(w,i) =0, for all (w,i) € W x I;

* 7 * —(kfi—
3. 51(p,1) = K — p and 33(p, 1) = =E2=2,

4. (67 (w, i), 05(w, 1)) (w,iy£p1) satisfy A (w,i) = 0, aggregate feasibility, and indi-

vidual feasibility with non-negative consumption for all.

In words, no agent gets subsidized in the constrained-efficient allocation.
Proof.

Showing that the allocation described in Proposition 8 is in the constraint set of the

29That the lowest return is sufficiently dire is a standard assumption in financial contracting
literature. Among others, see Diamond (1984), Gale and Hellwig (1985), Bolton and Scharfstein
(1990), and DeMarzo and Fishman (2007).

21Tn fact, there is a set of constrained-efficient allocations that are unique up to the distribution
of consumption. Since the current paper is not concerned with consumption distribution, I refer to
this whole set as “the constrained-efficient allocation.”
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planner’s problem is sufficient since under this allocation total output is equal to the

full information total output level.

Choose 07 (w, i) for (w,i) # (p,1) such that:

Z om0y (w,7) = —(k7* = p)Gm, (2.3.1)
(w,i) #(p,1)
§i(r,1) > kIt =1, (2.3.2)
02> 67 (w,0) > —w, (2.3.3)
and
53w, 1) = ——51(2”@). (2.3.4)

By Assumption 4, such a ¢* exists. Observe that conditions (2.3.1) and (2.3.4) guar-
antee that transfers sum to zero in periods one and two, respectively. Thus, aggregate
feasibility is satisfied.

Next, one has to show that non-negative consumption is feasible for each agent
under the proposed allocation. Observe that the NPV of transfers of any agent is
equal to zero in this allocation. In period one, a poor agent with an idea faces the
budget ¢; + k; + s; < k% and chooses ki (p, 1) = k/%. In period two in the low-return
state, her consumption is c3(p, 1,6;) = 0,57 — % > 0 by assumption. This clearly
implies that co(p, 1,6,) > 0, too. Condition (2.3.2) guarantees that (r,1) agent can
choose investment equal to k/* and still consume a non-negative amount in period
one. The consumption levels of agents without ideas are non-negative in both periods

by (2.3.3).
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The only thing left is to check that given 0* agents will tell the truth about their
types, but this is straightforward given that the NPV of transfers of any type is equal
to zero. m

From now on, the paper analyzes the more interesting case in which Assumption
6 holds: the lowest return to an idea, 6, is sufficiently low.

Remember that, under the ex ante welfare criterion, the only reason why the
planner intervenes in this economy (§ # 0) is because a poor agent with an idea invests
at a very low level, p, on her own. In order to make her invest at the full information
level, the planner has to set d;(p, 1) > k7i—p. Since returns to business start-ups, 6, are
private information, period two transfers cannot depend on the returns. Therefore,
an agent who is poor and has an idea can pay back to the society an amount that is
at most equal to the output she produces in the low-return state, d,(p, 1) > —8,k7*.
This implies that in order to attain full information efficiency, the NPV of transfers
going to the poor agent with an idea should at least be A" = kf' —p — 36,k which
is strictly positive by Assumption 6.

In what follows, without loss of generality, I restrict attention to constrained-
efficient allocations in which A*(p,1) < A%, This is without loss of generality for the
following reason. The discussion in the above paragraph shows that if A*(p, 1) = A%
then ki(p,1) = k') meaning full information efficiency is attained. Thus, in any
allocation in which NPV of transfers going to (p, 1) is higher than A/, the value of
the objective function in the social planner’s problem under informational frictions
is equal to the full information level. Thus, increasing the NPV of transfers going to
(p, 1) above A% does not change social objective but only changes the distribution of

consumption across agents.
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Lemma 5 below implies that if the society wants to increase the investment level
for poor agents with ideas, it has to increase the NPV of transfers going to these

agents.

Lemma 5 In the constrained-efficient allocation, 05 (p,1) = ki(p,1)—p and 05(p, 1) =

_elkf<p7 1)‘1

Proof.
Observe that A*(p, 1) < A% implies that 0% (p, 1) < k" —p. If not, then c4(p, 1,6;) < 0,
a contradiction. This implies automatically that ¢f(p,1) = si(p,1) = 0 and hence
57(p,1) = kf(p,1) — p. First, suppose for contradiction that ¢f(p,1) > 0. Then, the
agent can decrease her consumption by a small amount and increase her investment
by the same amount. This would increase her welfare strictly since her investment
level is strictly below &% when ci(p,1) > 0, a contradiction. By the same logic,
si(p,1) = 0 as well.

Now, suppose that 63(p,1) > —6;k%(p, 1)®. Define a new allocation with transfers
da(p, 1) = d5(p,1)—e€ and o (p, 1) = 67(p, 1)+ Be. The resulting allocation is incentive-
feasible since the NPV of transfers is unchanged for all agents. For agents (w,i) #

(p, 1), welfare is unchanged. The change in (p, 1)’s welfare will be

Beak;(p,1)** Z ot — € > 0,
0

Loss in pd. 2

N

~
Gain in pd. 2

which means the new allocation improves over the constrained-efficient one, a con-

tradiction. m
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Lemma 5 implies the following has to hold in the constrained-efficient allocation:

Taking the derivative of both sides with respect to kf(p, 1) gives

dA*(p, 1)

=1-— B0,k (p,1)* a.
dkr(p,l) ﬁl 1(p7 ) Q

Now observe that for A*(p,1) > 0, 1— 66,k (p,1)*" > % > (. Therefore, A*(p, 1)
is strictly increasing in kf(p, 1), for A*(p, 1) > 0. This implies A*(p, 1) is a one-to-one
function of ki (p, 1), as long as A*(p,1) > 0. As a result, the converse is also true: in
order to increase ki(p, 1), the planner needs to increase A*(p, 1). Therefore, Lemma
5 implies that society has to increase the NPV of transfers going to poor agents with
ideas so as to bring these agents’ investment levels closer to the full information level
and thus so as to bring social welfare closer to the full information level.
Proposition 9 below is the main result of this section and shows that poor agents
with ideas are subsidized in the constrained-efficient allocation.?? Since rich agents
with ideas can pretend to be poor, they have to get transfers with the same NPV.
As a result, all agents with ideas, potential start-ups, receive the same subsidy in

the constrained-efficient allocation. Proposition 9 makes it clear that for the subsidy

result to hold, the storage technology has to be wasteful. It also proves that there is a

22Under the restriction that A*(p, 1) < A7, the constrained-efficient level of consumption, invest-
ment, saving, and transfers assigned to poor agents with ideas is unique. However, this is not true
for other types agents. As a result, there is a set of constrained-efficient allocations all of which have
the same allocation for poor agents with ideas. So, the term “the constrained-efficient allocation”
that I use in the text actually refers to this set.
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threshold level of the return to storage technology, A, such that it is incentive-feasible
to make transfers to (p, 1) with NPV equal to Af? if and only if the return to storage
is less than or equal to A. Furthermore, Proposition 9 provides an exact calculation
of the constrained-efficient allocation in either case.?3

I have made Assumption 7 below. This assumption is not substantial in the sense
that it is not necessary for the subsidy result. It is assumed merely for expositional

purposes.?4

Assumption 7 a. [k — p — B6,k7%] < nop.

b. [k’ —p] <no > Cot.

Proposition 9 Suppose Assumptions 6 and 7 hold. Then there exists a unique A =

fie : : : .
&W € (0, 37Y) such that in the constrained-efficient allocation:

1. k¥(r,1) = k77 and k*(w,0) = 0, for all w € W;

2. ki(p,1) = M, if A< A,

nobik7 (p,1)* Zf
ki (p,1)—p—mBO1k7 (p,1)°

ki(p,1) < Kkt is given by the unique solution to A =

A > A;

3. st(w,i) =0 for all (w,i) € W x I;

23Proposition 9 lays out a particular subset of the set of constrained-efficient allocations in which
transfer levels are independent of wealth for agents with ideas. This is done only for the sake of
expositional purposes.

24There are two parts to Assumption 7 and both parts are about relative fractions of agents with
and without ideas. Assumptions 7a says that the fraction of agents without ideas is large enough
relative to the fraction of agents with ideas that it is feasible for agents without ideas to finance the
total amount of subsidies going to agents with ideas. Assumption 7b simply allows me to make the
transfers of agents with ideas independent of their wealth types.
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4. 6f(w, 1) = ki(p,1) — p and 65(w, 1) = —6,k}(p,1)* for all w € W;

5. (61 (w,0),05(w,0))wew) satisfy: A*(w,0) = —RA*(w,1) for all w € W, and

individual feasibility with non-negative consumption for all.

More importantly, A*(w,1) > 0, i.e., in the constrained-efficient allocation society
transfers a strictly positive NPV of resources from agents without ideas to the ones

with ideas.

Proof.

Lemma 5 already showed that the higher is the NPV of transfers that the poor agents
with ideas receive the higher their level of investment and hence the closer the society
is to full information efficiency. As a result, the planner’s problem is equivalent to
maximizing the NPV of transfers going to poor agents with ideas subject to non-
negativity of consumption and incentive-feasibility.

The proof proceeds as follows. First, I show that storage technology is not used
by anyone in the constrained-efficient allocation. Second, I show that the NPV of
transfers going to agents with ideas is independent of wealth. Then, I claim, without
actually proving, that the same is true for agents without ideas. These imply that
the only incentive-compatibility condition one needs to check is the one regarding the
deviation in which the agents without ideas pretend to have ideas. Analyzing that
condition gives us the result.

First, suppose for a contradiction that sj(w®,i°) > 0, for some (w®,i°) € W x I.
Now define a new allocation (¢, /%,5, 5) that is identical to the constrained-efficient

allocation, except for & (w°, i) = st(w®,i%) — e, ki(p,1) = k*(p,1) + EC’Z:%, and
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éa(w,1,0) = c5(w,i,0) + e%[l/ﬁ — A]. The new allocation satisfies aggregate fea-
sibility in period one by construction. Observe that k% (p,1) < k7% in the constrained-
efficient allocation. Thus, marginal returns to investing additional ¢ units in poor
agents with ideas is at least 1/ units, for e small. Thus, period two aggregate feasi-
bility condition is also satisfied. Since period one consumption levels are unchanged
from the original allocation for all agents and period two consumption levels increased
by the same amount, if the original allocation is incentive-compatible, the new allo-
cation has to be incentive-compatible as well. As a result, the new allocation is in
the constraint set of the planner and provides all agents with higher welfare which
means the original allocation cannot be constrained-efficient, a contradiction.

Now, I show that A*(p,1) = A*(r,1). If A(p,1)* > A(r,1)*, then (r,1) lies to
be (p,1) and gets the transfers with higher NPV; therefore, this cannot be true.
On the other hand, if A(p,1)* < A(r,1)*, then one can propose a new allocation
with a transfer system 0 that is the same as &*, except for 01(p,1) = 0%(p,1) + €
and 0;(r,1) = 67(r, 1) — g—fe. Clearly, this transfer mechanism is a part of a feasible
allocation. This new allocation is also incentive-compatible: (r,1) does not lie to
be (p,1) since € > 0 is small and agents without ideas do not lie to be (p, 1) since
with original transfers they were not lying to be (r,1) and the NPV of transfers of
(p, 1) is still lower than that of (r, 1) under the original transfer mechanism. But the
allocation that is attained by this transfer mechanism has strictly greater aggregate
utility. The reason is (p, 1) agent’s utility increases strictly more than e with the
new allocation since she was investment-constrained under 0*. Then, Assumption 7b
allows the planner to set 87 (r,1) = kj(p,1) — p and 65(r, 1) = —0,k5(p,1)*, without

loss of generality.
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One can similarly show that in the constrained-efficient allocation A*(p,0) =
A*(r,0).

Aggregate feasibility then implies

A*(w,0) = — EA*(p, 1). (2.3.5)
To

So far it has been shown that in order to increase ex ante welfare, the planner
has to increase A*(w, 1), and this has to be financed by taking resources from agents
without ideas.

The only incentive-compatibility condition that one needs to check is the one
regarding deviations in which an agent without an idea lies to have an idea. The
allocation has to satisfy for all w, w’

oA (w0 > 4 ¥ + A% (w, 1) + BRI 4 GA] i A (', 1) +w) > 0 (w',1);

—00, if else.
(2.3.6)

Here, the left-hand side of the equation is the utility of truth-telling, whereas
right-hand side is the utility of lying to be (w, 1). The left-hand side already takes into
account the fact that transfers are such that when agents without ideas tell the truth,

they do not have to use risk-free technology. Hence, they do not use it. The right-

-8 (w’,1) _ 5% (w',1)—A*(w,1)

hand side already has the fact that (w,0) has to set s] > —2 A

to

have non-negative consumption in period two. When A(07(w’, 1) + w) > —d3(w', 1)
this is possible. Otherwise, lying to be (w, 1) implies they have to consume a negative
amount in either period one or period two, meaning they get negative infinity utility.

Plugging in 7 (w,1) = k{(p,1) — p and §5(w,1) = =0,k (p, 1), (2.3.6) implies
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that kf(p, 1) units of investment for the poor agent with an idea is attained in the

constrained-efficient allocation if and only if it satisfies, for any w € W :

A < - elkl(p71) , or A S - elkl(p71) )
ki(p,1) —p+w ki(p,1) —p — A*(w,0)
Olki((p’l)a elk{ (pzl)a

It follows from Assumption 7a and aggregate feasibility that <

k}(p,1)—p+w kf (p,1)—p—A*(w,0)"

Hence, kj(p, 1) is attained at the constrained-efficient allocation if and only if

A < OkiD®

< o p-ATwo) Using equation (2.3.5), it follows that ki(p,1) is constrained-

efficient if and only if

A< nofiks (p, 1)° _
kﬁ(]% 1) —pP— nlﬁelkr<p7 1)(1

(2.3.7)

Hence, for A < A, as it is defined in Proposition 9, k¥(p,1) = k/* is incentive-

compatible.

To see that for A > A, ki(p, 1) is given by A = 0 1)77—0?—’?;1(;’911);{ o= first observe

that the expression on the right-hand side of equation (2.3.7) is strictly decreasing

in k1. Now suppose for a contradiction that A < o l)n_oil_k 571(15911)1:* TR Then, define
1\ 1\

a new transfer system 6 which is identical to the constrained-efficient one, 0%, ex-
cept for &y (w,1) = 6*(w,1) + € and & (w,0) = & (w,0) — -€, € > 0. By Lemma 5,
this means the investment level for the poor agents with ideas is k1 = ki(p, 1) + €.
This decreases the right-hand side of equation (2.3.7). However, for € small, equation
(2.3.7) still holds under the new allocation. Thus, this new allocation is incentive-
compatible. It is clearly feasible. Finally, it strictly increases total welfare since it

increases (p, 1) agents’ investment increases. Then, §* cannot be constrained-efficient,
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a contradiction. m

The intuition for why the NPV of transfers going to poor agents with ideas is
related to the returns to storage is simple. Someone has to finance the subsidy going
to agents with ideas. Consequently, individuals without ideas end up getting strictly
negative NPV of resources. But is it incentive-compatible to transfer resources from
agents without ideas to ones with them? Or do agents with no ideas lie to have an idea
and get the subsidy? The answer depends on the returns to the storage technology,
A. The reason is that period two transfers of agents with ideas is strictly negative,
and hence if agents without ideas want to pretend to have ideas, they have to pay
back to the society in period two. For agents without ideas, the only way to carry
resources into period two is via the storage technology.

If A = 0, then it is impossible for agents without ideas to carry resources to
period two. In that case, they cannot pretend to have ideas; therefore, planner can
transfer A/? to agents with ideas and attain full information efficiency. As A increases,
storing resources instead of consuming in period one becomes less wasteful. There is
a threshold level of the return to storage technology, A, such that above this level,
the benefit of lying to have an idea (not financing but enjoying the subsidy) exceeds
the cost of doing so. As a result, when A > A, agents with ideas cannot be subsidized
A'? and hence poor agents with ideas cannot invest at the full information level, k/?.

Nonetheless, as long as A < 37!, some subsidy is still incentive-compatible since
A < 371 implies that it is costly to store resources and hence lie for agents without
ideas to have ideas. In this case, the amount of subsidy going to agents with ideas is
determined by equating the benefit and cost to the agents without ideas of lying to

have ideas.
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Proposition 9 shows that under some parameters, the society attains the full in-
formation efficient allocation, even under the informational constraints. This result
is an artifact of risk neutrality and hence will vanish if more general utility functions
are assumed. On the other hand, the main result of Proposition 9, that due to infor-
mational problems productive efficiency requires transferring resources from agents
without ideas to ones with them, holds with risk-averse preferences as well.

Proposition 9 also points to an interesting property of the model economy: the
distribution of wealth affects the constrained-efficient distribution of productive ac-
tivity in the economy. To see this, remember that Proposition 9 tells that when
A > A, the constrained-efficient level of investment for a poor agent with an idea
depends on her wealth level, p. Now, consider another wealth distribution with ¢,
fraction of agents having initial wealth p + € and (, fraction having r — eg—f, where
€ > 0 and small. This new wealth distribution is a perturbation of the old one in a

way that preserves the mean. By Proposition 9, in the economy with the perturbed

wealth distribution, k7(r,1) = k’* and investment level for a poor agent with an

nobik; (p,

_ 25 Th; .
= FOD-Gro—n G This means that in the current model,

idea is given by A
when Assumptions 6 and 7 hold and A > A, the constrained-efficient distribution of
productive activity depends on how initial wealth is distributed across agents. This

result is summarized in the following corollary.

Corollary 2 Suppose Assumptions 6 and 7 hold, and A > A. Distribution of pro-
ductive activity in the constrained-efficient allocation depends on the distribution of

wealth.

25Here, I abuse the notation, hoping this does not cause any confusion. In the original economy,
p denotes two things: poor agents and their wealth level. In the perturbed economy, p denotes poor
agents, whereas p + € denotes their wealth level. The same is true for r.
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It is important to note that this result crucially depends on private information
assumptions. In the full information efficient allocation, investment levels for both
agents with ideas is k7%, independent of how a total of > - Cww umits is distributed
across agents. The intuition for why the constrained-efficient level of productive
activity depends on the distribution of wealth is as follows. Under private information,
the marginal social cost of investment is not only equal to its resource cost. For a
given distribution of initial wealth, increasing the investment level of poor agents with
ideas tightens some incentive-compatibility conditions. Thus, there is an incentive
cost of increasing investment in addition to the resource cost. Changing the wealth
distribution changes this incentive cost of investment while leaving the resource cost
untouched. Consequently, between two otherwise identical economies with different
distributions of wealth, the resource cost of investment is the same, which implies
that the full information efficient allocation is the same. However, the incentive costs
in these two economies are potentially different, making the social marginal costs of
investment different, which results in different distributions of constrained-efficient

productive activity.

2.3.2 Discussion of Assumptions

This section discusses the role of informational assumptions on the subsidy result.
The assumption that @, the returns to a start-up, is unobservable is the sole cause
of the subsidy result. To see this, consider a version of the model in which, for each
agent, 6 is realized publicly. Assume that initial type, (w,i), and actions are still
private information. In that case, the planner can attain full information efficiency

without subsidizing any agent, even under Assumption 6. This result is shown in
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Proposition 10 below.

Proposition 10 Suppose that 0 is observable for each agent. Then, in the constrained-

efficient allocation:
1. kf(w,1) = k7" and k;(w,0) = 0, for all w € W;
2. si(w,i) =0, for all (w,i) € W x I;

3. 8t (p,1) = k''—p and 65(p, 1,0,) = —Qlk{ia, and d2(p, 1,0y,) such that A*(p,1) =

0;

4. (07 (w, 1), 05(w, %)) (wi£p1) Satisfy A*(w,i) = 0, aggregate feasibility, and indi-

vidual feasibility with non-negative consumption for all.

In words, no agent gets subsidized in the constrained-efficient allocation.

Proof.
Since the allocation described attains productive efficiency, we only need to check
that it is incentive-compatible and satisfies aggregate and individual feasibility con-
ditions with no agent consuming a negative amount. Incentive compatibility directly
follows from the fact that the NPV of transfers is zero for each agent. Aggregate and
individual feasibility is by construction. That each agent consumes a non-negative
amount in any period is obvious except for (p,1) agent in 6, state. So, we need to
show that 85(p, 1,6,) < 0,k

For a contradiction, suppose that &(p, 1,60),) > 0,kf". By construction, d;(p, 1, 6;,)
satisfies

kT —p— 5[#191kﬁa + und2(p, 1,61)] = 0.
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Therefore, we get:

K —p> B pebk’™ (2.3.8)
0

Remember that the first-order condition that gives k7% is:

1= Bakl*™ Z Lgb.
0

Multiplying both sides by k/* and then subtracting p from both sides gives

K —p=Bak?™ )y " g —p,
0

which contradicts with (2.3.8). m

The intuition is simple. When 6 is observable, the planner can make period two
transfers depend on the realization of 6. Therefore, even if the low state return, 6,, is
very low (Assumption 6), the agent can still pay back to the society the future value
of resources transferred to her in period one, kf* — p, by paying a sufficiently high
amount in the high state. This proposition precisely establishes that the only reason
in the model why the society has to subsidize agents with ideas is because start-up
returns are private information.

The assumptions that initial type and actions are observable imply that the plan-
ner has to respect incentive-compatibility conditions when subsidizing poor agents
with ideas. Consider, for instance, a model that is identical to the baseline model in-
troduced in section 2, except that initial type, (w, ), is publicly known at no cost. As
long as @ is unobservable, the society still has to make A/? units of transfers to poor

agents with ideas. However, now it is trivial to make this transfer since the planner
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knows exactly the agents who have ideas but lack resources to invest in them.
Similarly, if investment is assumed to be observable, keeping the rest of the model
the same as the baseline model, subsidizing agents with ideas would be trivial. It is
not beneficial for an agent without an idea to lie to have one and get the subsidy since
she has to invest it, and hence cannot consume it. The exercise in which everything
else is kept the same but storage is assumed to be observable is the same as assuming
there is no storage technology, or A = 0. From Proposition 9, it follows that in
this case, the planner can make transfers with NPV that is sufficient to attain full

information efficiency.

2.4 Implementation

This purpose of this section is to provide an implementation of the constrained-
efficient allocation via a program like the U.S. SBA’s Business Loan Program. The
SBA is the major government institution in the United States assisting business start-
ups in particular and small businesses in general. The total amount of outstanding
small business loans that was subsidized by the SBA’s loan program was $75.5 billion
as of the end of fiscal year 2007. This amounts to 30% of all small business borrow-
ing.?6 One can consider the paper’s implementation as providing a justification for
the subsidies that the SBA’s Business Loan Program hands out to start-up firms.

I first show that laissez-faire markets cannot carry out the required subsidy and
hence cannot implement the constrained-efficient allocation. Then, I introduce the

paper’s implementation, and finally I compare it to the SBA’s Business Loan Program.

26This and further information can be found in the SBA report Performance and Financial High-
lights Fiscal Year 2007.
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The physical and informational environment is the same as described in section
2. The main difference is that there is an incomplete markets structure that allows
agents to competitively trade risk-free bonds in period one. Bonds pay back a gross
return R in period two that is determined in equilibrium. Individual trades in the
bonds market are public information and there is full enforcement, meaning that no
one can die without paying back their debt.

There are two institutions: a government and an institution of the government that
aids start-up businesses. The government taxes all individuals in the society lump-
sum, by an amount 7', and transfers these funds to its institution. Any individual can
apply to this institution for a subsidy. The institution asks the agent to report her
wealth, business idea, and investment plan, w’, V', and k], respectively. Then, after
observing the amount borrowed (or lent) and the reports, the institution decides
whether or not to provide the subsidy, 7(by, w', ', k}).

Taking the tax-subsidy system (7),7) and the interest rate R as given, an agent
(w, 1) who decided to apply to the institution for a subsidy solves the following prob-

lem:

Agent’s problem.

max u(er) + 0 Z pgu(cag) (2.4.1)
o

N !
c1,c2,k1,81,b1,w’ 3 k]

s.t.
c + /{31 + 81 + b1 S w — T(bl) + T(bl, U)/, i/, ki),

C2p S z@k? + Rbl,

]{31,31 Z 0.
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An agent who does not apply for a subsidy (a = 0 agent) would solve a very similar
problem. The only difference is there would be no 7(by,w’,7,k}) in that agent’s
problem, and hence there would not be any w’ and k| choice. However, since in the
current setup there is no cost of applying for a subsidy, without loss of generality,
assume that all agents apply.

Below is the definition of incomplete markets equilibrium with a tax-subsidy sys-

tem.

Definition 7 Given (T,7), an incomplete markets (IM) equilibrium is individual
choices
(Cl (’[U, Z)v CQ(wa ia 0)7 kl (wa Z)) Sl(wa 7’)7 bl(wa 7’)7 wl(wa 2)7 i/(wv Z)a kll (wv i))wEW,iEIﬁE@ and in-

terest rate R s.t.

1. Given R, for each agent (w,1),

(c1(w, 1), co(w,i,0), k1 (w, i), s1(w, i), by (w,i),w (w,i),i(w,1i), ki (w,1)) solves (2.4.1),

2. Bond market clears: Yy, > . Cunibi(w,i) =0,

3. The institution’s budget balances: > . CumiT(bi(w, 1), w'(w, 1), (w, 1), k}(w, 1)) =
T.
An allocation (c,k,s,d) is implementable in the market with a taz-subsidy system

(T, 1) if, given (T, 7), (¢, k, s,b,w', 7', k") with some interest rate R constitute an IM

equilibrium.



CHAPTER 2. BUSINESS START-UPS 89
2.4.1 Incomplete Markets under Laissez-Faire

Before providing an actual tax-subsidy system that implements constrained-efficient
allocation, this subsection first analyzes what happens under no government inter-

vention, i.e., (T,7) = 0.

Proposition 11 Suppose Assumptions 6 and 7 hold. Then, constrained-efficient al-

location cannot be attained in the equilibrium of IM under laissez-faire.

Proof.
Suppose for contradiction that the constrained-efficient allocation can be achieved.

Then, by (p, 1) < —(k/*—p). Due to linearity of preferences, R = 1/3. Thus, c»(p, 1, 6;) <

9,k" — kf;_p < 0, by Assumption 5. But this cannot be an optimal choice for the
agent since the agent could do better just by setting b;(p,1) = 0. Thus, we have a
contradiction. m

Proposition 9 already proved that the constrained-efficient allocation involves
transferring strictly positive NPV of resources from agents without ideas to those
with ideas. Proposition 11 then follows since markets cannot make such transfers on

their own.?” A separate entity, like a government, should intervene and make the

necessary transfers between agents.?®

2TThat I restrict attention to incomplete markets from the outset is without loss of generality. It
is easy to show that under given informational assumptions and the assumption that agents cannot
write contracts ex ante (before (w, 7) is realized), agents cannot reach an allocation with higher total
output than the incomplete markets equilibrium.

28Tt is important to note that laissez-faire IM equilibrium is ex post Pareto efficient. However, it
is not output maximizing (ex ante Pareto efficient), which is the focus of this paper.
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2.4.2 Optimal Tax-Subsidy System

This subsection provides an actual tax-subsidy system that implements the constrained-

efficient allocation.

In that regard, define

T = n—;A*(w, 1),
1 (2.4.2)
= A*(w, 1), if by < —pPOk(p,1)%;
iy = 4w (L) b < =Bk (p, 1)
0, otherwise.

Proposition 12 Suppose Assumptions 6 and 7 hold. Then, the incomplete markets

equilibrium with the taz-subsidy system defined in (2.4.2) implements the constrained-

efficient allocation.?

Proof.

Now I construct an IM equilibrium where R = 1/ and agents with ideas invest at
their corresponding constrained-efficient investment level.

Under the specified taxes, an agent faces the following problem:

Agent’s problem with tazes.

c,k,b,s

max u(cy) + 0 Z prou(cap)
0

290bserve that the subsidy function does not depend on any of the agent’s reports. This is due to
the fact that the current model abstracts away from any form of monitoring. Hence, these reports
are just cheap talk.
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s.t.
w+A*(w71)7 if bl S _ﬁelkiqjal)au

w— LA*(w, 1), if else,
1o

c1+ki+b+s5 <

cop < 10k 4 Rby + Asy,
s1, k1 > 0.
First, consider an agent who has an idea in period one. If a poor agent with an
idea chooses by < —pB60,ki(p,1)”, she chooses k; = kf(p,1) and by = p — kj(p,1) +
A*(w,1) = —B0,ki(p,1)*. Suppose for contradiction that this is not true. Then,
there is (k7,0},s]), where (ki,s}) # (ki(p,1),0), which gives strictly greater utility
to the agent. s§ = 0 follows immediately from the fact that the return to bonds is

strictly greater than the risk-free return; hence, it has to be that k] # ki (p, 1). Then,

kf —p—A*(w,1
1~P 3 (w ),and

(07 (w,0), 65(w, 0))wew such that A’(w,0) = —ny/neA’(w, 1) and individual consump-

define a new allocation with transfers 0} (w, 1) = &} —p, é5(w, 1) = —

tion levels are non-negative. (p,1) chooses (k,b]) in the market, implying that she
chooses k] in the planner’s problem when she faces §’. The only thing left to check is
incentive compatibility. That holds because of the way in which the new allocation is
constructed, A'(w, 1) = A*(w, 1). Therefore, this new allocation is incentive-feasible,
keeps the welfare of (w,7) # (p,1) unchanged compared to the constrained-efficient
allocation, and provides strictly greater welfare than the constrained-efficient level for
poor agents with ideas. This means that the new allocation is an improvement over
the constrained-efficient allocation, a contradiction.

Similarly, one can show that when by(r, 1) < —36,k}(p,1)%, (r, 1) agent chooses to
invest at the constrained-efficient level, kf7.

Now we need to show that agents with ideas choose by < —36,k}(p,1)®. The utility
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of (w, 1) type when she chooses by < —36,k}(p, 1), is:

w+ A (w, 1) = K (w,1) = by (w, 1) + 8 pol0ki (w, 1) + by (w, 1)/5]

= w+ A" (w, 1) = kf(w, 1) + B> pebki(w,1)%.  (24.3)
0

On the other hand, if an agent with an idea chooses by > —36,k%(p, 1)”, then, letting

her optimal choices be ki (w, 1), l~)1(w, 1), her utility would be:

W= A 1) = 1) = By, 1) + 53 ol (w,1)" + by 1)/
0 0

—w— %A*(w, 1)~ E(w, 1) + 8 pobki(w,1)". (2.4.4)
0 0

The difference between the maximized values of (w, 1) agents’ problem in the market

under by < —36,k}(p,1)* and under by > —B6,k%(p,1)* then is given by subtracting

(2.4.4) from (2.4.3) :

A*(w, 1) N

[ 0, 1)+ 83 o 0, 1)°] = [ (1) 8 3 ot (1) (245

Given that &/ maximizes the function —k + 8>, g0k, it is obvious that this dif-
ference is strictly positive for (r,1). For (p,1), under by > —B0,k%(p,1)*, ki (w,1) <
ki(p,1) < k7. This, combined with the fact that the function —k + 8, ugfk® is
strictly increasing in k, for k < k/?, implies that the expression in (2.4.5) is also strictly
positive. Hence, we showed that agents with ideas act according to the constrained-

efficient allocation in the market.
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Now consider agents who do not have an idea in period one. If they choose

by < =00,k (p, 1), then ca(w,0) < =60k (p,1)" + Asi(w,0). To keep consumption

01k7 (p,1
e

non-negative, sj(w,0 )® Since A < 371, these agents will invest as little

as possible in risk-free technology. This implies they choose b; = —360,k5(p,1)" and

s1(w,0) = M. The utility then is w + A*(w, 1) + 86,k}(p,1)* — w.
When an agent with no ideas chooses b; > —(36,k}(p,1)", she sets s; = 0 and

chooses the constrained-efficient allocation. The utility she gets is w — %A*(w, 1).

We need to show that, for agents without ideas, utility under b, > —(36,k}(p, 1)"

is greater than utility under by < —36,k}(p,1)®. The difference is equal to

0,k3 (p, 1)
w— DA () — i+ A%, 1)+ 00k . 1)° - 2L
0

::éyﬁﬁ—@mmn%ﬁ—um

=0,

no0ik (p,1)
k}(p,1)—p—m B0k (p,1)>

where the last inequality follows from A =

Market clearing and government budget balance conditions are immediate from
the fact that the constrained-efficient allocation satisfies aggregate feasibility and has
non-negative consumption for all agents. m

The way the implementation works is as follows. An agent who borrows above
the threshold gets a net subsidy of —Z—;A*(p, 1)+ A*(p,1)/no = A*(p, 1). Remember
that this is exactly the amount of the NPV of transfers agents with ideas get in the
planner’s problem. Therefore, agents with ideas borrow at the threshold level, get
the subsidy, and invest at the constrained-efficient level. Agents without ideas would

like to do the same; however, for them, the only way to pay back in period two is
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to save through the storage technology, s;, which is costly since s; is wasteful. The
threshold amount of borrowing required to get the subsidy is chosen such that this
cost is weakly higher than the benefit of getting the subsidy. Therefore, only agents

with ideas get the subsidy, and hence the budget of the agency balances.

2.4.3 Comparing the Model’s Implementation to the SBA’s

Business Loan Program

A comparison between the implementation provided above and the actual Business
Loan Program is in order. The above implementation is similar to the actual system
in the United States in the sense that in both, the government taxes all citizens and
transfers some of its tax revenue to the agency that deals with start-ups, with the
intention of subsidizing potential start-ups that are financially constrained.>® Another
similarity is that, in the model, the government agency uses borrowing and lending
activities of agents as a device for screening agents with ideas and subsidizes only
those agents who borrow above a threshold. The loan program of the SBA follows
a similar strategy: the SBA subsidizes only those who get loans from commercial
banks.

However, since the model is very simple, there are significant differences between
the paper’s implementation and the actual system in the United States. Here, I stress
two of those discrepancies and what causes them.

First, there is no default in the model economy; agents only sign non-state-

30The fact that in the paper’s implementation all the tax revenue goes to the agency dealing with
start-ups is immaterial. One can add exogenous government to the model, G, and then only T'— G
units would be transferred to the agency. As long as this G is also subtracted from the right-hand
side of the aggregate feasibility condition in the planner’s problem, all the analysis goes unchanged.
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contingent that they have to honor by assumption. This creates a discrepancy between
the model and the actual program because the actual loan program does not give out
direct subsidies but rather provides loan guarantees to qualified borrowers. These
guarantees ensure the lenders that in case of default the SBA will pay back a certain
percentage of the loan. This, in turn, causes the interest rate on SBA backed loan to
be lower relative to other loans, thereby effectively subsidizing borrowers.

Second, in real life it is possible to monitor some features of start-ups at some cost,
while the model abstracts away from any sort of monitoring. As a result, the actual
Business Loan Program takes people’s reports about, say, their ideas more seriously
and spends some resources (labor) to determine whether or not the ideas are worth
subsidizing. In the model, once an agent sends a report to the agency saying she
has an idea, there is no way to check whether she is lying or not. Therefore, in the
model’s implementation, the function 7, which determines who gets subsidized and

potentially depends on agents’ reports, does not actually depend on agents’ reports.

2.5 Generalizations

The purpose of this section is to convince the reader that the results of the paper
are in fact quite general. I try to do this by changing the model in various dimensions
and explaining how the results still hold in the resulting new environments. For each
alteration of the model, I keep everything else the same so as to focus on the specific
feature being altered. Also, for simplicity I am going to set A = 0, so there is no

storage technology.3!

31Formal analysis of the first extension is omitted for the sake of brevity; however, it is available
from the author upon request.
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2.5.1 All Agents Have Ideas

Instead of having some agents have ideas and some not, suppose that all agents

have ideas, but fraction 7, have good ideas (i = g) and fraction 7, have bad ideas

An agent of type (w,i) operates the following production technology:

y =0k a€(0,1),

where, as before, k is the amount invested in period one, 6 € {6;,0,} is the id-
iosyncratic random return, and y is the output. The probability that an agent (w, 1)

receives return 6 is p;(0), where

1g(On) > 1i(On).-

So, both agents with good and bad ideas produce, but the former is more likely to
get a high return.

Define k*/? as the full information efficient level of investment for agents with idea
type i. Obviously, k%" > k»/". An analog of Assumption 6 here is that % >
0,k97*" . Also, suppose for simplicity that k®/* < p. So, even the poor agents with
bad ideas can invest at the full information level on their own. It is possible to show
that 6 being unobservable, together with this version of Assumption 6, implies that
constrained efficiency requires that agents with good ideas receive a subsidy. That

agents with bad ideas can pretend to have good ideas limits the amount of the subsidy

going to agents who have good ideas. Nevertheless, this does not completely eliminate
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the subsidy since it is costly for agents with bad ideas to lie to have good ideas. The
same implementation also works in this environment with some simple adjustments

to the tax-subsidy system.

2.5.2 Allowing for Negative Consumption

Suppose utility function is of the form

ey @ ezl (2.5.1)
Ae, ¢<0,
where A\ > 1 is a constant.

The purpose of this extension is to show that our main subsidy result does not
crucially hinge upon non-negativity restriction on consumption. However, we need
A > 1, meaning marginal disutility of decreasing consumption when ¢ < 0 is strictly
greater than marginal disutility of decreasing consumption when ¢ > 0.3 As long as
this holds, the constrained-efficient allocation involves NPV of transfers from unpro-
ductive to productive agents.

Full information efficiency is the same as it is in the benchmark case: both agents
with ideas invest at the socially efficient level, k7%, and consumption distribution is
such that aggregate feasibility holds with equality and no agent consumes a negative
amount in any period and any state.

Now consider constrained efficiency. Since the only change in the physical en-

32The reason why A > 1 is crucial is as follows. The only reason why there is any exchange
between agents in this model is to finance investment. If A = 1, then any agent can finance her
own investment by consuming a negative amount, and hence even under autarky full information
efficiency would be achieved.
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vironment compared to the baseline model is the utility function, the definition of
constrained efficiency remains the same as in section 3. Exact calculation of the
constrained-efficient allocation for any A > 1 is very lengthy and tedious due to nu-
merous cases and hence is omitted.?® Instead, the paper first provides a proposition
that shows if \ is greater than or equal to a threshold level A, then the amount of
NPV of transfers that poor agents with ideas have to receive in order to attain the
full information solution is incentive-compatible. Hence, the constrained-efficient al-
location coincides with a full information efficient allocation.®* Then, the paper goes
on to prove that any constrained-efficient allocation features subsidizing agents who

have ideas, as long as A > 1.

Proposition 13 Suppose Assumptions 6 and 7 hold. Then, there exists a unique
A= 14 = BOKT o ych that if A > A, then in the constrained-efficient allocation:

noB0 kY

1. kf(w,1) = k7" and ki (w,0) = 0, for all w € W;
2. 6*(w,1) = k" —p and 65(w, 1) = —0,k7 for all w € W;

3. (67(w,0),03(w, 0))wew) satisfy: A*(w,0) = —EA*(w,1) and individual feasi-

bility with non-negative consumption for all.

More importantly, in the constrained-efficient allocation society transfers strictly pos-

itive NPV of resources from agents without ideas to those with ideas.

33This calculation is available from the author upon request.
34Remember that the full information efficient allocation is indeterminate in terms of individual
consumption as long as no one consumes a negative amount.
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Proof.
The allocation described in Proposition 13 attains full information efficiency, provided
that it is in the constraint set of the planner. Therefore, all one needs to do is to
prove that this allocation is incentive-feasible. Individual and aggregate feasibility
conditions and non-negativity of consumption for all agents at all times and states
hold by construction.

Given that A*(w, 1) is independent of w, an agent with an idea does not lie to be
a different agent with an idea. The same is true for agents without ideas. Agents with
ideas do not lie to be agents without ideas, since that brings transfers with strictly
smaller NPV. Therefore, one only needs to check that agents without ideas do not lie
to have ideas under the proposed allocation.

Given that no one gets to consume a negative amount in the constrained-efficient
allocation, the payoff to those without ideas from telling the truth is w + 6*(w,0).
The value from lying to be (w', 1) is w + 6] (w’, 1) + G5 (w’, 1). Thus, this allocation

is incentive-compatible if

__Af(w,1)
=A>1 B (D)

Rearranging (2.5.2) and plugging in 6] (w, 1) and A*(w, 1), we get that the proposed

ki —p—po k"

o BOETT which is the assumption

allocation is incentive-compatible if A > 1 +
made in the proposition. m
Consequently, if A is large enough, the amount of subsidy needed to achieve the

full information investment level, A?, can be reached even in the case with private

information. The intuition is as follows. From the perspective of agents without
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ideas, the benefit of lying to be an agent with an idea is getting transfers with NPV
equal to (1 + Z—;)Af ¢ whereas the cost comes from consuming a negative amount in
period two. When A is sufficiently high, the cost outweighs the benefit and hence
deters those without an idea from reporting having one.

The rest of this subsection considers the constrained-efficient allocation when A <
A. The social planner still transfers strictly positive NPV of resources to agents with
an idea; however, now the amount is smaller than A/* due to incentive compatibility.

The social planner’s goal is still to make poor agents with an idea invest as close
to the full information level as possible and do this without making her consume a
huge negative amount. This pushes for a subsidy from other agents to poor agents
with ideas, and incentive-compatibility constraints push in the reverse direction. The
constrained-efficient allocation arises from this trade-off. The following corollary,
which follows directly from Proposition 9 and the discussion above, states formally
that in the constrained-efficient allocation there is a transfer of resources from agents

with no ideas to those with ideas, even when A € (1, ).

Corollary 3 Suppose Assumptions 6 and 7 hold, and A € (1,\). Then, in the con-

strained efficient allocation, A*(w,1) > 0, for all w € W.

2.6 Conclusion

This paper provides a novel rationale for governments to subsidize agents who
have ideas (potential start-ups) but do not have enough resources to invest in them.
If we accept that returns to start-up firms are privately observed by the owners of

the firms, then constrained efficiency calls for subsidizing poor agents with ideas. If
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society knew who has ideas but lacks resources to invest in them, then it is simple to
implement the subsidy. However, I assume here that people’s wealth levels, whether
they have ideas or not, and how they use their resources are unobservable to others.
These additional private information assumptions imply that the subsidy going to
poor agents with ideas is limited by incentive compatibility.

The paper also provides an implementation of the constrained-efficient allocation
similar to the U.S. SBA’s Business Loan Program. Even though the main idea behind
both the implementation in the model and the actual Business Loan Program are the
same, to subsidize financially constrained individuals with productive ideas, there
are still significant discrepancies between the model’s implementation and the actual
program. This is due mainly to the fact that the model economy is very simple.
Introducing default and /or a costly monitoring technology may bring the model close
enough to reality that the implementation of the model may allow us to analyze the
efficiency of the details of the SBA’s actual loan program and similar government
programs in the rest of the world. This may be an interesting direction for future

work.
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